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Zusammenfassung

Das Verstandnis der kognitiven Fahigkeiten von Haushunden (Canis familiaris) liefert neue
Einblicke in die Evolution sozialer Intelligenz. In diesem Forschungsfeld legen einige Theorien
nahe, dass die soziokognitiven Fahigkeiten von Hunden ein zufalliges Nebenprodukt des
Domestikationsprozesses sind. Andere Theorien gehen hingegen davon aus, dass bestimmte
Hunderassen speziell fir den Umgang mit Menschen selektiert wurden. Frihere Studien
haben Rasseunterschiede in Bereichen wie dem Verstandnis menschlicher
Kommunikationssignale, beispielsweise anhand von Gesten oder gerichteten Blicken
beschrieben. Diese Ergebnisse deuten darauf hin, dass die Rasseauswahl fur Aufgaben, die

Kooperation versus Eigenstandigkeit erfordern, eine bedeutende Rolle spielen kann.

Diese Diplomarbeit untersucht potenzielle Unterschiede zwischen Rassetypen bei der
Einschatzung menschlicher Wissensstande in einer auf Gehoér basierten Tauschung. Hauptziel
war der Vergleich mit den Ergebnissen einer friheren Studie basierend auf visueller
Tauschung mit  ahnlicher Rassezusammensetzung.  Mithilfe  eines  auditiven
Tauschungsparadigmas zur Manipulation des Wissensstandes eines menschlichen
Beobachters Uber den Ausgang eines Futterversteckvorgangs wurde eine Stichprobe von 206
Hunden getestet. Die Hunde wurden basierend auf ihren Arbeitsstil in kooperative (N=183)
und eigenstandige (N=23) Rassetypen eingeteilt. Alle getesteten Hunde durchliefen die
notwendigen  Eingewdhnungsphasen und  zeigten somit ein  ausreichendes

Aufgabenverstandnis.

Die Ergebnisse zeigen keinen statistisch signifikanten Unterschied in der Tendenz
kooperativer und eigenstandiger Hunderassetypen, irrefiihrenden Hinweisen eines Menschen
zu folgen. Dieses Ergebnis steht im Gegensatz zu friheren Studien und kénnte darauf
hindeuten, dass fiir die Interpretation menschlicher Wissensstande die sensorische Modalitat

der Hinweise eine zentrale Rolle spielt.



Abstract

Understanding the cognitive abilities of domestic dogs (Canis familiaris) continues to provide
new insights into the evolution of social intelligence. Within this field, some theories suggest
socio-cognitive abilities of dogs are an incidental by-product of the broader domestication
process, while others imply certain dog breeds were directly selected for interaction with
humans. Previous studies have highlighted breed differences in areas such as comprehension
of human communicative signals (e.g. cue following) and human directed gazing or
dependency. These findings suggest that breed selection for tasks requiring cooperation

versus independence may play a significant role.

This thesis investigated potential breed type differences in canine responses to human
knowledge states in an auditory false belief task. The primary objective was to replicate

findings from a previous visual false belief task, aiming for a similar breed composition.

Utilising an auditory false belief paradigm to manipulate a human’s knowledge state regarding

an event’s outcome, a sample of 206 dogs was tested.

Subjects were broadly categorised into breed types based on their working style, cooperative
(N=183) and independent (N=23). All tested dogs completed necessary familiarisation phases,
demonstrating task comprehension. The central finding of the current was the absence of a
statistically significant overall difference in the tendency of cooperative and independent dog
breed types to follow misleading human suggestions. This outcome, contrasting earlier studies,
may suggest that for dogs’ interpretation of human knowledge states the sensory modality of

cues play a critical role.



Abbreviations

BLUPs Best linear unbiased predictors

FB False belief

FCI Fédération Cynologique Internationale
GLMM Generalised Linear Mixed Model

LRT Likelihood ratio test

SC Sound control

B True belief



1. Introduction

Understanding the cognitive abilities in domesticated dogs (Canis familiaris) continues to
provide new insights into the evolution of social intelligence. Some theories suggest socio-
cognitive abilities of dogs are an incidental by-product of domestication. Others imply certain
dog breeds were directly selected to further develop the ability to understand human

communicative gestures.

