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This critical review examines non-human manifestations of linguistic competence and its precursors, with a focus
on findings from studies on domestic dogs (Canis familiaris). Previous research — including both theoretical re-
views and empirical studies — has widely demonstrated that the domestic dog serves as an ideal natural model for
studying a broad range of cognitive and behavioural traits shared with humans. Studies also indicate that dogs
can interpret human communication cues in a remarkably child-like manner; they possess functionally human-
analogous, voice-sensitive cortical regions and show specific neural responses to speech. Moreover, some dogs
show evidence of learning word-object associations in ways unprecedented among nonhuman species. Together,
these findings strongly support the translational value of dog-human comparisons for exploring the evolution of
skills related to faculties of language and suggest that dogs may serve as models for studying natural variability in

children’s world learning abilities.

1. Introduction

The ontogenetic emergence and phylogenetic evolution of human
language — a cognitive ability unique to our species — have long been
central to comparative research. Decades ago, Sebeok in his seminal
paper published in Science (Sebeok, 1965) argued that animal commu-
nication systems could be studied using concepts from linguistics, such
as competence and performance. Since then, ongoing debates have
focused on the continuity between various aspects of human language
and animal communication systems, as well as on the possible existence
of precursors to human language (e.g. Zuberbiihler, 2015; Birchenall,
2016). Recent studies indicate that some important hallmarks of lin-
guistic competence can evolve across different clades of animals. For
example, even Japanese tits exhibit linguistic capabilities such as
referentiality and compositionality (Suzuki, 2021). Additionally, audi-
ence awareness (i.e. signaller sensitivity to the audience) has also been
observed in different species (see Coppinger et al., 2017, for a review).
However, while nonhuman species may show some linguistic skills,
human language is grounded in a range of uniquely human abilities,
which are only present in rudimentary forms, even in our closest rela-
tives, the non-human primates.

An intriguing question regarding potential parallels between human
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language and animal communication systems is the extent to which
animals can benefit from understanding aspects of human linguistic
communication. A key term in exploring this question is communicative
competence which refers to the abilities, that both signallers (‘speakers’)
and receivers (‘listeners’) need to communicate effectively across
various social contexts (Lillis, 2006). Although the manifestations of
such social competence in interspecific (human-animal) contexts remain
widely debated, communication between humans and nonhuman ani-
mals is gaining increasing interest in the field of comparative social
cognition. In line with this, growing evidence suggests that many species
— including higher mammals and birds — engage in complex communi-
cative interactions with humans (see Hurn, 2024 for a review).

When studying animal understanding of human verbal communica-
tion, the central question is whether non-human receivers can perceive
the unique features of linguistic communication that make it qualita-
tively distinct from animal communication systems. Specifically, these
features are (i) referential quality — the capacity for a one-to-one semantic
referential mapping; (ii) the intentional nature of communicative acts — the
ability to infer that the message content is intentionally signalled by the
communicator; and (iii) the generalizability of linguistic signals — the re-
ceiver’s expectation that the validity of shared knowledge extends
beyond the immediate context and applies to other situations.
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Apart from the capacity to use and understand symbols, taking the
direction of translating these theoretical considerations into a more
practical approach, the extent of ‘vocabulary’ and the recognition of
‘syntax’ are two essential aspects in studying how animals understand
human linguistic communication. The first concerns an animal’s ca-
pacity to develop relevant responsiveness to human verbal signals
(words). Word learning studies focus on three basic questions: whether
subjects (i) can isolate word forms within different auditory inputs (ii)
can develop associations between words and their referents, and (iii) can
map meanings onto objects, agents or actions (e.g. Pepperberg et al.,
2000). Studies on sensitivity to syntax, however, focus on assessing an
animal’s understanding of the additional information encoded in the
grammatical relationships of verbal signals (e.g. Suzuki, Zuberbiihler,
2019).

