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Abstract

Domestic dogs (Canis familiaris) have been documented to ‘overimitate’ humans — a form of social learning — by copying
their causally-irrelevant actions. It is suggested that this behaviour results from social, affiliative motivations. Dogs have also
been known to behave differently when they are being watched (or not) by humans, such as by following commands better
(or worse). In this study, we tested whether dogs’ copying behaviour would also be sensitive to their caregiver’s attentional
states. The subject’s caregiver demonstrated irrelevant and relevant actions in the dot-touching overimitation task, then during
trials the caregiver was either watching their dog or turned away. Our results revealed no difference in dogs’ irrelevant-action
copying; however, we found that dogs approached the dots less per trial when their caregiver was watching them. Dogs also
copied their caregiver’s leftward sliding of a door (to obtain a food reward) more accurately when they were being watched
by their caregiver. Finally, dogs who copied the irrelevant action did so more often after obtaining their food reward, which

supports that these dogs may have had two separate goals: a primary instrumental goal and a secondary social goal.
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Introduction

If a dog’s caregiver turns away or leaves a room, their dog
may decide to take some food from their dinner plate. When
it comes to obeying caregiver commands or cues, domes-
tic dogs (Canis familiaris) behave differently according to
human attentional states. For example, Call et al. (2003)
found that dogs approached a forbidden piece of food more
indirectly and obtained the food less often if they were being
watched by a human than if the human was engaged in
another activity, turned around, or left the room completely.
Dogs were shown to also ‘steal’ more food in front of a
human if the target area had low levels of light (Kaminski
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et al., 2013). Similarly, dogs have been shown to obey a
‘lie down’ command more successfully and for longer while
being watched (Schwab & Huber, 2006). Even when a dog’s
caregiver would show attentive ambiguity (looking away at
nothing), dogs responded uncertainly to a ‘lie down’ com-
mand (Viranyi et al., 2004). One's sensitivity to the atten-
tional cues of others demonstrates that one understands what
others can or cannot see. This is a useful skill for individuals
who have a will to please or obey others, such as domestic
dogs — a species that have been following cues of, and coop-
erating with, their closely bonded humans for thousands of
years.

Learning to follow human commands and cues is some-
thing that dogs are particularly good at. Many dogs have,
and have had, their own jobs in human society. From search
and rescue to post-traumatic stress disorder (PTSD) sup-
port, dogs can perform well in tasks for and with human
partners after proper training (Alexander et al., 2011; Maoz
et al., 2021). And unlike non-human primates (chimpan-
zees), domestic dogs perform on a similar level to human
children in some sociocognitive tasks, especially those that
involve following the human gaze or point (MacLean et al.,
2017). Dogs’ high level of commitment towards their human
partners may explain their tendency to copy them too.
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Given their human-directed sociocognitive capabilities, it
comes as no surprise that dogs are able to copy humans. In
do-as-I-do tasks, dogs can be trained to copy both familiar
and novel actions of human demonstrators, such as throwing
a bottle or circling another human (i.e., Fugazza & Miklosi,
2014; Huber et al., 2009; Topdl et al., 2006). Other stud-
ies have explored the imitative tendencies of dogs, finding
that dogs (i) match the actions of human demonstrators to
solve novel tasks (for a review, see Kubinyi et al., 2009), (ii)
match humans as puppies (Fugazza et al., 2018) and without
food rewards (Fugazza et al., 2023), (iii) struggle to not copy
their caregiver’s action in a bidirectional task (Range et al.,
2010), and even (iv) copy novel human actions after a delay
(Fugazza, Pogany, & Miklosi, 2016; Huber et al., 2014). It
seems that dogs cannot ignore even their caregiver’s goal-
irrelevant actions in a novel problem-solving task, as they
were shown to copy their caregiver’s (unnecessary) touching
of coloured dots on the wall (Huber et al., 2018). Other stud-
ies have demonstrated this seemingly irrational faithfulness
to humans, where dogs were found to follow an (mis)inform-
ant with a false belief (Lonardo et al., 2021) and a com-
municative demonstrator (Kupan et al., 2011) towards an
empty food container. Notably, however, dogs do not always
follow misleading human cues — for example, from an inac-
curate informant in Pelgrim et al.’s (2021) study or from
the true-belief informant of Lonardo et al.’s (2021) study.
Dogs can recognise intentions (i.e., Volter et al., 2023), so
whether or not dogs follow misleading cues may depend on
whether these cues appear deceitful or not. Someone with a
true belief or inaccurate pointing may come across as deceit-
ful and therefore untrustworthy.

The copying of another’s irrelevant actions was first
documented in human children (Horner & Whiten, 2005),
and was then called ‘overimitation’ by Lyons et al., (2007).
However, Whiten et al. (2009) preferred to use the more
neutral term ‘over-copying’ since overimitation studies do
not typically examine the faithful replication of movement
trajectories (e.g., Huber, 1998), which is often a necessary
feature when defining imitation. Nonetheless, overimitation
is the most common term in the literature. We henceforth
use overimitation in the sense of general irrelevant-action
copying or matching, when action causal-irrelevance is per-
ceivably obvious (i.e., Lyons et al., 2007).

