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A B S T R A C T

Working dogs are used for a range of important operational tasks. Identifying potentially successful working
dogs as early as possible is important as rejection rates are high and training is costly. Earlier research has mainly
concentrated on personality traits such as boldness, and there is only little knowledge on the possible association
between cognitive traits and the actual working dog performance. This study investigated whether motor in-
hibition, persistence, problem-solving strategies, and spatial problem-solving are associated with explosive de-
tection success in specially trained police dogs. Dogs (N = 24) were tested with a cognitive test battery, and
subsequently they participated in an explosive detection test. The explosive searching situation and the location
of the test was such that it would reflect as much as possible a real-life situation. Canine handlers also filled in a
questionnaire regarding their dog’s working behaviour. We found that those dogs that were more successful in
explosive detection task had better motor inhibition in a cylinder task compared to dogs with lower success in an
explosive search task. Furthermore, we found that dogs that made more errors in the cylinder task were gen-
erally more likely to give up searching sooner, as reported by their handlers, and also abandon sooner the
problem-solving task in behavioural test. This study suggests that inhibitory control, specifically motor inhibi-
tion, may be an important aspect to consider when selecting suitable dogs for explosive detection tasks. Cylinder
task is an easy and quick way to assess inhibitory control, although a larger dataset is needed to verify its
association with working performance.

1. Introduction

Stable individual differences in cognitive abilities are found in hu-
mans (Corr, 2010), and have also been documented in nonhuman an-
imals in recent years (Corr, 2010; Griffin et al., 2015; Brucks et al.,
2017). Cognitive abilities, such as behavioural inhibition, associative
learning, problem-solving, and attention are important traits for aca-
demic success in humans (Moffitt et al., 2011), but little is known of the
consequences of cognitive variation for canine working success. Several
studies have focused on identifying potentially successful working dogs
as early as possible because all forms of dog training (e.g. military,
guide, police, assistance dog, drug detection, explosive detection) are
costly (Wilsson and Sundgren, 1998; Sinn et al., 2010; Tomkins et al.,
2011). At the moment rejection rates in training programmes can be as
high as 46–50 % (Ennik et al., 2006). The majority of studies, and
personality test batteries used in the selection process for working dog
training, focus on testing personality traits such as shyness - boldness,

trainability, activity, aggression and sociability. The significance of
cognitive traits in dogs in relation to working dog success has been
assessed, to our knowledge, only in two studies. In guide dogs, the
authors found that both the personality (temperament) and the pro-
blem-solving traits were important in determining the success in guide
dog program (Bray et al., 2017). In a more recent study, the likelihood
of engaging in eye contact with the experimenter was found to be im-
portant for the success in assistance dog (MacLean and Hare, 2018). For
the explosive search dogs, instead, the researchers found that traits such
as a short-term memory and the sensitivity to human communicative
signals were important (MacLean and Hare, 2018). However, in their
study, their assessment of the “success” in explosive search was based
on the trainer’s opinion from these dogs from the training period.

In the current study, we developed a short cognitive test battery
(approximately 20 min/ dog) including tests measuring dog’s inhibitory
control, persistence, problem-solving strategy, and spatial problem-
solving, and measured the dog’s success in explosive search. In
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addition, we asked handlers opinion on their dogs general working
performance. The explosive searching success of police dogs was de-
termined using a two-day searching test, which very closely mimics real
explosive searching situation.

Inhibitory control, a major part of self-control, is the ability to in-
hibit prepotent or impulsive, but ultimately counterproductive beha-
viour (de Ridder et al., 2011d). In animals, inhibitory control is ne-
cessary, for example in cooperative hunting or when living as a
subordinate member in a hierarchical group (Marshall-Pescini et al.,
2015). The ability to know when to hold back, and when to join in
cooperative group hunting, may be an important factor for the success
of the hunt (Marshall-Pescini et al., 2015). Inhibitory control has been
measured in humans, as well as in many animal species, dogs included
(Verbruggen, 2009; Maclean et al., 2014; Mayack and Naug, 2015).
Poor inhibitory or self-control has been shown to be associated with
poorer cognitive performance both in dogs (Müller et al., 2015) and in
humans (Duckworth, 2015). Inhibitory control can also be observed as
an activity in the same brain areas (frontal brain region) in humans and
in dogs (Cook et al., 2016). In dogs, impulsivity has been shown to be a
stable trait over time (Riemer et al., 2014). High impulsivity may
predict behaviour problems in dogs (Wright et al., 2012) and increase
the risk of externalizing disorders in humans. Individuals with good
self-control can better regulate their behavioural, emotional, and at-
tentional impulses compared to more impulsive individuals (Duckworth
and Kern, 2011).