The presence of theory of mind, the ability to attribute mental states to others, has been well
documented in human infants, with foundational abilities emerging in the first year of life using
implicit false belief tasks. However a more complex understanding of false belief using explicit
tasks involving language seems to begin appearing around the age of four (1). Performing the
implicit false belief tasks, not involving language, on non-human primates has yielded mixed
results. While some studies have suggested apes exhibit some complex theory of mind
aspects such as perspective taking, i.e., being able to distinguish other’s view from their own
(2), they sometimes showed understanding of other's knowledge (3) but lacked
comprehension of false belief (4). An ability that non-human primates seem not to possess is
following cues, even iconic ones, in object-choice tasks consistently (5). Dogs on the other
hand excel at these from as early as 6 weeks old, following human cues such as pointing
gestures or a marker to successfully find hidden food (6). In another object-choice task study,
utilising human gaze and pointing cues, results showed to be independent of the dog’s breed
(7), implying that the ability to follow human communicative cues developed as an early by-
product of domestication. While dogs are generally adept at interpreting human communicative
signals, it is plausible that breed-specific traits, shaped by centuries of selective breeding for
various different roles, could significantly influence their behaviour of more complex social

cognitive tasks (8).

Different breeds exhibit variations in their reliance on human cues, social learning strategies
and overall responsiveness to human interaction. Studies comparing broad categories of
breeds have found distinctions in their reliance on human signals. When classifying breeds
based on their historical selection for either cooperative work, which demands close
responsiveness to human signals, or independent work, where dogs require autonomy, one
study indicates that breeds selected for cooperative tasks tend to exhibit higher levels of

human-directed gazing when faced with difficult problems (9).



Breed differences are also apparent in situations involving potentially misleading human cues.
In a food choice task focusing on the influence of breed groups and developmental stage on
domestic dogs’ sensitivity to human cues primitive, hunting/herding and mastiff-like breed
groups were tested. When a human indicated a smaller food quantity despite a larger one
being available, dogs from the hunting/herding group were significantly more likely to follow
the human’s misleading indication compared to mastiff-like dogs. Primitive dogs however
chose at a chance level in this misleading cue scenario. This again suggests that breeds
selected for cooperative work, such as the cooperative hunting and herding dogs tested, may
be more sensitive to human social communicative cues, while breeds selected for independent
work, like mastiff-types, are less influenced by humans. The study also found that sensitivity
to human influence is present in puppies as young as 4 months, adult dogs however followed
cues significantly more in some conditions, indicating the role of learning and development.
Overall, the research reinforces that domestic dogs rely on human social communicative cues,
and supports the theory that this reliance is shaped by breed specific selection and

developmental factors (10)

Seeing that dogs exhibit these exceptional skills in interpreting human communication raises
the question whether their social cognitive abilities extend to understanding human mental
states. Exploring theory of mind in non-human species presents some methodological hurdles,
having to rely on non-verbal paradigms that can reliably depict understanding of others’ mental
states while also controlling for simpler explanations that could be attributed to behaviour

reading (11).

Building on the understanding that domestic dogs are highly responsive to human social cues
and often display a dependence on humans in problem solving tasks, research further explores
the extent of this influence, specifically whether dogs will follow a human’s suggestion even
when it is incorrect or leads to a disadvantageous outcome for the dog (10,12). In a task
presenting dogs with a choice between a larger and a smaller quantity of food, some dogs
were significantly influenced by a human indicating a clear preference for the smaller, less
rewarding amount, choosing it over the larger one (10). Similarly, a study utilising human
pointing or gazing have found instances where dogs follow these cues even when they do not

accurately indicate the location of a hidden reward (12).

This tendency for dogs to follow misleading human cues appears to be influenced by factors
such as breed and potentially their interpretation of the human’s knowledge state. In the

quantity discrimination task (10), dogs from hunting/herding breed groups were more prone to



follow the human’s suggestion of the smaller amount than dogs from primitive or mastiff-like
groups. In the change of location task (12), dogs’ understanding of human’s varying knowledge
states (true and false belief) has been explored and revealed, dogs followed a human’s
misleading cue to an empty location more frequently when the human was unaware of the
food’s true location (false belief) compared to when the human knew about it (true belief).
Notably, the opposite pattern was observed in terriers, the only breed group to follow the
misleading suggestion more often when the human held a true belief about the food’s location,

aligning with findings in human infants and children (13,14) and non-human primates (15).

