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A B S T R A C T   

Many studies have focused on handedness as proxy for lateralization, highlighting that population-level biases in 
handedness seem to be characteristic of most animals, although the strength and direction varies between 
species. Gender has been found to influence handedness in some species; in humans, for instance, males are more 
likely to be left-handed than females. Another aspect that has been comparatively unexplored is the role of age in 
shaping functional asymmetries, especially in adulthood. 

Handedness has been widely explored in dogs (Canis familiaris), although there are contrasting findings about 
the influence of the dogs’ sex and age, possibly due to the comparatively small sample sizes used in previous 
studies. Here we overcame this issue by investigating these effects in a unique sample of 17,901 dogs of unknown 
neutered status. Specifically, this study used pre-collected data from the British Broadcasting Corporation (BBC)’s 
‘Test Your Pet’ survey, during which owners tested their dogs’ paw preference in retrieving food from a tube in 3 
consecutive trials. Based on the results of these 3 trials, owners were asked to assess whether their dogs used their 
left or right forepaw most of the time, or if it was difficult to tell. 13,240 dogs were scored as having a paw 
preference (i.e., were not ambidextrous or ambiguous), representing 74.0 % of the dogs tested. In those dogs that 
showed a paw preference, there was a population-level right-paw preference in both male and female dogs (60.7 
% female and 56.1 % male), however, the proportion of dogs with a right-paw preference was significantly 
higher in females than males. Elderly dogs also tended to show a stronger right-paw preference than younger 
dogs. We conclude that the effect of sex on handedness may be influenced by factors such as sex hormones, while 
age changes may reflect the development of handedness and its maintenance in dog populations.   

1. Introduction 

Lateralization suggests that the brain’s hemispheres are functionally 
specialised in an asymmetrical manner, as revealed by behavioural 
asymmetries in sensory and motor functions (Ocklenburg and Güntür-
kün, 2017). Lateralization occurs in most animals, including vertebrates 
and invertebrates (Frasnelli, 2013; Rogers et al., 2013). Appendage 
laterality, or handedness/paw preference, is the most common way of 
measuring motor laterality in humans and non-human animals (Versace 
and Vallortigara, 2015). Handedness is assessed by observing the use of 
an animal’s appendage when engaging in various activities (Batt et al., 
2007). About 90 % of the human population is predominately 
right-handed, and this is consistent across all cultures and whilst in utero 
(Papadatou-Pastou et al., 2020). Lateralization is thought to be benefi-
cial to individuals as it improves the efficiency of behaviours (Rogers 
et al., 2013). For example, chimpanzees with a stronger hand preference 

have been found to forage for termites more efficiently (McGrew and 
Marchant, 1999) and locusts with a stronger leg preference, make fewer 
mistakes while crossing a gap, suggesting improved motor control (Bell 
and Niven, 2016). 

Lateralized behaviours have been reported in dogs (Canis familiaris) 
in a variety of tasks (reviewed in Siniscalchi et al., 2017; and Wells, 
2020) and may be linked to increased motor and cognitive abilities 
(Tomkins et al., 2012). For example, left paw departure laterality is 
suggested to be associated with increased performance in dogs when 
performing tasks that involve forward movement such as following their 
handler, and searching and fetching objects (Van Alphen et al., 2005). 
Dogs exhibit lateralization in vision (Siniscalchi et al., 2010), olfaction 
(Siniscalchi et al., 2011, 2016a), and hearing (Andics et al., 2014, 2016; 
Ratcliffe and Reby, 2014; Reinholz-Trojan et al., 2012; Siniscalchi et al., 
2008). Several studies have focused on cerebral lateralization with re-
gard to emotional processing in dogs, providing evidence that the left 
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and right hemispheres control the positive and negative emotions 
respectively (for a review see Siniscalchi et al., 2017). For example, the 
direction of a dog’s tail wagging indicates an emotional response: the 
tail wags with higher amplitude towards the right when the dog is 
approached by a known individual, whereas it wags with higher 
amplitude towards the left when an unfamiliar dog or a cat approaches 
(Quaranta et al., 2007). Noise phobias have also been linked with 
lateralization: when presented with negative auditory stimuli (e.g. 
barking or thunderstorms), dogs use their left ear significantly more 
than their right ear (Siniscalchi et al., 2008). Moreover, dogs with 
non-significant pawedness were found to be more reactive to negative 
auditory stimuli that dogs with significant pawedness, suggesting a link 
between noise phobias and absence of overt handedness (Branson and 
Rogers, 2006). 