Several tasks have been used to measure inhibitory control in ani-
mals. Majority of these tasks do not correlate with each other, and those
seem to reflect different aspects of inhibitory control (Brucks et al.,
2017; Vernouillet et al., 2018). Impulsivity is a complex trait, which is
divided into two overlapping concepts: impulsive choice and impulsive
action (Diergaarde, 2008). In this study, we chose to measure impulsive
action using the cylinder task (Bray et al., 2014). Cylinder task was
chosen as we wanted a method, which has been used in variety of
species (Maclean et al., 2014), and most importantly, does not need
lengthy training period. Any task that requires lengthy pre-learning
periods, may actually accidentally exclude the most impulsive in-
dividuals, as the poor impulse control most likely slows down the
learning process. V-detour task has been suggested to measure spatial
problem-solving ability, but also inhibitory control (Marshall-Pescini
et al., 2015) and this task was also included in the cognitive test battery.
In the V-detour-task, the dogs are required to walk away from the food
reward and first make a detour around a V-shaped fence to reach a
reward (Brucks et al., 2017).

In addition to good inhibitory control, traits most likely important
for an explosive search dog are the ability to work and solve problems
independently and persistently. However, the dog also needs to be
guided and controlled during search, and thus complete independency,
as a problem-solving strategy, might not be optimal. An “impossible” or
“unsolvable task” has frequently been used with dogs to test the dog’s
tendency to seek help or look back towards humans (Miklósi et al.,
2003). In this type of task, dogs are confronted with a box, which is easy
to open at first, but which finally becomes impossible to open. Dogs
vary a great deal in the main strategy they use to try to open the box;
some are independent while others are quick to seek help from humans
by gazing in their direction. The time spent gazing towards humans for
help has been found to have a relatively large heritable component (h2

0.37) (Persson et al., 2015), and several loci through GWAS (Genome-
Wide Association) studies have also been indicated for this behaviour
(Persson et al., 2016). An independent problem-solving strategy has
been interpreted as persistence in a recent study, where wolves were
suggested to be more persistent compared to dogs when tackling an
unsolvable task (Marshall-Pescini et al., 2017). Persistence is a trait that
is highly associated with good self-control and with a conscientiousness
personality trait in humans, especially in children (Caspi et al., 2005).
Generally more studied in humans (Baer et al., 2015), persistence has
only recently raised interest in canine studies (Dalal and Hall, 2019).

Persistence is most likely a trait that varies tremendously between in-
dividuals as well as between dog breeds, yet a methodology for reliably
testing persistence in dogs is lacking.

The aim of the study was to explore the possible association of
cognitive traits with explosive search performance in police dogs. More
specifically, this study investigates whether the individual variation in
the canine cognitive traits of inhibitory control, persistence, problem-
solving strategy, and spatial problem-solving correlate with work per-
formance in Finnish police dogs specifically trained for explosive de-
tection. Cognitive traits will be assessed using a short cognitive test
battery, and working success is evaluated with a separate explosive
searching task. Our hypothesis is that more persistent dogs with good
inhibitory control perform better in the explosive detection task.

2. Materials and methods

A total of 24 trained and healthy Finnish police explosive search
dogs participated in the study. The age of the dogs varied between 12
and 112 months (mean age 58 months), and they represented five
breeds (eleven Belgian Shepherd Malinois, eight German Shepherds,
three Labrador retrievers, one English springer spaniel and one Dutch
Shepherd mix). Only two of the tested dogs were females. 18 dogs were
dual purpose dogs (i.e dogs trained both for explosive detection and
attack / protection) and only five dogs were single purpose dogs
(trained only for explosive detection).