2. Why dogs?

It is increasingly accepted that moving beyond traditional direct
phylogenetic comparisons between humans and great apes — and instead
focusing on convergent cases of linguistic capabilities in animals
phylogenetically distant from humans — offers potential for deeper in-
sights into the origins and evolution of linguistic abilities. Recent sup-
port for the domestic dog as a promising candidate for such comparative
approaches comes from both theoretical reviews (e.g. Miklési Topal,
2012; 2013) and research articles (e.g. Topal et al., 2009; Bunford et al.,
2020) which show that dogs share a broad range of cognitive and
behavioural traits with humans. Dogs demonstrate remarkable,
infant-like social competence in their communicative skills, enabling
them to perceive certain aspects of the intentional and referential nature
of human communication. However, these interactions generally occur
without the recognition of the generalizability of knowledge shared by
their human partners. In the following paragraphs, we review the
characteristics of dogs’ communicative competence that make them
well-suited for engaging in communicative interactions with humans.

2.1. Understanding ‘referentiality’

Referential signals are used by the signaller to draw the attention of
the receiver to the target of interest (object, person, location, etc.). The
responsiveness to referential signals — initially thought to be uniquely
human - has been extensively investigated in various animal species.
Not only primates (e.g. Liebal, Slocombe and Waller, 2022) but also
some bird species (see Smith, 2017) and bottlenose dolphins (King and
Janik, 2013) have been shown to produce and respond to functionally
referential signals, mainly in the auditory domain. Importantly, true
referentiality in the human sense has been questioned in these instances
due to concerns about context-specificity and stimulus-independence
(Wheeler and Fischer, 2012). However, other studies have provided
evidence of comprehension of context-independent specific referential
cues in the visual domain, such as directional gestures. Elephants (Smet
and Byrne, 2013), seals (Scheumann and Call, 2004), and dolphins
(Herman et al., 1999) have been found to comprehend the referential
nature of human pointing. Moreover, some species have demonstrated
the ability not only to comprehend but also to produce such signals (Pika
and Bugnyar, 2011; Vail, Manica and Bshary, 2013).

Dogs have also been shown to interpret human directional gestures,
including gaze direction (Hare and Tomasello, 1999; Agnetta, Hare and
Tomasello, 2000; Téglas et al., 2012; Met, Miklosi and Lakatos., 2014)
and various forms of pointing (Soproni et al., 2002). An intriguing aspect
of dogs’ responsiveness to human gestural communication is their
ability to utilize such signals spontaneously, and flexibly (Duranton,
Range and Viranyi, 2017; Kaminski Schulz and Tomasello, 2012; Tauzin
et al., 2015a; Téglas et al., 2012; Bray et al., 2020; Hare et al., 2010;
MacLean et al., 2017; Udell, Giglio and Wynne, 2008; Wobber and Hare,
2009) and from an early age (Riedel et al., 2008; Bhattacharjee et al.,
2017; Gacsi et al., 2009; Salomons et al., 2021). Dogs’ performance in
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such situations is comparable to that of 2-year-old children (Lakatos
et al., 2009; Hare and Tomasello, 2005). Both infants and dogs exhibit a
strong dependence on interpreting gestures in their daily interactions.
For infants, gesture comprehension serves as a fundamental aspect of
communicative development, whereas in dogs, it predicts success in
training for service and detection tasks (Lazarowski et al., 2019;
MacLean and Hare, 2018; Tomasello, 2019). Moreover, family dogs,
unlike other domesticated animals kept as family pets, such as miniature
pigs (Pérez Fraga et al, 2023), have been observed exhibiting
attention-getting behaviours when faced with unsolvable problems. In
such situations, they use gaze alternation and their body positioning as
functionally referential and intentional communicative signals (Miklosi
et al., 2000; Gaunet and Deputte, 2011). Furthermore, like infants
(Csibra, 2010; Behne, Carpenter and Tomasello, 2005), dogs perform
better at following human pointing gestures when these gestures are
preceded by ostensive signals (Kaminski, Schulz and Tomasello, 2012;
Tauzin et al., 2015a).

