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a b s t r a c t

This study aimed to identify the parameters related to the expression of the reactivity in
horses during handling and based on that proposed and validated a scale of composite
measure reactivity score to characterize horse’s reactivity. To this end, the first stage (S1)
proposed the scale and the second (S2) validated it. In S1, 364 Lusitano horses were
evaluated, 188 were adult breeding mares (4–12 years old), and 176 were foals (males/
females, aged from 2 months to 2 years). During hooves trimming, vermifuge application,
palpation scores were assigned to behaviors of movement, ears and eyes position,
breathing, vocalization, and urination. A response parameter called reactivity was attrib-
uted to each animal, ranging from score 1 (nonreactive/calm) to score 4 (very reactive/
aggressive). The verification of the possible parameters (age, behavior), which explains the
response parameter (reactivity), was taken using ordinal proportional odds model.
Movement, breathing, ears and eyes position, vocalization, and age appear to explain the
reactivity of horses during handling (P < .01). Therefore, based on these parameters, it was
possible to propose two scales of composite measure reactivity score: one to characterize
the mares and another the foals. On S2, the proposed scale was validated by the simul-
taneous application of Forced Human Approach Test, another commonly used test to
evaluate the reactivity in horses, with a correlation of 0.97 (P < .05). The assessment of the
reactivity of horses during handling by a composite measure reactivity score scale is valid,
and easy to apply, without disrupting daily routine and override the impact of individual
differences.

� 2016 Elsevier Inc. All rights reserved.
Titto, Faculdade de
de São Paulo/USP, Av.
5-900, Pirassununga,

. All rights reserved.
1. Introduction

Successful relationship between humans and horses is
important for the use of animals during equestrian activ-
ities such as leisure, sport, or riding. Theway horses react to
human results from the interaction between the animal
temperament, temperament and skills of humans, and
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experience acquired by the animal through contact with
humans [1]. Moreover, the performance and suitability of
the horse in a equestrian modality can also be affected by
its temperament [2]. A temperament trait is generally
defined as individual differences in behavior that are pre-
sent early in life and are relatively consistent during time
and through the different situations [3].

Studies involving the temperament of horses have
focused on aspects such as emotionality or emotional
reactivity, learning ability, and reactions to human pres-
ence or reactivity to humans, which are most relevant traits
to achieve optimal performance in those animals [4].
However, because the study of temperament is complex
and there are several terminologies and different meth-
odologies involved, the assessment of the temperament
becomes difficult. Therefore, it is essential to clarify the
aspect of temperament that needs to be evaluated.

In this context, this study will use the concept of reac-
tivity, which appears as an aspect of temperament defined
as behavioral expression during handling, generally
attributed to fear and associated with stimuli caused by
human presence [5].

In practice, the reactivity in horses has been studied by
the dissociation of methodologies that assess fear through
the aspect of temperament called emotional reactivity [6,7]
and situations of confrontation with humans through the
aspect of reactivity to humans [8,9].

These studies have used a variety of experimental
techniques, such as arena tests, in which the horse is loose
in a familiar environment [6]; the open field tests, in which
the horse is loose in an unfamiliar environment [2]; the
novel object tests in which the horse is presented a new
static or moving object [10]; tests that assess the presence
of a passive or active human [8]; the bridge test, which
consists of a manipulator leading the animal in an un-
known surface [11]; reactivity test performed during the
evaluation of the conformation of the horse [12,13], and
reactivity assessed in situations as feeding, riding, and
turning out [14].

In the investigation of sheep and cattle reactivity, the
frequently used tests are the restriction test, which punc-
tuates the animals through scale of composite measure
reactivity score, and the test of disturbance, measured
when the animal is subjected to a given handling situation
in the pen, such as weighing [15–17]. The application of
scale of composite measure reactivity score during
handling has not been used as a methodology to charac-
terize the reactivity of horses. However, the development of
a detailed methodology to assess the reactivity of equine
during handling becomes necessary since the reactivity is
one aspect of temper expressed by the animals during
handling.