Less is known about responses to auditory false belief and whether functional breed
classifications predict these responses. The current study aims to further investigate this
implicit sensitivity to human beliefs in the auditory domain, focusing on differences in
performance across different dog breed types and groups utilising a between-subjects non-
verbal change of location task. After successfully completing a series of familiarisation phases,
dogs will undergo one test trial in which a human observer assumes one of three knowledge
states. Based on past findings in the field of animal and canine social cognition, dog breeds
historically selected for cooperative work with humans are predicted to be more likely to follow
human communicative signals and disregard their own observations when the communicator
has an auditory false belief. Independent breeds, bred to make decisions more autonomously,
on the other hand would potentially be more inclined to ignore a communicator's misleading

suggestion, choosing to act based on their own information.



2. Material and methods

2.1. Subjects

In total 206 observations (one per dog) were collected from dogs of 57 different breeds in a
completed test trial. An additional 109 dogs were invited but had to be excluded due to not
meeting the inclusion criteria (62 in phase 1, 34 in phase 2, 8 in phase 3). 5 dogs did not start
the familiarisation trials because of lack of interest or fear of the equipment. This is only a
subsample of the total 240 dogs that are tested for the complete study due to time constraints
of this thesis. Out of the 206 tested dogs, 183 were categorised as cooperative and 23 as

independent.

All tested dogs completed all 3 familiarisation phases and therefore showed comprehension
of the task. The sample was counterbalanced for sex, breed type, and age between test
conditions (Table 1). Given that the primary objective of the current study was to compare the
findings of a prior visual false belief task (12), efforts were made to achieve a breed
composition closely resembling that of the previous study, despite the skewed sample

distribution.

Table 1: Summary of tested subjects categorised by sex and breed group

Female Male FCI FCI FClI FCI FClI FCI FCI10 Avg.

1 2 5 6 7 8 age in

months
FB 36 33 26 6 4 2 5 24 2 60.58
SC 37 32 30 7 4 2 4 20 2 62.38
TB 37 31 27 8 3 2 4 22 2 58.19
TOTAL 110 96 83 21 11 6 13 66 6 60.39

In total 57 breeds were tested and grouped into their respective 7 breed groups according to
the Fédération Cynologique Internationale (16). The breed types were further divided into
independent (N=23) and cooperative (N=183) breed types according to previous studies’
categorisation (17). Since not all of the 57 tested breeds were individually categorised, the

classification (independent or cooperative) assigned to listed breeds was considered as



classification for the entire respective FCI breed group. According to this FCI groups 1
(Sheepdogs and Cattledogs, except Swiss Cattledogs), 2 (Pinscher and Schnauzer, Molossoid
and Swiss Mountain and Cattledogs), 7 (Pointing Dogs) and 8 (Retrievers, Flushing Dogs,
Waterdogs) were considered cooperative and groups 5 (Spitz and primitive types), 6 (Scent
hounds and related breeds) and 10 (Sighthounds) independent. This approach was taken to
categorise breeds based on their original intended work purpose, aiming to investigate
differences related to functional breed selection for cooperation or independence.

All subjects’ experience in dog sport was recorded. Basic and at home training was considered
as having no experience, training with a professional or competition experience were

considered as having experience.

2.2. Setup

Each dog was always accompanied by its owner for the entire duration of their single
approximately 20-minute-long session in a room as pictured in Figure 7 at the Clever Dog Lab,

Vienna.

Figure 1: 20x20 cm lid with 10 bells (silent or noisy) attached



Figure 4: Large buckets (red and blue, opaque, 18.0 cm diameter, 15.5 cm height)



Figure 5: Circular foam piece (9.5 cm diameter, 1.5 cm height)

Depending on the dog’s size and preference a set of two differently coloured but equally sized
buckets (Figure 2-4) was used. While the names of bucket A and B were counterbalanced
across dogs (Table 7) but fixed within dog, the actual buckets’ placement (left=regular grey,
small green, large red; right=regular blue, small red, large blue; Figure 7) remained the same
for all trials. Cardboard lids (Figure 1) were used to cover the buckets during familiarisation
and testing phases according to 1.3 Procedure. A small piece of foam (Figure 5) was placed
inside the bucket and used alongside a quiet lid during FB and SC test trials as described in
1.3 Procedure.