2.2. The intentional nature of human communication

Ostensive signals are specific tools used to express the intentional
nature of human communication, which refers to the deliberate and
purposeful actions taken by individuals to convey information. These
include both verbal and non-verbal cues, such as gestures, facial ex-
pressions and eye contact. In brief, ostensive signals indicate an inten-
tion to communicate and are used to initiate and maintain interactions
(Tomasello et al., 2005). Like responsiveness to referential signals,
ostensive communication was initially thought to be a uniquely human
trait, relying on metacognitive abilities that enable the open-ended and
flexible nature of human communication (Heintz and Scott-Phillips,
2023). Humans are highly efficient receivers of ostension from an
early age; for example, six-month-old infants have been shown to follow
human gaze when presented in an ostensive manner (Senju and Csibra,
2008). According to Csibra and Gergely (2009), ostensive communica-
tion biases infants’ interpretation of others’ directional cues in at least
three ways: by increasing attention, by creating a referential expecta-
tion, and by inducing a genericity bias (i.e. the tendency to interpret
conveyed information as general knowledge).

Domestic dogs have evolved alongside humans for at least 15,000
years (Larson et al., 2012) and have more recently been artificially
selected for cooperative and communicative abilities. As such, it is
reasonable to assume that responsiveness to ostensive signals may be an
adaptive trait (Topal et al., 2009). Indeed, research has shown that
ostensive communication toward family dogs increases their chances of
success in tasks such as socially demonstrated detours (Pongracz et al.,
2004), gaze following (Duranton, Range and Viranyi, 2017; Téglas et al.,
2012) and comprehension of pointing gestures (Tauzin et al., 2015a).

These findings suggest that, like human infants, family dogs are able
to selectively comprehend ostensive communication. However, the
question of whether this reflects truly increased referential expectation
or merely heightened attentiveness remains open for further investiga-
tion. While some argue that the ability to follow human ostension de-
velops through life experience, recent findings suggest that this ability,
similarly to human children, emerges very early in life (Byosiere et al.,
2023), making the experience-based interpretation less probable.

2.3. Generalizability of shared knowledge

Studies on the development of human communication suggest that
signals indicating the intention to communicate — ostensive signals -
trigger a learning predisposition in infants, facilitating their acquisition
of knowledge through the observation of adult demonstrations (Csibra
and Gergely, 2009). Infants tend to assume that the information pre-
sented by an adult, when accompanied by ostensive signals, applies also
to other contexts. Research (Topal et al., 2008) demonstrates that this
predisposition can explain the perseverative search error observed in
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young infants during the A-not-B object search task (Wellman et al.,
1986). In this two-way choice paradigm infants observe the hiding of the
target object, and search for it under container A three times, and
although observing the fourth hiding under container B, keep searching
under container A (i.e. commit a perseverative error). The strong asso-
ciation found between the ostensive-communicative context of the
hiding actions and the perseverative search error provides support for
the "natural pedagogy" hypothesis (Csibra and Gergely, 2009). This
hypothesis suggests that the perseverative error arises primarily from a
pragmatic misinterpretation of the experimenter’s hiding actions, which
are perceived as a communicative teaching demonstration, leading to
the assumption that the knowledge should be generalized to other
contexts.

Dogs have also been shown to exhibit functionally similar sensitivity
to human ostensive-referential signals. To investigate the functional
nature of dogs’ sensitivity to these cues, the A-not-B object search
paradigm, previously shown to induce perseverative search errors in
human infants due to communicative cues (Topal et al., 2008), was used.
The results revealed that, like infants, dogs commit perseverative search
errors when the hiding events are presented in a communicative context.
This suggests that social competence, including a predisposition to learn
from human communication, is shared by both dogs and infants. The
robust A-not-B error in dogs, which is absent in extensively socialized
wolves, is believed to result from selective processes during domesti-
cation that enhanced sensitivity to human cues (Miklosi et al., 2003;
Gacsi et al., 2009). However, the fact that the perseverative error is
committed by dogs only in a communicative context does not neces-
sarily imply the same interpretation as in human infants. Instead, evi-
dence suggests that dogs’ responses to human communication are driven
by a desire to comply with the expectations that their human partner
seemingly expresses through ostensive communication, even when this
leads to inefficient or incorrect responses in a particular task situation
(Pongracz et al., 2004, Prato-Previde, Marshall-Pescini and Valsecchi,
2008, Erdohegyi et al., 2007). The fact that preservative errors in dogs
are context-dependent, while in children they are independent of
context, highlights important differences between dogs and human in-
fants in terms of their interpretive processes. These findings seem to
reveal a behavioural analogy between dogs and human infants. The
A-not-B error often viewed as a mistake, may reflect advanced social
competence in both dogs and infants. However, dogs appear to anchor
communication to the specific situation and communicator (Topal et al.,
2009).