The term reactivity is specific to each individual because
each animal exhibits different behavior which might be
indicative of a same level of reactivity. For example, an
animal that is very reactive may express this by “freezing”
and other animal with the same level of reactive also may
display the agitation as a manifestation of their reactivity.
The combination of different behaviors within a composite
score scale may override the impact of individual differ-
ences, making the animal reactivity evaluation more
detailed and explanatory. Therefore, this study aimed to
identify the parameters related to the expression of the
reactivity of horses during handling and to propose and
validate a scale of composite measure reactivity score,
based on these parameters, to characterize the reactivity of
horses.

2. Materials and Methods

This study was conducted in two stages, which will be
detailed subsequently. The first stage was performed to
identify parameters that are related to the expression of
reactivity of horses during handling. In addition, during the
first stage, it was also proposed a composite score scale of
behavior for characterization of reactivity from parameters
which can explain reactivity of horses.

The second stage a study was done to validate the scale
of composite measure reactivity score in horse during
handling, proposed in the first stage.

2.1. First Stage

2.1.1. Animals and Local Used
The first stage was conducted on a Lusitano horse

breeding farm located in Itapira, São Paulo, Brazil, and all
procedures were approved by the Ethics Committee of the
University of São Paulo, Brazil, under n�. 12.1.755.74.9.

A total of 364 animals comprising 188 adult breeding
mares (4–12 year old) and 176 foals (77 males and 99
females) between the ages of 2 and 4 months (P1), 5 and
6 months (P2), 10 and 12 months (P3), 13 and 14 months
(P4), and with 2 year old (P5) were observed.

The animals used in this study were maintained on
pasture, grouped according to the age, and have fed in the
trough once daily. The groups of mothers were separated
according to the gestational state (empty, pregnant, and
mares with their newborn foals). The foals were kept with
their mothers until the age of 6 months, after that time,
they were weaned and grouped according to sex and age.

In this property, the breeding season begins in
September and extends through February. The beginning of
the reproductive phase of the mares is at 4 years old. The
breeding mares observed in this study were not tamed; the
halter was used to facilitate handling. The foals did not use
the halter.

2.1.2. Trial Period and Data Collection
The methodology used in this stage did not interfere in

the daily activities of the property, and hence, the behav-
ioral assessments of the animals were carried out during
the programmed handling routine.

The observations were performed during hooves trim-
ming (n ¼ 176 foals), vermifuge application (n ¼ 176 foals;
188 mares), and palpation (n ¼ 188 mares). Each animal
was observed twice for each activity, during a period of
60 days.

The animals were used to handlers and handling facil-
ities. The professional team was consisted of two handlers
responsible for vermifuge application, a veterinarian res-
ponsible for palpation, and two technicians for hooves
trimming.



Table 1
Scores assigned to the animal’s behavior of movement, position of ears and eyes, breathing, vocalization, and urination during management activities
observed in the experimental period.

Behavioral Category Score Description

Movement 1 No body movement, can have absent or occasional movements of the tail, no foot movement
2 Changes in body position, occasional tail movements, can have absent or occasional foot movement
3 Frequent body movement, vigorous tail movements, can have occasional foot movement
4 Continuous movement, continuous and vigorous tail movements, frequent foot movement

Position of ears and eyes 1 Ears erect or relaxed without specific attention, eyes relaxed
2 Ears movement facing forward or backward, ears and eyes attentive
3 Frequent ears movement (exchanges of position) can have withering ears, widening eyes

Breathing 1 No breathing audible
2 Audible breathing and rhythmic form (no changes)
3 Deep and audible breath, with parameter rhythm
4 Nasal and oral breathing, with intense expiratory movements (snorting)

Vocalization 1 No vocalization
2 Can have vocalization
3 Frequent vocalization

Urination 1 No urination
2 One urination
3 Frequent urination
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Mares and foals were conducted from the pasture to the
locationwhere the handling would be done. Eachmarewas
picked up individually by the handler, using a halter and
taken to the chute located indoor. The foals were held by
the neck and tail, and they were handled after the handling
of the mare.

The meteorological parameters of air temperature and
relative humidity were recorded every 30 minutes
(measured with digital hygrometer, Thermotemp, Campi-
nas). The average temperature and average humidity dur-
ing the experimental period were 26�C (�1.40) and 60%
(�5.76), respectively, which was within the thermal com-
fort zone of horses ranging from 5�C to 30�C.

