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Laterality and performance of agility-trained dogs

Marcello Siniscalchi1, Daniele Bertino2, and
Angelo Quaranta1

1Department of Veterinary Medicine, University of Bari, Valenzano,

Italy
2Med Vet, ENCI-CSEN certified professional dog trainer, Milano,

Italy

Correlations between lateralised behaviour and performance were investigated in 19
agility-trained dogs (Canis familiaris) by scoring paw preference to hold a food
object and relating it to performance during typical agility obstacles (jump/A-frame
and weave poles). In addition, because recent behavioural studies reported that
visual stimuli of emotional valence presented to one visual hemifield at a time affect
visually guided motor responses in dogs, the possibility that the position of the
owner respectively in the left and in the right canine visual hemifield might be
associated with quality of performance during agility was considered. Dogs’
temperament was also measured by an owner-rated questionnaire. The most
relevant finding was that agility-trained dogs displayed longer latencies to complete
the obstacles with the owner located in their left visual hemifield compared to the
right. Interestingly, the results showed that this phenomenon was significantly
linked to both dogs’ trainability and the strength of paw preference.

Keywords: Dog; Laterality; Behaviour; Paw preference; Agility.

Since the first demonstration at Crufts Dog Show in England in 1978, agility

has become one of the most popular canine sport disciplines (Levy, Hall,

Trentacosta, & Percival, 2009). During agility competitions dogs must

negotiate different obstacles (e.g., tunnels, dog walks, A-frames, weave poles

etc.), without making any errors (e.g., if a dog misses the entrance or poles
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during the slalom obstacle) within the time limit specified by the judge (AKC

Regulations for Agility Trials, 2011; UKC Rules and Regulations, 2011). The

handler’s role is to drive the dogs through the obstacles using only voice,

movements, and body signals (AKC Regulations for Agility Trials, 2011;

UKC Rules and Regulations, 2011).

Jumping at high speed, together with rapid direction changes, is crucial to

success with obstacles and adds complexity to the action overall (Pfau,

Garland de Rivaz, Brighton, & Weller, 2011). Consequently both athletic

and brain spatial skills are essential requirements during performance.

Lateralisation of the dog brain has been reported at both structural

(Siniscalchi, Franchini, et al., 2011; Tan & Caliskan, 1987a, 1987b) and

functional levels (Quaranta, Siniscalchi, & Vallortigara, 2007; Siniscalchi,

Quaranta, & Rogers, 2008; Siniscalchi, Sasso, Pepe, Vallortigara, &

Quaranta, 2010; Siniscalchi, Sasso, et al., 2011; Wells, 2003). For instance,

functional asymmetries have been manifested in paw usage (Quaranta et al.,

2007; Wells, 2003) and in sensory perception of acoustic (Siniscalchi et al.,

2008, Siniscalchi, Lusito, Sasso, & Quaranta, 2012), visual (Quaranta et al.,

2007; Siniscalchi, Sasso, Pepe, Vallortigara, et al., 2010), and olfactory

stimuli (Siniscalchi, Sasso, et al., 2011). In particular, paw preference*which

has been measured using several tasks such as removal of tape placed over

the nose (Quaranta et al., 2007), removal of a blanket from over the head

and retrieval food from a can (Wells, 2003) or from a KongTM (Branson &

Rogers, 2006)*has been associated with immune response at different levels

through an asymmetrical activation of the autonomic nervous system

(Siniscalchi, Sasso, Pepe, Dimatteo, et al., 2010). Regarding sensory

domains, behavioural studies overall have suggested a prevalent activation

of the dog’s right hemisphere in response to arousing stimuli (Quaranta

et al., 2007; Siniscalchi, Sasso, Pepe, Vallortigara, et al., 2010; Siniscalchi,

Sasso, et al., 2011). More recently, functional lateralisation has been shown

to directly affect visually guided motor responses in attack-trained dogs

(Siniscalchi, Pergola, & Quaranta, 2012b). Although dog agility has since

spread rapidly, with major competitions held worldwide, and training

techniques are steadily in development, at present no data on the influence

of brain lateralisation on agility-trained dogs are reported.