3. How do dogs understand human linguistic communication?
3.1. Word learning, word comprehension in dogs

There is a huge discrepancy between behavioural experiment-based
evidence on word comprehension of dogs and evidence from owner
reports (Pongracz et al., 2001; Reeve and Jacques, 2022). Moreover,
owners’ opinion on how well their dogs understand the human language
spoken to them covers a wide range from “dogs only comprehend the
tone of voice and context” to “they understand language similarly to a
3-4-year-old human infant”. Most recently some owners even claim that
their dogs use word buttons adequately to express what is on their mind,
with some of these claims also corroborated by scientific investigations
(Bastos, Evenson, et al., 2024; Bastos, Houghton, et al., 2024). One
might be inclined to dismiss owners’ opinions as biased, given that their
claims have not yet been corroborated by behavioural studies (Készegi
et al., 2023; Ramos and Mills, 2019), were it not for the growing body of
evidence from non-invasive neuroscientific studies (e.g. Andics et al.,
2016; Bunford et al., 2017; Kis et al., 2014) suggesting that dogs’ word
comprehension involves more than just the ‘tone of voice” associated
with certain contexts. Among others, dogs have been shown to possess
functionally human-analogue voice-sensitive regions (Andics et al.,
2014), abilities in the neural representation of lexical information
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(Andics et al., 2016; Gabor et al., 2020), and segmentation of human
speech (Boros et al., 2021) (for detailed discussion see Section 4.) So,
considering the above, the question remains: How well do typical family
dogs comprehend human language?

3.1.1. Word-referent Relationships, and word comprehension considering
the level of correspondence

Understanding that words (i.e. specific verbal cues) refer to specific
objects in the environment — referential understanding — is believed to be
based on the formation of mental representations in humans. Mental
representations are hypothetical internal cognitive symbols that repre-
sent external reality or even concepts. While in human studies, in-
dividuals’ mental representations are relatively straightforward to study
due to linguistic competence, the study of mental representations in non-
verbal (non-human) animals has been quite a challenge. While case
studies suggesting a referential understanding of object words have been
accumulating (Herman, Richards and Wolz, 1984; Kaminski, Call and
Fischer, 2004; Pepperberg, 2006; Pilley and Reid, 2011;
Savage-Rumbaugh et al., 1986), behaviour-based evidence has generally
been inconclusive partly due to possible issues of correspondence (Fitch,
2020). Correspondence here refers to the close similarity or equivalence
of the mental representations of individuals. The level of correspondence
may vary with complexity even between humans but is very difficult to
assess in non-human animals. For example, if I say “tennis ball” to my
dog and the dog subsequently brings me the tennis ball, this may appear
to be evidence of a good correspondence between human and canine
mental representations, supporting the case for referential understand-
ing. However, we have good reason to suspect that the mental repre-
sentation evoked in a dog by the phrase “tennis ball” does not
correspond to the representation held by its human partner. It is well
possible that hearing this verbal cue is connected not only to a specific
object but also to toys generally, or to a place (Tauzin et al., 2015a),
where toys usually can be found or an action of retrieving a toy, even the
praise or reward I usually give upon receiving a toy, etc. Moreover, what
if my dog does not bring me the tennis ball? Does this imply a lack of
mental representation and/or an inability to form a referential under-
standing of the word? Or simply a lazy dog? We had little or no means to
study mental representations and level of correspondence before the
implementation of non-invasive in vitro neuroscientific assessments
became possible (e.g. Boros et al., 2024).

