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Abstract. The quality of individual ratings of conformation traits can commonly be evaluated by calculating
inter-rater correlations and repeatability coefficients. We present an approach in which we associate the indi-
vidual rating scores with the underlying horse shapes derived from standardized images, performing a shape
regression. Therefore, we analyzed the shape of 102 Lipizzan stallions from the Spanish Riding School in Vi-
enna, defined by 246 shape-correlated two-dimensional coordinates using techniques from the field of image
analysis and geometric morphometrics. In addition we examined the differences in the conformation classifiers’
perceptions of type traits and functional traits. In this study part, the rating scores of eight conformation classi-
fiers were tested for agreement, yielding inter-rater correlations ranging from 0.30 to 0.55 and kappa coefficients
ranging from 0.08 to 0.42. From the 12 scoring traits assessed on a valuating scale, type traits with a mean
kappa coefficient (k) of 0.27 demonstrated a higher agreement than functional traits (¢« =0.14). Based on 246
two-dimensional anatomical and somatometric landmarks, the shape variation was analyzed by the use of gener-
alized orthogonal least-squares Procrustes (generalized Procrustes analysis — GPA) procedures. Shape variables
were regressed into the results from visually scored linear type trait classifications (shape regressions). From the
48 performed shape regressions (eight classifiers, six traits), 42 % resulted in a significant equation. In 58 % of
the ratings, no association between scores and the phenotype of the horses was found. Phenotypic differences
of model horses along significant regression curves of mean ratings and individual ratings were exemplarily
visualized and compared by warped and averaged images. Finally, we demonstrated that the method of shape
regression offers the possibility to evaluate the association of individual ratings from expert conformation clas-
sifiers with the shapes of horses. The detected bias in classifiers’ rankings have not been considered in breeding
programs, and its impact on selection procedures still needs further research.

proach, type trait definitions are based on ideal imaginations.

This paper deals explicit with the transformation process
of visual perceptions of equine conformation into numer-
ical scoring data, which is commonly titled conformation
scoring. In horse breeding, different conformation traits are
routinely assessed by visual scoring procedures, which al-
low for the prediction of future performance at an early age.
Such “secondary” or “indicator” traits can be split into three
groups: functional traits, type traits and locomotion traits.
Functional traits are based mostly on empirically defined
anatomic and orthopedic criteria. In human sport science
the visual assessment of such traits is called “interpretative
anatomy” (Kilgore, 2012). In contrast to this anatomical ap-

They may differ from breed to breed, from classifier to clas-
sifier and between the sexes. Type (from the Greek word ty-
pos, figure) represents a complex trait including several lev-
els of information. Therefore, ratings such as type, overall
expression, breed type and harmony cannot be considered to
be purely empirical, as they are principally based on likes
or dislikes. In several European breeds which are being bred
on a small scale, often embedded into conservation programs
(Bodo et al., 2005), the maintenance of a specific type repre-
sents a major part of breeding objectives.

Conformation scoring is performed in two manners, ei-
ther on a biological scale (linear profiling) or on a valuat-
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ing scale (traditional approach). A characteristic of valuating
scoring systems is the strong correlations between conforma-
tion traits, which are due to overlapping morphological seg-
ments and overlapping trait definitions (Druml et al., 2008).
In order to avoid such overlaps and to overcome the prob-
lem of subjective scoring on a valuating scale, linear profil-
ing systems were introduced from the 1990s (cf. data and
references given in Duensing et al., 2014). Here breeding-
goal-related traits are visually assessed relative to biological
extremes. In the presented study the conformational evalua-
tion is based on a valuating scale which is routinely used in
the breeding of Lipizzan horses and which is also the stan-
dard protocol for the Austrian federal stud farm of Piber (see
Table S1 in the Supplement).