All of the dogs were first tested with a short cognitive test battery,
which was conducted for 23 dogs at the Finnish Police Dog Training
Center (Hämeenlinna), and for one dog in Vantaa. Police dog handlers
also filled in a questionnaire on the dog’s daily routines, performance in
searching in actual work, arrival age, amount of weekly training,
handler experience etc. (question in detail in Supplementary file 1).
Finally, all dogs participated in annual qualification test to monitor
each dog’s explosive searching abilities.

2.1. Behavioural test

Each dog was assessed using a short cognitive test battery including
a cylinder test, a V-detour and an unsolvable task. Food (sausage,
1.5 cm × 1.5 cm) was used as reward in each task. The dog was re-
leased into the test room, and was allowed freely to explore the room
(approximately 5 min) while the handler filled out the dog’s informa-
tion sheet. During the test, only the experimenter (KT), dog handler and
a dog were present in the room.

2.2. Behavioural test - cylinder task

In the cylinder task, the dogs are first trained to retrieve a reward
out of an opaque cylinder, which is open on both ends. After several
training trials, the cylinder is made transparent, and the dogs could see
the reward inside. To get access to the reward they need to go to the
sides of the cylinder and inhibit reaching for the reward directly (by
touching the glass). Cylinder test was done according to Bray et al.
(2014), however, the major difference in the methods was, that the dog
saw the food entering the cylinder, both in the learning and in the test
phases. In the learning phase, the dog is taught that the opaque cylinder
contains food, and that the dog is able to get the food from the open end
of the cylinder (25 cm wide, with 20 cm opening) (Fig. 1a). The subject
is called by its name to get its attention, and food is shown to the dog,
and then placed into the cylinder. The experimenter then gives the
permission to the handler to release the dog. In both the learning and
the test phase the dog is released from 180 cm distance from the cy-
linder, and the dog sees the food entering the cylinder. The criteria for
successful learning was 4 correct attempts (taking food without
touching the cylinder) out of 5 trials, where the maximum trials in the
learning phase was set to 15. Only one dog (Malinois) did not pass the
learning phase, and was thus excluded from the analysis of cylinder
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test. After successful learning, the cylinder is made transparent, and
consequently, the dogs can see the reward inside (Fig. 1b). In the actual
test phase, the food was placed inside the transparent cylinder ten
consequent times, and the dog’s success and errors were counted. An
error occurred when the dog attempted to reach the food directly
through the plexiglass (i.e.by touching the glass with either its paw(s)
or nose), which is considered to reflect poor inhibitory control. Success
in this task varied from 0 % (errors in all ten trials) to 100 % (no errors
made in ten trials).

2.3. Behavioural test - V-detour

In the V-detour task (Pongrácz, 2001), the dog was allowed to see
when the food was placed inside a V-shaped fence, into the narrow end
of the V-detour. The length of both sides was180 cm, and height of the
fence was 69 cm, and dog could see the food through the fence (Fig. 1c).
The experimenter places the food by leaning over the fence (i.e. not
going inside the fence). Immediately after the placement of food inside
the fence the dog was released from approximately 40 cm distance from
the narrow end of fence. The experimenter stands beside the fence fa-
cing the fence (Fig. 1 c). To successfully reach the food, the dog has to
move further away from the food, and make a detour successfully to
reach the food. It has been suggested that individuals with lower in-
hibitory control will be unable to fight their desire to head straight for
the food, an unproductive choice that results in more time elapsing
before they ultimately reach the treat (Marshall-Pescini et al.,
2015).The time it took for the dog to reach the food inside the V-detour
at the first attempt was measured (Bray et al., 2015), keeping the
maximum time to three minutes. There was only one trial for each dog.