For humans, there is evidence that overimitation is influ-
enced by social factors, such as the demonstrator’s character-
istics, the presentation format of the demonstration, and the
language used during the overimitation tasks (for a review,
see Hoehl et al., 2019). One notable factor that influences
human overimitation is the attentional states of the demon-
strator. Stengelin et al. (2019) showed that children, from
both Namibia and Germany, copied more (irrelevant) actions
from a model who was watching them during their turn to
operate the task’s puzzle box. Another study showed that
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children reduced their overimitation when a model turned
away, but not when the model was watching them or had
left the room (Marsh et al., 2019). Dogs are also sensitive to
human attentional states in terms of obedience, but they have
not (yet) been tested for this sensitivity in a social learning
context.

It is suggested that dogs copy irrelevant actions for social,
affiliative motivations. For example, dogs have proceeded
to overimitate their caregiver more than a stranger (Huber
et al., 2020), have obtained high overimitation scores along-
side high caregiver-relationship scores (Huber et al., 2022),
and have often overimitated after already achieving their
instrumental (food) goal (Mackie & Huber, 2023). Dog pup-
pies have also spontaneously copied human actions such as
touching a box with the nose in the complete absence of
food rewards, which would make these actions also caus-
ally irrelevant to an instrumental (food) goal (Fugazza et al.,
2023). The task used in Huber et al.’s (2018, 2020, 2022)
and Mackie and Huber’s (2023) studies was a dot-touching
task for dogs, purposely designed to physically disconnect
irrelevant and relevant actions, thus increasing causal trans-
parency between these two actions. Often human-designed
puzzle boxes have pseudo-instrumental irrelevant actions,
meaning that the physical connectedness of these actions
could easily be misinterpreted as causal relevance to obtain-
ing the reward (i.e., Schleihauf & Hoehl, 2021). A discon-
nection would reduce the chances of overimitation occurring
as a result of causal misunderstanding. So, the motivation
for a dog to overimitate, by copying the touching of (at
least) one or more irrelevant coloured dot(s) on the wall
in Huber et al.’s (2018) task, is likely to have other (social)
reasons behind it. But it is unclear whether these reasons are
related to affiliation, to be like or associate with the bonded-
caregiver, or perhaps an intention to please their warchful
caregiver, someone who usually holds expectations that the
dog should follow their commands (in this case, actions
interpreted as cues).

As dogs have shown sensitivity to human attentional
states in obedience tasks — tasks to follow human commands
or cues — would they alter their overimitation behaviour if
their caregiver is watching them or turned away? If so, then
copying irrelevant (or relevant) actions may be related to
the dog’s will to please their watchful caregiver (i.e., as in
Schwab & Huber, 2006), rather than pure affiliation. Our
study investigated dogs’ sensitivity to their caregiver’s atten-
tional states in the context of the dot-touching overimitation
task (from Huber et al., 2018). After the dog received their
caregiver’s task demonstration (containing both irrelevant
and relevant actions), we manipulated whether the caregiver
would be watching them closely or turned away facing a
wall during the dog’s task trial (four demonstrations and
trials total). We scored each dog for their irrelevant-action
copying accuracy (from O to 4) during these trials, where a
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score of two plus (touching at least one irrelevant dot) was
considered overimitation. Thus, with a two-tailed hypoth-
esis that dogs may be overimitating for either affiliation
or simply following cues, we predicted that dogs would
either have equally high irrelevant-copying accuracy scores
between conditions (caregiver watching or caregiver turned
away), or dogs would score higher when their caregiver was
watching them. Additionally, if dogs are overimitating for
non-instrumental (social) reasons, we also predicted that
overimitation would more often occur after obtaining the
reward, since this was found to be the case in Mackie and
Huber (2023). Dogs may prioritise the attractive food reward
in the dot-touching task to only later copy their caregiver’s
irrelevant actions, especially if their overimitation has alter-
native social motivations. We did not make any predictions
concerning any copying of the goal-relevant action, but we
included the measurement and analysis of the dog’s relevant-
action copying between our two conditions.

Methods
Ethics statement

The ethics committee of the University of Veterinary Medicine
Vienna approved this study and its procedures, in agreement
with good scientific practice and national legislation guide-
lines (ref: ETK-173/10/2022). Written consent was obtained
from the dogs’ caregivers, who participated voluntarily with

their dogs and were told that they could withdraw from the
study at any time. Extra informed consent was obtained from
the caregivers who appear in the pictures in Fig. 1. Dogs
engaged in a non-invasive problem-solving task to obtain
familiar food rewards (i.e., pieces of sausage or caregiver-
approved dog treats), and were together with their caregiver
for the duration of the session at the Clever Dog Lab.

Participants

Closely matching previous studies with the dot-touching task
(e.g., Huber et al., 2018), the final sample size of this study
was 63 family dogs (31 female, 32 male) after four dogs were
pilots and 11 dogs were excluded (for technical issues, lack
of motivation, attempted caregiver assistance in trials, such
as pointing, or caregiver demonstration error/experimenter
error). Therefore, the total number of dogs tested at the
Clever Dog Lab for this study was 78. The first 15 dogs were
randomly assigned to the two conditions, while the remain-
ing 48 were assigned to balance the conditions for age, sex
and breed. There were 33 dogs (16 females, 17 males) in
the watching condition and 30 dogs (15 females, 15 males)
in the turned-away condition. Mixed dogs represented the
highest number of subjects (23 dogs), but no breed was over-
represented in the final sample. See Online Supplementary
Materials (OSM) for Participant List (which contains; dog
age, breed, condition, obedience score, if they had reported
training, task success, if they were an overimitator or not, and
Clever Dog Lab experience).