The behavioral observations of the animals were made
by the visual method during 20 seconds after the beginning
of each handling, by applying scores to the five behavioral
parameters of the horses: movement, position of ears
and eyes, breathing, vocalization, and urination [16,17]
(Table 1). The observed behaviors were recorded in a
spreadsheet.

When using the scale of reactivity, it is easy to separate
the extremes, that is, distinguishing between a peaceful
animal, possibly with score 1, and a very aggressive one,
possibly with score 5. It is, however, difficult to assign in-
termediate scores which leads to a tendency to attribute
the score 3, instead of 2 or 4 [18]. The animals in this study
were ranked among 4 scores of reactivity in order to
distinguish classes of high and low reactivity [19,20].

A response parameter called reactivity was attributed to
the animals after the observations of behavioral categories
during handling. Animals were classified based on the
reactivity scores of 1–4, where a score 1 was given to a
nonreactive or calm animal; score 2 was given for a slightly
reactive or active animals; a score 3 was given for the
reactive or restless animals and very reactive or aggressive
animals received a score 4. Those given scores were based
on a validated purpose scale [16,17] in which one person
observes the reactivity of the animal during the initial
20 seconds of the handling.

The behavioral observations were assigned by a trained
observer, and the reactivity response parameter was
assigned by another trained observer. The two observers
were not familiar with the animals from the property. The
observers were positioned in a place where they could not
be seen by the animals, avoiding any disturbance during
handling. Two observers were used in order to avoid
having subjective data from the behavioral evaluation
(movement, position of ears and eyes, breathing, vocali-
zation, and urination and also the composite reactivity
score).

2.2. Second Stage

2.2.1. Animals and Local
This stage was conducted on a Mangalarga Marchador

horse breeding farm located in Amparo, São Paulo, Brazil,
and all procedures were approved by the Ethics Committee
of the University of São Paulo, Brazil, under n� 12.1.755.74.9
and n� 13.1.2217.74.5.

Sixteen horses, 8 mares between the ages of 5 and
9 years and their 8 foals between the ages of 4 and
11 months, were evaluated during 8 months, one time a
month.

2.2.2. Trial Period and Data Collection
To validate the scale of composite measure reactivity

score proposed in the first stage of this paper, a study was
done to evaluate the reactivity of mares and foals by
applying the methodology proposed in the first stage of
present work and through the Forced Human Approach
Test, which is usually used to evaluate the reactivity in
horses [21].

Each pair was individually evaluated, first the mare and
then the foal, during brushing, a habitual handling in the
horse farm, inside a fenced area of 3 � 5 meters. During
brushing, the mares were stuck by a halter and the foals
were held by the neck and tail. Both remained in the pen
during the handling of another.

Each evaluating was done during 20 seconds after the
beginning of brushing, by applying scores to the four
behavioral parameters of the horses: movement, position
of ears and eyes, breathing and vocalization (Table 1). From



Table 2
Odds ratio of the univariate analysis for the score of reactivity according to
the parameters of age and behavior.

Parameter OR 95% CI

Movement 157 134.6–183.3
Breathing �2 versus breathing ¼ 1 11 7.5–16.2
Position of ears and eyes 24 16.1–34.8
Vocalization �2 versus vocalization ¼ 1 6.5 3.1–13.5
P1a versus adult mares 10 6.5–15.0
P2b versus adult mares 5 3.7–7.1
P3c versus adult mares 3 1.4–5.7
P5d versus adult mares 3.5 1.7–7.2

Abbreviations: CI, confidence interval; OR, odds ratio.
a Foals between the ages 2 and 4 months.
b Foals between the ages 5 and 6 months.
c Foals between the ages 10 and 12 months.
d Foals at 2 years.

Table 4
Values of the coefficients, standard deviation, and P values obtained for
the second proportional odds model, referring to the four categories of the
response parameter, the parameter of age, and behavioral parameters
position of ears and eyes, breathing, and vocalization.