It had been initially suggested that dogs, like humans, display a 
population-level bias to preferentially use the right forelimb, as shown, 
for example, when tasked with removing a plaster from over their eyes 
(Tan, 1987). However, unlike in humans, where there is a higher per-
centage of left handers in males than females (Hirnstein et al., 2019), 
studies involving dogs have reported that both males and females 
display predominant right-handedness in forelimbs (Branson and 
Rogers, 2006; Marshall-Pescini et al., 2013; Poyser et al., 2006; 
Schneider et al., 2013; Van Alphen et al., 2005), although other research 
has contested this or provided conflicting findings. For example, female 
dogs showed a significant preference for employing their right paw in 
paw lifting, whilst males preferred to use their left paw (Wells, 2003). 
Additionally, males show left paw preference and females show right 
paw preference when removing tape from their nose (Quaranta et al., 
2004) and when using a Kong® feeding device (McGreevy et al., 2010). 
These sex differences have been observed in some, but not all studies; for 
example, in a recent meta-analysis Ocklenburg et al. (2019) found no 
overarching sex difference in dogs. This lack of agreement in the liter-
ature regarding the role of sex in handedness could be a result of several 
limitations, including methodologies (e.g. the assessment of neutered 
versus entire dogs), and inadequate statistical power. 

Compared to our understanding of sex differences in laterality, 
comparatively little research has been conducted on the ontogeny of 
handedness, especially during adulthood. In humans, handedness is 
established between 4 and 6 years of age, and brains seem to become less 
lateralized with age (Agcaoglu et al., 2015). In primates, younger ani-
mals show less lateralization than adults (MacNeilage et al., 1987), 
however no such age-related effects have been reported in dogs (e.g. 
McGreevy et al., 2010; Schneider et al., 2013). Ageing in dogs can lead 
to deficits in cognition (e.g. learning, memory, and spatial awareness), 
as well as changes in patterns of sleep and how dogs interact socially 
(Landsberg et al., 2003). In cats, paw-preference seems to develop be-
tween 6 and 12 months and to remain stable thereafter (Wells and 
Millsopp, 2012). This may be related to hormones and sexual maturity, 
as at 12 weeks old cats do not show any paw preference (Wells and 
Millsopp, 2012); the same is true for kittens at 6–8 weeks old (Burgess 
and Villablanca, 1986). In humans, it has been suggested that mixed 
handedness (no preference of left or right) is strongly associated with 
atrophy of the hippocampus and amygdala due to age, but potentially 
also with other factors such as genetics, trauma in utero (i.e. bacterial 
infections, and alcohol exposure), and hormonal imbalances (Cherbuin 
et al., 2011). Alternatively, a loss of plasticity in dog behaviour (Mil-
gram, 2003) could result in a more fixed lateralization in older dogs, as 
they may be less likely to alternate the paw they use compared to 
younger dogs with greater plasticity. 

The aim of this study was to explore how sex and age influence dog 
pawedness. This was done by analysing the results of an extensive pre- 
collected dataset testing paw preference in dogs of different ages and 
sexes, containing data on the handedness of over 13,000 dogs from 
around the UK (BBC, 2004: Clarke et al., 2019). 

2. Material and methods 

2.1. Experimental design 

Data were collected as part of the British Broadcasting Corporation 
(BBC)’s ‘Test Your Pet’ survey, in which a cross-sectional within-subject 
design was employed to collect information on dog and owner de-
mographics, and performance in problem solving tasks, including a paw 
preference task (BBC, 2004; Clarke et al., 2019). The study consisted of 
three forms of data collection: (1) a survey concerning the pet-owner 
relationship and demographic information, but which did not ask 
about the neuter status of the dog; (2) tests carried out by the owner, 
including a food retrieval task designed to assess handedness or paw 
preference; and (3) a survey of the pets response to the television 
broadcast. Only section 1 and the paw preference task from section 2 
were used for this analysis. This study was distributed to members of the 
public via the BBC website, the Radio Times magazine, and by phone 
call or text message. 

