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abstract
the aim of this study was to verify the newly proposed transformation of penalty points and rank-
ing of showjumping horses for the purpose of genetic evaluation. genomic information in the 
transformation of input data was used as well. Data of showjumping competition global cham-
pions Tour was used. Profit of penalty points was transformed to normally distributed variable 
using Blom formula (height of obstacles and height of obstacles with single nucleotide polymor-
phism – sNp effect taken into account). Non-normal distribution was obtained. the rankings of 
sport horses in competitions were transformed using the Blom formula (height of obstacles taken 
into account) to normal distribution (tests of normality Kolmogorov-smirnov (Ks) test pr>D,  
D 0.011, p>0.150, cramer-von mises (cm) test pr>w-sq, w-sq 0.039, p>0.250, anderson-Darling 
test (aD) pr>a-sq, a-sq 0.638, p<0.097). Better distributed variable ranking transformed by 
Blom formula (height of obstacles and sNp effect taken into account) was obtained (Ks test pr>D,  
D 0.004, p>0.150, cm test pr>w-sq, w-sq 0.004, p>0.250, aD test pr>a-sq, a-sq 0.062, p>0.250). 
Model where all used fixed effects to equation were applied without any combination of the effects 
was tested, r2 0.54. Variable ranking was transformed to normal score by Blom formula (height of 
obstacles was taken into account). in the following model some effects were taken into account in 
the form of quadratic regression, r2 0.61. Variable ranking was transformed to normal score, the 
same as in previous model. in the last model we transformed variable ranking to normal score by 
Blom formula, taking into account height of obstacles and sNp effect. same effects as in previous 
model were used, r2 0.60.
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Competition data are widely used in the genetic evaluation of trotting and gal-
loping race horses (Bugislaus et al., 2005; Langlois and Vrijenhoek, 2004; Ekiz and 
Kocak, 2005) and also showjumping horses (Aldridge et al., 2000; Zurovacová et al., 
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2008; Posta et al., 2009 a; Viklund et al., 2010). The most commonly used traits for 
the evaluation of racehorses are competition placing and annual earnings. The main 
problem with this approach is that only horses with winnings or those that are placed 
can be evaluated. However, a different approach to the evaluation of showjump-
ing horses, overcoming these problems, has been developed by Reilly et al. (1998) 
which ranks all animals in a competition based on individual performance measures, 
such as fault points and round times, and uses these ranks to create normalised scores 
for evaluation. At present incorporation of molecular genetic information into the 
evaluation of breeding animals has rapid development with following estimation of 
breeding values (Přibyl et al., 2011; Přibyl et al., 2012). The availability of many 
thousands of single nucleotide polymorphisms (SNPs) spread across the genome 
for different livestock species opens up possibilities to include genomewide marker 
information in prediction of total breeding values, to perform genomic selection 
(Calus et al., 2007). Profit of penalty points and ranking of horses in competition is 
not normal distributed. The earning of penalty points and ranking should be trans-
formed to normal score. Many statistical methods require that the numeric variables 
we are working with have an approximate normal distribution. For example, t-tests, 
F-tests, regression analyses and analyses of variance all require in some sense that 
the numeric variables are approximately normally distributed. The pattern of values 
obtained when a variable is measured in large number of observations is called a dis-
tribution. Distribution can be broadly classified as normal and non-normal/skewed. 
Hence it becomes essential to identify skewed/normal distributions. When distribu-
tions are not symmetric or uniform, they show bunching to one end and/or a long 
tail at the other end. The direction of the tail tells whether the distribution is skewed 
right (a long tail towards high values) or skewed left (a long tail towards low values) 
(Scheiber and Dickson, 2007). If the assumption of normality is violated, interpreta-
tion and inference may not be reliable or valid. Therefore it is important to check for 
this assumption before proceeding with any relevant statistical procedures (Razali 
and Wah, 2010). If the analysis finds that the distribution of data collection is system-
atically different from the normal distribution, it is appropriate to transform the data. 
Transformation leads to the stabilization of the dispersion and data normality. There 
are more methods to make transformation of data. Common mathematic methods, as 
stated by Osborne (2002), are: square root transformation – the square root of every 
value is taken. However, as one cannot take the square root of a negative number, if 
there are negative values for a variable a constant must be added to move the mini-
mum value of the distribution above 0, preferably to 1.00. Logarithmic transforma-
tions are actually a class of transformations, rather than a single transformation. In 
brief, a logarithm is the power (exponent) a base number must be raised to in order 
to get the original number. Any given number can be expressed as y to the x power 
in an infinite number of ways. To perform transformation of data to normal score we 
can use even inverse transformation. To take the inverse of a number (x) is to com-
pute 1/x. What this does is essentially make very small numbers very large, and very 
large numbers very small. This transformation has the effect of reversing the order 
of your scores. Some general methods of calculation available in the SAS program 
are Blom formula, Tukey formula, van der Waerden formula. The aim of this study 
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was to verify the newly proposed transformation of penalty points and ranking of 
showjumping horses for the purpose of genetic evaluation and subsequent estimation 
of breeding values of sport horses. 