Parameter Coefficient Standard
Deviation

P Value

Reactivity score 2 �7.616 0.511 <.001
Reactivity score 3 �9.901 0,572 <.001
Reactivity score 4 �12.26 0.653 <.001
P1a versus adult mares 1.408 0.293 <.001
P2b þ P3c þ P4d versus

adult mares
0.605 0.234 .009

P5e versus adult mare 1.194 0.409 .003
Position of ears and eyes 3.079 0.214 <.001
Breathing �2 versus

breathing ¼ 1
2.796 0.342 <.001

Vocalization �2 versus
vocalization ¼ 1

1.043 0.455 .022

a Foals between the ages 2 and 4 months.
b Foals between the ages 5 and 6 months.
c Foals between the ages 10 and 12 months.
d Foals between the ages 13 and 14 months.
e Foals at 2 years.
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these observed behaviors, the response parameter called
composite measure reactivity score was attributed to the
mares and to the foals (see results from stage 1) after the
observations of behavioral categories during handling.
Animals were classified based on the reactivity scores of 1–
4, where a score 1 was given to a nonreactive or calm an-
imal; score 2 was given for a slightly reactive or active
animals; a score 3 was given for the reactive or restless
animals and very reactive or aggressive animals received a
score 4.

Following evaluation of reactivity during handling, each
pair of mare and her foal was released individually in a
fenced area of 67 � 21 meters for the application of the
Forced Human Approach Test, first applied to the mare,
second to the foal. The unknown human (unfamiliar)
opened the fenced area door and entered the paddock and
approached the horse slowly at approximately one step per
second with their hands by his side. If the horse stood still
at 2 meters from the person, he slowly raised his hand to
allow the horse approach. If the animal sniffs his hand, he
tried to touch the neck [21]. A horse was scored from 1 to 4
on the following scale:

Score 1dThe person could touch the horse on the neck.
Score 2dThe horse sniffed the person’s hand.
Score 3dThe horse stood still when the person was

within a 2-m range.
Score 4dThe horse moved away from the person before

he/she got within a 2-m range.
Table 3
Values of the coefficients, standard deviation, and P values obtained for
the first proportional odds model adjusted, referring to the three cate-
gories of the response parameter, movement, position of ears and eyes,
and junction of ages P1 þ P2.

Parameter Coefficient Standard
Deviation

P Value

Reactivity score 3 �37.900 3.980 <.001
Reactivity score 4 �48.447 5.074 <.001
P1a þ P2b versus adult mares 1.373 0.528 .009
Position of ears and eyes 8.501 0.974 <.001
Movement 7.676 0.775 <.001

a Foals between the ages 2 and 4 months.
b Foals between the ages 5 and 6 months.
2.3. Statistical Analysis

2.3.1. First Stage
For this statistical analysis, the ordinal logistic regres-

sion was used and the proportional odds for the ordinal
model were adjusted. In this model, the odds ratio shows
the risk that the parameter has to increase a unit in the
scale [22]. Data were analyzed by value of optimism in the
coefficient of Sommer’s and Nagelkerke R2 and area under
the curve (AUC) value. In the first measure, a correlation
coefficient of 0 represents no discriminating ability and a
value of 1 represents perfect discrimination. AUC value is
the estimated area under a receiver operating characteristic
(ROC), or simply ROC curve, which is a graphical plot which
illustrates the performance of a binary classifier system as
its discrimination threshold is varied.

The analysis by ordinal models must be preceded by a
comparison between each parameter analyzed with a
response parameter. Through this analysis, known as uni-
variate analysis, one can select the factors that will be
introduced in the regression model [23].
Table 5
Odds ratio scores reactivity according to the behavioral parameters of
position of the ears and eyes, breathing, vocalization, and parameters of
age, for the second proportional odds model.

Parameter OR 95% CI

P1a � adult mares 4 2.3–7.3
P2b þ P3c þ P4d � adult mares 2 1.2–2.9
P5e � adult mares 3.5 1.5–7.4
Breathing �2 versus breathing ¼ 1 16 8.4–32.0
Vocalization �2 versus vocalization ¼ 1 3 1.2–6.9
Position of ears and eyes 22 14.3–33.1

Abbreviations: CI, confidence interval; OR, odds ratio.
a Foals between the ages 2 and 4 months.
b Foals between the ages 5 and 6 months.
c Foals between the ages 10 and 12 months.
d Foals between the ages 13 and 14 months.
e Foals at 2 years.



Table 6
Scale of composite measure reactivity score for characterize the reactivity
of the mares, according to the scores of movement, breathing, the position
of the ears and eyes and vocalization.