2.4. Behavioural test - impossible task

Finally, the dogs were tested with the impossible task paradigm,
whereby the methodology is followed according to previous studies
(Miklósi et al., 2003). In this task, the dog is initially confronted with an
easy problem-solving task (removing a piece of sausage from a trans-
parent plastic box three times). In the first three trials, the lid of the box
is not locked on its bottom, and therefore is easy to push aside and
reach the food. On the fourth occasion, the task looks similar, but the
lid of the box is now locked to the bottom, and impossible to open
(Fig. 1 d). Also, the amount of sausage inside is 10 pieces (in the
training trials it is one piece) to ensure the motivation in the task.
During the subsequent two-minute period, three categories of beha-
viours were measured: 1) the time that the dog spends manipulating the
box with its nose or paw(s), (i.e. independent strategy, previously in-
terpreted as persistence in Marshall-Pescini et al. (2017); 2) the time
spent looking at the tester / handler OR looking back and forth between
the tester / handler and the task OR trying some other previously
learned tasks, such as lying/sitting AND looking either tester / handler
or the box (i.e. human-dependent strategy); and 3) abandoning the task
– sniffing the ground, running around, exploring the room, not focusing
on either the humans or the box (i.e. giving up, negatively correlated
with persistence). We calculated the seconds for each of the three be-
haviours during the two-minute period, and the percentage of each
three behaviours was subsequently used in the analysis.

2.5. Qualification test

Finally, all of the dogs participated in an annual explosive search
test, which is an official test of Finnish Police to monitor each dog’s
explosive searching abilities. This qualification test was planned and
evaluated by the teacher at the Finnish Police Dog Training Center
(AT). This annual qualification test was conducted two months after the
cognitive testing, and included 12 different explosives hidden in two
large buildings (local school). The search test in these two locations was
divided into two separate days. The searching situation and location

Fig. 1. a) Non-transparent (learning phase) and b) transparent cylinder (test
phase) measuring inhibitory control, and the testers position during in the task,
c) V-detour and d) closed impossible task box, at the second phase of the test.
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was such that it would reflect as much as possible a real-life situation.
The dog needed to find at least eight of the 12 explosives in order to
continue working as an explosive detection dog. Success in the test was
rated based on the number of found explosives (numerical value ran-
ging from 0 to 12). Also “false positives” were recorded (false posi-
tive = dog clearly indicates that it found an explosive, handler ap-
proves dog’s signalling, but there is no explosive at that location).

2.6. Questionnaire

Police dog handlers were asked to complete a questionnaire prior to
the annual qualification test. The questionnaire included questions on
the dog’s daily routine, background, training, general working perfor-
mance and behaviour (Supplementary file 1). Specifically, we were
interested on how does the owner perceive the dog’s working abilities
(persistence, independence, ability to guide the dogs search, asking for
help, and giving up). Also, we asked owner evaluation on the dog’s
sociability (friendliness), sudden aggressive behaviour, ability to calm
down, and police-car related stress behaviour. Part of the questions in
the questionnaire were derived and modified to suit for search task
from an earlier published questionnaire (Wright et al., 2011; Tiira and
Lohi, 2014).

We were interested to find out whether any of the measured vari-
ables in the behavioural test, or in the questionnaire were associated
with success in the explosive search test.

2.7. Statistical analysis

We used Spearman’s Correlation Coefficient to analyse the correla-
tion between success in the explosive search task, the behavioural test
variables and the questionnaire variables, as the data was not normally
distributed. Correction for multiple testing was done using Benjamini-
Hochberg procedure (Benjamini, 1995) using a critical value for dis-
covery rate as 0.10. Corrected values are presented. The difference
between two breeds in cylinder task and in search success was analysed
using Mann-Whitney U test, as the data was not normally distributed.
All analysis was done using IBM SPSS statistics version 25, and nor-
mality of the data was checked using Shapiro-Wilk test.