The dog was kept facing the buckets (Figure 2-4) when in position (Figure 7) in front of or next
to the owner who for the duration of each trial wore a blindfold (Figure 6) and remained seated
on the chair. The owner was instructed to hold onto their dog using a leash or simply grabbing
their collar until an experimenter gave the “ok” to set them free. They were also allowed to use
a verbal command (e.g. “free” or “search”) if the dog did not move after being set free to make
a choice. After a choice was made or the trial was deemed “no choice” the owner was allowed

to remove the blindfold and retrieve their dog.

Figure 6: Blindfold



Dry kibble was used as food for all dogs, if motivation was deemed low the kibble was replaced

with sausages. For 19 dogs the owner’s food was used due to allergies or low food motivation.

Water was available ad libitum.
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Figure 7: Experiment room setup

2.3. Procedure

Each dog was assigned 2 experimenters (Table 7), one assuming the role of the hider, the
other the role of the communicator. Hider and communicator were always unfamiliar to the dog
and the communicator did not handle any food around the dog, aiming to act as a neutral
observer. The hider, being the experimenter handling the placement of food in further phases,
was also tasked with carrying out familiarisation phase 0. To ensure dogs’ success was
independent of experimenter, each of the 4 experimenters resumed both roles an equal

number of times.

In a short familiarisation phase 0 (2—15 mins.) all dogs were introduced to the testing room and
equipment to minimise distraction and fear factors. For this phase, dogs were free to roam
around the testing room while a piece of food was placed inside the open buckets one at a

time. This was done to introduce the rule of only one piece of hidden food, discouraging dogs



from checking both buckets. Noisy lids were slowly added in, covering more of the buckets’
opening each time. This was done in an effort to encourage dogs to retrieve the food inside
even when the buckets were eventually covered by a noisy lid. Most dogs were confident in
removing the noisy lids themselves and retrieving food from inside the bucket after around 2-
10 minutes. Few still struggled with opening the buckets, only touching them or the lids, but in

an effort to prevent frustration or disinterest, subjects advanced to familiarisation phase 1.

A choice was considered if the dog touched a bucket or lid, approaching without making
contact was not considered a choice. If no bucket or lid was touched after 30 seconds, it was

considered no choice and therefore a failed trial.

Each of the following 3 familiarisation phases was considered completed if the dog made the
correct choice in 2 consecutive trials of the same phase for a maximum of 4 trials per phase.
This was done to ensure dogs’ comprehension of the newly introduced part of the task and

minimise the chance of succeeding by choosing at random.

For all trials, each time food was dropped or placed into a bucket, the hider retracted her hand
out of the bucket with a closed fist as to not visually indicate the absence of the food in their

palm.

While manipulating a bucket, experimenters never obstructed the bucket from the dog’s or
communicator’s view (marked X; Figure 7) and always tried to make eye contact with the dog,

which has been shown to promote engagement (18).

The hider always entered the room, passing the dog on the side of bucket A and exited,

passing on the side of the last manipulated bucket.

Familiarisation Phase 1: The owner and dog were instructed to be in their respective
positions (Figure 7) while alone in the room. The hider then entered from the door behind the

dog, visibly holding a piece of food. Each dog’s first trial was always a “no displacement” trial.

In the “no displacement” trial the lid of bucket A was then audibly (purposefully shaking it and
the attached noisy bells) opened, food audibly dropped into the bucket and the lid audibly
closed again. The hider then exited the room, after which the dog was set free to make a

choice.

In the “displacement” condition the lid of bucket A was audibly opened, food audibly dropped
into the bucket and the lid audibly closed. The lid was then audibly opened again, food taken

out of bucket A and the lid audibly closed. The food was then clearly shown to the dog and
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moved over to bucket B, where it was placed inside the bucket the exact same way. The hider

then exited the room and the dog was set free.