Reactivity Score Scores of Behavioral Category

MOV BRE PEE VOC

1: Nonreactive or calm animal 1 1 1 1
1 1 2 1 or 2
1 2 2 1
1 1 1 2
2 1 1 1

2: Slightly reactive or active animal 1 1 3 1
2 1 2 1 or 2
2 2 2 or 3 1

3: Reactive or restless animal 1 2 3 1
2 1 3 1
3 1 2 1 or 2
3 2 2 1
4 2 2 1

4: Very reactive or aggressive animal 3 1 3 1
3 2 3 1 or 2
4 1 3 1 or 2
4 2 3 1
4 3 2 1

Abbreviations: BRE, breathing; MOV, movement; PEE, position of ears and
eye; VOC, vocalization.
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The verification of the possible parameters associated
with reactivity response parameter was performed using
univariate and multivariate analyses with proportional
odds by employing the following parameters: (1) the
dependent parameter, with values of score 1 to nonreactive
or calm animals, score 2 for a slightly reactive or active
animals, score 3 for reactive or restless animals and score 4
for very reactive or aggressive animals; (2) categorical in-
dependent parameters of behavior (according to behavior
scores described in the methodology: movement, position
of ears and eyes, breathing, vocalization, and urination),
and age (adult mares, P1, P2, P3, P4, and P5).
Table 7
Scale of composite measure reactivity score for characterize the reactivity
of the foals, according to the scores of movement, breathing, the position
of the ears and eyes, and vocalization.

Reactivity Score Scores of Behavioral Category

MOV BRE PEE VOC

1: Nonreactive or calm animal 1 1 1 1 or 2
1 1 2 1 or 2
2 1 1 1

2: Slightly reactive or active animal 1 1 3 1 or 2
2 1 2 1 or 2 or 3
2 2 2 1

3: Reactive or restless animal 2 1 3 1 or 2
2 4 2 1
3 1 2 1 or 2 or 3
3 2 2 1
4 1 2 2

4: Very reactive or aggressive animal 3 1 3 1 or 2 or 3
3 2 3 2
3 4 2 1
4 1 2 3
4 1 3 1
4 2 2 1
4 2 3 1 or 2

Abbreviations: BRE, breathing; MOV, movement; PEE, position of ears and
eye; VOC, vocalization.
Two models having ordinal proportional odds were
adjusted from parameters considered to be associated with
reactivity response parameter after the univariate analysis.
The proportional odds assumption of these models was
validated by cross-validation of the model by bootstrap. For
the first model, three categories for the response parameter
reactivity were considered: the first category was the
junction of reactivity scores 1 and 2, the second category
was reactivity score 3, and the third category was reactivity
score 4. Furthermore, the parameters of age P1, P2, and
adult mares and behavioral parameters of movement and
position of the ears and eyes were analyzed.

In the second model, the four categories for the
response parameter reactivity were considered: the first
category was score 1, the second category was score 2, the
third category was score 3, and the fourth category was
score 4. Furthermore, all parameters of age and behavioral
parameters breathing, position of ears and eyes, and
vocalization were evaluated. In this model, the behavioral
parametermovement was not consider because it absorbed
the effect of other parameters and was strongly associated
with the parameter reactivity, leading to an almost com-
plete separation in terms of a contingency table.

2.3.2. Analysis to Propose the Scale of Composite Measure
Reactivity Score

From the statistical analysis used for phase 1, parame-
ters regarding the expression of reactivity of horses during
handling were identified.

The significate parameters to explain the reactivity
response parameter were computed with all the different
combinations between the scores of observed behaviors
during the handling in the experimental period. Therefore,
based on these combinations and reactivity response
parameter, a scale of composite measure reactivity score
was presented to characterize horse’s reactivity in the
present study.

2.3.3. Second Stage
Spearman correlation was performed between the

reactivity scores obtained in the evaluation during brush-
ing and the reactivity scores in Forced Human Approach
Test. The significance level used in the analysis was 1%, and
the experimental results were presented with coefficients
and standard deviation.

3. Results

3.1. First Stage

3.1.1. Parameters of Equine Behavior Related to the Expression
of Activity During Handling

In univariate analysis, the four parameters of behavior
(movement, position of ears and eyes, breathing, and
vocalization) were associated with the response parameter.
However, the parameter urination did not reveal signifi-
cance to explain the reactivity of animals in this study.