In conformation scoring processes the extent of subjectiv-
ity can be measured by inter-rater agreement expressed by
correlation coefficients. Although this matter has been exten-
sively studied in other species and also in humans (Veerkamp
et al., 2002; Kristensen et al., 2006; Janssens et al., 2004;
Cunningham et al., 1995) and has been frequently discussed
within the equine scientific community, it has not yet been
sufficiently addressed in equine scientific literature. This lack
of documentation may be due to the central position confor-
mation classifiers have within the framework of equine selec-
tion procedures. In the few available studies dealing with this
question, Koenen et al. (1995) report “large differences in
scores between traits and classifiers” without giving further
numerical information, and Grundler and Pirchner (1991)
and Sanchez et al. (2013) calculated repeatabilities and/or re-
producibility scores for single raters and rater pairs.

In a previous study based on conformational evaluations of
44 Lipizzan mares (Druml et al., 2015), we analyzed agree-
ment between six raters and found moderate to low values
for inter-rater correlations, which also differed between type
traits and functional traits. For this reason we expanded the
analysis of inter-rater agreement to 102 Lipizzan stallions
from the Spanish Riding School in Vienna and to the ratings
of eight professional classifiers.

The aim of this study was to analyze the visual process
of conformation scoring of the standing horse model. Based
on the standard scoring protocol of the federal stud farm of
Piber we quantified the inter-rater agreement and evaluated
each individual type-related rating. This evaluation of indi-
vidual ratings of conformation traits can be done by shape
regressions. The individual horse shape, encoded in unified,
centered and Procrustes rotated coordinate data derived from
standardized digital images, is regressed into the scores given
by the individual classifiers. Significant regressions account
for a consistent and correct rating and non-significant regres-
sions indicate inconsistencies and a poor association of in-
dividual visual perceptions with the horses’ shapes. Further,
we applied different visualization techniques in order to de-
pict significant differences of individual ratings.
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Table 1. Mean values, minimum and maximum values, standard
deviations, and range of 12 conformation traits evaluated by eight
classifiers using a scale of 10 points with one unit increases for 102
Lipizzan stallions.

Variable N Mean Min. Max. SD  Range
Type 816 7.83 6 9 0.65 3
Breed type 816 7.93 6 9 0.70 3
Sex type 816 7.67 6 9 074 3
Harmony 816 7.65 5 9 0.62 4
Head 816 7.72 6 9 0.69 3
Neck 816 7.65 5 9 0.68 4
Withers 816 7.43 6 9 058 3
Shoulder 816 7.46 6 9 057 3
Chest 816 7.58 6 9 0.55 3
Back 836 7.42 5 9 059 4
Croup 836 7.53 6 9 0.59 3
Legs 835 7.08 5 9 0.60 4

2 Material and methods

2.1 Conformation scoring, anatomical measurements
and imaging

For this study 102 Lipizzan stallions from the Spanish Riding
School in Vienna were classified for, in total, 12 conforma-
tion traits which are recorded regularly in the Austrian Lip-
izzan breeding program on a basis of a valuating score sheet.
Scores were given on a scale from 1 to 10 with increments of
one for the following traits: type, breed type, sex type, har-
mony, head, neck, withers, shoulder, chest, back, croup and
legs. The two sub-traits breed type and sex type were added
to the score sheet in order to study associated shape differ-
ences. For further description of the score sheet see Table S1.
Traits and their mean values and standard deviations are pre-
sented in Table 1. The assessment of conformation was car-
ried out separately by three directors (EU-approved classi-
fier) of Lipizzan state stud farms, four EU-approved classi-
fiers from private Lipizzan breeding organizations, and one
member of the riding staff of the Spanish Riding School. In
connection with the assessments of conformation, morpho-
logical measurements (height at withers measured by stick
(WI), chest circumference (CC) and front cannon bone cir-
cumference (CBC) measured by tape) and standardized pic-
tures were taken from every single horse. The caliber index
(CI) (Druml et al., 2008) was calculated from three body
measurements according to following formula:

CI = ((CC x CBC)/WI) x 1000.

