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Abstract
Executive functions (EFs) are a set of cognitive processes used for effortful self-regulation of behaviour. They include 
inhibition, working memory, cognitive flexibility and, in some models, attention. In humans, socioeconomic factors and life 
experiences shape development of EFs. Domestic dogs (Canis familiaris) must often regulate their behaviour in the human 
environment (e.g. no jumping up on humans or chasing cats), and life experiences also probably influence the development 
of EFs in dogs. Research into dog cognition and behaviour has been thriving, and some methods used to explore these con-
cepts (e.g. object-choice task, questionnaires measuring traits like distraction and aggression) are likely to be sensitive to 
differences in EFs, even if that is not their stated aim. Here we examine relevant studies to identify experiential factors which 
may influence the development of EFs in dogs living in human care. These are early experience, training, housing and stress. 
We conclude that the development of dogs’ EFs may be negatively affected by hardships, and positively by surmountable 
challenges, early in life. Training methods appear important, with punishment-based methods leading to poorer dog EFs. 
Kennel environments seem to affect dog EFs negatively. While mild stressors might enhance the development of EFs, too 
much stress seems to have negative effects. Regulation of behaviour, a key outcome of EFs, is crucial for dogs’ integration 
into human society. We should, therefore, strive to better understand how the environment shapes dogs’ EFs.
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Introduction

Executive functions (EFs) is an umbrella term for cogni-
tive processes that are used for effortful self-regulation of 
behaviour (Diamond 2013; Karr et al. 2018; Olsen 2018; 
Pecora et al. 2017). These skills are needed to keep focused 
on a stimulus in the face of distractions, to temporarily store 
useful information in memory and to adapt to changes in the 
environment that require flexible behaviour. EFs are needed 
to execute intentional behaviours that are goal-oriented, 
and not merely reactions to environmental stimuli. EFs are 
important for life outcomes in humans and known to affect 
behaviour (Alloway and Alloway 2010; Granvald and Mar-
ciszko 2016; Moffitt 2012). Some evidence is accumulating 
that cognitive traits are important for dogs’ life outcomes 

(Bray et al. 2017a; Cohen 2018). Experiences shape EFs in 
humans (Diamond and Ling 2016; Fay‐Stammbach et al. 
2014). The aim of the review is to identify experiential fac-
tors that might influence the development of EFs in dogs. 
The review summarises articles describing studies that may 
assess some form of dogs’ EF capacity, either as a stated aim 
of the original research or through measurements that we 
believe to be associated with EF, in relation to life experi-
ences (early experience, training and housing). Stress as a 
potential mediating factor and limitations of the results are 
discussed.

Importance of EFs for life outcomes in humans

In humans, EFs have been argued to be important for a 
myriad of life outcomes, such as mental health, physical 
health, and quality of life (Diamond 2013). Better-developed 
EF skills are linked to outcomes such as improved health, 
increased wealth, and reduced substance abuse and jail 
time (Moffitt 2012; Moffitt et al. 2011). Higher EF skills are 
associated with better life outcomes, even when controlling 
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for general intelligence (Moffitt et al. 2011; Sherman and 
Brooks 2010). They are important for school readiness and 
success in the education system, job success, and marital 
harmony (Diamond 2013). Taken together, EFs in humans 
have been shown to be important for success across a wide 
array of areas in life.

Components of EFs in humans

Commonly identified EF components are working memory 
(WM), inhibition, and cognitive flexibility (CF), with atten-
tion as a potential fourth component (Diamond 2013; Garon 
et al. 2008; Miyake et al. 2000; Pecora et al. 2017). These 
components often interact with each other (Fig. 1), and it is 
difficult to measure them independently (Diamond 2013). 
Garon (2008) describes that, indeed, earlier research often 
viewed these components as a unitary construct, whereas 
later it was argued that they are dissociable components. 
Evidence suggests a synthesis of these approaches, with 
EFs in humans consisting of partly separable traits with 
an underlying unitary component (Miyake et al. 2000). 
EF skills impact individuals’ behaviours, and EF can be 
assessed through behaviour rating scales in human adoles-
cents (Gioia et al. 2000) and young children (Sherman and 
Brooks 2010). EFs have been intensively studied in humans 
(Aadland et al. 2017; Aran-Filippetti and Richaud de Minzi 
2012; Cepeda et al. 2001; Diamond 2013; Miyake et al. 
2000) and been investigated in a variety of other species 
(MacLean et al. 2014) including fish and invertebrates (Cleal 
et al. 2020), birds, rats and monkeys (Puig et al. 2014), as 
well as dogs (Olsen 2018).

Working memory

While the exact structure and components of working mem-
ory are controversial, a commonly used definition describes 
WM as a cognitive trait enabling individuals to temporarily 
hold information in a state of increased accessibility (Cowan 
2017). Definitions differ in whether they include a long-term 
memory aspect, whether processing of information is part 
of WM or not, and whether WM consists of one or multi-
ple storage components (Cowan 2017). Diamond describes 
WM as temporarily holding information, that is no longer 
perceptually present, in an active state in mind while also 
manipulating it (Diamond 2013). It is essential for executing 
a task that takes any length of time, as the task objective has 
to be kept in WM (Diamond 2013).

Working memory (WM) has been linked to various 
behaviours. Deficits in working memory in children can 
be assessed with a behavioural rating scale (Alloway et al. 
2009b). Behaviours that are associated with poor WM are 
poor attention and elevated levels of distractibility, and dif-
ficulties in areas such as planning and organising informa-
tion (Alloway et al. 2009a, b; Gathercole et al. 2008; Lui 
and Tannock 2007). WM also seems to be related to aggres-
sion in children, with lower WM capacity associated with 
higher aggression (Granvald and Marciszko 2016). In adult 
police officers low WM capacity has been associated with a 
heightened likelihood to shoot unarmed targets and lowered 
likelihood to shoot armed targets (Alloway et al. 2005). Poor 
WM has also been linked to other problematic behaviours in 
adults, such as alcohol abuse (Finn and Hall 2004; Houben 
et al. 2011).

Fig. 1   Relationship between 
core executive function skills 
(adapted from Diamond 2013). 
Working memory (WM) and 
inhibition are basic skills that 
rely on each other. Distractions 
must be inhibited from entering 
WM (i.e. attention towards 
distractions must be inhibited). 
Similarly, to be able to inhibit 
irrelevant information, the goal 
or task at hand must be kept 
firmly in WM (Diamond 2013). 
Cognitive flexibility, which 
builds on working memory and 
inhibition, is the skill enabling 
individuals to adjust to different 
environmental demands and 
conditions flexibly (Diamond 
2013)
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Inhibition and attention

Inhibition is needed to control pre-potent behavioural 
responses (behavioural inhibition) and to control thoughts 
and attention (interference control/cognitive inhibition, 
Diamond 2013). It is required when a well-practiced, 
previously rewarded or prepotent behaviour or thought is 
inappropriate for the situation, and a novel or less-prac-
ticed behaviour or thought is more suitable. Inhibition and 
WM are closely linked to each other and are argued to 
always be used in conjunction (Diamond 2013). WM is 
needed to keep information actively in mind and manipu-
late it. Distractions must be inhibited from entering WM 
(i.e. attention towards distractions must be inhibited). 
Similarly, to be able to inhibit irrelevant information, the 
goal or task at hand has to be kept firmly in WM (Diamond 
2013).