For the parameter movement, it was found a correlation
coefficient gama Goodman equal to 0.993 (P < .01), corre-
lation coefficient Tau-b Kendall of 0.876 (P < .01), and
Sommer’s D coefficient of 0.838 (P < .01), showing that



Table 8
Spearman correlation coefficient (rs) between reactivity score of the
proposal methodology (scale of composite measure reactivity score dur-
ing handling test) and reactivity score during the Forced Human Approach
Test (methodology commonly used in horses) for mare and foal.

Reactivity Assessment
Tests/Animal

Forced
Human
Approach
Test/Mare

Forced
Human
Approach
Test/Foal

Handling
Test/Mare

Handling test/mare 0.97* 0.97* d

Handling test/foal 0.97* 0.97* 1
Forced Human Approach

Test/foal
0.86* d 0.97*

*P < .001
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there was a strong association between movement and the
response parameter (P < .01).

The ordinal model, with the parameter movement as
explanatory reactivity, had an excellent discrimination,
presenting an AUC of 0.919, Nagelkerke coefficient of
determination of 0.811 (P< .01), and a coefficient of Brier of
0.044 (P < .01).

From this model, it was found that for each unit
increased in the score of the movement, there was a 157
times higher possibility of increasing the score of reactivity
(95% confidence interval [CI] ¼ 134.6, 183.3, Table 2).

The univariate analysis also revealed that for the
parameter breathing, an animal with a score greater than
2 was 11 times more likely to have higher reactivity than
an animal with a score of 1 (95% CI ¼ 7.5, 16.2). In the
parameter position of ears and eyes, with every score unit
increased, the animal had about 24 times greater possibility
to present higher reactivity (95% CI ¼ 16.1, 34.8). Further-
more, for the parameter vocalization, an animal with a
score greater than 2 was 6.5 times more likely to be more
reactive than an animal with a score of 1 (95% CI ¼ 3.1, 13.5,
Table 2).

With regard to the age of the animals, foals had a
greater chance of being more reactive than the adult
animal. The possibility of being reactive was about 10
times higher for P1 foals (95% CI ¼ 6.5, 15.0); about
five times higher for P2 foals (95% CI ¼ 3.7, 7.1); about
three times higher for P3 foals (95% CI ¼ 1.4, 5.7); and
about 3.5 times higher for 2-year foals (P5) (95% CI ¼ 1.7,
7.2, Table 2). Regarding to P4 foals, there were no signifi-
cant differences (P > .01).

In validation of the proportional odds presupposition in
the first model, a value lower than 0.001 was obtained for
the optimism of the coefficient of Sommer’s (P < .01), and a
value of 0.0046 was obtained for the optimism of the
Nagelkerke R2 (P < .01). The adjusted model presented
coefficient R2 of 0.938 (P < .01), with a capacitance value of
the discriminant model AUC of 0.994, considered as perfect
discrimination. The coefficients of the parameters for
adjusted model are shown in Table 3.

The first model revealed that higher the scores of
position of ears and eyes, higher the scores of movement
and younger the animals, greater the reactivity (foal pre-
sented four times higher possibility to be more reactive
than an adult animal [95% CI ¼ 1.4, 11.1]).

In validation of the proportional odds presupposition in
the second model, a value lower than 0.0049 was obtained
for the optimism when using the coefficient of Sommer’s
(P < .01), and a value of 0.0135 was obtained for the opti-
mism of the Nagelkerke R2 (P < .01). The adjusted model
presented coefficient R2 of 0.528, with AUC of 0.842,
considered as very good. The coefficients of the parameters
for the adjusted model are shown in Table 4.

The second model reported that P1 foals were four
times more likely to be more reactive than an adult animal
(95% CI ¼ 2.3, 7.3); for P2, P3, and P4 foals, the possibility
decreased close to the twofold (95% CI¼ 1.2, 2.9); and for P5
animals, the chance to be more reactive than an adult
increased to 3.5 times (95% CI ¼ 1.5, 7.4, Table 5).

According to the second model, regarding to behavioral
parameters, an animal with breathing score of 2 or more
was about 16 times more likely to be more reactive than an
animal with breathing index of 1 (95% CI ¼ 8.4, 32.0);
animals with vocalization index of 2 or more had three
times higher chance of being more reactive than animals
with vocalization index of 1 (95% CI ¼ 1.2, 6.9), and with
each unit increased in the score for position of ears and
eyes, there was a 22 times higher chance of increasing the
reactivity score (95% CI ¼ 14.3, 33.1, Table 5).