The resulting photographs were used for the definition of
the horse shapes via the digitization of coordinates (land-
marks) related to the horses’ anatomy. Digital images were
taken by the main researcher using a DSLR camera with the
following specifications: distance between horse and camera
— 18 m; focal width of camera lens — 100 mm; camera focus
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Figure 1. Shape space of Lipizzan stallions; principal component analysis (PCA) of partial warp scores derived from the bending energy
matrix of thin plate splines based on the data pool of 102 Lipizzan stallions. Shape changes are depicted along the PCA axes 1, 2, 3 and 4,

which account for 75.4 % of shape variation.

set to the center of gravity of the horse (height of camera
set to 110cm at a 90° angle to the approximate position of
the animal’s heart). The horses were presented by a groom in
so-called open posture: left foreleg standing vertically; hoof
of the right foreleg one to two hoof lengths behind the left
foreleg; cannon bone of the right hind leg nearly vertical,
hoof of the right hind leg located two to three hoof lengths in
front of the left hind leg. The presentation of horses in open
posture matches the standard protocol for the evaluation of
conformation during stud book registrations. The imaging
process was repeated several times and a minimum of two
line-ups was performed per horse. For the selection of the
pictures finally used an optimal-fit criterion according to pre-
viously mentioned guidelines was applied (also see Druml et
al., 2015).

The definition of landmarks, i.e. the x and y coordinates
describing anatomical and shape features, is essential for de-
veloping a horse model suited to study biological shape vari-
ation. Morphological landmarks should fulfill five criteria:
(a) homologous position; (b) consistent somatometric posi-
tion (replicable relative topological positions along outlines
of a morphological feature); (c) adequate coverage of land-
marks on a morphological structure; (d) chosen landmarks
should be reliable and repeatable; (e) all landmarks should
be coplanar (Zelditch et al., 2004). For the description of
equine shape, we chose a horse model combining the out-
line and 17 anatomical landmarks (Fig. 1) (also see Druml
et al., 2015). The outlines were transformed to single land-
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marks and further defined as sliding semilandmarks in order
to minimize the bending energy and result in homologous-
like points along a curve (Gunz and Mitteroecker, 2013). The
horse model finally comprised 246 landmarks (17 anatomi-
cal landmarks, 14 somatometric landmarks and 215 sliding
semilandmarks).

In total, 25092 two-dimensional landmark coordinates
were extracted from 102 standardized digital images using
the software packages tpsDig version 2.17 (Rohlf, 2005) and
tpsUtils version 1.58 (Rohlf, 2004).

2.2 Statistical analysis of shape variation and ratings

A major task for the statistical analyses of image data is the
establishment of a reference system in which one position on
a specimen can be assigned exactly to the homologue po-
sition on another specimen. In this case we generated the
reference system by a generalized Procrustes superimposi-
tion (generalized Procrustes analysis — GPA), which scales,
rotates and centers every single specimen according to the
mean configuration of the sample.

GPA eliminates non-shape variation in configurations of
landmarks by superimposing landmark configurations using
least-squares estimates for translation and rotation parame-
ters. First, the centroid of each configuration is translated to
the origin, and configurations are scaled to a common unit
size. The centroid is defined as the mean of all x and y val-
ues from all coordinates. Each shape is characterized by its
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size, called the centroid size. This variable is the square root
of the sum of all squared distances from each landmark to
the centroid. If all x and y coordinates of the landmarks are
divided through centroid size, the resulting specimens are of
unit size 1. Finally, the configurations are optimally rotated
to minimize the squared differences between corresponding
landmarks, which is also called Procrustes distance d (Rohlf
and Slice, 1990). The process is iterated to compute the mean
shape. At the end of this process, the original coordinate
data have been replaced by substitute Cartesian coordinates
(shape coordinates; Bookstein, 1991), as they vary around
their own sample mean, and are corrected for effects of scale
(centroid size), for effects of orientation and for effects of
location of the original specimens (Fig. 1). The 488 result-
ing shape coordinates were used for the determination of the
horse shape space, i.e. the shape variation within our sam-
ple of horses, by principal component analysis. The axes of
principal components (relative warp axes) can be described,
quantified and visualized by thin-plate splines (linear combi-
nations of shape coordinates) of horse shapes moving along
each PC axis.