Attention is the ability to focus on one stimulus or task in 
the environment and is crucial for any goal-directed behav-
iour. In a review, Garon and colleagues (2008) explain that 
it is argued attention is the basis for the development of 
other EF abilities, and that attention is an underlying factor 
responsible for observed correlations between different EF 
skills. Other models see attention as part of inhibition, spe-
cifically interference control (Diamond 2013). It is argued 
that to be attentive to a stimulus, a subject must cognitively 
inhibit the focus of attention being distracted by other 
aspects of the environment. Staying focused on an objective 
or thought draws on WM, as the focused-on objective has 
to be kept active in WM (Diamond 2013). In this review, we 
treat attention as a part of inhibition (Diamond 2013). It is 
difficult to disentangle components of EF even in specifically 
designed studies (Miyake et al. 2000), and the only study we 
are aware of in dogs that measured both inhibition in a motor 
inhibition task and attention, as rated by owners, found an 
association between the two (Bunford et al. 2019).

Like WM, inhibition has been linked to aggression. 
Children with low levels of behavioural inhibition are 
more likely to develop aggression, particularly unprovoked 
aggression than children with higher levels of inhibition 
(Kimonis et al. 2006; Poland et al. 2016; Raaijmakers et al. 
2008). Inhibition was found to be related to social and reac-
tive types of aggression, with lower inhibition being linked 
with higher levels of aggression in these (Granvald and 
Marciszko 2016). There seems to be a relationship between 
inhibition, attention-deficit/hyperactivity disorder (ADHD) 
and aggression. Gathercole and colleagues (2008) explain 
that inhibition deficiencies are believed to be a key element 
of ADHD, and aggression is a regular feature observed in 
patients with ADHD. Relationships between aggression and 
inhibition have not only been found in humans but also in 
mice (Sallinen et al. 1998) and rats (Fone and Porkess 2008; 
Homberg et al. 2007).

Inhibition has also been found to be associated with 
emotional regulation. Emotional regulation is the initiation, 
inhibition and modulation of emotions and accompanying 
behaviours (Eisenberg and Spinrad 2004). Deficits in inhi-
bition have been linked to reduced capacity for emotional 
regulation (Leen-Feldner et al. 2004; Li and Sinha 2008; 
Reese et al. 2015; Willie 2011). This association has been 
found for the regulation of positive and negative emotions 
(Carlson and Wang 2007).

Cognitive flexibility

Cognitive flexibility is the skill enabling individuals to 
adjust to different environmental demands and conditions 
flexibly (Diamond 2013). CF is needed in daily life. For 
instance, when cooking a recipe and realising an ingredient 
is missing, trying to replace the ingredient with a suitable 
substitute that is available is an example of CF. CF relies on 
inhibition and WM. To be able to adjust or change strategies, 
the previous thoughts have to be inhibited, and new informa-
tion has to be loaded into WM (Cepeda et al. 2001; Diamond 
2013). In the cooking example, it would mean inhibiting 
focus on the missing ingredient and activating the substi-
tute ingredient into WM. Because of this dependency, CF 
is thought to develop later in life than WM and inhibition 
(Garon et al. 2008). CF, or lack thereof, has been associated 
with psychological disorders such as obsessive–compul-
sive disorder (OCD) (Meiran et al. 2011), autism spectrum 
disorder (ASD) (Lawson et al. 2015) and related restricted, 
repetitive symptoms (Lopez et al. 2005).

Experiences influencing the development of EFs 
in humans

As outlined above, EFs are linked to behaviours and life 
outcomes in a myriad of ways. But what factors influence the 
development of EFs? In addition to genetic factors (Bowirrat 
et al. 2012; Eisenberg and Berman 2010; Logue and Gould 
2014), experiences influence the development of EFs (Aran-
Filippetti and Richaud de Minzi 2012; Diamond and Ling 
2016). Parenting factors such as supporting individuals in 
developing their own thoughts and solutions through verbal 
or physical guidance (i.e. scaffolding) and offering enriched 
interactions (i.e. stimulation) influence EF skills in children 
positively (Fay‐Stammbach et al. 2014; Hughes and Devine 
2019). Socioeconomic status and housing conditions (Aran-
Filippetti and Richaud de Minzi 2012; Welsh et al. 2018), 
and time spent in prison (Meijers et al. 2015) can have an 
impact on EFs. Furthermore, EFs can be positively influ-
enced by a variety of training programs and interventions 
(Diamond and Ling 2016). Cognitive training programs (Au 
et al. 2015; von Bastian and Oberauer 2013) and physical 
exercise (Aadland et al. 2017; Audiffren and André 2015) 
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have been examined, with mixed results (for a review see 
Diamond and Ling 2016; Hillman et al. 2019). Diamond 
and Ling (2016) point out that one robust finding seems 
to be that individuals with the lowest baseline EFs benefit 
the most from any kind of intervention aimed at improving 
EFs. Experiences can affect the development of EFs, but also 
the expression of EFs. For example, sleep deprivation can 
negatively affect the expression of EFs (Tucker et al. 2010).

The importance of executive functions in dogs

We have summarised that EFs in humans appear to be 
important for behaviour control and life success and that 
they are shaped by experiences throughout life. Might this 
effect of experience on EF also pertain to dogs? Being able 
to control one’s behaviour in an intentional way, and not just 
reacting to stimuli as they appear, is crucial for dogs’ success 
in the modern human environment. While a large number 
of dogs (Canis familiaris) worldwide are feral (Boitani and 
Ciucci 1995; Hughes and Macdonald 2013), many dogs 
live in very close proximity to and interact regularly with, 
humans. These dogs live in laboratories, in shelters, as pets 
and working dogs. Working roles range from scent detection 
for explosives or medical conditions, to military and police 
dogs, and assistance dogs for people with psychiatric, intel-
lectual, and physical disabilities (Bray et al. 2017b; Cobb 
et al. 2015; Cohen 2018; MacLean and Bray 2019; Rooney 
et al. 2009; Troisi et al. 2019). Even stray and free-roaming 
dogs often live close to human societies (Boitani and Ciucci 
1995; Hughes and Macdonald 2013), and might regularly 
encounter humans at various times in their lives.

The different roles filled by dogs in human societies 
demand very different things from dogs. Some dogs are 
expected to be able to work or live quite independently, 
while others must work or live very closely with their han-
dler. Some dogs are required to be calm, while others should 
be highly energetic. Despite different demands on dogs, one 
thing they all have in common is that the dog needs to effort-
fully self-regulate its behaviour. This need for regulation is 
true whether it is a pet dog that needs to inhibit chewing on 
furniture, a scent detection dog that needs to keep the target 
scent in mind while sniffing an array of different odours, or 
a guide dog that needs to keep current commands in mind 
while navigating the environment and ignoring distractions. 
For dogs living within the human environment, behavioural 
regulation seems crucial for a harmonious life.

It seems very likely that EFs used for the regulation of 
behaviour are important for dogs’ success as pets or in work-
ing roles. There is some evidence that working dogs’ perfor-
mance is influenced by cognitive skills (Bray et al. 2017a, b; 

Cohen 2018; MacLean and Bray 2019), but only recently has 
emphasis been placed on measuring EF skills, per se, in dogs 
(Olsen 2018). More research into how EF skills present and 
develop in dogs, and how they influence dogs’ success in pet 
and working roles, will be valuable.