Familiarisation Phase 2: The dog started this phase by waiting outside the testing room. The
hider and the communicator entered the room together. The communicator crouched down in
their position (marked X; Figure 7) facing the wall. After placing food into one of the buckets,
according to the counterbalancing (Table 7), the hider then exited the room, letting the dog
back inside to take its position. The communicator then turned around, walked to the correct
bucket containing food and made a suggestion to the dog by lifting the container and, in a
friendly voice, saying “Look! This is good. This is very good.”. The bucket was then placed
back, and the communicator resumed their position equidistant from both buckets, this time

facing the buckets but averting their gaze. The dog was then let go of to make a choice.

Familiarisation Phase 3: The dog and communicator both started the trial in the testing room
in their respective positions, with the communicator facing away from the buckets. The hider
performed the hiding as described in Familiarisation Phase 1. Before the dog was released
from the leash, the communicator made a correct suggestion as described in Familiarisation
Phase 2.

Before the False Belief (FB) and Sound Control (SC) tests, the lid of bucket B was replaced
with an identical looking one whose bells’ clappers had been removed, silencing the lid. Inside
bucket B a piece of foam (Figure 5) to prevent the placement of food being noisy. Both buckets

and lids remained the same for the True belief (TB) test.

Test: Each dog received only one test trial, in only one of three test conditions. In all three test
conditions the hider performed the displacement of food from bucket A to bucket B after which
the communicator suggested bucket A (misleading) to the dog. The three test conditions
represented different belief states in the communicator; false belief (FB), true belief with sound
control (SC) and true belief (TB).

False Belief (FB): The dog and communicator both started out in their respective positions.
The hider then entered the room wearing no shoes and placed food inside bucket A as
described above. The lid of bucket A was then opened again, this time carefully to avoid
making noise, the food removed and the lid closed again, silently. The hider then moved the
food over to bucket B, visible to the dog but making as little noise as possible. The lid of bucket
B was carefully lifted, and the motion of placing food inside was performed, without actually

leaving any in the bucket, to exclude the possibility of dogs’ choice being scent based. The lid
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was then carefully closed again after which the hider exited the testing room, the food
remaining in their closed fist. The removal of food from bucket A, its displacement and
subsequent hiding in B was therefore not audible for the communicator, due to the silent lid on
bucket B. The communicator then suggested, as described before, bucket A (unintentionally
misleading). After the communicator returned to their position, facing the dog, the dog was set

free.

Sound Control (SC): The procedure was performed identically to test condition FB, the only
difference being the communicator’s starting position. This time she started out facing the dog
instead of the wall to watch the entire placement and displacement of food, after which bucket
A was suggested to the dog.

True Belief (TB): The procedure was equivalent to Familiarisation Phase 3, with both noisy
lids being used and the communicator facing the wall during the placement and displacement
of food, which was also done loudly. After the hider exited the room, however, the

communicator suggested bucket A.

Due to the communicator's knowledge state their suggestion of bucket A is unintentionally
misleading in FB, since they are unaware of the displacement and therefore the food’s true
location in bucket B. In the two conditions where the communicator is knowledgeable about
the displacement, visually in SC and auditory in TB, and therefore the food’s true location in

bucket B their misleading suggestion is intentional.

2.4. Analyses

Dogs’ first choice was scored from video recordings, bucket A=1 and bucket B=2. All data was
analysed using R version 4.2.2 (19). and a generalised linear mixed model with binomial error
structure and logit link function was fitted with choice as the dependent variable, using the R
function gimer of the package Ime4 (20) (version 1.1.31). As test predictor with fixed effect we
included Condition (FB/SC/TB), breed type (cooperative/independent) and their interaction. As
control predictors with fixed effect we used age (z-transformed), first baited box and sex.
Additionally, random slopes of the interaction between condition and breed type, age (z-
transformed), sex and first baited box (all factors manually dummy-coded and centred) were
included within the random intercept of breed. A likelihood ratio test using the drop7 function
of the above-mentioned package in R was used to draw inference about the significance of the
individual predictors with fixed effect. Checks of the Best Linear Unbiased Predictors (BLUPs)

and residual distributions showed no obvious violation of our model assumptions.