For the evaluation of each classifier’s rankings we applied
shape regressions, where shape coordinates are regressed
into the scores given by the classifiers in each trait. The
following traits were analyzed: type, breed type, sex type,
harmony, the overall mean and the mean of the four type
traits (type, breed type, sex type, harmony). Further we re-
calculated the trait-score-associated Lipizzan horse shapes
along the regression curve for the mean configuration, an
unfavorable configuration (score of 5) and a favorable con-
figuration (score of 10) in order to visualize the aspects of
shape encoded in ratings. For further information and de-
tails, see Druml et al. (2015), Mitterrocker and Gunz (2009),
Slice (2007) and Bookstein (1991).

For assessing the agreement among classifiers and because
the analyzed conformation traits are represented by ordinal
scores, the « statistics according to Fleiss (1971) were calcu-
lated using the SAS macro mkappa (Chen et al., 2005). In or-
der to compare the rater consistency with results cited in most
of the scientific literature, we also calculated the inter-class
correlation (ICC) adjusted to the formula of Spearman. The
differences between the single classifiers’ mean ratings were
analyzed applying a generalized linear model with classifier
and horse as fixed effects. Multiple pairwise comparisons of
means were adjusted according to the Tukey and Kramer.

Repeatability (r) of image data was analyzed according to
following procedure: because after a GPA, relative coordi-
nate data are available, the level of repeatability can be cal-
culated on the basis of relative warp scores (principal com-
ponents of shape coordinates) or on the Procrustes distance d
(Arnqvist and Martensson, 1998). In this study we analyzed
the repeatability of images captured in two or three different
sessions and afterwards performed image selection accord-
ing to the optimal-fit (stance) criterion for each horse per ses-
sion. We evaluated the repeatability of different horse image
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data estimating the variance components from relative warp
scores with the SAS Varcomp procedure (SAS Inc., 2009)
using the following mixed model:

Yijki = y +rep; + animal j; + error;

In study 1, we imaged 15 animals three times and in study
2 we imaged 55 animals two times. The repeatability coeffi-
cients were calculated as follows:

2, . 2, . 2
r = o “animal j; /o “animal j; + o “error; ;.

All statistical analyses were performed using the SAS soft-
ware packages version 9.1 (SAS Inc., 2009), and morpho-
metric analyzes and shape graphs were performed using tp-
sRelw v1.53 (Rohlf, 2003), tpsRegr v1.40 (Rohlf, 2005) and
tpsSuper v2.00 (Rohlf, 2013).

3 Results and discussion

3.1 Agreement among classifiers

Mean values and standard deviations from the 102 Lipizzan
stallions scored by eight raters are presented in Table 1. In
Table 2 least squares means for each rater and trait from a
linear model in which the fixed effects classifier and horse
accounted for 34—55 % of variance (R?) within the scoring
data are presented. Comparisons of means adjusted accord-
ing to Tukey and Kramer illustrate the diversity between the
single classifier mean ratings of the following traits:

— type, breed type, sex type, harmony, head (type traits);

— neck, withers, shoulder, chest, back, croup and legs
(functional traits).

