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The main goal of the project is to identify the connection 

between the physiological and anatomical characteristics of 

Lipizzan horses and such a personality trait as fearfulness.

Our partners hypothesize that fear responses of individual horses are associated with 

specific body and head measures as well as with heart rate. An important result from 

their previous study shows that a horse with a longer chest and a wider part 

between the nostrils is less fearful while a horse with a larger inferior angle of the 

right nostril and outer edge of the left ear is less able to learn.

Research tasks:

1. Data analysis and preprocessing as well as feature engineering.  

2. Statement of the problem and choice of solution methods for the current data set.

3. Solving the classification problem with ML models which help to predict the fear level 

of horses by their anatomical measurements, kinematic variables, and conditions of 

care and work.

4. Evaluation and visualization of the results of the models, selection the most important 

features for the fear score predicting of the Lipizzan horses and interpretation of 

research results. 



Department for 
Artificial Intelligence

Jožef Stefan 
Institute

Markers of head and body measurements of Lipizzan horses. 
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Markers of body measurements of Lipizzan horses. 
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Some features of anatomical measurements of Lipizzan horses (initial data). 

Anatomical measurements, measured with:

a) sartorial meter b) measuring stick
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Kinematic measurements and information about horses’ housing and work. 



Department for 
Artificial Intelligence

Jožef Stefan 
Institute

The series of fear tests were conducted
as part of the project about Lipizzan horses personality.

a) Passive human test the horse was held on a loose leash by a passive, 
unfamiliar handler who allowed the horse to initiate the interaction. 
b) Umbrella test the horse was led through a passage formed by two identical 
colored umbrellas. 
c) Rolling ball test the horse was led through the test area where a large blue 
and yellow ball was released from the ramp and rolled past the horse. 
d) Bag test a blue plastic bag, attached to a whip was swung frontally from the 
horse. 
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Ethogram of motor reactivity for the definition of fear scores 

Score Reaction Description

1 None No fear reaction to stimulus

2 Head up
Head lifted high, no movement away, ears forward, possible approach
toward the stimuli

3 Alert
Head high, quivering, stopping or moving one or two steps away from the
stimulus, ears forward

4 Away Moving backwards from the stimulus, not more than four strides

5 Flight
Jumping or turning away from the stimulus in a sudden movement, followed
by trotting or galloping of more than four strides

The sum of all the four scores 

will present the final fear score. 
Brunberg et al. (2013) 
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Visualization of the division of horses into 
two classes according to the level of fear.
(Average to maximum  10.75)

Sum of the fear score test by repetitions
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Fragment of correlation matrix of the anatomical features of Lipizzan horses

Fragment of the correlation of the features matrix of housing and working conditions of Lipizzan horses
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- AllFeatures (120 variables): removal of correlated 

features is not performed 

- Removed LeftCorr (89 variables): anatomical 

measurements from the left side of the horse head or 

body that correlate to the correspondent right side 

measurements are removed

- Remove RightCorr (89 variables): anatomical 

measurements from the right side of the horse head or 

body that correlate to the correspondent left side 

measurements are removed

- Removed LeftCorr + (85 variables): anatomical 

measurements from the left side of the horse that 

correlate to the correspondent right side 

measurements are removed + anatomical 

measurements from the right side of the horse that 

correlate to other left side measurements are removed

- Remove RightCorr + (85 variables): anatomical 

measurements from the right side of the horse that 

correlate to the correspondent left side measurements 

are removed + anatomical measurements from the left 

side of the horse that correlate to other right  side 

measurements are removed

Lists of removed features

LeftCorr=['FH10L','FH11L','FH12L','FH13L','FH14L','FH16L', 
'FH18L','FH19L','FB08','FB10L','FB11L','FB12L','FB13L', 
'FB14L','FB15L','FB18L','FB19L','FB20L','FB21L', 'FB22L', 
'FB23L','FB24L','FB26L','FB27L','FB28L','FB32L','FB34L',
'FB35L','FB37L','FB38', 'FB39']

RightCorr=['FH10R','FH11R','FH12R','FH13R','FH14R','FH16R',
'FH18R','FH19R','FB08','FB10R','FB11R','FB12R','FB13R',
'FB14R','FB15R','FB18R','FB19R','FB20R','FB21R','FB22R',
'FB23R','FB24R','FB26R','FB27R','FB28R','FB32R','FB34R', 
'FB35R','FB37R','FB38','FB39']

LeftCorr+=['FH10L','FH11L','FH12L','FH13L','FH14L','FH16L', 
'FH18L','FH19L','FB08','FB10L','FB11L','FB12L','FB13L', 
'FB14L','FB15L','FB18L','FB19L','FB20L','FB21L', 'FB22L', 
'FB23L','FB24L','FB26L','FB27L','FB28L','FB32L','FB34L',
'FB35L','FB37L','FB38', 'FB39','FH18R','FB11R','FB12R', 
'FB13R']

RightCorr+=['FH10R','FH11R','FH12R','FH13R','FH14R','FH16R'
,'FH18R','FH19R','FB08','FB10R','FB11R','FB12R','FB13R',
'FB14R','FB15R','FB18R','FB19R','FB20R','FB21R','FB22R',
'FB23R','FB24R','FB26R','FB27R','FB28R','FB32R','FB34R', 
'FB35R','FB37R','FB38','FB39','FH18L','FB11L','FB12L', 
'FB13L']
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Machine learning methods and algorithms for solving classification task for predicting 
horse fearfulness 

Leave-One-Out Cross Validation
Logistic Regression

solver='liblinear', penalty='l1', C=0.2

Support Vector Machine

C=1.5, kernel='sigmoid'

Decision Trees
Depends on the randomness of the 

estimator.

Random Forests

min_samples_split=3
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Accuracy= 0.8333333333333334

Precision= 0.8181818181818182 

Recall= 0.8181818181818182

The accuracy of prediction of the horses' fear level of the 

different algorithms with different sets of features

Confusion matrix and metrics by Decision Trees Classification results (LOOCV)
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Features name
Numbers of

LOOCV steps

Number of boxes 24

FB10L (Left leg length) 23

FH03 (Distance between the 

inner edges of the eyes)
21

FH04 (Horse muzzle width) 18

Feature importance (LOOCV)
Feature importance (all instances)
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Decision Tree trained on all the instances

Horses are living in a big stable
(Number of boxes >7), 
with short front left legs (FB10L), large 
distance between inner edge eyes 
(FH03>18.75) and  narrow muzzle 
(FH04 <= 31.125) are more fearless 
than other. True False

True True

True

False

False



Department for 
Artificial Intelligence

Jožef Stefan 
Institute

Thanks for your attention!

The future work will include the research with extended 

data set as well as exploring additional relevant features.