3. Results

A total of 23 dogs participated in the behavioural test battery, 25
into the qualification test and 23 handlers answered the questionnaire.
The number of dogs that we had data from both behavioural test bat-
tery and qualification test was 23. However, one dog was left out from
the analysis of the cylinder task, due to not learning the first cylinder
phase, thus leaving the sample size for the cylinder task analysis
N = 22. In addition, in the impossible task, six dogs broke the plastic
box before 2 min period ended, and thus reached the food. As we do not
have the data from the whole 2 min period, we felt that it was safe to
exclude all these individuals from the later analysis of the impossible
task, thus leaving the sample size for the impossible task as 17. The
mean values for variables investigated are presented in the Table 1. In
two occasions at the qualification test, the dogs’ performance was in-
terrupted by the handler or the judge (as the dog was unable to con-
centrate on searching). These dogs were included in the analysis and
the number of found explosives was set 0 for these dogs.

Success in the cylinder task was the only factor that was sig-
nificantly associated with success in the explosive search task. Dogs that
had a high success rate in explosive detection had fewer errors in the
cylinder task compared to dogs with a low success rate (Spearman’s
correlation coefficient rs = 0.466, P = 0.033, N = 22, Fig. 2). The
percentage that each dog spent on using different problem-solving
strategies (independent, human-dependent or abandoning the task,
giving up), was not associated with the search task success (Table 2a).
The search task success was not associated with the time taken to solve

the V-detour either (Table 2a). The handler’s assessment of the dog’s
general working abilities (persistence, giving up, controllable, asking
for help) was not associated with success in explosive searching
(Table 2b). However, the number of errors (false positives) in the ex-
plosive search task was associated with the handler’s evaluation on the
dog’s persistence (rs = 0.460, P = 0.030, N = 23), where dogs eval-
uated by their handlers as more persistent also made more errors in the
explosive search task. Everyday routine variables (i.e amount of
training, daily exercise) or age were not associated with success in the
search task (Table 2c).

There were, however, several significant correlations between
owner assessment of a dog’s working abilities and behavioural test
variables. Those dogs that made more errors in the cylinder task tended
to be evaluated by their handlers as giving up sooner in the explosive
search (rs = -0.446, P = 0.053, N = 21), and these dogs also aban-
doned the impossible task box more easily (rs = -0.518, P = 0.040,
N = 16), thus being less persistent. Dogs that abandoned the impossible
task box for longer periods, were also estimated to give up easily during
the search by their handlers (rs = 0.515, P = 0.044, N = 16).
Furthermore, the time that the dog spent trying to open the box (in-
dependent strategy) was positively associated with the handler-eval-
uated tendency to give up during the explosives search (rs = 0.595,
P = 0.019, N = 16). Moreover, human-associated strategy was nega-
tively correlated with handler-evaluated tendency to give up during a
search; human-oriented dogs were evaluated as less likely to give up (rs

= -0.766, P = 0.007, N = 16).
Several handler-evaluated traits in the questionnaire were also

correlated with each other. Dogs that were trained less (per week) were
also evaluated to be more likely to give up during a search (rs = -0.710,
P = 0.004, N = 23). Dogs asking more help (handler-evaluated trait)
had difficulties in calming down at home (rs = -0.448, P = 0.037,
N = 23), were more likely to give up during search (rs = 0.428,
P = 0.048, N = 23), and had more aggressive behaviour (rs = 0.467,
P = 0.023, N = 23). Dogs that were evaluated as being more persistent
in search were also evaluated to be easily controlled during search
(rs = 0.576, P = 0.01, N = 23).

We also observed breed differences in the cylinder task; Malinois
(N = 10) made fewer errors compared to German Shepherds (N = 6)
(Mann-Whitney U test, P = 0.015). There was also a tendency for
Malinois to experience better success in explosive detection (Mann-
Whitney U test, P = 0.056), and to do less errors (false positives) during
the explosive search test (Mann-Whitney U test, P = 0.020). As the
sample size of other breeds was very small (1–3 dogs) we left these
breeds out from the analysis.

Table 1
Descriptive statistics (sample size, mean and standard deviation) of the vari-
ables in explosive qualification task, behavioural test and questionnaire.