For the food retrieval task, owners were asked to use a plastic or 
cardboard tube wide enough for their dog to reach into with its paw, and 
to place a treat near the end of the tube for the dog to reach. This was 
done three times in total. If the dog was not performing the behaviour, 
owners were asked to place the treat under a sofa and let their dog reach 
for it. Owners were then asked to score the test via three options: (a) the 
dog uses their left forepaw most of the time; (b) the dog uses their right 
forepaw most of the time; or (c) it is difficult to tell. A number of re-
sponses to the survey stated that the tested dog had a handedness of 
‘both’ (4,661 out of 17,901 initial responses), and these were excluded 
from the dataset. As the BBC (2004) data was pre-collected, there was no 
control over what questions were asked of the owners. For instance, 
owners assessed their dogs’ paw preference in 3 consecutive trials, but 
they only reported whether the dogs used the left or the right paw most 
of the times, or if it was difficult to tell. Had the owners provided in-
formation on the results of each trial of the Tube test they performed, 
this would have allowed for the calculation of a Handedness Index 
(Wells, 2003) for each dog, as is typically done in studies of this nature. 
However, it should be noted that while this test is comparatively crude, 
we consider it very unlikely that the nature of the task or the design of 
the study could have led to systematic biases in handedness with respect 
to age and sex (i.e. we can see no reason why owners would erroneously 
assign, for instance, right paw preference more frequently to females 
than males). However, we note that a study conducted in dogs by Wells 
(2003), reporting paw preferences in opposite directions for females and 
males, received considerable media attention, particularly in the UK. 
Therefore, we cannot completely exclude the possibility that this may 
have influenced owners’ perception and shaped their responses. 

The dataset we analysed contained information on 13,240 individual 
dogs (6,937 males, and 6,303 females), each of which was categorised 
into one of four age classes (Puppy [referred to as ‘Baby’ in the survey], 
Young Adult, Adult, and Elderly, based on the options available in the 
survey; Table 1). As dogs show a wide range of phenotype and longevity, 
defining age groups can be challenging, with timescales derived from a 
number of factors such as adult weight, behavioural changes such as 
playfulness or cognitive function and risks of age-related illness (Szabó 
et al., 2016; Epstein et al., 2005). As a consequence, a range of ages are 
used in defining when puppies become adult dogs, and when adult dogs 

Table 1 
Demographic information for the dogs included in the analysis (N = 13,240).   

Male (n = 6,937) Female (n = 6,303) 

Age   
Puppy n = 677 n = 630 
Young Adult n = 3,142 n = 2,768 
Adult n = 2,558 n = 2,308 
Elderly n = 560 n = 597  
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are defined as senior or elderly dogs, with breed/size of dog most 
commonly cited as a defining factor. For example, primarily based on 
the achievement of adult weight smaller dogs are described as puppies 
up to about 9 months of age, whereas medium sized or larger dogs may 
not be considered adults until 12–18 months of age. In contrast due to 
the higher prevalence of age related illnesses in larger dogs, apparent 
signs of senility, and their reduced longevity compared to smaller or 
medium sized, larger dogs are considered senior from about 7 years of 
age, whereas the description tends not to be applied to medium sized or 
small breeds until 10–12 years of age. 

2.2. Ethical note 

The study was granted a favourable ethical decision by the Ethics 
Committee, School of Life Sciences, University of Lincoln. 

2.3. Analysis 

All analyses were conducted in R 3.6.3 (R Core Development Team). 
To test the effects of dog age class and sex on handedness, we fitted a 
generalised linear mixed-effects model using the glmer function in the 
lme4 package (Bates et al., 2015). Handedness was included as a binary 
response variable (with a logit link), with age class and sex (and their 
interaction) as fixed factors, and the unique id of the owner as a random 
effect to control for potential pseudoreplication caused by a single 
owner testing multiple dogs. Significance was determined by comparing 
the full model to a reduced model lacking the term of interest using a 
likelihood ratio test (Crawley, 2005). We also tested for differences over 
successive levels of the age class factor using planned difference con-
trasts (Puppy vs. Adult, and Adult vs. Elderly). Due to the lack of specific 
information on age classification in the survey we combined young 
adults and adults into one category named ‘Adult’. 