The present study aimed to investigate the influence of lateralisation on

agility-trained dogs by scoring paw preference to hold a food object and

relating it to performance during two typical agility obstacles (jump/A-frame

and weave poles). However, because recent behavioural studies reported that

visual stimuli of emotional valence presented to one visual hemifield at a

time affect visually guided motor responses in dogs (Siniscalchi, Sasso, Pepe,

Vallortigara, et al., 2010), we also considered the possibility that the position

of the owner respectively in the left and in the right canine visual hemifield

might be associated with quality of performance during agility.

220 SINISCALCHI, BERTINO, QUARANTA

D
ow

nl
oa

de
d 

by
 [

20
2.

74
.2

04
.2

37
] 

at
 1

7:
33

 0
8 

M
ar

ch
 2

01
4 



METHOD AND MATERIALS

Subjects

Access to 19 healthy adult dogs (Canis familiaris: 9 males and 10 females)

was obtained through an agility dog centre ‘‘Mix and Breed’’ in Bussero,

Italy. Their ages ranged from 1.4 to 9.5 years (mean9SEM; 4.1790.57

years), and the group was a mixture of pure and crossbred dogs of small,

medium, and large body size. Only two males and four females were

neutered.

Paw preference test

Paw preference was estimated according to the method of Branson and
Rogers (2006). Each dog was visited at the agility dog trainer centre and

presented with a Large Classic Kong. The Kong was filled with a mixture of

palatable food (meat and dry dog food) and presented to the dog on a flat

surface by two experimenters (one right-handed and one left-handed who

alternated in the task) and then the dog’s use of the left (L) or right (R)

forepaw to hold the Kong while eating its contents was video recorded. Each

dog was tested during a single session of 2 minutes at monthly intervals for a

total experimental period of 10 months.

Agility obstacles

Jump. Two uprights supporting two parallel horizontal bars spread

forward from each other. The spread between the horizontal bars was

adjusted based on the height of the withers of the dog (withers height B35

cm 0 jump height�35 cm; 35 Bwithers height B43 cm 0 jump height�
45 cm; withers height �43 cm 0 jump height�65 cm) (see Figure 1A).

A-frame. Two broad ramps, about 1.20 metres wide by 2.70 metres long,

hinged together and raised so that the hinged connection is about 1.70

metres above the ground (A shape). The bottom 0.91 to 1.1 metres of both

sides of the A-frame are painted with a bright colour, forming the contact

zone onto which the dog must place at least one paw while ascending and
descending (see Figure 1A).

Procedure. The dog had to negotiate first the jump obstacle and then the

A-frame. A starting line was defined at 8 metres from the first obstacle

(jump) where the dog had to stand at the start of the trial. The dog was

positioned on the leash at the start line in ‘‘sit’’ position by the owner, the

leash was then removed and the owner stayed alternately to the left and to

the right side of the dog at a distance of about 1.5 metres; the trial started
when the owner gave the dog a vocal command and was considered
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Figure 1. Schematic representations of the agility obstacles: A: Jump/A-frame; B: Weave poles.
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completed when the dog touched the ground with its forepaws after the A-

frame. The owner directed the dog through the obstacle course, running

alternately to its left and right side at a distance of about 1.5 metres (see

Figure 1A).

Each dog was tested during a single experimental session consisting of a

series of three obstacle courses (jump and A-frame) that were run
consecutively at 3-minute intervals, twice a week over 2 weeks, until a set

of 12 trials�each dog was collected. The total time required to complete the

obstacle course was recorded.

Weave poles. Similar to a slalom, this is a series of 12 upright poles, each

about 1 metre tall and spaced about 24 cm apart, through which the dog

weaves. The dog must always enter with the first pole to its left, and must not

skip poles (see Figure 1B).

Procedure. The procedure was similar to that described for previous
obstacles: a starting line was defined at 8 metres from the first pole where

the dog had to stand at the start of the trial. The dog was positioned on the

leash at the start line in ‘‘sit’’ position by the owner, the leash was then

removed and the owner stayed alternately to the left and to the right side of

the dog at a distance of about 1.5 metres; the trial started when the owner

gave the dog a vocal command and was considered completed when the

whole body of the dog crossed the last pole. The owner directed the dog

through the slalom alternately to the left and to the right side of the dog at a
distance of about 1.5 metres (see Figure 1B).