Influences of experiences on the development 
of EFs in dogs

Considering the influence experiences have on the develop-
ment of EFs in humans, a question arises: how do experi-
ences shape the development of EFs in dogs? Knowing the 
influences that shape a dog’s EFs throughout its lifetime may 
enable us to develop efficient interventions and training prac-
tices to assist each dog to reach his or her full EF capacity. This 
might lead to more harmonious lives of families with pet dogs, 
fewer dogs being surrendered into shelters, and fewer working 
dogs being released from their training programmes. Better 
outcomes for pet and working dogs would be beneficial to the 
welfare of dogs and humans alike.

Studies have shown that aged dogs experience a decline in 
EF skills, and that environmental enrichment, such as exer-
cise, play, social contact, and diet can influence individuals’ 
EF skills in aging dogs. This phenomenon has been intensively 
studied and reviewed (Adams et al. 2000a, b; Chapagain et al. 
2018a, b; Cotman and Head 2008; Cotman et al. 2002; Davis 
et al. 2017; de Rivera et al. 2005; Fahnestock et al. 2012; Head 
et al. 2012). However, much less is known about how experi-
ences during the dog’s puppyhood, adolescence and early adult 
life shape its EFs.

Aim and scope: influence of experiences 
on the development of EF in dogs

The aim in this study was to identify and synthesize available 
knowledge of experiential influences on the development of 
EFs in young to adult dogs. Even though studies specifically 
examining EFs in dogs are only beginning to emerge (Olsen 
2018), research into broader aspects of dog cognition has 
been thriving for decades (Bensky et al. 2013; Miklósi 2014). 
While not specifically aiming to measure EFs, some tasks used 
in these studies appear to be sensitive to one or more of the 
above-described EF skills in dogs. Hence, it is timely to review 
these studies in accordance with the framework provided by 
EFs. Because the studies in question are very rarely identified 
in connection with EFs, we did not consider it appropriate to 
conduct a formal, systematic review using the strict guide-
lines associated with an approach like PRISMA (Moher 2009). 
Instead, a narrative approach was employed to ensure the wid-
est possible coverage of relevant literature.
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Method

A literature search was carried out in the PsychInfo and Pro-
Quest databases in January 2021. The search was based on 
three concepts: (a) “dogs” and related terms, (b) “executive 
function” and related terms, and (c) “experience” and related 
terms (Table 1). Keywords within each concept were com-
bined with “or”, meaning that at least one of the keywords 
needed to be present in selected publications. The concepts 
were combined with “and”, so that only publications con-
taining all three concepts were selected.

The search yielded 605 studies whose abstracts were then 
screened for relevance. Studies were included if they meas-
ured some aspect of puppy or adult dog behaviour or cogni-
tion, as well as some experiential influence that was meas-
ured simultaneously. Studies on aging dogs were excluded, 
as well as studies that only measured aspects of cognition or 
behaviour without influences of experiences and vice versa. 
29 studies were retained with these criteria.

Results

The results of the review are summarised in Tables 2 and 
3, which show studies grouped by whether they measured 
potentially corresponding behavioural traits (Table 2) or 
behavioural tests (Table 3).

Potential experiential influences on EFs 
in dogs

Early experience

Early life experience is known to be important for physical, 
behavioural and cognitive development (Bray et al. 2017a; 
Hughes and Devine 2019; Williams et al. 2009). From stud-
ies investigating influences on behaviour and general cog-
nition, it is possible to extract information about how early 
experience may affect the development of EFs in dogs.

Negative effects of early hardships

Shelter puppies

Zaine et al. (2015) compared interspecies social cognition 
(i.e. dogs’ ability to follow human pointing cues) in pup-
pies that were living with families as pet dogs and puppies 
that were housed in a shelter. They exposed the puppies 
to object-choice tasks with three different pointing cues: 
a dynamic proximal point, a momentary proximal point, 
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and a momentary distal point. While all of these have been 
used extensively in dogs to measure social cognition (Clark 
et al. 2019), two of them appear to also measure working 
memory. In the momentary pointing conditions, the human 
raises his/her arm in the direction of an object that contains 
food, either at a distance (distal point) or close to the object 
(proximal point). In both cases, the arm is then lowered back 
into a neutral position before the puppy is released. Thus, the 
cue is not perceptually present while the puppy approaches 
the objects. In contrast, in the dynamic pointing cue, the 
human maintains the pointing position throughout the trial. 
The cue is perceptually present while the dog approaches 
the objects. During momentary point trials, the puppy must 
keep the direction the human pointed towards in its WM 
when deciding between the objects.

Puppies that lived in human homes before entering the 
shelter outperformed puppies found as strays in momentary 
pointing conditions, which might rely on WM (Zaine et al. 
2015). The authors concluded that exposure to human social 
cues resulted in improved performance in the non-stray pup-
pies. Pet puppies are likely to be more comfortable around 
humans, affecting their motivational state when participating 
in the task. In addition, improved performance might rely on 
WM in the context of social communication, and living in a 
home might have allowed for better WM development. Less 
developed WM in stray pups is further supported by the fact 
that stray pups easily followed the human social cue which 
did not rely so heavily on WM (dynamic proximal point).

It could be argued that the object-choice task has little 
demand on WM, as dogs can choose the object right after 
the disappearance of the pointing cue. The only difference 
between the dynamic and momentary cues is whether the 
cue is perceptually present during decision-making. To be 
successful in the dynamic conditions, dogs could use trial 
and error learning or lower-level strategies, such as local 
enhancement, or they might understand human communica-
tive intent. However, in the momentary condition, dogs must 
remember the current location of the food reward without a 
visual cue being present. Therefore, the current food location 
could be kept active in WM. Dogs might also use other cog-
nitive strategies related to EF, such as focusing their atten-
tion onto the correct location throughout the trial. Further 
research comparing performance in the pointing task with 
added delays and comparison to WM tasks without a human/
social component will be valuable.

Breeding facilities

Puppies bred in high-volume commercial breeding estab-
lishments and/or sold through pet stores have been reported 
to experience increased behavioural problems compared to 
puppies that were bred by smaller non-commercial breed-
ers (McMillan 2017). As outlined in the introduction, 

aggression has been found to be associated with inhibition 
in humans, mice and rats (Fone and Porkess 2008; Homberg 
et al. 2007; Kimonis et al. 2006; Poland et al. 2016; Sallinen 
et al. 1998).

A common problem found in dogs from pet stores and 
commercial breeding facilities is aggression towards house-
hold members (Bennett and Rohlf 2007; Casey et al. 2014) 
and owner-directed aggression (Pirrone et al. 2016). It is 
likely that aggression is caused by fear towards humans due 
to a lack of socialisation. McMillan (2017) points out that 
the ways in which puppies are bred, housed, weaned, trans-
ported, handled and homed can all influence their behav-
ioural development. Given the link between aggression and 
inhibition in other species (Fone and Porkess 2008; Homb-
erg et al. 2007; Kimonis et al. 2006; Poland et al. 2016; Sal-
linen et al. 1998), an additional possible explanation might 
be a low inhibition due to poor conditions during sensitive 
periods of early cognitive development. However, to our 
knowledge, no studies have directly tried to examine a pos-
sible link between inhibition and aggression in dogs, and 
future research on this area will be valuable.