material and methods

In the analysis data of showjumping competition Global Champions Tour (sea-
son 2012) was used. Competitions were performed in ten places in Europe and two 
places in the Middle East in season 2012. The basic data of showjumping compe-
titions was made by results of horses, which competed in the following levels of 
competitions: 110, 115, 120, 125, 130, 135, 140, 145, 150, 155 and 160 cm (CSI1*, 
CSI2*, CSI5* and Special Invitational). Data was recorded of 4,729 individual com-
petitions. There were 1,021 horses and 513 riders participating in the competitions. 
The age of involved horses in competitions was from 6 to 20 years. Those horses 
which were disqualified had not recorded profit penalties or time from competitions 
were excluded from evaluation. 

Basic statistical analyses were performed in the program packages SAS (THE 
SAS SYSTEM V 9.2). The GLM procedure, the RANK procedure and the CAPA-
BILITY procedure in SAS 9.2 for further detailed analyses were used. The statistical 
models used in the calculations were as follows: 

model I.

Yijklmno = µ + Bi + Pj + Ck + Al + PPm + Tn + eijklmno 

where:
Yijklmno – dependent variable, 
µ – mean value,
Bi – fixed effect of breed (i = 1, 2, 3, …, 43),
Pj – fixed effect place of race (j = 1, 2, 3, …, 12),
Ck – fixed effect of competition (k = 1, 2, 3, 4),
Al – fixed effect of age (l = 1, 2 , 3, …, 14),
PPm – fixed effect of penalty points (m = 1, 2, 3, …, 32),
Tn – fixed effect of time (time of particular competition),
eijklmno – random error related with observation Yijklmno.

model II. 

Yijklmno = µ + Bi + Pj + Ck + b(age)ijkl + c(points)ijklm + d(time)ijklmn + eijklmno 

where:
Yijklmno – dependent variable, 
µ – mean value,
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Bi – fixed effect of breed (i = 1, 2, 3, …, 43),
Pj – fixed effect place of race (j = 1, 2, 3, …, 12),
Ck – fixed effect of competition (k = 1, 2, 3, 4),
b(age)ijkl – fixed effect age of horses (quadratic regression), 
c(points)ijklm – fixed effect of penalty points (quadratic regression),
d(time)ijklmn – fixed effect of time (quadratic regression),
eijklmno – random error related with observation Yijklmno.

The simulation of single nucleotide polymorphisms (SNPs) was performed by 
the Misztal pack programs (2009). The fourteen SNPs linked with showjumping per-
formance (Gu et al., 2009; Hill et al., 2010; Schröder, 2011; Trakovická et al., 2012) 
were used for the simulation analysis. During the transformation of input data in the 
program packages SAS (Blom formula) one simulated SNP was used like effect, 
which is associated with showjumping performance. For the genomic prediction and 
genomic evaluation of dairy cattle Bovine BeadChips with low density (3K, 50K) 
are used (VanRaden et al., 2012; Wiggans et al., 2012). In the dairy cattle population 
the 50K BeadChip is used as the industry standard; however, the 3K has proven to be 
a useful tool, yielding results of only slightly lower reliability at significantly lower 
cost (Wiggans et al., 2012). Low density chip is used for genomic prediction in live-
stock species and there is an expectation of its incoming use in horses as well. 