3. Results 

Overall, out of the 17,901 initial responses, 13,240 dogs were scored 
to have a paw preference (i.e., were not classed as ambidextrous or 
ambiguous). Of these 13,240 dogs, 7,713 (58.3 %) showed a right-paw 
preference bias, which is significantly different from parity (binomial 
test: p < 0.001). This was the case for both male and female dogs (60.7 % 
female and 56.1 % male). Pawedness was significantly predicted to be 
influenced by the interaction between sex and age class (χ2

2 = 8.43, p =
0.015), as well as the main effects of both sex (χ2

1 = 28.01, p < 0.001) 
and age (χ2

2 = 9.52, p = 0.009), such that females had a significantly 
greater right-paw bias than males, and the proportion of right-paw 

preference was higher in older dogs (Fig. 1). Specifically, while there 
was no difference in pawedness between age classes for females (χ2

2 =

2.78, p = 0.250), males showed a significant difference overall (χ2
2 =

15.19, p < 0.001) with Elderly dogs exhibiting a significantly greater 
right-paw bias than Adult dogs (difference contrasts, Elderly vs. Adult: z 
= -3.84, p = 0.002; Adult vs. Puppy: z = 0.56, p = 0.570). 

4. Discussion 

The main aim of this study was to identify the factors linked to paw 
preference in dogs, by analysing a large dataset of pre-collected data 
(BBC, 2004). Both males and females displayed right-pawedness in the 
food retrieval task with elderly dogs having significantly greater dif-
ference in paw preference compared to younger dogs. 

Our study is based on data entirely collected by the dogs’ owners and 
thus, lacks the scientific rigour of studies carried out in laboratories. In 
particular, there are three aspects to consider: i) the number of scores 
per individual dog; ii) the use of only one task; and iii) the influence of 
the media on the collection of the data. Regarding the first point, in the 
BBC study only three observation trials were carried out to provide a 
general score (i.e., left preference, right preference, or no preference) 
instead of a count of the individual paws used. With respect to this 
aspect, our study is methodologically different from the paw preference 
counts used in other work (e.g., in cats, McDowell et al., 2018; sum-
marised in Wells, 2020). However, we see no reason to believe that the 
owners provided incorrect information, or that this could have led to a 
bias in a specific direction (e.g., toward the right paw). Moreover, we 
consider it very unlikely that any bias would be systemic across our large 
sample of more than 13,000 dogs. 

In our study, owners were asked to test their dogs only in one task 
(the Tube test), a challenge where dogs have been previously shown to 
have a much weaker paw preference compared to tasks involving lifting 
a paw or removing an object (Wells, 2003). Testing dogs in several 
different tasks allow a better understanding of pawedness and a possible 
generalisation of the results. However, we also need to consider that 
different tasks may involve different motivations and/or emotional 
states of the tested animals, leading to results that are difficult to 
compare. For example, if a preference for the right paw when retrieving 
food suggests an involvement of the contra-lateral left hemisphere in 
tasks related to routine behaviours as foraging, a task where the dog is 
asked to remove a piece of tape from the nose may involve frustration, 
and may thus reveal an emotional hemispheric response over and above 
a mere motor bias. 

Lastly, owners may have been influenced, in their data collection, by 
the media. In 2003 a study on sex differences in paw preference in dogs 
(Wells, 2003) was highlighted in the media, and may have resulted in 
inadvertent biases in owners’ responses. Although we cannot verify, 
quantify or control for this, our analyses should be interpreted with this 
in mind. 

Sex had a significant association with paw preference; it was found 
that female dogs displayed more right- than left-bias, which supports 
previous research (McGreevy et al., 2010; Wells, 2003). It was found 
that male dogs also displayed more right- than left-paw preference. 
Interestingly, females had a significantly greater right-paw bias than 
males, analogously to humans where there are more left-handed males 
then left-handed females (Hirnstein et al., 2019). This population level 
right-paw preference was supportive of Tan’s (1987) early observations 
of tape removal by dogs, although others have disputed a population 
level paw preference or suggested differences in paw preference be-
tween sexes, citing sex-related hormonal effects (e.g. Wells, 2003). Right 
paw bias has also been recently reported in wolves (Regaiolli et al., 
2020). Our study helps bridge the gap as it shows that although both 
female and male dogs in the sample scored to have a paw preference (i. 
e., those not classed as ambidextrous) are right-pawed overall, females 
are more right-pawed than males. This supports the hypothesis of a sex 
hormone influence on pawedness in dogs. Studies using a combination 