McMillan and colleagues (2013) compared dogs that 
were acquired as puppies, either from pet stores or from 
non-commercial breeders, on behavioural measures using 
the C-BARQ (Hsu and Serpell 2003). Pet store puppies 
scored higher on a variety of behaviours, namely being more 
aggressive, excitable, energetic, and attached, as well as less 
trainable. As outlined earlier, regulation of emotions and 
accompanying behaviours is associated with inhibition in 
humans (Carlson and Wang 2007; Leen-Feldner et al. 2004; 
Li and Sinha 2008; Reese et al. 2015; Willie 2011). A link 
between emotion regulation and inhibition might be true 
in dogs as well. If a dog becomes overly excited by regular 
occurrences, such as seeing another dog or greeting a per-
son, the dog might be failing to regulate its emotions and, 
by extension, these behaviours. This is supported by studies 
in dogs showing that dogs that are more impulsive as rated 
by their owners exhibit lowered inhibition in cognitive tasks 
(Brady et al. 2018; Bunford et al. 2019; Wright et al. 2012). 
Arousal has been shown to influence inhibition in dogs (Bray 
et al. 2015), and more behavioural studies examining a pos-
sible link between inhibition and excitability in dogs will 
be valuable.

In sum, studies looking at the impact of commercial 
breeding establishments on later dog behaviour found an 
increased risk of aggression (McMillan 2017). As with the 
strays from Zaine’s (2015) study, puppies that experienced 
fewer human interactions might have reduced EF skills. 
Whether this was due to the rearing environment is difficult 
to determine, since there might also be an inherent differ-
ence in how owners that purchase puppies from commercial 
breeding establishments care for and train their dogs, com-
pared to owners that purchase from small, non-commercial 
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breeders, which could also influence adult dog behaviour. 
Further research is required to investigate and disentangle 
these possible effects.

Effects of early isolation

In the beginning of dog behaviour research in the 1950s 
and 1960 s, two studies investigated the effect of isolation 
of young puppies on later dog cognition. Isolation-reared 
beagle puppies were compared to puppies that received some 
human contact and exercise twice daily (Fuller 1966). Both 
groups were placed in isolation cages at 3 weeks of age, 
meaning that both were weaned early and deprived of mater-
nal and littermate contact. The puppies were tested on a 
reversal-learning task starting when they were 23–26 weeks 
old. First, puppies were trained to remove a cover from food 
bowls in which dog food was hidden. Two food bowls were 
presented simultaneously, both baited and with removable 
covers. After establishing the puppies’ preferred side, the 
cover on the preferred side was locked in position, making 
the food unreachable for the puppies, while the opposite side 
cover remained removable. A correct response was meas-
ured if the puppy obtained food from the accessible food 
bowl (Fuller 1966). To be successful, the puppies had to 
inhibit their previously rewarded response of approaching 
their preferred food bowl, and flexibly adjust their behaviour 
to approach the non-preferred food bowl. The puppies reared 
with some human contact made fewer errors, especially in 
the first reversal series. Some stimulation, compared to no 
stimulation during early life, may have enhanced the devel-
opment of EFs, such as inhibition and CF.

Similarly, Thompson & Heron (1954) compared isola-
tion-reared puppies to puppies reared as pets or in the labo-
ratory with more human contact and stimulation, on a series 
of problem-solving tasks when they were between 7 and 
12 months old. In one task, puppies learned the location of 
a bowl with food, which was then moved to another posi-
tion in the puppies’ full view. Puppies were then released 
and allowed to run towards the food. To be successful, pup-
pies had to inhibit running towards the previously rewarded 
location, and flexibly adjust their behaviour to run to the 
new location with the food bowl. Pet-reared puppies outper-
formed the isolation-reared puppies, with pet-reared puppies 
making almost no mistakes whereas isolation-reared pup-
pies failed on more than half of the trials. Similar results 
were obtained for detour tests around a barrier. Additionally, 
a delayed-choice task was administered, in which puppies 
were trained in choosing one of two locations which they had 
seen being baited with food. A delay was then introduced 
before the dogs could make their choice, ranging from 5 to 
300 s. To succeed at this task, dogs must keep the location 
of the food bowl in their working memory when deciding 
which bowl to approach. The groups differed significantly, 

with isolation-reared puppies succeeding with delays of only 
0–25 s, whereas pet-reared puppies succeeded with delays 
of 50–300 s. Overall, pet-reared puppies outperformed iso-
lation-reared puppies on tasks that required inhibition, CF 
and WM.

Positive effects of experiences early in life

While early hardships potentially have detrimental effects 
on EFs, mild challenges and enrichment might foster EF 
development. Some evidence comes from studies with guide 
dog candidates. One of the studies that investigated early 
life experience and how that affects later dog behaviour 
implemented a standardised socialisation program (Vater-
laws-Whiteside and Hartmann 2017). The study was done 
with litters of a guide dog population in addition to their 
normal socialisation routine. Puppies were exposed to daily 
interactions with a handler, aiming at tactile, auditory and 
visual stimulation, and had interactions with people and the 
environment. The daily stimulation was developed to be age 
appropriate, increasing in intensity as the puppy developed 
from birth to 6 weeks. For example, in the first week the 
interaction with people consisted of picking up the puppy 
and carrying it around the kennel, whereas in week 6 the 
puppy was gently restrained for 20 s. Many of the stimuli 
used, like rolling balls within the puppy’s reach and hanging 
tinsel above the puppy, would have encouraged the use of 
focused attention towards stimuli in the environment (Vater-
laws-Whiteside and Hartmann 2017).

The effects of the programme were evaluated with a 
Puppy Profiling Assessment (PPA) at 6 weeks, which meas-
ures responsiveness to human or environmental stimuli 
(Asher et al. 2013) and with a Puppy Walker Questionnaire 
(PWQ, Harvey et al. 2016) when puppies were 8 months old 
(Vaterlaws-Whiteside and Hartmann 2017). The PWQ looks 
at different behavioural traits, two of which might be rele-
vant for EF assessment: distractibility and excitability. Items 
in the questionnaire aiming to determine distractibility asked 
for the dogs’ behaviours when encountering distractions 
such as children, other dogs, food on the floor and whether 
the dog pulled towards distractors when on leash. Puppies 
that received the extra socialisation scored more favourably 
on the PPA and had significantly more favourable distraction 
scores and a trend for better excitability scores on the PWQ. 
Less distractibility and excitability could be mediated by 
improved inhibition in comparison to puppies that did not 
receive the additional socialisation. As the dogs in this study 
were guide dog candidates, they were undergoing training 
to inhibit impulses towards distractors. Being distracted by 
food, other dogs or members of the public shows a lack of 
behavioural inhibition. The gentle introduction of stimuli 
throughout the first weeks of life might have challenged the 
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puppy while not being overwhelming, enhancing the devel-
opment of EFs.

Bray et al. (2017a) followed a population of guide dogs 
from birth to programme completion (i.e. either placement 
as a guide dog or failure to be placed due to behavioural 
issues). They observed maternal behaviour during the first 
3 weeks of life, recording levels of overall maternal behav-
iour and nursing styles. Dogs can nurse in varying posi-
tions which might differ in their difficulty for the puppy to 
stay attached to the nipples, two of which are nursing while 
standing and laying down. Vertical nursing is more challeng-
ing for puppies, with more effort required to attach to the 
nipples and remain attached. Maternal behaviours like time 
spent in contact with the puppies and licking and groom-
ing of puppies differed between litters, as did the time the 
bitches spent nursing in a lateral position (laying on their 
side) or a vertical position (standing or sitting).