Profit of penalty points of showjumping horses to normal score by Blom formula 
was transformed. In the transformation we took height of obstacles and height of ob-
stacles with SNP effect into account. SNP effect used in transformation was the most 
statistically significant. Common mathematic methods to the transformation were 
used as well, which are especially used for a positively skewed distribution (compute 
logarithmic, compute square, compute inverse). For positively skewed variables, 
the argument is an adjustment to the original value based on the minimum value  
for the variable. If the minimum value for a variable is zero, the adjustment re-
quires that we add one to each value, e.g. x + 1. The transformations were calculated 
as follows: compute logarithm PP = LOG10(PP + 1), compute square PP = SQRT 
(PP + 1), compute inverse PP = –1/(PP + 1), where PP is variable of penalty points. 
To transform ranking of horses in competitions to normal score Blom formula was 
used. In the transformation the height of obstacles was taken into account and height 
of obstacles with SNP effect, which was the most statistically significant. Logarithm 
LOG10(Ranking), computed square SQRT(Ranking), computed inverse –1/Ranking 
were used as well. 

results

Profit of penalty points was not normal distributed (Figure 1). This fact was 
confirmed by tests of normality (Table 1). After transformation of penalty points 
with computed logarithm, computed square, computed inverse we obtained non-
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normal distribution. Profit of penalty points was transformed to normally distributed 
variable using Blom formula whereby height of obstacles was taken into account  
(Figure 2), graphical assessment clearly indicates approximation to normal dis-
tribution even if the individual tests do not confirm this fact (Table 1). Profit of 
penalty points was transformed to normally distributed variable using Blom for-
mula whereby height of obstacles and SNP effect were taken into account as well  
(Figure 3). Non-normal distribution of penalty points was obtained (Table 1). Ranking 
of horses in showjumping competitions produced asymmetrical distribution of data 
(Figure 4), consequently ranking should be used for breeding value estimation only 
after an appropriate mathematical transformation. After transformation of ranking of 
horses with computed logarithm, computed square, computed inverse asymmetrical 
distribution of transformed ranking was obtained. The rankings of sport horses in 
competitions using the Blom formula to normal distribution were transformed. The 
height of obstacles was taken into account (Figure 5). Normal distribution of variable 
ranking was confirmed by tests of normality (Table 1). Better distribution of variable 
ranking was obtained by Blom formula where height of obstacles and SNP effect 
were taken into account (Figure 6). Normal distribution of variable ranking by tests 
of normality was confirmed (Table 1). 

Figure 1. Asymmetrical distribution of penalty points

The total variability of the trait ranking of horses in competition is explained in 
the sum of fixed effects. Transformation ranking to normal distribution data by Blom 
formula was performed; height of obstacles was taken into account. Model where 
all used fixed effects to equation applied without any combination of the effects was 
tested (Table 2).
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Figure 2. Asymmetrical distribution of penalty points transformed using Blom formula, height of 
obstacles taken into account

Figure 3. Asymmetrical distribution of penalty points transformed using Blom formula, height of 
obstacles and SNP effect taken into account 
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Figure 4. Asymmetrical distribution of ranking 

Figure 5. Symmetrical distribution of ranking using Blom formula, height of obstacles taken into  
account
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Figure 6. Symmetrical distribution of ranking using Blom formula, height of obstacles and SNP effect 
taken into account 

Table 1. Tests of normality after transformation of input data using different methods of transformation 
by Blom formula

Input data
KS test Pr > D CM test Pr > W-Sq AD test Pr > A-Sq

D P Value W-Sq P Value A-Sq P Value
Penalty points
BF 0.208 <0.010 46.006 <0.005 275.056 <0.005
BF1 0.188 <0.010 20.227 <0.005 142.754 <0.005
BF2 0.039 <0.010 0.414 <0.005 3.297 <0.005
Ranking
BF 0.097 <0.010 8.024 <0.005 58.269 <0.005
BF1 0.011 >0.150 0.039 >0.250 0.638 <0.097
BF2 0.004 >0.150 0.004 >0.250 0.062 >0.250

KS – Kolmogorov-Smirnov test.
CM – Cramer-von Mises test.
AD – Anderson-Darling test.
BS – Blom Formula.
1Height of obstacles taken into account.
2Height of obstacles and SNP effect taken into account.

The coefficient of determination R2 for thus assembled model is 0.54, which 
means that we are able to describe 54% of performance variability in the results of 
our consideration of the show jumping horses population. All fixed effects were sta-
tistically highly significant except the effect of competition. Residual was normally 
distributed. 
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Table 2. Linear model with six fixed effects. Ranking transformed to normal distribution data with 
Blom formula, height of obstacles taken into account

R2                                      0.54

Source F Value Pr Significance 
level

Breed 3.94 0.0001 xxx
Place of race 21.43 0.0001 xxx
Competition 5.14 0.0015 xx
Age 14.63 0.0001 xxx
Penalty points 3132.31 0.0001 xxx
Time 164.67 0.0001 xxx

xxx – P≤0.001.
xx – P≤0.01.