Each dog was tested during a single experimental session consisting of a

series of three slalom courses that were run consecutively at 3-minute

intervals, twice a week over 2 weeks, until a set of 12 trials�each dog was

collected. The total time required to complete the obstacle course was

recorded.

Dogs’ performances were recorded using two digital video cameras

positioned on the right and on the left side of the dog’s starting position
at a distance of 10 metres (in such a way that they could not influence dogs’

and owners’ routes during performances; see Figure 1).

Dogs’ training on both tasks (jump/A-frame and weave poles) prior to

testing ranged from 14 to 87 months (mean9SEM; 36.4097.61 months). To

avoid any possible handling effect, dog�owner pairs were recruited from

among those people that handled their dog from both sides during common

daily activities and agility training.

Questionnaire

The dogs’ owners were asked to complete a questionnaire in order to gather
information about their dogs’ temperament and social interactions. The
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questionnaire resulted from Hsu and Serpell’s (2003) owner-rated tempera-

ment assessment validation study. Briefly, the questionnaire contains 68

items that ask owners to rate their dog’s typical behaviour in a given situation

using a 4-point rating scale, with a score of 1 representing no reaction to a

particular stimulus and a score of 4 representing a strong reaction to the

stimulus (see Table 1).

Relationship between paw preference and questionnaire

A handedness index (HI) was also calculated for each dog (L � R/L�R);

where R and L signifies respectively the number of right and left paw uses,

hence a score of 1.0 represents exclusive use of the L paw and �1.0 exclusive

use of the R paw.

Relationship between questionnaire scores and measured
latencies to perform agility obstacles

To explore possible relationships between dog temperament and measured

latencies to perform agility obstacles, lateral asymmetries in latencies to

negotiating with obstacles with respect to the owner position were computed

using two laterality indices, as indicated below:

� LIjump-Aframe (Latency Index of jump and A-frame obstacles)�(L �R/
L�R) where L and R indicate, respectively, latencies to perform jump-

A frame obstacle with the owner respectively in the left and in the right

dog visual field.

� LIl-weave poles (Latency Index of weave poles obstacle)�(L �R/L�R)

where L and R indicate, respectively, latencies to perform weave poles

obstacle with the owner respectively in the left and in the right dog visual

field.

The experiments were conducted according to the protocols approved by

the Italian Minister for Scientific Research in accordance with EC

regulations; in addition, before the experiment began the procedure was

explained to owners and informed consent was obtained.

RESULTS

Overall there were 7 male dogs (37%) and 8 female dogs (42%) showing a

significant individual preference (estimated by one-tailed binomial test, pB

.05) for using a particular paw in the total number of attempts during the

experimental period. The average total number of attempts was 59.519
30.79.
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TABLE 1
Questionnaire for evaluating behaviour and temperament traits in dogs (Hsu &

Serpell, 2003)

Item

1 Stranger-directed aggression

Dog acts aggressively:

When approached directly by an unfamiliar male adult while being walked or exercised on a

leash

When approached directly by an unfamiliar female adult while being walked or exercised on a

leash

When approached directly by an unfamiliar child while being walked or exercised on a leash

Toward unfamiliar persons approaching the dog while it is in the owner’s car

When an unfamiliar person is approaching the owner or a member of the owner’s family at home

When an unfamiliar person is approaching the owner or a member of the owner’s family away

from home

When mailmen or other delivery workers approach the home

When strangers walk past the home while the dog is in the yard

When joggers, cyclists, roller/skateboarders pass the home while the dog is in the yard

Toward unfamiliar persons visiting the home

2 Owner-directed aggression

Dog acts aggressively:

When verbally corrected or punished by a member of the household

When toys, bones, or other objects are taken away by a member of the household

When bathed or groomed by a member of the household

When approached directly by a member of the household while it is eating

When food is taken away by a member of the household

When stared at directly by a member of the household

When a member of the household retrieves food or objects stolen by the dog

3 Stranger-directed fear

Dog acts anxious or fearful:

When approached directly by an unfamiliar male adult while away from the home

When approached directly by an unfamiliar female adult while away from the home

When approached directly by an unfamiliar child adult while away from the home

When unfamiliar persons visit the home

4-Non social fear

Dog acts anxious or fearful

In response to sudden or loud noises

In heavy traffic

In response to strange or unfamiliar objects on or near the sidewalk

During thunderstorms

When first exposed to unfamiliar situations

In response to wind or wind-blown objects

5 Dog-directed fear or aggression

Dog acts aggressively:

When approached directly by an unfamiliar male dog while being walked or exercised on a leash

When approached directly by an unfamiliar female dog while being walked or exercised on a

leash

(Continued)
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TABLE 1
(Continued)

Item

Toward unfamiliar dogs visiting the home

When approached directly by an unfamiliar dog of the same or larger size

When approached directly by an unfamiliar male dog of a smaller size

6 Separation-related behaviour

Dog displays:

Shaking, shivering, or trembling when left or about be left on its own

Excessive salivation when left or about to be left on its own

Restlessness, agitation, or pacing when left or about to be left on its own

Whining when left or about to be left on its own

Barking when left or about to be left on its own

Howling when left or about to be left on its own

Chewing or scratching at doors, floor, windows, and curtains when left or about to be left on its

own

Loss of appetite when left or about to be left on its own

7 Attachment or attention-seeking behaviour

Dog:

Displays a strong attachment for a particular member of the household

Tends to follow a member of household from room to room about the house

Tends to sit close to or in contact with a member of the household when that individual is sitting

down

Tends to nudge, nuzzle, or paw a member of the household for attention when that individual is

sitting down

Becomes agitated when a member of the household shows affection for another person

Becomes agitated when a member of the household shows affection for another dog or animal

8 Trainability

Dog:

Returns immediately when called while off leash

Obeys a sit command immediately

Obeys a stay command immediately

Will fetch or attempt to fetch sticks, balls, and other objects

Seem to attend to or listen closely to everything the owner says or does

Is slow to respond to correction or punishment

Is slow to learn new tricks or tasks

Is easily distracted by interesting sights, sounds, or smells

9 Chasing

Dog:

Acts aggressively toward cats, squirrels, and other animals entering its yard

Chases cats if given the chance

Chases birds if given the chance

Chases squirrels and other small animals if given the chance

10 Excitability

Dog overreacts or is excitable:

When a member of the household returns home after a brief absence

When playing with a member of the household

(Continued)
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The direction of lateralisation at the population level is shown in Figure 2.

The analysis of variance revealed a significant difference between males and

females in paw usage, t(17)�2.883, p�.010. Males showed a clear left-paw

preference, t(8)�3.611, p�.007, one-tailed one-sample t-tests, whereas

females showed only a trend to prefer the right paw, t(9)�0.859, p�.413;

total, one-tailed one sample t-tests.

A GLM analysis with the variables paw preference (L, R, ambilateral) and

sex as between-subjects variables and the time needed to complete the

obstacles (i.e., latency: Jump-A frame vs weave poles, as repeated measures)

and the position of the owner respectively in the left/right dog visual field as

within-subjects factors, revealed, as expected, a significant main effect of the

obstacle, F(1, 15)�21.219, p�.000: post-hoc analysis (Fisher’s Protected

LSD) revealed that this main effect of the obstacle was due to the latency to

TABLE 1
(Continued)

Item

When the doorbell rings

Just before being taken for a walk

Just before being taken on a car trip

When visitors arrive at its home

11 Pain sensitivity

Dog acts anxious or fearful:

When examined or treated by a veterinarian

When having its claws clipped by a household member

When groomed or bathed by a household member

Figure 2. Laterality index of paw usage (group means with SEM) in male and female dogs.
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the ‘‘weave poles’’ obstacle (4.3090.16 seconds; M9SD) being longer from

the latency to ‘‘jump and A-frame’’ (3.4390.19 seconds; M9SD) (p�.00); a

significant main effect of the position of the owner respect to the two dog

visual hemifields was also revealed, F(1, 15)�97.242, p�.000, as can be seen

from Figure 3. An a posteriori Fisher’s Protected LSD test identified

significant longer latencies to complete the obstacle when the owner was in

the left dog visual hemifield compared to the right (left�4.2490.18 seconds,

M9SD; right�3.4990.14 seconds; M9SD) (p�.00) (post-hoc analysis

Fisher’s protected LSD), irrespective of the obstacle. Furthermore, analysis

of variance revealed an ‘‘obstacle’’�‘‘owner position’’ interaction, F(1,

15)�6.379, p�.023: dogs tended to show longer latencies when they were

tested with their owner in their left visual field (compared to the right) (left�
4.8190.84 seconds, M9SD; right�3.8490.64 seconds; M9SD) when