When testing the same puppies as young adults, using 
a multistep problem-solving task, dogs learned to remove 
bones and to spin an apparatus to expose hidden treats (the 
Nina Ottoson Dog Tornado game; Bray et al. 2017a). To 
get to the food reward, the bone needs to be removed before 
the food can be uncovered. Perseveration was measured as 
the time the dog manipulated the area under which the treat 
was hidden, while the access was still blocked by the bone. 
Pre-training consisted of dogs having to remove bones, and 
all dogs could do this. Therefore, next to physical reasoning 
and persistence, perseveration as described in the study can 
be seen as a measure of inhibition. To get to the food, dogs 
need to divert their attention away from the food and to the 
bone first. Manipulating the area that is baited while the 
bone is still in place may show a lack of inhibition.

More maternal care during early development was associ-
ated with more perseveration (Bray et al. 2017a). Lowered 
inhibition might, therefore, be linked with increased mater-
nal care. The authors argued that puppies in this population 
all received sufficient maternal care not to be disadvantaged, 
but that higher amounts of maternal care may mean that 
the puppies were less challenged. This link is in line with 
Vaterlaws-Whiteside’s study (2017), where challenges dur-
ing early life likely enhanced the development of inhibition.

Early experience seems to be important for the develop-
ment of EF in dogs. Hardships in the sensitive period of the 
first weeks of life might negatively affect the development 
of EFs. Potential evidence comes from stray puppies (Zaine 
et al. 2015) with a reduced WM duration, in puppies from 
commercial breeding establishments, with increased aggres-
sion and excitability (McMillan 2017), potentially linked 
to lowered inhibition, and in isolation-reared laboratory 
puppies with reduced inhibition, CF and WM (Fuller 1966; 
Thompson and Heron 1954). On the other hand, small age-
appropriate challenges and enrichment appear to foster the 
development of EF. These small challenges can be presented 

through human interaction (Vaterlaws-Whiteside and Hart-
mann 2017) or be imposed by amount and type of maternal 
care (Bray et al. 2017a).

Training

Dogs experience a wide range of training during their devel-
opment. Some dogs kept as pets never experience any formal 
training, some get obedience training ranging from basic 
commands to a variety of elaborate tricks, and some train 
for agility or scent tracking with their owners. Working dogs 
undergo meticulous and standardised training procedures 
which will qualify them as scent detection, military or assis-
tance dogs, to name just a few. During basic obedience, or 
in more elaborate working roles, dogs must remember com-
mands, block out distractions, and adjust flexibly to chang-
ing circumstances. Using these EF skills during training is 
likely to affect EF development.

Effects of training amount and type

Training seems to have positive effects on inhibition, with 
multiple studies demonstrating a relationship between train-
ing level and inhibition, measured in behavioural tasks (Bar-
rera et al. 2018; Fagnani et al. 2016; Marshall-Pescini et al. 
2016) as well as via owner ratings (Vas et al. 2007). One of 
the behavioural measures used is the A-not-B task, which 
stems from early studies on object permanence in human 
children (Piaget 1954). It has been used in a variety of con-
texts with a variety of species including lizards (Szabo et al. 
2019), alpacas (Abramson et al. 2018), marmosets (Kis et al. 
2012), dogs (Barrera et al. 2018; Bray et al. 2014; Kelly 
et al. 2019) and cross-species comparisons (MacLean et al. 
2014). During the task, the subject sees one cup/location 
(location A), out of two or more, being repeatedly baited 
with food or a toy, and the subject can then retrieve the food/
toy from there. After a specified number of trials, the reward 
is placed in location A but then switched to a different cup/
location (location B) in full view of the subject. The sub-
ject is then allowed to retrieve the reward from location B 
(Fig. 2). If the subject approaches the previously rewarded 
location A instead of location B, a so-called A-not-B error is 
committed. Traditionally it has been argued that the A-not-B 
task is a measure of inhibition, as the subject must inhibit 
the previously rewarded and, therefore. pre-potent, motor 
response to retrieve the reward from cup B (Diamond 1985; 
Marcovitch and Zelazo 1999). It is also a form of reversal 
learning, in which the subject must switch response strate-
gies, which is a measure of CF. Furthermore, even though 
the subject can see the location being baited, the reward is 
typically out of sight (i.e. usually underneath a cup) when 
the subject makes its decision to approach, so it must also 
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use WM to keep the current reward location in mind (Espy 
et al. 1999) or via allocating attentional resources. All these 
are components of EFs.

In a study designed to investigate EF in dogs, Barrera 
et al. (2018) used the A-not-B task to compare performance 
of water rescue dogs to pet dogs. The water rescue dogs 
used in this study were not from a specific breeding stock, 
but, rather, were “family dogs that learn a specific social 
work” (Barrera et al. 2018), which made it possible to look 
at the effect of training, without the interference of other 
components such as heritability. Water rescue dogs com-
mitted fewer A-not-B errors than pet dogs. The authors 
concluded that water rescue dogs exhibited better inhibi-
tion than pet dogs and that the training these water rescue 
dogs went through during their development provided more 
opportunities to improve their inhibition. They compared 
their result to a study looking at performance in the A-not-
B task in pet dogs compared to shelter dogs (Fagnani et al. 
2016). Pet dogs outperformed shelter dogs in the A-not-B 
task. It is likely that shelter dogs are less comfortable around 
humans, as they have limited human interaction. Limited 
human contact might affect their motivation to participate. 
Training differences between the two groups are another 
potential influence.

Another behavioural task that aims to measure inhibition 
is the detour task. In a study on problem-solving ability in 
dogs of different training backgrounds and breed groups, 
Marshall-Pescini and colleagues (2016) used a detour fence 
task. A v-shaped fence made from wire mesh was placed in 
a room, with a toy placed at the inner side of the intersecting 
angle. The toy was pointed out to the dog through the wire 
mesh before it was brought to a starting point two metres 
away from the fence. The dog was released and had one 
minute to reach the toy. To get to the toy, the dog needed to 
inhibit going straight towards it, instead moving in a differ-
ent direction first. The subjects for this study were divided 
by breed group as well as training status, whereby trained 
meant competing in a sports discipline or certified working 
dogs and untrained meant no training or basic obedience. 

Most (71%; 42 out of 59) trained dogs successfully detoured 
within one minute and reached the toy, whereas only 45% 
(29 out of 64) of the untrained dogs were successful. When 
comparing only successful dogs, trained dogs were faster 
to reach the reward than untrained dogs. Trained dogs were 
exhibiting greater behavioural inhibition.

Next to behavioural tasks measuring inhibition, owner-
rated aspects of inhibition have been shown to be related to 
the level of training dogs had received. Vas and colleagues 
(2007) developed a scale to measure attention deficit hyper-
activity disorder (ADHD) like behaviours in dogs, using an 
established human ADHD questionnaire. In humans ADHD 
is known to be accompanied by an EF deficit (Eakin et al. 
2004; Martel et al. 2007; Toplak et al. 2008). Using factor 
analysis of the 13 items that were included in the question-
naire two main factors emerged, which the authors named 
‘inattention’ and ‘activity-impulsivity’. It can be argued that 
this questionnaire partly measures EF skills. The ‘activity-
impulsivity’ factor is likely to measure aspects of inhibi-
tion, as impulsive actions like lunging and pulling on the 
lead show a failure to inhibit motor responses when they are 
not appropriate. Additionally, as outlined above in humans 
ADHD is closely linked to deficits in inhibition (Nigg 2001). 
Similarly, the ‘inattention’ factor measures attention which 
is seen as a component of inhibition (Diamond 2013). To 
keep attention focused on a task or cue, diverting attention 
towards distractions in the environment must be inhibited.