Caregiver turned-away condition

—

| Trma (femalc) modclling the relevant action

Fig.1 The dot-touching overimitation task. On the left, examples
of the caregiver’s position in each condition (watching and turned-
away). On the top right, a dog modelling the touching of the yellow

dot with her nose to copy part of the irrelevant action. On the bottom
right, a dog modelling the sliding open of the food chamber door to
copy part of the relevant action
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Dogs and their caregivers were recruited through the
Clever Dog Lab database and website, social media, and
from dog parks. All dogs were required to be between 1
and 12 years old, food motivated, above 30 cm (to reach the
apparatus door), and naive to the dot-touching overimita-
tion task.

Design and procedure
Procedure

Caregivers arrived at the Clever Dog Lab with their dogs to
first read and sign the study’s consent and data protection
forms. During this time, caregivers were in the presence
of the experimenter who could answer questions about the
study and tell caregivers that they could withdraw at any
time. Caregivers were not informed of the study’s hypoth-
eses, or about overimitation in particular, until after the ses-
sion was complete.

The session itself took place in the green room of the
Clever Dog Lab (6.0x 3.3 m) and lasted around 20 min. It
was recorded on two video cameras (Panasonic HC-V777,
www.panasonic.com) and one ceiling camera. Their outputs
were framed together in an.mp4 video file for behavioural
coding. The session contained four phases for each dog: a
1-min habituation phase in the room off leash, a 1-min obe-
dience test, a warm-up cup-game, and lastly, four caregiver
demonstrations and dog trials of the dot-touching overimita-
tion task, in which we had one of the two manipulations of
the caregiver’s attentional state (watching or turned away).
On completion of the session, the dog was guided to the food
reward if they were unsuccessful and the caregiver received
an A4-sized study certificate for their participation.

Design

This study had a mixed design. We had four task trials,
which were a within-subject measure, and two between-
subject conditions, where the only difference was that of
the attentional state of the caregiver during the dot-touching
overimitation task. In the watching condition, the caregiver
closely watched their dog during the four trials of the task,
and in the furned-away condition, the caregiver turned away
and faced the wall during the four trials of the task.

Obedience test

Sixty dogs experienced a mini-obedience test before the
warm-up and the main task. The obedience test lasted 1 min
and contained five commands (including sit and stay) from
the caregiver in the absence of food rewards. This test was
to calculate a score of command-following for each dog
(Appendix A). However, due to large behavioural variance
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we did not extract reliable scoring from the obedience test
to analyse (see Behavioural coding).

Warm-up cup-game

All dogs experienced a warm-up cup-game in attempt to
raise the dog’s motivation to pay attention to the caregiver
and to collect food rewards. The warm-up also ensured
that the dog could (and was motivated to) retrieve food in
preparation for the main task. The cup-game itself was a
replication of Mackie and Huber’s (2023) and Huber et al.’s
(2018) attention task. Three cups were placed upside-down,
60 cm apart, and 2 m in front of the dog (on a leash with the
experimenter sitting behind). The caregiver kneeled behind
the cups and placed a piece of kibble (or equivalent treat)
under one of them for the dog to find. The dog was released
by the experimenter and chose a cup by sniffing or touching
it. If the first choice was correct, the dog was allowed to eat
the reward. There were six rounds of the warm-up cup-game,
with the food position alternating between the middle cup
(three times), the left, the right, and the middle cup again.

The dot-touching overimitation task

Finally, all dogs participated in four trials of a novel prob-
lem-solving task to obtain a piece of sausage (or equivalent
treat) — the dot-touching overimitation task (from Huber
et al., 2018). The set-up of this task included: (i) two col-
oured dots (blue and yellow) printed on separate A4-sized
sheets of paper and stuck to the wall (around 55 cm apart,
50 cm above the floor, and 130 cm to the left of the food
chamber), (ii) a wooden panel (150 X 100 cm) containing a
food chamber (6 X 7 cm) hidden behind a sliding door (10X 9
cm) mounted in the middle of the panel (50 cm above the
floor), and (iii) a chair on the opposite side of the room for
the experimenter to sit on with the dog next to them (around
200 cm away from the dots and wooden panel).

Each trial began with a caregiver task-demonstration.
This was taught to the caregiver by the experimenter through
a video example, then the caregiver was asked to practice
it before beginning the task. When ready, the experimenter,
caregiver and dog (on a leash) entered the testing room. The
experimenter sat in the chair with the dog by her side (in a
position to view the demonstration). The caregiver (standing
next to the dog and experimenter) then walked towards the
opposite wall and positioned on his/her hands and knees to
demonstrate the task’s actions in a dog-like manner. To dem-
onstrate the causally-irrelevant action, he/she looked at the
dog (or called their name if necessary) to ensure the dog was
paying attention, and touched the blue dot, then the yellow
dot, with his/her nose. Then to demonstrate the causally-
relevant action, he/she moved to the wooden panel, got on
his/her hands and knees, and slid the door open to the left
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with his/her nose (while maintaining the dog’s attention).
He/she took the food from the chamber to show the dog,
then placed it back and slid the door closed again (hiding
this with his/her body). Afterwards, the caregiver returned
to stand by the experimenter and dog (Fig. 1).