In the following model for assessing the variability of trait ranking (transformed 
to normal distribution data with Blom formula, height of obstacles taken into ac-
count) six effects were taken into account. The effects age of horses, time and penal-
ty points were taken into account in the form of quadratic regression, which is usual 
for this kind of data (Zurovacová et al., 2008; Riecka and Candrák, 2010) (Table 3).

Table 3. Linear model with some effects in the form of quadratic regression. Ranking transformed  
to normal distribution data with Blom formula, height of obstacles taken into account

R2 0.61

Source F Value Pr Significance 
level

Breed 4.66 0.0001 xxx
Place of race 25.35 0.0001 xxx
Competition 6.08 0.0004 xxx
Age 17.30 0.0001 xxx
Age*Age 12.94 0.0003 xxx
Penalty Points 3719.24 0.0001 xxx
Penalty points*Penalty 
points

601.50 0.0001 xxx

Time 118.25 0.0001 xxx
Time*Time 27.17 0.0001 xxx

xxx – P≤0.001.

In this linear model there were some effects in the form of quadratic regression. 
The coefficient of determination R2 was higher (0.61). Increase of R2 was 0.07 com-
pared to the first model. All effects in the applied model were high statistical signifi-
cant. Residual was normally distributed. 

In the last linear model (Table 4) the total variability of the trait ranking of horses 
in competition (transformed to normal distribution data with Blom formula, height 
of obstacles and SNP effect taken into account) was explained by the same model as 
in previous linear model. 
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Table 4. Linear model with some effects in the form of quadratic regression. Ranking transformed  
to normal distribution data with Blom formula, height of obstacles and SNP effect taken into account 

R2 0.60

Source F Value Pr Significance 
level

Breed 4.38 0.0001 xxx
Place of race 24.18 0.0001 xxx
Competition 5.63 0.0008 xxx
Age 15.33 0.0001 xxx
Age*Age 9.78 0.0018 xx
Penalty Points 3548.37 0.0001 xxx
Penalty points*Penalty points 574.17 0.0001 xxx
Time 115.86 0.0001 xxx
Time*Time 25.87 0.0001 xxx

xxx – P≤0.001.
xx – P≤0.01.

In this linear model R2 (0.60) was less than R2 (0.61) in previous model, but we 
worked with data, which was better distributed. This fact was confirmed by tests of 
normality. Decrease of coefficient of determination by 1% is at the expense of nor-
mal distributed data. All used effects were statistically highly significant except the 
effect of age in the form of quadratic regression. Residual was normally distributed. 

Discussion

Similar methods of penalty points transformation of eventing competition, which 
is necessary for subsequent genetic evaluation of sport horses and breeding values 
estimation, were performed by Kearsley et al. (2008) as well. Blom formula was used 
for transformation of ranking of Irish sport horses (Foran et al., 1995) and Belgian 
Sporthorse populations (Janssens et al., 1997) as well. Posta et al. (2009 a, 2009 b) 
explored in his works several ways to modify the data of competitions to the normal-
ized score. Ranking of sport competitions were modified by square roots of ranking, 
cubic root of ranking, fourth root of ranking and by Blom score. Using Blom score 
higher ranking individuals in a competition receive positive scores, average perform-
ers receive a score of zero and the horses with poor performance ranked at the bottom 
of the competition receive negative scores. The best distribution of variable using 
Blom formula was obtained. Similar results were found in our work. Normal distri-
bution of input data using Blom formula was obtained. By transformation of ranking 
better distribution of variable was obtained in comparison with transformation of 
penalty points. If in the transformation of ranking height of obstacles was taken into 
account, normal distribution was confirmed by two tests of normality (KS test, CM 
test). Using height of obstacles and SNP effect in the transformation variable rank-
ing all tests of normality confirmed normal distribution of data (KS test, CM test, 
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AD test). Measured performance is the result of influence of numerous genetic and 
environmental factors. Genetic factors are represented by type of selection, influence 
of breed on performance or self breeding value of individual. Except presented sys-
tematic effects, many random, uncontrolled environmental factors influence animal. 
It is not possible to influence or predict these factors. Nutrition may be included 
among these random factors (Gálik et al., 2011). Reilly et al. (1998) used effects like 
in our case in the model of genetic evaluation. One of the most important effects in 
the evaluation of sport horses performance is the effect of rider. This effect was used 
in the model performed by Kearsley et al. (2008) and Zurovacová et al. (2008) to 
the genetic evaluation of sport horses on the national level. International competi-
tions involve more riders to the competitions compared to the national level. On the 
Global Champions Tour were a lot of riders, who rode only one horse. Including the 
effect of rider would not be objective in the evaluation of sport horses performance. 
For this reason the effect of rider was excluded from our evaluation.  