3. Results

The dogs’ first choice (bucket A = suggested; bucket = observed) was analysed in three test
conditions, false belief (FB) and two conditions representing true belief: sound control (SC),
and true belief (TB). The results presented in Table 2 provide the raw counts of choices for

each FCI group across the three conditions, Table 7 depicts a list of all tested dogs’ detailed

information.

Table 2: Overview of number of choices of all tested FCI groups in the three test

12

conditions

FCI Total False Belief Sound Control True Belief
Group number

ofdogs A B A B A B
1 83 10 16 11 19 10 17
2 21 4 2 5 2 2 6
5 11 1 3 0 4 1 2
6 6 2 0 1 1 2 0
7 13 2 3 2 2 1 3
8 66 14 10 8 12 10 12
10 6 0 2 1 1 2 0
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Figure 8: Choices of all dogs across all three test conditions (FB, TB, SC).
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Figure 9: Summarised choices of breeds categorised as “cooperative” according to
their respective FCl breed groups; 1 (Sheepdogs and Cattledogs, except Swiss
Cattledogs), 2 (Pinscher and Schnauzer, Molossoid and Swiss Mountain and
Cattledogs), 7 (Pointing Dogs and 8 Retrievers, Flushing Dogs, Waterdogs).



14

Independent breeds
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Figure 10: Choices of breeds categorised as “independent” according to their
respective FCI breed groups; 5 (Spitz and primitive types), 6 (Scent hounds and related
breeds) and 10 (Sighthounds).

Out of the 206 dogs tested, 52.17 % in FB, 59.42 % in SC and 58.82 % in TB did not follow
the communicator’s misleading suggestion and instead chose bucket B (Figure 8). Divided into
cooperative and independent dog types, out of the 183 cooperative dogs 50.82 % in FB,
57.38 % in SC and 62.30 % in TB chose bucket B (Figure 9). The choice of bucket B by the
23 independent dogs was recorded as 62.50 % in FB, 75.00 % in SC and 28.57 % in TB
(Figure 10).

Although these numbers appear to display a great difference in cooperative (Figure 9) and
independent (Figure 10) dogs’ behaviour and do resemble outcomes of the previous visual
false belief study, the skewed distribution in sample size and lack of statistical significance
needs to be acknowledged. To accurately display independent dogs’ choices a larger number
of subjects would need to be tested in order to compare results to the 183 cooperative

individuals.

To analyse these choices, shown in Table 2, a GLMM described above was fitted and Table 3
shows the likelihood ratio test (LRT) results for the interaction between breed type
(independent/cooperative) and condition (FB/SC/TB). The LRT result for this interaction was
not significant (LRT=3.072; npar=2; Pr(Chi)=0.215), thus indicating that dogs’ choices between

conditions did not differ depending on their breed type (cooperative/independent).
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Subsequently the breed-condition interaction was removed from the model, while keeping both

variables as fixed effects.

Table 3: Significance of the main effects of the model including the breed-condition
interaction

npar AIC LRT Pr(Chi)
z.age 1 304.60 0.001 0.981
Sex 1 305.97 0.242 0.242
First baited box 1 304.62 0.892 0.892
Condition- 2 305.67 3.072 0.215
breed type
interaction

Estimates for the main effects of condition, breed type, age and sex are shown in Table 4, after
removal of condition*breed type interaction from the model. None of the observed main effects
proved to be significant, as all values in column Pr(Chi) (Table 3) are >0.275 (Table 4). This
supports the finding that as a main effect, breed type (LRT=3.072; npar=2; Pr(Chi)=0.969) did
not significantly predict the dogs’ choices in the experiment and neither did the experimental

condition.

Table 4: Significance of main effects

Estimate Std Error Z value Pr(Chi)
Condition FB -0.26 0.35 -0.75 0.727
Condition TB -0.4 0.35 -0.12 0.781
Breed type 0.17 0.60 0.28 0.969
independent
z.age -0.01 0.15 -0.04 0.275
Sex m 0.32 0.29 1.09 0.954
First baited box -0.02 0.29 -0.06
grey

Confidence intervals in Table 5 show with what degree of certainty observations of the

experiment’s sample reflect the true value of the general dog population. The broad confidence
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interval for breed type independent x=0.17, 95 % CI [-1.11, 1.93] reflects the comparatively

small sample size of the associated breed types.