Depending on the condition, the caregiver either stood
watching the dog or turned away to face a wall for the four
trials. The dog was released to begin their 1-min task trial.
During the trial, the caregiver was instructed to stand still
and not interrupt or help the dog in any way, while the exper-
imenter did the same. Dogs were excluded from the study
if the caregiver attempted to influence the dog during trials,
such as by pointing at the food chamber. Figure 1 displays an
example of the caregiver’s standardised position in each con-
dition and examples of the irrelevant and relevant actions.

Behavioural coding and data analysis
Behavioural coding

Video recordings were uploaded to an in-house Loopy
(http://loopb.io, loopbio gmbh, Vienna, Austria) server for
storage and behavioural coding. Dog behaviours of inter-
est were the irrelevant- and relevant-action scores from the
dot-touching overimitation task (see Table 1 for behaviour
descriptions). We also coded the irrelevant-action copying’s
(overimitation’s) timing with regards to the goal — whether
dogs touched at least one dot before or after obtaining their
food reward. Command-following scores were coded from
the obedience test, with the score representing the number
of commands followed, with a maximum score of 5 (see
Appendix A for details).

To examine the approach behaviour separately from the
irrelevant-action copying, we decided to conduct second-
ary, exploratory analyses in a binary manner for overimita-
tion (yes — touched a dot, no — did not touch any dot) and
approach (of the dots) behaviour (yes — approached dots,
no — did not approach dots). Mackie and Huber (2023) had
varying findings for these two types of behaviours; with no
effect of trial for their overimitation scores but a decrease

per trial for approaching the dots. We therefore recoded the
irrelevant-action scores (ordinal, 0—4) into an overimitation
score (binary, yes or no) and an approach score (binary, yes
or no) for two binomial mixed models. Overimitation was
scored as yes if the dog touched at least one dot in its trial
and no if it did not. Approach was coded binomially for
whether or not the dog approached the wall with the dots in
its trial, by walking or smelling directly in front of either one
or both of them (0 for no, 1 for yes).

The experimenter (JT) coded all of the 63 dog videos for
these behaviours. Additionally, 20% (13 randomly selected
videos) were coded by KG, an external and naive coder, to
analyse the coding reliability. KG received a scoring guide
(resembling Table 1) and cropped videos, which contained
only the obedience test and the four 1-min trials of the dot-
touching overimitation task (without their demonstrations).
The inter-coder agreement (weighted Cohen’s Kappa) was
almost perfect for the irrelevant-action scores (0.98), perfect
for the relevant-action scores and irrelevant-action timing
(1.0), but the command-following scores only had substan-
tial agreement (0.74).

Data analysis

The data were analysed using the software R Studio. To
examine whether the attentional state of caregivers affected
the dogs’ performance during the overimitation task, we fit-
ted an ordinal (i.e., cuamulative logit link) mixed model. We
built two models, one with the accuracy score of the irrel-
evant action (OI_score) and one using the accuracy score
of the relevant action (REL_score) as response variables
(Table 1). Both models were identical and included condition
(turned-away/watching) as the test predictor of interest, along
with trial number (1, 2, 3, 4), age squared, and sex (male/
female) as control predictors. We also included subject as a
random intercept effect to account for repeated measurements
of the same individuals, and trial within subject as a ran-
dom slope effect (Barr et al., 2013; Schielzeth & Forstmeier,
2009). The obedience score was not included in the ordinal
mixed models, as it proved difficult to score reliably given

Table 1 Irrelevant- and relevant-action score behavioural descriptions for coding

Action  Irrelevant action description Relevant action

score description

0 No approaching of the wall with dots No approaching of the food chamber’s panel

1 Approaching of the wall with dots: dog walked/smelled directly in ~ Approaching of the food chamber’s panel: dog walked/smelled
front of the wall with dots directly in front of the panel

Touching of one of the dots with the nose Touching of the food chamber area of the panel with the nose

3 Touching of both dots with the nose, in the wrong order (yellow, Pushing open of door with nose, in the wrong direction (towards
blue) right) to obtain the food reward

4 Touching of both dots with the nose, in the correct order (blue, Pushing open of door with door, in the correct direction (towards
yellow) left) to obtain the food reward
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the variation of dog behaviours during the obedience test.
This measure also would have required us to subset the data.
Additionally, two dogs’ relevant action scores were removed
for experimenter error and one dog’s fourth trial was removed
for technical issues. We fitted the models in R (Version 4.2.0,
R Core Team, 2022) using the clmm function of the package
ordinal (Version 2020.8-22). Prior to fitting the model we
z.transformed the covariates trial number and age, to ease
model convergence and achieve easier interpretable model
coefficients (Schielzeth, 2010). The full ordinal mixed mod-
els are shown below.
Full ordinal model (irrelevant action):

IRR_Score (0 — 4) ~ Condition + z.trial + z.age
+ I(z.age?) + sex + (1 + z.trial | subject)

Full ordinal model (relevant action):

REL_Score (0 — 4) ~ Condition + z.trial + z.age
+ I(z.age2) + sex + (1 + z.trial | subject)