Although there is a consensus on the existence of mental represen-
tations and referential understanding in humans, claims of referentiality
in animals often meet considerable scepticism. These critical views stem
from the so-called associationist account of animal communication, the
core idea of which is that animal communication is primarily based on
learned associations between signals and responses. This view suggests
that animals communicate through a system of conditioned responses
where signals (such as sounds or gestures) become associated with
specific outcomes or behaviours. Similarly to the debate on mentaliza-
tion (or Theory of Mind) in non-humans (Halina, 2015), it is often the
case with studies of referential communication in animals, that on the
behaviour level, associationist explanations are also plausible. The
pressure to rule these out often presents a great challenge. Fortunately,
the mentalist account, which argues that animal communication in-
volves an understanding of mental states, and relies on mental repre-
sentations that can be recalled, manipulated and represented, is gaining
acceptance in animal cognition research (Fitch, 2020), as neuroscientific
investigations emerge in support of this view. Reflecting on the afore-
mentioned example, some may argue that my dog bringing me the tennis
ball upon hearing “tennis ball” is simply a conditioned response (verbal
cue to response) and does not necessarily imply the existence of a mental
representation or referential understanding, however, such an expla-
nation is likely to be too simplistic in light of recent findings. A recent
EEG study on dogs using the event-related potential (ERP) methodology
demonstrated that, upon hearing an object’s name, dogs form an
expectation based on the mental representation evoked by the word,
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linking the word and object in a referential manner (Boros et al., 2024 —
see below for more details of this study).

3.1.2. Significance of object-related actions and the context

As briefly mentioned above, the argument that animals, in our case
family dogs, form mental representations and exhibit referential un-
derstanding of certain words does not imply that these representations
are identical, or even comparable to those of a human. According to
owners’ accounts and various studies, dogs’ ability to comprehend
speech is influenced by various factors such as gestural cues
(Tempelmann, Kaminski and Tomasello, 2014), context (Gaunet and
Deputte, 2011) and also related actions (Ramos and Ades, 2012).
Controlled behaviour studies often fail to demonstrate dogs’ compre-
hension of object labels beyond a limited set of items. These results could
be interpreted as a lack of knowledge but may also stem from the
performance-based nature of these measures. Additionally, stimulus
words in such studies are typically presented “stripped” of context,
gestures, or related actions — elements that might be integral to the
mental representation formed. Thus, the word alone may be insufficient
to evoke the intended representation. The finding that family dogs learn
action labels more readily than object labels (Ramos and Mills, 2019)
further supports this notion. Coupling actions with object labels may
facilitate dogs’ learning and improve their performance in behavioural
experiments, potentially aligning more closely with neural evidence.

3.1.3. Individual differences, intraspecies variability

The question of word comprehension in family dogs is further
complicated by recent findings of significant interspecies variation in
the ability to learn object names (Fugazza et al., 2021). While the
average family dog is capable of understanding only a few object names
at most (Koszegi et al., 2023; Ramos and Mills, 2019), some exceptional
dogs exhibit remarkably fast and efficient learning abilities (Fugazza,
Andics, et al., 2021), acquiring a vocabulary of up to hundreds of object
names — usually toys (Fugazza, Dror, et al., 2021; Pilley and Reid, 2011).
Importantly these exceptional dogs can retain object names for years
(Dror et al., 2024). This striking intraspecies variability presents a
valuable opportunity for research into the genetic and environmental
factors underlying exceptional word-learning abilities. It also offers an
opportunity to explore the underlying mechanisms. The emergence of
word (object name) learning competence in dogs may serve as a model
system for investigating the early evolution of human linguistic
competence.

3.2. The role of prosody in communicative interactions

Prosody refers to a large group of features beyond syllables in speech
that have a huge impact on the establishment of the phonological and
lexical representation of spoken words (for a review see Dahan, 2015).
Here we use the term acoustic prosody to refer to features such as pitch,
intonation, rhythm and intensity. In contrast, visual prosody pertains to
the facial and bodily signals that accompany speech. Parallel to lexical
content, we also adjust prosodic features to reflect our emotional states
and intentions as well as to accommodate the audiences’ needs and
capabilities (e.g. Spinelli, Fasolo and Mesman., 2017).