Many statistical methods require that the numeric variables we are working with 
have an approximate normal distribution. We used and analysd different ways of data 
transformation from showjumping competitions. We applied common mathematic 
methods and Blom formula to transform penalty points and ranking of horses. In the 
transformation by Blom formula we took height of obstacles and height of obstacles 
with simulated SNPs into account as well. Data, which was transformed with height 
of obstacles and SNP effect was better distributed than data without SNP effect. This 
fact was confirmed by tests of normality. Genomic information may be used for data 
transformation as well. Our results clearly indicate that for the sport horses evalua-
tion it is more suitable to use ranking of horses in competitions than penalty points.

acknowledgement 
We thank Angelique van Eijk – Social Media Expert at Global Champions Tour 

for agreeing to use the data from the Global Champions Tour season 2012. 

references

A l d r i d g e  L.I., K e l l e h e r  D.L., R e i l l y  M., B r o p h y  P.O. (2000). Estimation of the genetic cor-
relation between performances at different levels of showjumping competition in Ireland. J. Anim. 
Breed. Genet., 117: 65–72.

B u g i s l a u s  A.E., R o e h e  R., K a l m  E. (2005). Comparison of two different statistical models con-
sidering individual races or racetracks for evaluation of German trotters. Livest. Prod. Sci., 92: 
69–76.

C a l u s  M.P.L., M e u w i s s e n , T.H.E., d e  R o o s  A.P.W., Ve e r k a m p  R.F. (2007). Accuracy of 
genomic selection using different methods to define haplotypes. Genetics, 178: 553–561.

E k i z  B., K o c a k  O. (2005). Phenotypic and genetic parameter estimates for racing traits of Arabian 
horses in Turkey. J. Anim. Breed. Genet., 122: 349–356.

F o r a n  M.K., R e i l l y  M.P., K e l l e c h e r  D.L., L a n g a n  K.W., B r o p h y  P.O. (1995). Genetic 
evaluation of show-jumping horses in Ireland using ranks in competition. Proc. 46th Annu. Mtg.,  
European Association for Animal Production (EAAP), Prague, Czech Republic, 4–7.09.1995,  
p. 351. 



Z. Schubertová and J. Candrák402

G á l i k  B., B í r o  D., J u r á č e k  M., Š i m k o  M., Va š č á k o v á  V., R o l i n e c  M. (2011). The  
effect of phytoadditives on macroelements digestibility of sport horses. J. Cent. Eur. Agr., 12:  
390–397.

G u  J., O r r  N., P a r k  S.D., K a t z  L.M., S u l i m o v a  G., M a c H u g h  D.E., H i l l  E.W. (2009). 
A genome scan for positive selection in Thoroughbred horses. PloS One, 4: 1–17, available online 
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0005767 

H i l l  E.W., G u  J., M c G i v n e y  B.A., M a c H u g h  D.E. (2010). Targets of selection in the Thor-
oughbred genome contain exercise-relevant gene SNPs associated with elite racecourse perfor-
mance. Anim. Genet, 41: 56–63.

J a n s s e n s  S., G e y s e n  D., Va n d e p i t t e  W. (1997). Genetic parameters for show jumping in 
Belgian sporthorses. Proc. 48th Annu. Mtg., European Association for Animal Production (EAAP), 
Vienna, Austria, 25–28.08.1997, p. 5. 

K e a r s l e y  C.G.S., Wo o l l i a m s  J.A., C o f f e y  M.P., B r o t h e r s t o n e  S. (2008). Use of compe-
tition data for genetic evaluations of eventing horses in Britain: Analysis of the dressage, showjump-
ing and cross country phases of eventing competition. Livest. Sci., 118: 72–81. 

L a n g l o i s  B., V r i j e n h o e k  T. (2004). Qualification status and estimation of breeding value in 
French trotters. Livest. Prod. Sci., 89: 187–194.

M i s z t a l  I. (2009) SNP_Sim ver. 1.2. Simulation and analyses of genomic SNP data, University of 
Georgia.