We verified the absence of collinearity by calculating the
Variance Inflation Factor (VIF) for a corresponding linear
mixed model using the R package ‘car’ version 3.0-12 (Fox
& Weisberg, 2019). This revealed that collinearity was not
an issue (max VIF REL_score: 1.21; max VIF OI_score:
1.16). After fitting the model, we confirmed that the model
assumptions of proportional odds were not violated by
dichotomizing the scoring as at least 1, at least 2, at least
3, and at least 4, fitting logistic models with the obtained
response variables, and inspecting the model estimates.
These varied only a little, suggesting that the assumption
was not strongly violated. We assessed model stability with
respect to the model estimates by comparing the estimates
from the model including all data with estimates obtained
from models in which individuals were excluded one at
a time (Nieuwenhuis et al., 2012). This revealed that the
models were of good stability. We determined the signifi-
cance of individual predictors by dropping them from the
full model, one at a time, and comparing the resulting model
with the full model. For model comparisons, we used a like-
lihood ratio test (Dobson and Barnett, 2018). We calculated
95% confidence intervals for the model estimates and fitted
values by applying the function ‘bootMer’ of the package
‘Ime4’, applying 1,000 parametric bootstraps, or the ‘con-
fint’ function in R depending on the model complexity. We
also used Nakagawa and Schielzeth’s (2013) R-squared from
the ‘r2_nakagawa’ function in R to obtain marginal (fixed
effects) and conditional (total model) R-squared values for
effect sizes.

By replicating the above analysis method, we con-
ducted two additional exploratory analyses on overimita-
tion and approach (of the dots) behaviour. These models
also included a two-way interaction between condition
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and z.trial, which, if non-significant, would be removed
to interpret the lower term effects (Underwood, 1997).
Overimitation scores (yes/no) and approach scores (yes/
no) were analysed in two binomial mixed models:

Full binomial mixed model (overimitation):

OI_Score (yes/no) ~ Condition* z.trial + z.age

+ I(z.age?) + sex + (1 + z.trial | subject)
Full binomial mixed model (approach):

IRR_Approach (yes/no) ~ Condition* z.trial + z.age
+ I(z.age?) + sex + (1 + z.trial | subject)

Regarding the timing of overimitation (touching at least
one irrelevant dot), whether it was before or after the goal,
we conducted an exact binomial test in R with a 0.5 pro-
portion for the number of trials where dogs both overimi-
tated and obtained the reward (N =29), as in Mackie and
Huber (2023).

Data and R-scripts are available on the Open Science
Framework (OSF) through the following link: https://osf.
io/dkbsg/

Results
Descriptives

Overall, there were 24 overimitators (dogs who touched
at least one dot in one trial) out of 63 dogs. Seven of those
dogs overimitated repeatedly (in more than one trial).
There were 29 (out of 251 total) trials where dogs both
touched at least one dot and obtained the reward. Over-
imitator age varied greatly, between 1 and 9 years old, and
there were 11 males and 13 females. Of the 13 dogs who
were reported to have any kind of training in the database,
six were overimitators and seven were not. Additionally,
33 dogs successfully obtained the food reward from behind
the sliding door at least once in their trials (16 female, 17
male). Six (out of 13) dogs with reported training history
obtained the food reward at least once. Regarding age, the
five (out of five) oldest dogs (9 to 12 years old) and nine
(out of 16) of the 1-year-old dogs obtained the food reward
at least once (see Participant List in OSM).

Irrelevant-action scores and attentional states

The full-null model comparison for irrelevant-action scores
was non-significant (X2 =0.066, df =1, p=0.797), mean-
ing that the caregivers’ attentional states (turned-away or
watching) had no effect on the dogs’ accuracy scores for
irrelevant actions (Fig. 2). The model revealed no significant
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effects for condition, age, age squared, or sex on irrelevant-
action scores. However, there was a significant effect of trial
(X2 =6.084, df=1, p=0.014), in that dogs’ irrelevant-action
scores decreased as trial numbers increased. Nakagawa’s
marginal R? value was 0.036 and the conditional R? value
was 0.277, thereby 3.6% of the irrelevant-action scores’ vari-
ability could be accounted for by our fixed effects and 27.7%
by the total model. Results of the full ordinal mixed model
for irrelevant-action scores are available in Appendix B.

Overimitation and attentional states

The full-null model comparison for overimitation scores
(yes/no) was non-significant for the binomial mixed model
(X2= 1.129, df =3, p=0.77), meaning that the caregivers’
attentional states (turned-away or watching) had no effect
on the dogs’ overimitation. This model revealed no signifi-
cant effects for condition, age, age squared, trial or sex on
overimitation behaviour. Nakagawa’s marginal R* value was
0.034 and the conditional R? value was 0.331, thereby 3.4%
of the overimitation scores’ variability could be accounted
for by our fixed effects and 33.1% by the total model. Results
of the full binomial mixed model for overimitation are avail-
able in Appendix C.