Table 5: Confidence intervals

Sample (orig) Cmin (x2.5) Cmax (x97.5)
0.23 -0.43 0.93
Condition FB -0.26 -1.08 0.52
Condition TB -0.04 -0.81 0.74
Breed type 0.17 -1.11 1.93
independent
z.age -0.01 -0.34 0.34
Sex m 0.32 -0.26 0.97
First baited box -0.02 -0.66 0.61
grey

To check model stability, one at a time each level of breed was removed and the model fitted
and its estimates calculated again to estimate the stability with regards to influence of each
breed. This was done for all 57 breeds tested. The range of estimates, as seen in Table 6, is
very minimal, meaning the effect of each single breed is not very pronounced and no outliers
were recorded. This further suggests, results are independent of breed and do not support the
initial hypothesis of expected breed differences in how dogs respond to false belief

manipulation in this specific auditory task.



Table 6: Model stability

17

orig min max
Condition FB -0.26 -0.45 -0.05
Condition TB -0.04 -0.17 0.10
Breed type 0.17 -0.39 0.68
independent
z.age -0.01 -0.06 0.08
Sex m 0.32 0.14 0.38
First baited box -0.02 -0.11 0.13

grey
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4. Discussion

The central finding of the current study is that no statistically significant differences were found
in the tendency of cooperative and independent dog breeds to follow misleading auditory
suggestions in a change of location task, regardless of the communicator presumed belief
state. This outcome stands in contrast to the initial hypothesis, which anticipated that
cooperative breeds, historically selected to work closely with humans and attend to their cues,
might be more inclined to follow the communicator's suggestions, even when misleading.
Contrarily, independent breeds, bred to make decisions autonomously, were expected to rely
more on their own observation of the food placement, thus ignoring the communicator's

suggestion in the false belief condition.

The absence of significant breed differences in response to auditory false belief manipulation

present an interesting contrast to findings from studies employing visual paradigms.

For instance, a previous study showed dogs (mostly belonging to cooperative breeds) chose
the suggested container significantly more often when the communicator had a visual false
belief compared to a true belief in a similar change of location task (12). These results deviate
from what is typically observed in human infants (14,21) and primates (15) in similar tasks,
where individuals tend to disregard the misleading cue from someone with a false belief, thus
demonstrating comprehension of their counterpart’s knowledge state. These findings suggest
dogs might interpret the communicator’s intention differently in true and false belief scenarios,
potentially viewing a misleading cue from a knowledgeable communicator as deceptive. Given
the previous study found dogs in FCI group 3 (Terriers), categorised as an independent breed,
was the only breed group to deviate from the otherwise observed behavioural pattern, thus
aligning with responses seen in human infants and non-human primates, it would be interesting
to expand the current study to include this breed group as well. Although the current study’s
breed type-condition interaction was not statistically significant (Table 3), with the small sample
of independent breed dogs there already seems to be a tendency of independent dogs to
differentiate between the two true belief conditions (Asc=25.00 % and Ars=71.43 %), especially
when compared to cooperative dogs that seem to only slightly differentiate between the false
belief and either true belief condition but almost not at all between the two true belief conditions
(Asc=42.62 % and Are=37.70 %).

One potential explanation for the lack of significant results may be attributed to the modality of