The proportional odds models showed that behavioral
parameters of movement and position of ears and eyes,
breathing and vocalization, and age were significant in
explaining the reactivity (P < .01). Thus, all different com-
binations among the scores of behaviors observed during
the period of trial were computed for both mares and for
foals.

3.1.2. Proposal of a Scale of Composite Measure Reactivity Score
According to the results mentioned in the previous

section, it was found that the movement, position of ears
and eyes, breathing, and vocalization were the explanatory
behavior parameters of the reactivity of horses. Further-
more, it was also found that the age of the animal altered
the reactivity.

From these results, it was decided to propose two scales
from these explanatory parameters of reactivity: one
characterizes the reactivity of the mares (Table 6) and the
other, the reactivity of the foals (Table 7).

These scales have been proposed through the different
combinations of scores of behaviors: movement, position
of ears and eyes, breathing, and vocalization identified
as explanatory reactivity of mares and foals during the
first phase of the study. For mares, 24 different combi-
nations of scores of behavior were found (Table 6), and
for foals, 29 different combinations were used (Table 7)
to propose the two scale of composite measure reactivity
score.

3.2. Second Stage

3.2.1. Validation of the Scale of Composite Measure Reactivity
Score

High value of the Spearman correlation coefficient
(0.97; P < .05) was found for mare and foal between the
reactivity score by the proposal methodology (handling
test) and the Forced Human Approach Test score, meth-
odology commonly employed used in horses (Table 8).
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4. Discussion

The proportional odds models showed that higher
scores of movement and position of ears and eyes,
breathing and vocalization scores of at least 2 and P1 ani-
mals (3–4 months old) are associated with higher scores of
reactivity.

In the present study, younger horses (P1) showed higher
reactivity. In an earlier study, the age also influenced the
reactivity of lambs (5–6 months of age animals showed
lower reactivity than the 3–4 months old ones) [24]. The
reaction of young horses in a familiar environment is as
intense as their reaction in an unfamiliar environment, and
this influenced their reactions to humans and their
behavior in general [21]. However, beyond age, the expe-
riences were also found to affect the reactivity, and those
aspects were often confused. In reality, these factors act
simultaneously on the reactivity of animals, but in an in-
dependent manner [25].

The reactivity of foals in the present study was higher
than that of adult mares, and this propensity of young
animals to be more reactive could probably be due to the
lack of previous experience in the handling [26]. Thus, in
tests involving humans and animals, the expression of
reactivity may be altered as a result of habituation to
humans and daily handling. This change in reactivity can
also be explained by the psychological development that
horses undergo with age [21].

Adult breeding mares are often submitted to repro-
ductive handling. The lower reactivity showed by these
animals can be related to the fact that the mares are
habituated to those activities. In agreement with our
results, other authors reported that Nelore bulls were
adapted to subsequent experiments of weighing showing
lower reactivity scores [17].

Cattle subjected to different reactivity tests by prin-
cipal component analysis showed that the movement of
the body, tail, and head were important to define the
score of agitation in the trunk of containment [27]. In the
assessment of the behavior in young dairy cattle, on three
occasions, it was demonstrated that the locomotion was
the first major component to explain the reactivity [28].
The importance of agitation in the evaluation of reactivity
through three methods was also observed in beef cattle
[29]. In the present study, there was also an excellent
association between the movement and reactivity of
horses.

However, the parameter movement can be contradic-
tory to explain the fear caused by handling or handlers
because the inhibition of the movement or immobility can
also be viewed as expressing a state of fear [30]. Therefore,
the horse can remain static facing the new stimulus, but
may show increased heart rate, indicating the same adverse
reaction [31]. Weaned foals were observed during an auc-
tion, and the freezing behavior was used to assess the fear
of animals during this situation [32]. In the present study,
freezing is when movement has score 1, indicating the
absence of movement. However, to actually indicate
freezing trigged by fear, it should be accompanied by other
high scores (e.g., score 3 for position of ears and eyes)
showing high reactivity. The relaxed posture is when the
score is 1 for both movement and position of ears and eyes.
Therefore, in this case, the animal is relaxed and shows no
reactivity.