Approaching dots and attentional states

The full-null model comparison for approach (of the dots)
behaviour was significant in our binomial mixed model
(X2 =12.665, df =3, p=0.005), meaning that the caregiv-
ers’ attentional states (turned-away or watching) had an
effect. The binomial mixed model for approach behaviour

revealed a significant interaction between condition and trial
(X2 =4.623, df=1, p=0.034), where approaching behaviour
decreased per trial only when the caregiver was watching
the dog (Fig. 3). There were no significant effects of age,
age squared, trial or sex. Nakagawa’s marginal R* value was
0.107, thereby 10.7% of the approach behaviour’s variabil-
ity could be accounted for by our fixed effects. Results of
the full binomial mixed model for approach are available
in Table 2.
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Fig.3 The binomial mixed model’s significant interaction between
condition and trial for approach (of the dots), visualised with means
(Appendix D). The trial means of condition “ownerfacewall” are rep-
resented along an orange line and ‘ownerwatchdog’ along a blue line

Irrelevant-action scotes

+ ns

turned-away watching

Relevant-action scores

turned-away watching

Fig.2 Results of the two ordinal mixed models for caregivers’ atten-
tional states and dogs’ action scores. The left plot shows the number
of times that dogs scored 0—4 for the irrelevant action in each condi-
tion (turned-away (orange)/watching (blue)); “ns” =not significant in
the model. The right plot shows the number of times that dogs scored

0—4 for the relevant action in each condition (turned-away / watch-
ing); *=a significant effect in the model (p <.05). The vertical lines
represent each model’s confidence intervals while the horizontal lines
are each model’s fitted values. The circle size represents the number
of times the corresponding score was scored by a dog
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Overimitation timing (before goal/after goal)

There were 29 trials where dogs both overimitated (touched
at least one dot) and obtained the reward (opened the door
and ate the food) in a trial. In 22/29 of these trials, dogs over-
imitated after already achieving the goal (touched at least one
dot after eating the food reward). In 7/29 of these trials dogs
overimitated before achieving the goal. Compared to a 50:50
chance, the proportion of dogs overimitating afterwards was
much larger than the proportion of dogs overimitating before-
hand (exact binomial test; N=29, p=0.008).

Relevant-action scores and attentional states

The full-null model comparison for the copying accuracy of
relevant actions was significant (X2 =4.575,df=1, p=0.03),
meaning that the caregivers’ attentional states (turned-away/
watching) had an effect on relevant-action copying scores
(Fig. 2). The model revealed that dogs copied the relevant

action significantly better when they were being watched
(X2=5.753, df=1, p=0.017), that dogs copied the rel-
evant action significantly better per trial (X2 =8.167,df=1,
p=0.004), and younger and older dogs copied the relevant
action better than middle-aged dogs (X2:4.575, df=1,
p=0.03). The model had no significant effect of age and sex
(see Table 3 for full ordinal mixed model results of relevant-
action copying). Nakagawa’s marginal R? value was 0.138
and the conditional R value was 0.841, thereby 13.8% of the
relevant-action scores’ variability could be accounted for by
our fixed effects and 84.1% by the total model.

Discussion

In summary, dogs who were being watched by their caregiv-
ers had significantly higher relevant-action scores, but not
irrelevant-action scores, than dogs whose caregivers were
turned away during trials. Additionally, younger and older

Table 2 Results of the significant binomial mixed model for the irrelevant-action approach (of the dots) behaviour (yes/no)

Term (effect) Model estimate Std. error Z value df P value Min Max

(intercept) 0.581 0.346 1.679 1 0.093 0.446 0.708
Condition_watching 0.027 0.416 0.066 1 0.947 -0.092 0.189
z.trial! -0.091 0.207 -0.440 1 0.660 -0.178 -0.014
z.age! -0.186 0.278 -0.670 1 0.503 -0.268 -0.089
I(z.ager2)! -0.638 0.167 -0.669 1 0.504 -0.147 -0.066
Condition_watching*z.trial -0.638 0.300 -2.123 1 0.034 -0.740 -0.561

Z value represents the z statistic, df represents degrees of freedom, p value indicates the significance level (bold rows are significant; p <.05),
and min. and max. are the minimum and maximum model stability estimates, respectively

1 Trial number and age were z-transformed to a mean of zero and a standard deviation of one, mean (SD) of trial number was 2.49 (1.12), mean

(SD) of age was 3.96 (2.89)

Table 3 Results of the significant ordinal mixed model for relevant-action behavioural scores (0-4)

Term (effect) Model estimate Std. error Lower cl Upper cl X2 df P value Min Max
0l -3.433 1.012 -6.066 -1.208 ® -3.852 -2.986
112 -0.874 0.960 -3.138 1.286 ® -1.256 -0.389
213 2.045 0.986 -0.111 4282 ® 1.700 2.597
314 3.697 1.038 1.453 6.047 @ 3.371 4215
Condition_watching! 1.928 0.915 -0.220 4.396 4.575 1 0.033 1.494 2.291
z.trial® 0.785 0.302 0.265 1.440 8.167 1 0.004 0.662 0.848
z.age? -0.562 0.596 -2.118 0.816 0.895 1 0.344 -0.841 -0.292
I(z.age"2) 0.932 0.398 0.081 2.124 5.753 1 0.017 0.768 1.067
sexM! -0.306 0.837 -2.271 1.561 0.134 1 0.715 -0.577 -0.038

cl represents the confidence interval limit, Xz represents the chi-square statistic, df represents degrees of freedom, p value indicates the signifi-
cance level (bold rows are significant; p <.05), and min. and max. are the minimum and maximum model stability estimates, respectively

1 Condition and sex were dummy coded with ‘Condition_turned-away’ and ‘female’ being the reference categories, respectively