Variable N Mean SD

Found explosives (qualification task) 25 8.40 2.86
False positives (qualification task) 25 1.36 1.22
Cylinder, % (Behavioural test) 22 66.80 23.10
V detour, s (Behavioural test) 23 31.26 39.80
Independent strategy, %(Impossible task, behavioural test) 17 45.08 28.65
Owner dependent strategy, % (Impossible task, behavioural

test)
17 43.79 33.10

Abandoning the box %(Impossible task, behavioural test) 17 11.03 19.79
Dogs persistency at work (Questionnaire, 1–5) 23 3.74 0.69
Dogs tendency to ask for help (Questionnaire, 1–5) 23 2.61 1.08
Dogs tendency to give up (Questionnaire, 1–5) 23 2.30 1.15
How easy it is to control the dog during search

(Questionnaire, 1–5)
23 4.10 0.79

Friendliness (Questionnaire, 1–5) 23 3.57 1.24
Ability to calm down (Questionnaire, 1–5) 23 4.30 1.11
Stress in the police car (Questionnaire, 1–5) 23 2.95 1.63
Sudden aggression (Questionnaire, 1–5) 21 2.00 1.21

K. Tiira, et al. Applied Animal Behaviour Science 224 (2020) 104942

4



4. Discussion

Self-control has been among the most widely studied subjects in
human social sciences in recent decades (Duckworth, 2015). In humans,
good self-control is associated with lifelong benefits in several areas of
life (Moffitt et al., 2011), but little is known about the performance of
dogs with variable inhibitory control. We found that explosive detec-
tion dogs with good inhibitory control, (fewer errors in the cylinder
task), were more successful in explosive detection, as expected, and
were also evaluated by their handlers as being more persistent in
general when it came to search tasks. This is the first time that an as-
sociation has been found between working dog success and inhibitory
control with dogs. A recent study, that also investigated the association
between cognitive traits and explosive search success, did not find any
association between the cylinder task and dog’s performance (MacLean
and Hare, 2018). As a measure of dog’s performance, the authors used
“various training and performance-related records” which were ob-
tained from the dog trainers (MacLean and Hare, 2018). Our measure of
dog’s working performance was resembling as closely as possible the
real-life situation of an explosive search dog. In general, we feel that the
studies investigating the working dog “performance” should have more
accurate measures of performance, that reflect the actual working
success, and not the trainability of the dog.

Moreover, there is most likely a large difference between the dif-
ferent types of dogs (pet and police dogs) and different breeds in the

performance in the cylinder task. The average cylinder task success in
the current study with police dogs was 66.8 %, while in the earlier
studies with pet dogs, the average success was 82 % (Vernouillet et al.,
2018) or even 95 % (Marshall-Pescini et al., 2015). This is not an un-
expected finding, as pet dogs that are very impulsive, are most likely
difficult to handle by ordinary dog owners. General pet dog breeding
most likely aims (intentionally or unintentionally) towards dogs with
good inhibitory control, whereas in many working dogs, fast reactions
and high arousal is needed. In dogs, inhibitory control most likely has a
heritable component (Fadel et al., 2016), but it is also context depen-
dent and can be affected by training and experience (Glady et al.,
2012). It may be that active working dog breeds have lower inhibitory
control compared to pet dogs due to selective breeding.

Many dog breeds are clearly divided into two separate breeding
lines, whereby in work-line breeding, the major breeding criterion is
success in actual work (police, customs, hunting etc.) or success in
working dog competitions. The police dogs used in the current study
originate from these working lines. Correspondingly, in show-line
breeding, appearance and success in dog shows are the most important
criteria for breeding, and most pet dogs belong to the show-line.
Selection in working dog breeding lines has favoured impulsive beha-
viour (Fadel et al., 2016), as well as hyperactivity (Foyer et al., 2014).
An easily aroused dog, which behaves without hesitation, is most likely
easier to train for tasks that demand risky behaviour, such as protection
or certain hunting tasks (e.g. cave hunting dogs, which must confront a

Fig. 2. Scatter plot showing the association between cylinder task success (%), which measures self-control, and the number of explosives detected by the dogs during
the search task (N = 22, two dots are overlapping with other dots).

Table 2
The detailed results of the correlation analysis (N, rs, P-value) between success in explosive qualification task and a) cognitive test battery, b) handler’s
assessment of their dogs working abilities and c) everyday routine variables.