The study (Vas et al. 2007) looked at the effect of training 
history on the dogs’ ADHD-like behaviour scores. Subjects 
were divided into three training groups—those that had par-
ticipated in a special training course (i.e. advanced), basic 
training course (i.e. beginners) or were untrained or trained 
at home (i.e. untrained). The ‘activity-impulsivity’ score was 
not affected by the dogs’ training level, but the ‘inattention’ 
score was associated with the level of training. Beginners 
and advanced dogs, who had experienced structured train-
ing, had lower ‘inattention’ scores than dogs that were not 
trained. It appears that training influenced inhibition in some 
contexts, but not in others. This difference between measures 

Fig. 2   A-not-B task. During A-trials, the dog sees location A being 
baited and is then released to make a choice for one of the locations. 
During B trials, the dog sees location A being baited. The bait is then 

removed, in full view of the dog, from location A and moved to loca-
tion B instead before the dog is released to make a choice for one of 
the locations
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of inhibition is in line with other research showing that dogs’ 
inhibition responses in different tasks are not correlated, so 
inhibition appears to be context dependent (Bray et al. 2014; 
Vernouillet et al. 2018).

A set of studies investigated attention and inhibition with 
behavioural tests, regarding level of training in the dogs. 
Chapagain and colleagues (2017) first calculated pet dogs’ 
(110 dogs of various breeds and 75 Border Collies), training 
score. Owners answered questions about the dog’s experi-
ence with 13 different types of training including basic obe-
dience and working dog training (e.g. puppy school, obedi-
ence, service dog training). To measure attentional capture 
and sustained attention, a toy was attached to the ceiling 
and could be moved with a string. The dog’s latency to look 
at the moving stimulus, as well as the duration of looking 
throughout the one-minute trial, were measured. In a social 
version of the task, an experimenter moved their arm up and 
down vertically, facing away from the dog to not establish 
eye contact, and the dog’s looking behaviours were recorded. 
Dogs with a higher training score looked at both stimuli, 
the social and non-social one, for longer in comparison to 
dogs with a lower training score (Chapagain et al. 2017). 
Sustaining attention to a stimulus is closely linked to cogni-
tive inhibition, as diverting attention to other stimuli must 
be inhibited.

In the same study, dogs’ selective attention was meas-
ured using a task in which dogs had to shift their attention 
from food that was being dropped to the floor to making 
eye contact with the experimenter (Chapagain et al. 2017). 
When eye contact was established the experimenter marked 
it with a clicker and dropped another piece of food to the 
floor. To be successful at this task dogs need to selectively 
switch their attention from the floor to the experimenter’s 
eyes while inhibiting searching the floor for food when eye 
contact was being established. This switching relies on CF 
and inhibition. A higher training score and experience with 
clicker training were associated with a shorter latency to 
re-establish eye contact, which means that dogs that experi-
enced more training throughout life were better at inhibiting 
searching for food on the floor and more quickly shifted 
their attention towards the experimenter. Border Collies and 
other dog breeds only differed in their latency to find food, 
not in any other measure of attention captured in this study 
(Chapagain et al. 2017). However, in a study using the same 
tasks in a group of border collies, with the same assessment 
of lifelong training score, no effect of training on any of the 
tasks was found (Wallis et al. 2014). Wallis and colleagues 
reported that the dogs in their study had participated in five 
different types of training on average. Hence, it is possible 
that the high training score masked any potential effects of 
training on performance.

Mongillo and colleagues (2016) examined the effects of 
training on attention using a ‘stay’ exercise in three different 

conditions. During the task, dog owners were asked to have 
their dogs stay in a desired posture for 30 s, stay in the pres-
ence of food for 30 s, and stay in the presence of a toy for 
30 s. Outcome measures were the time the dog stayed in the 
desired position, therefore, keeping the command to ‘stay’ 
active in WM and inhibiting the impulse to break the ‘stay’ 
command, as well as the time spent looking at the owner, 
thereby inhibiting the impulse to look at the distractor. Sub-
jects in this study were divided into three groups of different 
training levels. ‘Novice’ dogs had received no professional 
training, ‘intermediate’ dogs were receiving obedience train-
ing with a professional trainer at the time of testing, and 
‘expert’ dogs had completed an obedience course with a 
professional trainer. The amount of time dogs held the stay 
command in the no-distractor condition, meaning they kept 
the command in working memory and inhibited moving, was 
longer for expert than novice dogs, whereas the maintenance 
time was not significantly affected by training level in the 
food or the toy condition. When comparing the time dogs 
looked at their owner, expert dogs looked longer towards 
their owner than intermediate dogs, which looked longer at 
their owner than novice dogs. All dogs looked longer at their 
owner in the condition without food or toy, than with. This 
difference in performance suggests that higher training levels 
are associated with greater attention towards the owner and 
inhibition to look toward the distractor. Similarly, a large-
scale citizen study (Horschler et al. 2019) found that training 
history as reported by the owner was significantly positively 
related to an experimental measure of inhibition. The owner 
placed a treat in front of the dog with a verbal command for 
the dog not to take the treat. The latency for the dog to take 
the treat is a measure of inhibition. Dogs that received more 
training took longer to take the treat.

Inhibition seems to be positively influenced by training, 
with multiple studies demonstrating a relationship between 
training level and inhibition, measured in behavioural tasks 
(Barrera et al. 2018; Chapagain et al. 2017; Fagnani et al. 
2016; Horschler et al. 2019; Marshall-Pescini et al. 2016; 
Mongillo et al. 2016) as well as via owner ratings (Vas et al. 
2007). However, Wallis and colleagues (Wallis et al. 2014) 
did not find an effect of training. Additionally, looking at 
other EF skills, no effect of training on performance on 
an object discrimination task was found (Chapagain et al. 
2018b). The dog’s training score was calculated in the same 
way as in the previous studies, and the task included a touch-
screen apparatus, in which the dog needed to distinguish 
between positive and negative stimuli. Dogs had to remem-
ber the correct stimulus from the last trial when making 
a decision, which likely relies on WM. When switching 
from a wrong response to a different response option, dogs 
likely had to rely on CF. Dogs were trained on the task over 
multiple sessions, so it is possible that initial differences in 
WM and CF might have been masked. In a study comparing 
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pet dogs and detection dogs on an object-choice task with 
momentary cues, no difference in performance was found 
(Lazarowski et al. 2020). Furthermore, Horschler and col-
leagues (2019) also used a delayed memory task in their 
study, which is a measure of WM. No effect of training on 
performance was found.

Overall, training might have a positive effect on dogs’ 
inhibition, but the results are not clear. Less is known of the 
effects on CF and WM. More studies are needed that specifi-
cally aim to assess the relationship between a dog’s training 
experience and EF skills.