Concerning the influence of the animals’ age on the con-
formation scores, we could observe a significant age effect
for the traits withers (p < 0.001), back (p < 0.001) and legs
(p < 0.04). Regarding the agreement among raters, the k co-
efficients in Table 2 showed similar values to those previ-
ously reported for 44 Lipizzan mares. In general, the coeffi-
cients for stallions are at a lower level. The highest agreement
was found in the traits type, sex type, neck, breed type, har-
mony and head. The following traits were characterized by
the lowest k coefficients: legs, croup, shoulder and withers.
Taking the results of Table 2 into account, the concordance
among raters was low and it was lowest in functional traits.
When sorting the different classifiers into groups, all raters
achieved a general « value of 0.21 (0.33 for mares), stud di-
rectors a value of 0.27 (0.39 for mares) and private breeders
showed a value of 0.18 (0.29 for mares). The highest k values
and Spearman rank correlations (r) for pairwise calculations
were achieved by the rater pairs 1-6, 6-2, 1-2, 5-9 and 2-8
(x from 0.42 to 0.33, r from 0.55 to 0.49) and lowest k val-
ues were observed for the rater pairs 2-7, 7-8, 1-7, 6-7 and
4-7, with a k ranging from 0.13 to 0.08 (r from 0.44 to 0.30).
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Table 2. Multiple comparisons of means by classifier per trait, ¥ value and standard error for stallions and mares™.
Trait/rater 93 4! 1! 62 72 3! 82 52 K SE K SE

stallions mares™

Type 7.90®  7.81 787 7.82 763> 7852 798 779 024 0.013  0.49 0.028
Breed type 7.922 7792 7.928b 7762 7832  g12¢ g16® 797 021 0.013 038 0.027
Sex type 7.59% 768 7522 7.59¢ 760 773 7.800¢  7.84b 023 0.013 0.28 0.025
Harmony  7.63 7.67 7.710¢ 7613 748 763 783 7.65 0.19 0.014 038 0.026
Head 7.84%¢  797¢ 777 756 761 7673 758> 776 0.18 0.013 0.8 0.025
Neck 7472 7.69%¢ 7.82b 7.74bc 7558 773bc 769 7.64 0.22 0.014 030 0.026
Withers 7548 7483 7423 755  71gbc  733¢ 753 7493 (13 0.016 0.16 0.030
Shoulder ~ 7.49%¢ 7.48¢ 7493 758 709 7663 734  7.523¢ (.09 0.016 0.27 0.030
Chest 7479 7782 761%d  7742c  717b 757¢d 75090d  7712¢ (15 0.016 027 0.033
Back 7.49% 7503 766b 7513 721c  734ac  73pac 7358 ()17 0.016 0.32 0.028
Croup 7550 77020 7533b 7652 721¢ 75430 76230 7430 (08 0.016 0.29 0.027
Legs 7.08% 745> 7.092 7233 g54c 7022 732> 697  0.06 0.013 024 0.036

Different superscripts indicate significant differences (p < 0.05) after correction for multiple testing. ! Stud farm directors. 2 Private classifiers. > Member of the riding staff.

* See Druml et al. (2015).

Overall, the agreement among the eight raters can be judged
as low, even lower than it had been the case in the confor-
mational evaluation of 44 Lipizzan mares. Nevertheless the
results regarding the structure of different traits and the rela-
tionships between the classifiers could be repeated, and these
results underline the difficulty in assessing functional traits
and the low correlations between expert classifier rankings
assessed in a test situation.