N rs P-value

a) Success in explosive search and cognitive test battery
Independent strategy, % (Impossible task, behavioural test) 17 0.191 0.463
Owner dependent strategy, % (Impossible task, behavioural test) 17 −0.018 0.945
Abandoning the box % (Impossible task, behavioural test) 17 −0.074 0.778
V-fence 23 0.091 0.681
a) Success in explosive search and handler’s assessment

Dogs persistency at work (Questionnaire) 23 −0.056 0.800
Dogs tendency to ask for help (Questionnaire) 23 −0.385 0.059*
Dogs tendency to give up (Questionnaire) 23 0.015 0.945
How easy it is to control the dog during search (Questionnaire) 23 0.043 0.846
a) Success in explosive search and everyday routine

Amount of training (Questionnaire) 23 −0.177 0.419
Daily training (Questionnaire) 23 0.041 0.853
Age of the dog (Questionnaire) 23 0.309 0.151

* after Benjamini-Hochberg correction.
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much larger animal in a confined space) (Brady et al., 2018). Hyper-
active-impulsive dogs also seem to have a higher reward responsiveness
(Gerencser et al., 2018), which is a very useful trait in dog training. The
most popular police dog and working dog breeds (working line), Bel-
gium Shepherd Malinois and German Shepherd, may thus have a lower
inhibitory control compared to pet dogs due to selective breeding. This,
however, needs to be verified in larger study, comparing breed averages
in cognitive tasks.

Low inhibitory control is most likely very suitable for protection and
attack, however, may not be ideal for longer working tasks, which
demand stamina and the ability to work with a lower arousal level, as
the results of the current study suggests. Also, highly aroused dogs pant
more than calm dogs, and as olfaction and panting have an inverse
relationship (Jenkins et al., 2018), panting due to high arousal may
reduce the ability to smell. Moreover, in an earlier study, the canine
problem-solving ability was shown to be worse in dogs, with low in-
hibitory control, compared with dogs with better inhibitory control
(Müller et al., 2015). Defects to inhibit impulsive actions may also
worsen the ability to concentrate on the odour related task in the
qualification task.

In all, we suggest that breeds vary in their inhibitory control, and we
have either intentionally or unintentionally bred dogs / breeds having
different inhibitory control levels. Low inhibitory control may be ben-
eficial for several working dog tasks such as protection, however, it may
not be optimal for pet dogs, or longer working tasks which demand
lower arousal level and good self-control.

Inhibitory control has been measured in humans (Duckworth and
Kern, 2011) as well as in dogs (Brucks et al., 2017) using various ap-
proaches (behavioural tests, questionnaires). In both species the main
finding has been that the different measures do not correlate with each
other, and most likely measure different aspects of inhibitory control.
Inhibitory control appears to be a complex trait, and as different tests
seem to measure different aspects of this ability, practitioners have
been cautioned against using a single task as a measure of inhibitory
control (Brucks et al., 2017). The V-detour, a task also suggested to
measure inhibitory control, did not correlate in our study with success
in the explosive search task, nor with the cylinder test success. Lack of
correlation between the V-detour and the cylinder task has also been
observed before (Marshall-Pescini et al., 2015). The reason for the lack
of correlation between different tasks (and questionnaire(s)) might be
that those evaluate different inhibitory control abilities, and further-
more, are most likely context specific (Vernouillet et al., 2018).