2 Trial number and age were z-transformed to a mean of zero and a standard deviation of one, mean (SD) of trial number was 2.49 (1.12), mean

(SD) of age was 3.96 (2.89)
3 Not indicated because of having a very limited interpretation
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dogs performed better than middle-aged dogs with respect
to their relevant-action scoring. For each trial, dogs scored
higher and higher for the relevant-action, but lower and
lower for the irrelevant-action. However, after we separated
overimitation scores (dogs touching at least one dot) from
scores of approaching the dots, we found no trial effect for
overimitation and an interaction between condition and trial
for the approach behaviour. Dogs approached the wall with
the dots less per trial when being watched, yet no differ-
ently over trials when their owner was turned away. Finally,
for overimitation timing, dogs overimitated more often after
(rather than before) achieving the food goal in trials where
they both touched at least one dot and got the reward. Over-
all, the number of dogs considered to be overimitators in
this study was slightly lower than in previous studies using
the dot-touching task (i.e., Huber et al., 2018; Mackie &
Huber, 2023).

Firstly, we found an interaction between caregiver atten-
tional states and trials for dogs approaching the dots. By
conducting two separate analyses on overimitation and
approach scores, we found that the effect of trial was lost
for touching at least one dot, but remained for approaching
the dots (replicating Mackie and Huber’s (2023) findings).
The fact that dogs have now repeatedly performed differently
in these behaviours reiterates a distinction between dogs’
lowest level of irrelevant-action scores, their exploration-
like approach behaviour, and their overimitation in this task.
Results showed that approaching the dots decreased over
multiple trials when the caregiver was attentive, but not
when she/he was facing the wall. There may have been an
initial expectation that approaching the dots would elicit a
response from the watchful caregiver. During trials though,
caregivers did not interact with or react to their dogs, and
dogs likely learned this over trials. Dogs may have behaved
‘obediently’ or ‘pleasingly’ towards their watchful car-
egiver by approaching the dots at first (the location of the
caregiver’s irrelevant demonstration), but were discouraged
over time without any reinforcement from their caregiver
and with the discovery of the food-reward location. Alterna-
tively, secure-base effects are found in dog-caregiver bonds
— for example, like children, dogs explore new rooms, play
with strangers, and play more independently in the pres-
ence (rather than absence) of their caregivers (Palmer &
Custance, 2008) — so dog exploration-like approaching in
our task could have been initially facilitated by the secure-
base effect from an attentive caregiver.

Secondly, we found that overimitation behaviour occurred
independently of caregiver attentional states, unlike that
found in children (Marsh et al., 2019; Stengelin et al., 2019),
and unlike dog obedience behaviour (Call et al., 2003;
Schwab & Huber, 2006; Viranyi et al., 2004). For dogs who
overimitated, the motivation to copy and match the caregiv-
er’s irrelevant demonstration seemed to be unrelated to a

desire to obey or please them. Previous studies suggested
that dog overimitation is rather related to affiliation. Dogs
were found to overimitate their caregiver more than a stran-
ger, and ‘perfect’ overimitators scored highly on caregiver-
dog relationship tests (Huber et al., 2020, 2022). The pre-
sent study further supports this affiliative hypothesis with
its finding that dogs overimitated more often after the goal
was already achieved — which was also a finding of Mackie
and Huber (2023). These authors, alongside Taniguchi and
Sanefuji (2021), argue that overimitation gains a more social
goal once the instrumental goal (obtaining the reward) is
completed. Particularly a disconnected irrelevant action (like
our dot-touching or Taniguchi and Sanefuji’s box-tapping)
had little chance to be misinterpreted as relevant, so obtain-
ing the instrumental goal first and efficiently was a priority.
Any overimitation afterwards would contain another goal:
such as to be like or affiliate with the demonstrator. Together,
these findings suggest that dogs, in our study, may have over-
imitated regardless of their caregiver’s attentional state due
to such non-instrumental (social) goals.

For the relevant action, dogs showed sensitivity to their
caregiver’s watchful state by copying the caregiver’s leftward
push of the sliding door more than when their caregiver was
inattentive. This result resembles those from obedience tasks
regarding dogs’ sensitivity to attentional states. In obedience
tasks, dogs were more likely to perform a ‘lie down’ com-
mand well if their commander (caregiver) was watching than
if the commander left the room or turned around (Schwab &
Huber, 2006; Viranyi et al., 2004). Perhaps our dogs tried
to follow the action cue from the caregiver's demonstration
through faithful imitation (obtaining a perfect copying score)
of the relevant action. And with the caregiver’s inattentive-
ness came no obligation to copy the same direction (left or
right push) that the caregiver demonstrated. Taken together
with the irrelevant action’s lower copying frequencies and its
lack of sensitivity to attentional states, there are clear differ-
ing motivations behind these two kinds of copying; a strong,
food prioritisation for the relevant action, and a secondary,
‘be-like’ motivation for the irrelevant action.