O s b o r n e  J.W. (2002). Notes on the use of data transformations. Practical Assessment, Research & 
Evaluation, 8: 6, available online http://pareonline.net/getvn.asp?v=8&n=6 

P o s t a  J., K o m l ó s i  I., M i h ó k  S. (2009 a). Breeding value estimation in the Hungarian Sport Horse 
population. Vet. J., 181: 19–23. 

P o s t a  J., M i h ó k  S., M á r k u s  S., K o m l ó s i  I. (2009 b). Analysis of Hungarian sport horse show 
jumping results using different transformations and models. Arch. Tierzucht, 52: 451–458.

P ř i b y l  J., B o l e č k o v á  J., H a m a n  J., K o t t  T., P ř i b y l o v á  J., Š i m e č k o v á  M., Vo s - 
t r ý  L., Z a v a d i l o v á  L. (2011). Úprava soustav rovnic pro předpověď genoické plemenné 
hodnoty (GEPH) jednokrokovou metodou. Praha Uhříněves, Česká republika, Výzkumný ústav 
živočišné výroby v.v.i., 29 pp. 

P ř i b y l  J., H a m a n  J., K o t t  T., P ř i b y l o v á  J., Š i m e č k o v á  M., Vo s t r ý  L., Z a v a d i - 
l o v á  L., Č e r m á k  V., R ů ž i č k a  Z., Š p l í c h a l  J., Ve r n e r  M., M o t y č k a  J., Vo n d r á š e k 
L. (2012). Single-step prediction of genomic breeding value in a small dairy cattle population with 
strong import of foreign genes. Czech J. Anim. Sci., 57: 151–159.

R a z a l i  N., Wa h  Y. (2010). Power comparisons of some selected normality tests. Proc. Regional 
Conference on Statistical Sciences. Kota Baru, Malaysia, 13–14.06.2010, p. 126.

R e i l l y  M., F o r a n  M.K., K e l l e h e r  D.L., F l a n a g a n  M.J., B r o p h y  P.O. (1998). Estima-
tion of genetic value of showjumping horses from the ranking of all performances in competition.  
J. Anim. Breed. Genet., 115: 17–25. 

R i e c k a  Z., C a n d r á k  J. (2010). The influence of the genomic data on the breeding values estimation 
in the Slovak Republic. Acta Fytotech. Zootech., 2: 33–35. 

S c h e i b e r  J., D i c k s o n  M. (2007). Normal and Skewed Data. Johannesburg, South Africa, © RAD-
MASTE Centre, 28 pp.

S c h r ö d e r  W., K l o s t e r m a n n  A., S t o c k  K.F., D i s t l  O. (2011). A genome-wide association 
study for quantitative trait loci of show-jumping in Hanoverian warmblood horses. Anim. Genet., 
43: 392–400.

T r a k o v i c k á  A., G á b o r  M., Miluchová M., Minarovič T., Šťastná D. (2012). Analysis of the Neb-
ulin-Related Anchoring Protein Gene (N-RAP) SNP Polymorphism (C/T) in Slovak Warmblood 
Horse by PCR-RFLP Method. Anim. Sci. Biotech., 45: 265–268.

Va n R a d e n  P.M., O l s o n  K.M., N u l l  D.J., S a r g o l z a e i  M., W i n t e r s  M., v a n  K a a m 
J.B.C.H.M. (2012). Reliability increases from combining 50,000- and 777,000-marker genotypes 
from four countries. Proc. Interbull Annu. Mtg. Cork, Ireland, 28.05–1.06.2012. 

V i k l u n d  Å., N ä s h o l m  A., S t r a n d b e r g  E., P h i l i p s s o n  J. (2010). Effects of long-time se-
ries of data on genetic evaluations for performance of Swedish Warmblood riding horses. Animal, 
11: 1823–1831.



Normalization of showjumping competition’s results 403

W i g g a n s  G.R., C o o p e r  T.A., Va n R a d e n  P.M., O l s o n  K.M., T o o k e r  M.E. (2012). Use of 
the Illumina Bovine3K BeadChip in dairy genomic evaluation. J. Dairy Sci., 95: 1552–1558.

Z u r o v a c o v á  B., C a n d r á k  J., Ž i d e k  R., J i s k r o v á  I., B u l e c a  J., Z ö l d á g  L. (2008). The 
BLUP-animal model for the estimation of the breeding value of show jumping horses. Magy. Al-
latorvosok, 130: 651–657. 

Received: 22 IV 2013
Accepted: 1 VII 2013