3.2 The Lipizzan horse shape space and encoded
ratings

The shape space, i.e. the distribution of shapes within a sam-
ple, can be reconstructed and visualized using principal com-
ponent analysis of the shape coordinates (e.g. partial warp
scores and uniform components) (see Fig. 1). The first four
principal components (PCs) accounted for 75.40 % of total
shape variation within the sample of 102 Lipizzan stallions
and gave a similar picture as in the shape space for Lipizzan
mares. PC1 (46.3 %) accounted for neck posture variation,
PC2 (13.2 %) for conformational differences, PC3 (9.9 %)
for sex-related traits, shoulder and chest conformation, and
PC4 (6 %) for variation due to differences in stance.
Repeatabilities were calculated for the number of relative
warps, explaining 95 % of total shape variation. In study 1
(15 horses imaged and tracked three times), repeatabilities
for 12 relative warps ranged from 0.24 to 0.72, with a mean
of 0.50 and a standard deviation of 0.14. In study 2 (55 horses
imaged and tracked two times) the repeatabilities for 16 rela-
tive warps varied between 0.23 and 0.59, with a mean of 0.42
and a standard deviation of 0.12. In comparison Kristjansson
et al. (2013) presented repeatabilities for standardized image-
based anatomical measurements within a range of 0.34 to
0.99. In this study 20 animals were measured two times per
frame, resulting in an r between 0.56 and 0.99, representing
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only the operator error. In a second case study, the authors
analyzed the repeatability of traits measured on the left and
right side of 10 horses. The values for r varied here between
0.34 and 0.96. Zechner et al. (2001) reported repeatability
coefficients for 37 body measurements taken two times from
362-368 Lipizzan horses. The r values varied between 0.24
and 0.95, with a mean repeatability of 0.68. In relation to
these results, our data, which comprise multiple anatomical
features at the same time, expressed by shape coordinates or
relative warp scores, fits within the range of values reported.
As the individual stance of the horse and its excitement dur-
ing imaging is a significant source of variation in shape data,
we suggest to improve the data quality by selecting horses
according to their individual level of repeatability of shape
data.

In order to test which of the ratings of the four type traits
(type, breed type, sex type, harmony) account for specific
variation within the sample, we applied multiple linear re-
gressions of shape coordinates into the single rankings of
each classifier and four classifier groups. In total 57 % of
the 54 regression equations achieved a non-significant co-
efficient. Considering the single ratings of the eight classi-
fiers, 50 % achieved a significant ranking of animals within
the traits type, breed type, sex type and harmony (Table 3).
The amount of shape variation explained by the significant
ratings (p < 0.05) was small and ranged from 1.99 % (rater 4
for breed type) to 0.83 % (rater 6 for sex type). In compari-
son the mean ratings in mares for breed type explained 3.2 %,
those for harmony 5.9 % and those for type 3.0 % of the
shape variation. When these values are compared to shape re-
gressions in humans, dominance ratings explained 8 %, mas-
culinity 7.3 %, attractiveness 3.3 % (Windhager et al., 2011),
trustworthiness 8.6 % and eye color 5.5 % (Kleisner et al.,
2013) of human face shape variation.
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Table 3. Significance levels of 48 shape regressions for eight raters and for the mean score of eight raters within the overall mean and
type-related traits.

Rater Mean of Mean of Type  Breed Sextype Harmony

all traits  type traits type
6 n.s. n.s. n.s. n.s. 0.0033 0.0005
1 n.s. n.s. n.s. n.s. n.s. n.s.
3 n.s. n.s. n.s. n.s. n.s. n.s.
5 n.s. n.s. 0.0005 0.0005 n.s. n.s.
4 n.s. 0.0005 0.0329 0.0005 0.0005 0.0005
7 n.s. 0.0005 0.0005 0.0005 n.s. 0.0005
8 n.s. 0.0033  0.0005 n.s. 0.0005 0.0005
9 n.s. 0.0206  0.0005 0.0005 n.s. n.s.
All n.s. 0.0116 n.s. 0.0005 0.0005 n.s.

Min. = 5.00 Mean =7.92 Max. = 10.00

apicsl < . I e

Figure 2. Lipizzan horse shape changes according to the valuating score sheet of the trait breed type based on the full horse model; scores
from classifier group 3. The consensus (c) is created by image averaging from the pictures of the two Lipizzan stallions Conversano Kitty
1I (a) and Neapolitano Allegra (b), which are warped onto the mean configuration of the sample (n = 102). The averaged “model horse” (c)
is deformed to a target configuration score of 5 (d) and of 10 points (e) following the regression curve of the shape regression. The resulting
favorable and unfavorable model horses represent the horse shapes which would be expected according to the minimum and maximums
score given by classifier group 3 for the trait breed type (illustration and photos by T. Druml).