However, a full obedience-based interpretation would
be assuming that the caregiver’s demonstration was viewed
as some sort of non-verbal command. Our caregiver dem-
onstration was designed to elicit the dog’s attention, with
eye contact and name-calling if necessary. These caregiver
behaviours typically occur during dog training contexts. So,
if dogs viewed the demonstration as such a context, as a sort
of command, then dogs who had reported training history
should have been better at obtaining the reward (as seen in
Marshall-Pescini et al., 2016). Yet, only six of the 13 report-
edly trained dogs managed to do so (scored 3 + for relevant-
action copying). Likewise, the irrelevant-action demonstra-
tion should also have been viewed as a command, but only
six of the reportedly trained dogs were overimitators (scored
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2 + for irrelevant-action copying). Training history alone,
therefore, was not enough to support an obedience-based
interpretation of dogs’ copying of the caregiver’s relevant
action in this study. To do so would require further inves-
tigation, such as by having a much larger sample size, by
including a forbidden food task (i.e., Call et al., 2003), or by
manipulating a command-like strictness for the overimita-
tion task’s demonstration. The inter-coder unreliability of
our command-following behavioural scores from the dog-
obedience test is one limitation of the present study.

Possibly both an intent to please and social signalling
towards a watchful caregiver can explain why dogs cop-
ied their caregivers relevant action more accurately and
approached the area of the dots (at least in in trial one) more
often. Dogs respond more obediently when being watched
in forbidden food/command tasks (e.g., Call et al., 2003;
Schwab & Huber, 2006), which resembled their relevant-
copying performance in this study. However, humans copy
‘better’ when being watched too. For humans, copying can
be interpreted as a social signal towards the watcher. For
example, adult humans precisely copied the height that
their leader placed a block (in a game) if they were aware
that their leader was watching them (Krishnan-Barman
& Hamilton, 2019). By faithfully imitating their leader’s
movements, the copiers sent a non-verbal communicative
signal that they are paying close attention to their leader
and maintaining their social connection. Mimicry, imitating
someone’s gestures, etc., is also considered a social signal,
and it can elicit positive opinions and prosocial dynamics
towards the imitator (Farmer et al., 2018). One could argue
that individuals send these social signals to please another
person, which is something that dogs are well known for.
So, we cannot exclude that dogs were closely imitating their
(attentive) caregiver’s relevant actions to also please their
caregivers in this study. As well as to be obedient, dogs may
be using imitation as a social signal. If we consider the dog’s
overimitation in terms of social signalling, their insensitiv-
ity to attentional states would mean that irrelevant copying
wouldn’t have been used as this kind of social signal, at least
from the overimitators in this study.

Our final findings for trials and the relevant-action
behaviour replicated Mackie and Huber’s (2023), as dogs
improved their copying of their caregiver’s relevant-action
over trials. Dogs may have been gaining confidence to take
the food reward in each trial from the increased awareness
that it was permissible. Still, each trial offered dogs the
opportunity to experience the directional push in the non-
demonstrated direction, and often dogs would slide the door
both ways while they were eating their food reward. So, the
fact that dogs preferred to copy their caregiver’s leftward
push over trials supports faithful imitation. Otherwise, dogs
were approaching the irrelevant dots less each trial when
being watched, and like in Johnston et al.’s (2017) study,
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these dogs (and dingoes) were likely learning that the action
was inconsequential, or causally insignificant to the goal.
However, around half of Johnston et al.’s dogs and dingoes
were still performing the irrelevant (lever-pressing) action
after four trials, and our dogs’ irrelevant-copying was unaf-
fected by trial. Either (all) these persistent overimitators did
not learn about the action’s irrelevance, even when given
multiple chances to do so, or they had other motivations to
overimitate.

In general, dog overimitation frequencies in the available
experimental studies (Huber et al., 2018, 2020, 2022; John-
ston et al., 2017; Mackie & Huber, 2023) are not as high or
repetitive as in studies of human overimitation (i.e., Lyons
et al., 2011). So rather than a universal phenomenon, like
in humans, it seems that only certain kinds of dogs, with
certain motivations, are engaging in overimitation of their
closely bonded caregivers. By carefully balancing conditions
for characteristics such as sex, breed and age, researchers
might be missing key differences between dogs who over-
imitate and those who do not. For example, we counter-
balanced our conditions for age yet still found an effect of
age squared on the relevant action. Although literature on
age and attachment is underexplored, it is suggested that a
dog’s attachment to their caregiver changes with age over
time (Rehn & Keeling, 2016). This may be a related factor
to our finding. Future research on dog overimitation may
wish to focus on such characteristics of dogs who do over-
imitate, and how contexts and experimental manipulations
can affect these particular dogs’ motivation to overimitate.
Perhaps non-overimitating dogs cannot, or care not to, ever
become overimitators themselves.

Conclusion

All in all, this study found that dogs were insensitive to
their caregiver’s attentional state while copying irrelevant
actions, but were sensitive to being watched while copying
relevant actions and approaching the irrelevant dots. In
particular, dogs copied their caregiver’s directional push
more when they were being watched than when they were
not, and approached the irrelevant dots less per trial when
they were being watched. This sensitivity to attentional
states aligns with studies on both dog obedience (in terms
of command following) and human imitation behaviour.
The dogs in this study who both overimitated and got the
food reward, did so more often after obtaining the reward,
as a kind of secondary goal. Our overimitation results indi-
cate that following cues in a manner to please may not
play a role in dog overimitation, instead, results support
the affiliative hypothesis — that dogs overimitate because
of their relationship and closeness with the demonstrator.
In conclusion, the dogs in this study showed that they are
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sensitive to the attentional states of their caregiver, just not
enough in the context of overimitation.
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