negotiating with weave poles, t(36)� 3.951, p�.000, whereas although there

was a similar trend for the jump and A-frame obstacles these did not reach

statistical significance (left�3.6790.99 seconds, M9SD; right�3.1490.76

seconds; M9SD) t(36)�1.844, p�.073. In addition, the dogs were more

likely to make errors when negotiating with obstacles if their owner was in

their left visual hemifield compared to the right: dogs did not complete the

A-frame correctly (e.g., dogs stopped at the top of the obstacle or jumped

down before placing at least one paw onto the contact zone) on five

occasions, and all of them occurred when subjects were tested with their

owner in their left visual field.

Figure 3. Latency to perform agility obstacles with the owner respectively in the left/right dog visual

field (group means with SEM). Asterisks indicate significant biases (pB.01).
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Regarding the weave poles, dogs missed poles on 14 occasions, and 12 of

these occurred when they were tested with their owner in their left visual

field; only 2 occurred when they were tested with their owner in their right

visual field.

No other statistically significant effects were observed*sex, F(1, 15)�
0.071, p �.794; paw preference, F(2, 15)�1.036, p�.379; sex�obstacles,
F(1, 15)�4.539, p�.050; sex�owner position, F(1, 15)�0.358, p�.558;

obstacle�paw preference, F(1, 15)�0.625, p�.549.

A positive and statistically significant correlation was found between the

strength of paw preference (absolute value of HI) and dogs’ trainability (item

8 of the questionnaire) (Figure 4a), r(15)�.620, p�.014; i.e., the weaker the

paw preference of the dog, the more likely it was to be distractible during

training. In addition the strength of paw preference was found to be inversely

related with LIweave poles, r(15)��0.793, p�.000 (Figure 4b), indicating
that dogs without a significant paw preference performed the weave poles

obstacle with longer latencies with the owner in the left visual field.

Finally, the scores for trainability (section 8, see Table 1) on the

temperament questionnaire were correlated with LIweave poles, and a

significant negative relationship was found, r(15)��0.534, p�.040 (Figure

4c); i.e., the lower the trainability of the dog, the more likely it was to

perform the weave poles obstacle with longer latencies with the owner in the

left visual field. No other statistically significant correlations were observed
(p�.05 in all comparisons).

Regarding the possible effects of both dogs’ age and training prior to

testing on latencies to perform obstacles and associated laterality measures

(i.e., LIweave poles and LIjump-Aframe), no statistical significant correlations

were observed*age�mean latency to perform weave poles: r(19)��0.195,

p�.485; age�mean latency to perform Jump-Aframe: r(19)��0.174,

p�.534; age�LIweave poles: r(19)��0.064, p�.820; age�LIjump-Aframe:

r(19)��0.214, p�.445; training�mean latency to perform weave
poles: r(19)��0.367, p�.179; training�mean latency to perform Jump-

Aframe: r(19)��0.103, p�.716; training�LIweave poles: r(19)��0.124,

p�.660; training�LIjump-Aframe: r(19)��0.345, p�.208.

DISCUSSION

The most relevant finding was that agility-trained dogs displayed longer

latencies to complete the weave pole obstacle with the owner located in their

left visual hemifield compared to the right. Given that the lateral field of

each eye of dogs projects mainly to the contralateral side of the brain (Fogle,

1992), a reasonable explanation for this behavioural asymmetry is to assume

that it reflects a different activation of the two brain hemispheres during
visual analysis of owner stimulus. More deeply, the visual analysis of the
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Figure 4. Data for the significant correlations discussed in the text. A: Scores for the strength of paw

preference determined using the Kong test and for trainability (item 8) obtained from the

questionnaires completed by the owners. The correlation is positive and significant. B: Scores for

the strength of paw preference and for the laterality index of the latency to perform weave poles. Note

the strong negative correlation. C: Scores for trainability (item 8) and for laterality index of the latency

to perform weave poles; note that there was a strong negative correlation between the two data sets, see

explanation in the text.
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owner predominantly by the left eye (activity of the right hemisphere), was

likely to increase the arousal state of the dogs, thus distracting them during

agility obstacles performance. This would fit nicely with evidence that neural

structures located on the right side of a dog’s brain, which are mainly fed by

input from the contralateral (left) visual hemifield, attend prevalently to

stimuli of higher emotional valence (Quaranta et al., 2007; Racca, Guo,

Meints, & Mills, 2012; Siniscalchi, Sasso, Pepe, Vallortigara, et al., 2010;