Furthermore, in the present study, the position of ears
and eyes proved to be indicative of reactivity in horses. In
studies with horses submitted to unknown stimulus or
isolation, the position of ears and eyes was also used to
predict the reactivity of animals [6,31]. Thus, the position of
the upper eyelid and eye movement, as well as the move-
ment of the ears, may indicate reactivity. For example, high
frequency of eye movement may indicate anxiety, while
the absence of eye movement may indicate discomfort or
pain [33].

Vocalization was found to be quantitatively related to
reactivity [34]. High vocalization may be an indicative of
fear; horses exposed to a threatening situation use the
expression of this behavior with awarning purpose inside a
group of animals. As previously reported, increased reac-
tivity can lead to increased vocalization, which is a feature
of social communication between mares and foals, mares
and stallions, or when horses of the same social group are
separated [35].

In the present study, as mares and foals were handled
separately, vocalization may be related to communication
between these animals. Moreover, increased vocalization
score associated with increased reactivity may be due to
the fear during handling or fear associated to the presence
of the handler.

Breathing scores of 2 or higher were most likely related
to higher scores of reactivity. The highest breathing scores
may be associated with the presence of highest vocaliza-
tion and movement scores [36] or physiological responses
by activating the basic sympathetic nervous system in the
presence of potentially aversive stimuli [34].

The reactivity is specific to each individual because each
animal exhibits different behavior which might be indica-
tive of a same level of reactivity. For this reason, the mea-
surement of physiological parameters as a tool to enhance
the behavior evaluation is also used [31]. However, the
combination of different reactivity scores proposed by the
present study may be used as a strategy to overcome in-
dividual differences. In methodologies that use behavioral
observation, the use of the combination of different be-
haviors rather than using only one behavioral parameter
may better reflect the reactivity of the horse [37]. For
example, as previously reported, the movement parameter,
when used alone, can be contradictory to explain the fear
caused by handling or by handler. In the present study,
mares showing the score 1 for movement (described in the
methodology as static animal) could be classified as slightly
reactive animals (reactivity score 1) or reactive animals
(reactivity score 3) in the scale of composite measure
reactivity score. In such cases, other behaviors are indica-
tive of reactivity also in the mares, for example, those
classified with reactivity score 2, the score 3 of behavioral
category of position of ears and eyes showed the reactivity
of animals. In the case mares that were classified with
reactivity score 3, the breathing scores equal to 2, together
with the position of ears and eyes score equal to 3 that
showed the reactivity of the animal. In this way, the score 1
of behavioral category movement together with other
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behavioral scores indicates the case in which fear or inhi-
bition causes immobility of movement.

There are some studies that assessed the reactivity of
horses by using a behavior score, ranging from 0 to 3, with
an increasing level of arousal [12,13] and also used different
scales to assess horses’ behaviors during the temperament
test [38]. The difference between those researches and the
present study is that they used various types of testing
procedures, whereas this study used common handling in a
horse farm.

Both Forced Human Approach Test and scale of com-
posite measure reactivity score proposed in this study
evaluate the reactivity in horses using a 1 to 4 scale. The
first one is a methodology commonly used in horses, and
the second one is an adapted methodology commonly used
in sheep and cattle which this study proposes to use in
horses. Both tests assess the response to human presence;
however, this study was based on methodologies that
evaluate reactivity during common handling, without
changing the normal routine in a horse farm. While pre-
viously described methodologies performed tests in arenas
or using unknown objects, the aim of the present study was
to find a practical tool to investigate reactivity.

According to our findings, the two reactivity assessment
tests applied in mares and foals showed the same reactivity
classification (score), which validates the proposed scale of
compositemeasure because both test designed to assess the
reactivity of the equine in respect of the human presence.

5. Conclusion

This study proposed and validated the scale of com-
posite measure score of behavior during daily handling as a
methodology to evaluate horse reactivity. This method
makes its development faster and easier, instead of having
to perform tests already suitable for the specie that requires
time and physical structure. By combining the scores of the
most relevant behaviors to explain the reactivity of horses,
it is possible to override the impact of individual differ-
ences which makes the objective of using the scoring scale
stronger.
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