Effects of training method

Dog training methods might influence a dog’s EFs differ-
ently. Methods range from reward-based approaches to 
aversive-based approaches. Reward-based approaches aim 
at increasing desired behaviours by presenting pleasant 
stimuli when the behaviours are executed; stimuli used are 
normally food or praise. Conversely, pleasant stimuli are 
withheld if the dog executes undesired behaviours. Aver-
sive-based approaches, on the other hand, deliver unpleasant 
stimuli, such as scolding or physical pain, upon execution 
of undesired behaviours. Training methods sometimes com-
bine these approaches (Fernandes et al. 2017). Numerous 
studies have shown increased aggression in dogs trained 
with aversive-based training methods (Ziv 2017), but some 
methodological issues are pointed out by Fernandes and col-
leagues (2017).

Studies using owner reports of training methods and dog 
behaviour showed higher aggression and/or excitability 
with more punishment used (Arhant et al. 2010; Casey et al. 
2014) and lower aggression and/or over-excitement associ-
ated with reward-based methods (Herron et al. 2009; Hiby 
et al. 2004), although the direction of causality cannot be 
determined. Again, these studies do not focus specifically on 
dog EFs, but excitability might be a measure of inhibition, 
as dogs fail to inhibit inappropriate motor responses such as 
jumping up or pulling on the lead. Additionally, aggression 
has been shown to be linked to lowered inhibition in humans 
and other species (Fone and Porkess 2008; Homberg et al. 
2007; Kimonis et al. 2006; Poland et al. 2016; Sallinen et al. 
1998). Future studies should directly examine the effects of 
training methods on dog cognition and EFs.

Haverbeke and colleagues (2008) looked at team perfor-
mance in military working dogs and their handlers. They 
assessed the amount of reward- and aversive-based meth-
ods the handler used in an evaluation using obedience and 
protection work exercises. The distraction of the dog was 
measured by their head and body orientation, with head/
body orientation towards the handler indicating focus, and 
orientation in a different direction for more than 1 s consid-
ered to be indicative of distraction. Distracted dogs showed 

lower performance on the tasks, and lower performing dogs 
received more aversive stimuli. The direction of causality 
here is not clear, but it is possible that more aversive stimuli 
led to dogs being more distracted and hence performing 
worse. To keep the focus on the task and the handler, the 
dog needs to inhibit paying attention to distracting stimuli 
in the environment. The dog’s inhibition might have been 
compromised by receiving aversive stimuli. Future studies 
should aim at examining the relationship between aversive 
based training methods and dogs’ EF skills.

It appears that aversive-based training methods may 
impact dogs’ EFs, increasing aggression, distraction and 
excitability (i.e. lowering inhibition), although it will be 
necessary to investigate dogs’ EFs more directly when com-
paring them to the training method used. Ratings of dog 
behaviour by owners that use aversive or reward-based train-
ing methods might be biased towards their own preferred 
method of training. Administering laboratory tests designed 
to measure behaviours associated with inhibition (such as 
the A-not-B), WM (such as a delayed response test) and CF 
(such as reversal learning tests) to compare those to owner-
reported training methods will be more informative.

Housing

Dogs’ housing conditions vary immensely, from comfort-
able, environmentally enriched homes to kennels. Dogs are 
kept in kennels for a multitude of reasons. Animal shelters 
house abandoned, abused and stray animals. Assistance dogs 
are often housed in kennels when they are undergoing an 
intense training program, and other working dogs such as 
police or military dogs are often housed in kennels when not 
working. Dogs, mostly beagles, are bred and kept in labora-
tory kennels for research purposes. In these instances, dogs 
are often housed in kennels during developmentally impor-
tant early stages of life. Kennel environments are known to 
be noisy, impose spatial restrictions and offer little envi-
ronmental enrichment, and can, therefore, affect the dogs’ 
welfare (Gunter 2018; Polgar et al. 2019).

Udell and colleagues (2008) explored the performance of 
differently housed groups of dogs in the object-choice task. 
During the task, a momentary distal pointing cue was uti-
lised. As described above, in this test, a human points to one 
of two objects for a few seconds, before the cue is removed, 
and the dog is then allowed to make a choice. To follow the 
point, the dog must keep the direction in WM. When testing 
pet dogs and shelter dogs under the same conditions, indoors 
with an unfamiliar experimenter, shelter dogs failed to per-
form above chance level, whereas pet dogs did. Shelter dogs 
were strays before living in the shelter. It is unclear how long 
these dogs had been in the shelter and whether their devel-
opment was influenced by the shelter environment. Shelter 
dogs might have been affected by the human presence during 
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the tasks, as they are less likely to being used to human inter-
action. However, the authors mentioned that shelter dogs 
readily interacted with the experimenter and ate food out 
of the experimenter’s hand (Udell et al. 2008). The inferior 
performance of the shelter dogs, therefore, cannot be attrib-
uted to an unwillingness to interact with the experimenter. 
A reduced WM in shelter dogs, on the other hand, could 
explain their performance, but whether this can be explained 
by shelter housing remains to be investigated.

Similarly, pet dogs outperformed laboratory dogs 
(Lazarowski and Dorman 2015) on an object-choice task. 
Dogs were tested with two point-following tasks, a momen-
tary distal pointing cue, which requires WM, and a dynamic 
proximal pointing cue which is present while the dog makes 
its choice. The pet dogs followed the momentary pointing 
cue whereas laboratory dogs did not. However, laboratory 
dogs could follow the dynamic pointing cue. Laboratory 
dogs did not struggle to perform the mechanics of the task, 
demonstrating no deficits in motor function or motivation, 
but could not keep the communicated location in WM dur-
ing the momentary pointing trials. The research dogs were 
born and raised in research kennels throughout their entire 
development, with some enrichment provided, such as tiered 
pens, play objects and daily interaction with humans for 
husbandry and veterinary purposes. Pet dogs had lived in a 
human home for at least one year. The kennel housing might, 
therefore, have affected the laboratory and shelter dogs’ EFs, 
specifically their WM measured in these tasks.

When a series of inhibition tasks was administered to sled 
dogs (Huskies) and pet dogs (various and mixed breeds), 
some differences in performance became apparent (Kelly 
et al. 2019). The traditional A-not-B task (Fig. 2), an A-not-
B Barrier task and the Cylinder task were used in this study. 
As described above, the A-not-B task is a measure of EFs, 
specifically, behavioural inhibition and CF, during which 
the subject must inhibit approaching a previously rewarded 
location in favour of a new location. The barrier version of 
this task features a barrier which blocks access to a food 
reward, with a gap either left or right of it. Instead of the 
location of the food, the location of the gap is altered. The 
cylinder task is another classic task that aims to measure 
inhibition (Bray et al. 2014; Langbein 2018; MacLean et al. 
2014). A food reward is placed in an opaque cylinder and 
subjects learn to approach the reward from the side of the 
cylinder. Then, a food reward is placed in a transparent, but 
otherwise identical, cylinder and is, therefore, visible for 
the subject. To get to the food, the subject needs to inhibit 
going straight for it but must detour to the side opening of 
the cylinder. In the A-not-B task, sled dogs chose the pre-
viously rewarded location more often, exhibiting a strong 
A-not-B error (Kelly et al. 2019). The groups did not differ 
in other tasks. Sled dogs had been living with the owner of 
the racing kennel since they were under 1 year old. They 

were training and racing, suggesting they were sufficiently 
exercised. However, they were housed in kennels when not 
training, individually or in pairs of two. Pet dogs were living 
in family homes. Kennel housing may have a negative effect 
on dogs’ inhibition, at least in some contexts, although many 
other possible explanations, like heritability and differences 
in breed and age, require further investigation.