Siniscalchi, Sasso, et al., 2011). The very same pattern has been observed

repeatedly in the vertebrate brain, in a variety of species (e.g., chicks: Rosa

Salva, Regolin, & Vallortigara 2012; Vallortigara, Cozzuti, Tommasi, &

Rogers, 2001; toads: Lippolis, Bisazza, Rogers, & Vallortigara, 2002;

marsupials: Lippolis, Westman, McAllan, & Rogers, 2005; fish: Sovrano,

2004), with the right hemisphere taking charge of the expression of intense

emotions, such as aggression, escape behaviour, and fear (reviewed in

MacNeilage, Rogers, & Vallortigara, 2009; Vallortigara, Chiandetti, &

Sovrano, 2011). In particular, in mammals it has been recently reported

that horses display greater reactivity to a novel stimulus presented in

the left compared to the right monocular visual field (Austin & Rogers, 2007,

2012).
In addition, this hypothesis is supported by the relationship between

questionnaire scores and measured latencies to perform the agility obstacles,

which revealed that the lower the trainability of the dog (i.e., easily

distracted) the more likely it was to perform the obstacles with longer

latencies with the owner in the left visual field. Negotiating agility obstacles

required learned spatial skills, which it is well attested are under the control

of the right hemisphere (Tommasi & Vallortigara, 2001; Vallortigara, Pagni,

& Sovrano, 2004). In our experiment the latency to perform obstacles with

respect to the owner located in the left visual hemifield is directly related to

the spatial complexity of the task; in fact dogs negotiated the weave poles

with longer latencies with the owner in the left visual field (right hemisphere)

with respect to Jump and A-frame obstacles. This demonstrates interference

between analysis of spatial information required to perform agility obstacles

and visual analysis of a higher emotional valence stimulus (owner), which

are both under the control of the right hemisphere. Finally, statistically

significant correlations were found between the strength of paw preference

(absolute value of LIHindex), dogs’ trainability, and LIweave poles indicating

that dogs with weaker paw preference showed greater distractibility and

hence displayed greater latency when negotiating the weave poles with the

owner stimulus in the left visual field. Consistent with this, the work of

Branson and Rogers (2006) reported that dogs with weaker paw preference

show greater reactivity to playbacks of thunderstorms and fireworks,

supporting the hypothesis of greater reactivity in dogs with weaker hemi-

spheric lateralisation. Other studies have identified behavioural differences
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between lateralised and non-lateralised individuals in other species (for

reviews of evidence see Rogers, 2002; Rogers, Zucca, & Vallortigara, 2004;

Vallortigara & Rogers, 2005). One of the most relevant for comparison with

our findings showed that chicks that are non-lateralised for processing visual

information produce more distress calls in response to seeing a simulated

predator than do lateralised chicks (Dharmaretnam & Rogers, 2005). A

fascinating hypothesis reported by these authors is that one way of inhibiting

an intense emotional response to a disturbing stimulus is to shift attention to

another, less-disturbing stimulus, and from research on chicks (Rogers et al.,

2004) it seems that a lateralised brain is able to do this more successfully

than a non-lateralised brain. Apart from having impaired ability to attend to

two tasks simultaneously, such individuals would be relatively unable to

inhibit responses of the right hemisphere once they have been elicited, or vice

versa; hence animals with weak or no lateralisation, it is predicted, might

lock into one or the other emotional/cognitive state depending on prevailing

stimuli and context (Rogers, 2010). This would better explain the above-

reported correlations between weaker lateralisation, enhanced distractibility,

and greater latency during performance when a higher emotional stimulus

(i.e., the owner) is presented in the dog’s left visual field (right hemisphere).

Overall our results revealed that behavioural lateralisation correlates with

performance of agility-trained dogs, supporting previous evidence that

cerebral lateralisation in dogs can directly affect visually guided motor

responses. The results have practical implications for personnel involved in

the selection of dogs trained specifically for agility competitions and for the

development of new training techniques.
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