the cues employed in the current study. While dogs can discern human auditory attention (22)
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the link between this and understanding false beliefs conveyed through auditory cues might
be processed similarly across breeds. A study focusing on dogs’ knowledge states about what
a human can see and hear concluded reliance on their own perception as a way to assess the
human’s knowledge state (23). While selection for cooperation is thought to influence
communication skills, this influence might not manifest uniformly across auditory tasks
involving mental state attribution. The current study’s sound control test condition is most
comparable to the previous visual false belief study’s true belief condition. While in both
conditions the communicator had a visual true belief, the main notable difference of course
being the current study’s auditory aspect the test condition meant to control for, results were
not entirely replicated. While 70 % of cooperative dogs chose to ignore the misleading
suggestion by choosing bucket B previously (experiment 3 (24)), only 59.42 % of cooperative
dogs in the current study displayed the same behaviour. Comparing independent dogs’
behaviour in both studies suggests modality of employed cues is even more important. While
independent dogs previously differentiated between false and true belief (experiment 3 (24):
Are=20 %; Ate=50 %), their behaviour in the current study’s small sample size both replicates
and contradicts previous results (Ars=37.50 %; Asc=25.00 %; Ate=71.43 %). This large
difference in tendency to follow a misleading suggestion in the two different true belief
conditions poses the question whether the silent lid, only introduced to the dogs in the FB and
SC conditions but not during any familiarisation phase, influences their behaviour of choosing
the silent bucket B only because it is a newly introduced item and not because of the
communicator's presumed knowledge state. To exclude this potentially disrupting factor an
additional familiarisation phase would need to be added introducing the silent bucket alongside

the familiarisation phase’s reliable communicator.

Another potential explanation for the lack of significant results could be attributed to the study’s
sample size. While the final overall sample size was rather large and matched that of the
preregistration, the uneven distribution of sample size between breed types likely impacted the
significance of results. Perhaps the observed tendency of independent breed dogs does not
accurately display the breed type’s behaviour in the current auditory false belief task. Future
studies would benefit from focusing on the current studies’ underrepresented breed type as

well as adding FCI group 3, terriers.

Breed differences in social cognition and responsiveness to human cues have also been
documented in other contexts. One study, comparing the performance of adult dogs of different

breeds, showed their genetic distance from wolves does not seem to have an impact on their
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ability to follow different visual cues such as pointing, gazing and the use of markers (25).
Dividing them into working (shepherds and huskies) and non-working (baseniji and toy poodles)
however yields a significant result, showing working breeds, especially working dogs on an
individual level, display greater ability to use multiple human social cues to find hidden food,

further supporting the role of selection for communicative ability.

Another study further investigated breed differences in dogs’ attention to human perception in
a task involving forbidden food with varying visual access for a human observer (8). Breed
groups, categorised by both working style and genetic relatedness, differed in their
attentiveness to the human’s perspective. Results showed, when categorised by working style,
independent and family workers appeared more attentive to the owner’s perception compared
to cooperative workers. Although earlier studies found cooperative working dogs tend to look
at their owners more frequently during tasks (26), combining these seemingly opposing results
may suggest that cooperative breeds’ looking behaviour indicates the anticipation of a
command or signal for help from their owner, rather than attempting to discern the owner’s
perception. Although these studies (8,25) suggest that different breeds have varying ability of
understanding as well as responding to human gestures and attentional states, similar findings

could not be observed during the current auditory false belief study.

The sensitivity to false beliefs in the auditory domain might also be a more fundamental
cognitive ability, as is the case with following human experimenter’s pointing gestures not only
in dogs but even domesticated foxes (27,28). It may have been subject to less influence by

specific selective pressures than what shaped responses to visual or cooperative clues.

Ultimately, the absence of similar effect in the auditory domain underlines the complexity of
relating breed to specific cognitive skills and highlights that different functional groupings might
be relevant for different cognitive domains and sensory modalities. Further research could
compare responses across visual and auditory modalities to determine the influence breed

has on social skills and sensitivity to human beliefs.

Given that the overall success rate of dogs successfully completing the 3 familiarisation phases
was 61.1 %, it would be interesting to see if there was any correlation between breed type and
exclusion phase. This would also affect the interpretation of test results, considering the ability
to understand phase 1, understanding the location of hidden food and the act of food
displacement, and phase 2, following an unfamiliar human’s suggestion, has been linked to

different variables such as age, breed type and dog sport/work experience (9,26,29).
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In conclusion breed differences in social cognition involving mental state attribution appear
complex and potentially influenced by cue modality, suggesting that breed-specific adaptations

for human interaction may not manifest uniformly across all sensory contexts.
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7. Appendix

bucket A; fam phase

condition of first trial in the respective phase; Hider/Communicator=Initials

Table 7: Detailed overview of all tested subjects. (First baited bucket

2/3 first trial type
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