When investigating the impact of housing conditions of 
guide dog candidates, Harvey and colleagues (2016) devel-
oped the Puppy Walker Questionnaire (PWQ) mentioned 
above. Amongst other things, this questionnaire measures 
distractibility and excitability. Both of those measures might 
be indicative of the dog’s inhibition. The more children that 
were living in the household, the more excitable and distract-
ible the dogs were, which might be related to less inhibition 
in those dogs. Additionally, if the puppy walker had previous 
experience in raising an assistance dog, the dogs were less 
distractible, possibly indicating better inhibition.

Kennel housing appears to have detrimental effects on 
EFs of dogs living in shelters, laboratories and working 
dog facilities (Kelly et al. 2019; Lazarowski and Dorman 
2015; Lefebvre et al. 2007; Udell et al. 2008, 2010). This 
effect on EF might influence adoption rates or success in a 
working role. Nonetheless, kennel housing for stray or work-
ing dogs cannot always be avoided, so it will be useful to 
design studies that investigate the effect of kennel housing 
on EFs in more detail. Social and non-social enrichment in 
kennelled dogs is well known to improve dog welfare and 
behaviour (Schipper et al. 2008; Wells 2004). However, to 
our knowledge, less is known about the effects of enrichment 
on kennelled dogs’ cognitive traits. Disentangling how social 
isolation, lack of exercise, lack of human contact and noise 
levels affect EFs could lead to more tailored interventions 
and enrichment to mitigate these effects.

Stress—a potential mediating factor

When thinking about possible common factors of experi-
ences that are associated with reduced EF, stress comes to 
mind. Stress is known to affect EF skills in humans. Dia-
mond (2013) lists negative influences on EF performance, 
namely stress, sadness, loneliness and sleep deprivation. 
When examining the influences that negatively impact the 
development of dogs’ EF discussed throughout this review—
negative early experiences, aversive training methods, and 
kennel housing with lack of social or physical enrichment—
stress could be the mediating factor. It is possible that all 
of these induce some form of stress in the developing dog. 
Dogs from strenuous breeding conditions show signs of poor 
welfare (Sonntag and Overall 2014), as do dogs trained with 
aversive methods (Haverbeke et al. 2008). Kennel housing is 
known to induce stress (Polgar et al. 2019) through factors 
including social isolation, lack of enrichment, and noise level 
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(Coppola et al. 2006; Overall et al. 2019). More research is 
needed to investigate the relationship between environmental 
factors that induce stress and EF development.

Limitations and future directions

Some of the studies using behavioural tests discussed in 
this review that were designed to measured aspects of EF 
and cognition, give us a good idea about the experiential 
influences on EF development in dogs (Barrera et al. 2018; 
Bray et al. 2017a; Chapagain et al. 2018b; Fagnani et al. 
2016; Fuller 1966; Horschler et al. 2019; Kelly et al. 2019; 
Marshall-Pescini et al. 2016; Thompson and Heron 1954). 
Other behavioural tests still provide valuable informa-
tion, but the influence of EF skills on performance is less 
clear. Ontogenetic and other factors have been shown to be 
important for performance in the object-choice task (Oliva 
et al. 2015; Udell et al. 2010). However, they are likely to 
also measure at least some aspect of WM or attention in 
the context of social communication. This is especially true 
when comparing a dynamic cue which is perceptually pre-
sent when the dog approaches the object, with a momentary 
cue which is no longer perceptually present when the dog 
approaches (Lazarowski and Dorman 2015; Lazarowski 
et al. 2020; Udell et al. 2008, 2010; Zaine et al. 2015). More 
studies are needed to investigate the experiential influences 
on WM more broadly, without the use of human social 
communication.

Some studies have shown a link between owner-rated 
impulsivity and cognitive tasks measuring inhibition in 
dogs (Brady et al. 2018; Bunford et al. 2019; Wright et al. 
2012), while others did not detect such a link (Brucks et al. 
2017; Mongillo et al. 2019). To our knowledge, there are 
no published studies whose stated aim was to examine the 
relationship of other behavioural traits, like aggression or 
excitability, to EF skills in dogs. Conclusions drawn in this 
review about possible relationships of these behavioural 
traits with EF skills must, therefore, be handled cautiously. 
Given the well-documented link of behavioural traits in 
humans (Alloway et al. 2009a; Gathercole et al. 2008; Kimo-
nis et al. 2006; Poland et al. 2016), as well as other species 
(Homberg et al. 2007; Sallinen et al. 1998), to EF skills, 
it seems likely that other behavioural traits are also linked 
to EFs in dogs. Studies comparing owner-rated behavioural 
traits of dogs with the dogs’ performance in cognitive tests 
will be important to further our understanding of how EFs 
present in dogs.

Some studies included a comparison of behaviour in 
the presence of humans between dogs that experienced 
vastly different socialisation to humans throughout their 
lives (Barrera et al. 2018; Fagnani et al. 2016; Kelly et al. 

2019; Lazarowski and Dorman 2015; Udell et al. 2008, 
2010; Zaine et al. 2015). Dogs that are more accustomed 
to the presence of humans might be more comfortable and 
more likely to engage in the task. Dogs living as pets are 
more likely to be well socialised with humans, although 
there might be vast differences in the level of socialisa-
tion between different pet dogs. Dogs living in shelters, 
laboratories and as working dogs might experience a wide 
range of socialisation with humans. For example, some 
working dogs might be highly socialised (e.g. guide dogs) 
while other working dogs might be less socialised (e.g. 
military dogs). However, studies using the object-choice 
task comparing dogs from different populations found that 
less socialised dogs nevertheless succeeded in the easier 
version of the task, suggesting dogs were not too fearful 
to participate. The situation could have been perceived as 
stressful by the dogs and, therefore, affected expression 
of EFs (Lazarowski and Dorman 2015; Udell et al. 2008, 
2010; Zaine et al. 2015). To clarify the effect of human 
presence on behaviour and performance, development of 
EF tasks that can be administered remotely, without the 
presence of humans, will be valuable.

Conclusions

A dog’s upbringing, housing and training experiences are 
all likely to impact EF-related task performance. Strenu-
ous conditions without appropriate stimulation, be it dur-
ing early life, housing or training, might be detrimental to 
dogs’ regulation of behaviour and might produce aggres-
sive, distracted, and excitable dogs. On the other hand, 
small age-appropriate challenges throughout life might 
foster EF development. Given that regulation of behaviour, 
a key aspect of EFs seems to be crucial for dogs’ success-
ful integration into human society, in pet or working roles, 
we should strive to better understand how the experiences 
we expose dogs to shapes their EF skills. Furthermore, 
research into interventions designed to enhance EF skills 
could prove beneficial for dogs with low EF skills, which 
are potentially caused, or exacerbated, by strenuous con-
ditions. Increasing our understanding of what influences 
dog EFs may help us improve training, housing, or other 
practices, which can make dogs reach the full potential of 
their EF skills. Future studies should aim to specifically 
examine environmental influences on EFs. While results 
from studies using scales that assess ADHD-like symp-
toms (Vas et al. 2007) and problematic behaviours (Hsu 
and Serpell 2003) are useful in getting an idea about dogs’ 
EFs, a scale that aims to assess dogs’ full range of EF 
skills, not only pathological features, would be a good first 
step to measure EF and influences on EF on a larger scale.
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