The cylinder task errors demonstrating counterproductive beha-
viour, such as the dog touching the plexiglass in consecutive trials with
their nose and paw(s) in order to access food, have recently been in-
terpreted as indicating persistence in dogs (Brucks et al., 2017). Our
results do not support this; dogs with fewer cylinder task errors were
evaluated by their owners as being more persistent in real working
tasks, and these dogs were also less likely to abandon the impossible
task box. Moreover, these dogs had better success in the explosive
search qualification test – a task that demands real working persistence.
The personality trait of conscientiousness in children associates with
individual differences in self-control (Caspi et al., 2005; Duckworth and
Seligman, 2017). One of the traits in highly conscientious children is
persistence (Caspi et al., 2005), this suggesting that persistence in an-
imals also most likely correlates with good inhibitory control, as was
also found in our study. Also, one of the definitions of impulsivity is the
lack of perseverance, which means the difficulty of focusing on a task
that may be boring or difficult (Roberts et al., 2011). The term persis-
tence should not be conflated with inflexibility in changing from un-
adaptive behaviour to more appropriate behaviour, due to a high
arousal state. We feel that this inflexibility in behaviour regulation is
most likely the explanation for high number of errors in dogs. Dogs with
higher basal arousal level most likely perform worse in a problem-sol-
ving task when arousal level is increased (Bray et al., 2015). We sus-
pect, that, in our study, the dogs with high number of errors in the

cylinder task most likely also have a higher basal arousal level. This,
however, needs more detailed research where both arousal level (i.e.
heart rate, activity) and inhibitory control are measured.

Against our hypothesis, the dog’s persistence, measured in the im-
possible task was not associated with the success in the explosive search
task. There are several possible explanations for this; (1) either persis-
tence is not an important trait for this task, (2) there is no variation in
the persistence in the study population, (3) the sample size in this task
was too small (N = 17) or finally (4) the impossible task’s independent
strategy does not measure persistence. We feel, that together with the
small sample size, the latter explanation might be the most likely one.
The impossible task has been used in several studies assessing dogs’
problem-solving strategies, with human gazing being a particular the
focus of interest (Miklósi et al., 2003; Passalacua et al., 2013; Marshall-
Pescini et al., 2017). Behaviour in this task can be divided into three
main categories. First, the dog can independently try to open the box
(independent strategy). Second, the dog seeks for help either by gazing
at humans, looking back and forth between humans and the box, or
doing a previously learned task such as sitting, barking, and so on. All of
these human-focused strategies were combined in this study under a
human-associated strategy, which is an active strategy whereby the dog
attempts to open the box by using human help. Finally, the dog can also
choose to abandon the box (i.e. by going away, or exploring the room).
An independent strategy has recently been interpreted as persistence
and human-associated gazing as giving up (Marshall-Pescini et al.,
2017). Contradicting this hypothesis, in the present study the in-
dependent strategy was associated with the tendency to give up
searching (handler assessment) and, correspondingly, the human-as-
sociated strategy was strongly correlated with less likelihood of giving
up (handler assessment). However, abandoning the box (not focusing
on the box at all) was associated with the handler’s evaluation of dog’s
tendency to give up, and we suggest that this could be used in the future
to measure the likelihood of giving up in a task. Although it is good to
keep in mind that our short questionnaire was not validated, it may well
be that the inability to switch from an unsuccessful strategy in the
impossible task (independent strategy) to an alternative one (seeking
help from humans) may not actually reflect persistence, but inflexibility
due to a highly aroused state. Recent study done in detection dogs also
found that the amount of gazing towards people in impossible task, and
not the persistency (=independent strategy), was the best predictor of
suitability as a detection working dog (Lazarowski et al., 2019). How-
ever, this calls for more research using a larger study population with
more genetic variation (different breeds). The study population and its
genetic variation (breeds) most likely has a large influence on results in
canine cognitive studies, especially with small sample sizes.

We also found that the Malinois breed made fewer errors during the
cylinder task, and these dogs also tended to have better success in the
explosive search test. The data, however, was very small for each breed,
and should therefore be treated with caution and should be replicated
with a larger dataset. Most typically canine cognitive studies focus on
small group of dogs originating from several breeds, which is a major
source of mixed results. Canine cognitive studies, which have objective
cognitive test-data, and large sample sizes from different breeds are
crucially needed.

In conclusion, this study suggests that inhibitory control may be one
important aspect to consider when selecting suitable dogs for explosive
detection. Although the results of this study need replication in a larger
dataset, we feel that testing inhibitory control in the future might be a
beneficial tool in working dog breeding and selection. In addition, it is
important that in the future, the working dog success is assessed using
methods that reflect closely the actual working ability.
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