Fig. 1. Proportion of dogs with a right-paw bias as a function of sex and age 
class. The dashed horizontal line indicates an equal proportion of dogs with left- 
and right-paw biases. 
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of neutered and entire dogs typically do not find a sex difference (Batt 
et al., 2008; Schneider et al., 2013; Wells et al., 2017, 2019). The ‘Test 
your Pet’ survey did not ask owners to include the neuter status of the 
dogs (BBC, 2004), however, recent studies have suggested that around 
57.1 % of dogs in the UK are neutered, including 55.0 % of males and 
59.2 % of females (e.g. Sánchez-Vizcaíno et al., 2017), with 80 % of dog 
owners being open to neutering their dogs, and an additional 10 % doing 
so for medical reasons (Wongsaengchan and McKeegan, 2019). There-
fore, it is likely that there is a mixture of neutered and entire dogs in such 
a large sample, with the majority being neutered. It is interesting to 
notice that, in UK, more females than males are neutered 
(Sánchez-Vizcaíno et al., 2017), and more females than males in our 
study were right-pawed. Thus, there may be a link between the neuter 
status and a preference to use the right paw, although we lack the data 
necessary to test this. 

Age was significantly associated with pawedness, particularly in 
males, with Elderly dogs having a greater right bias in pawedness than 
Adult dogs. The concept that older animals would have more stable 
pawedness than younger animals was only previously conceptualised 
(MacNeilage et al., 1987), with more recent literature failing to find 
significance (McGreevy et al., 2010; Schneider et al., 2013; Wells et al., 
2018). MacNeilage et al. (1987) suggest that this age-driven factor may 
be due to greater hand use inconsistencies in younger animals, specif-
ically in monkeys. It is possible that as an animal ages, it learns which 
paw is more efficient to use, however the mechanism that governs this is 
not yet fully understood. Elderly dogs displayed a stronger paw prefer-
ence, which conceptualises that the aforementioned dog cognitive 
decline (Landsberg et al., 2003) is not a factor in affecting pawedness as 
dogs age. Rather, it may support the theory that dogs lose behavioural 
plasticity as they age (Milgram, 2003). This could be investigated 
further by a longitudinal study that repeatedly measures stability of paw 
preference throughout the lifespan of a sample of dogs. 

Research looking into pawedness preference in dogs is of impor-
tance, not only to increase understanding of the cognition of the species 
but also to improve their training, particularly for roles involving aiding 
humans (e.g. guide dogs, police dogs, and rescue dogs). If we have a 
better understanding of the strength of a dog’s pawedness, it may in-
crease their success during training for such roles and make it easier to 
determine which dogs are better suited for which roles. This has been 
extensively discussed in the review by Wells (2020) in this Special Issue, 
who cites a number of studies where paw preferences are associated 
with competency in other tasks as well as traits that may be desirable in 
dog training. For example, dogs which have a stronger pawedness, 
regardless of direction, are found to be more attentive during agility 
exercises compared to dogs with weaker pawedness (Siniscalchi et al., 
2014), whilst Batt et al. (2008) and Tomkins et al. (2012) reported an 
association between pawedness and successful outcomes in guide dog 
training. Furthermore, left-pawed dogs display left visuospatial bias 
while right-pawed dogs display reversed rightward bias (Siniscalchi 
et al., 2016b) which would implicate that the side a dog trainer is to the 
dog may have an effect on their success. These effects would be 
consistent with the hypothesis that laterality may have functional ben-
efits in development of motor and/or cognitive skills in animals. 

5. Conclusions 

Overall, our data suggest strong evidence that dog pawedness is 
affected by both sex and age, with paw preference significantly differing 
as dogs progress into old age. Age has not previously been found to be 
significantly associated with dog pawedness. Although we recognise the 
limits of the data collection, we believe that this study, given the large 
sample size, lays a foundation for future research into efficient training 
of dogs of differing ages and if there is a way to assess canine cognitive 
decline using pawedness. 
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