Shape regressions for breed type (based on the mean as- mean, the minimum score of 5 points and the maximum score
sessments of raters whose ratings resulted in a significant of 10 points in Fig. 2.
shape regression) are displayed by two model horses that In Figs. 3 and 4 the significant differences of individual

were averaged and warped onto the estimates of the trait ratings within the trait type between single classifiers (rater 4,
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Rater 9

Rater 4

Figure 3. Differences of individual ratings: unfavorable Lipizzan
model horses representing the score 5 in the trait type for rater 9,
rater 4 and rater 7. Images were recalculated using the configura-
tions of each rater along the regression curves (illustration and pho-
tos by T. Druml).

7 and 9) are shown, which illustrate the subjective nature
of equine conformation ratings. Within the warped model
horses based on individual ratings, clearly visible subjective
differences in perception existed (Figs. 3 and 4). For exam-
ple, within the trait type, a riding staff member (rater 9) fo-
cused on the back and head morphology, whereas rater 4
(stud director) clearly emphasized the croup and neck con-
formation and rater 7 (private breeder) favored the opposite
head conformation to rater 9 and attached more value to sex-
related properties. In general, the phenotypes that scored fa-
vorably (score approximating 10 along the regression curves)

www.arch-anim-breed.net/59/309/2016/
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Figure 4. Differences of individual ratings: favorable Lipizzan
model horses representing the score 10 in the trait type for rater 9,
rater 4 and rater 7. Images were recalculated using the configura-
tions of each rater along the regression curves (illustration and pho-
tos by T. Druml).

for the four type traits under study were all characterized by a
muscular horse of quadratic format, long neck and shoulder,
deep chest, and relatively short back. Within the phenotypes
that scored unfavorably (score approximating 5 along the re-
gression curves), model horses and graphical representations
(thin plate splines) were characterized by a longer back, a
relatively short and weak-muscled neck, a flat chest and a
globally androgynous appearance.

The central goal of this paper was to study the “black-
box” problem which arises in the evaluation of equine con-
formation based on valuating scales, where individual scores
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only imply a difference between what is favorable and not
favorable. Although visual perception of equine conforma-
tion is regarded as an empirical method, we found out in
our experiment that the agreement in expert ratings of in-
terpretative anatomy (correlations ranging from 0.36 to 0.56)
did not differ from ratings derived from several samples of
people regarding attractivity in humans. Human attractiv-
ity ratings are typically correlated with a coefficient ranging
from 0.30 to 0.50. Also the test for the association of rating
scores with phenotypic variability of horse shapes showed
that the scores given by classifiers did not correspond with
shape variation in 43 % of cases. We conclude that the ratings
are inconsistent. Although the inconsistency of ratings is the
subject of scientific interest in equestrian dressage competi-
tions (Stachurska et al., 2005; Stachurska and Bartyzel, 2011;
Wolframm et al., 2013), this question is poorly addressed in
studies concerning equine conformation. Further, we demon-
strated that significant differences in visual perceptions re-
sult in different phenotype rankings and phenotypic averages
(model images).

4 Conclusions

From the results of this study we conclude that inconsistency
of ratings (a major reason for non-significant shape regres-
sions) and low rater agreement (subjectivity of raters) need to
be further described and studied, as such bias in classifiers’
rankings is also present in genomic and genetic analyses of
conformation data. Further, the detected error sources have
not been considered in equine breeding programs and selec-
tion procedures. Therefore, the methods and tools presented
in this paper offer the possibility to evaluate conformation
classifiers in a quantitative (reliability analysis, shape regres-
sions) and qualitative (model horses from shape regressions)
way. These methods can further be used to assist in harmo-
nization processes of scoring protocols and in the training of
equine conformation classifiers, especially in small popula-
tions with a limited number of offspring.

The Supplement related to this article is available online
at doi:10.5194/aab-2-309-2016-supplement.
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