When communicating with partners who have limited or developing
language knowledge, we tend to exaggerate prosodic elements that
enhance clarity and capture or maintain attention (for a review see
Dominey and Dodane, 2004). A well-known example of such speech
style is infant-directed speech (IDS), often referred to as motherese. IDS
is characterized by heightened and more variable pitch, slower tempo,
vowel hyperarticulation and several specific facial expressions and
gestures that are uncommon or absent in adult-directed speech (ADS, for
a review see Soderstrom, 2007). There is ample evidence that several
prosodic features of natural IDS play a crucial role in language acqui-
sition and are essential for healthy language development (for a review
see Golinkoff et al., 2015). For instance, when caregivers produce
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vowels and consonants for infants, they often exaggerate the acoustic
differences between these sounds compared to adult-directed speech.
This phenomenon, known as hyperarticulation, creates greater percep-
tual space between utterances, making it easier for infants to distinguish
and form vowel and consonant categories (e.g. Fernald, 2000). Other
acoustic prosodic features, such as heightened overall pitch and specific
pitch contours, aid language acquisition by engaging infants and
maintaining their attention during social interactions (e.g. Fernald and
Kuhl 1987;). Besides the typical infant-directed acoustic prosodic fea-
tures, people tend to use specific facial expressions, movements and
gestures when addressing infants (e.g. Brand et al., 2002; Chong et al.,
2003). However, while the role of infant-directed acoustic prosodic
features in language acquisition is well documented, the contribution of
visual prosodic characteristics to language development remains largely
unexplored.

3.2.1. Prosodic characteristics of dog-directed speech

The prosody used when addressing dogs and infants shares many
similarities. Both are characterized by heightened pitch, a wider pitch
range, shorter utterances and more frequent happy facial expressions
compared to adult-directed speech (e.g. Hirsh-Pasek and Treiman, 1980;
Gergely et al., 2023). This resemblance is not surprising when consid-
ering the communicative cues that elicit social responsiveness from dogs
and infants. Both are highly attentive and show a behavioural and neural
preference for high-pitched voice (e.g. Trainor and Zacharias, 1998;
Jeannin et al., 2017). Both rely on ostensive-communicative cues (see
Section 2.2 for details) to engage in social interactions (e.g. Senju and
Csibra, 2008, Téglas et al., 2012). Moreover, both dogs and infants show
a preference for human faces displaying positive expressions over those
with negative emotional cues (e.g. Kim and Johnson, 2013; Miiller et al.,
2015).

In addition to the similarities, there are at least two significant dif-
ferences between dog- and infant-directed prosody. First, hyper-
articulation appears to be absent in dog-directed speech, which may
suggest that speakers do not intend to teach language to canine partners
(e.g. Burnham et al., 2002). The second notable difference lies in the
facial prosodic features of the two speech styles. Speakers tend to use
less intense and less frequent facial expressions when addressing dogs
compared to infants and even adults (Gergely et al., 2023, Koos-Hutas
et al., 2024a). Interestingly, and in line with previous studies, speakers
still employ exaggerated acoustic prosody with dogs, suggesting that the
two modalities may serve different — and likely species-specific — func-
tions during social interactions with dogs and humans (Kods-Hutas
et al., 2024b).

3.2.2. Language tutoring versus attention-getting features of prosody

In a recent comparative study, Ko6s-Hutds and co-workers examined
the acoustic and facial prosody of female and male speakers in different
situations, including object label tutoring and attention-getting sce-
narios, directed at their own 6-18-month-old infant, family dog, and
spouse (Koos-Hutas et al., 2024a, 2024b). This design allowed the re-
searchers to investigate which prosodic features contributed to
attention-getting versus language tutoring functions. Previous research
has shown that large pitch contours in infant-directed speech (mani-
festing as a wider pitch range) can facilitate word segmentation, thereby
aiding language acquisition (e.g., Trainor and Desjardins, 2002). In
contrast, it has been shown that a higher overall pitch, which is crucial
for attention-getting, not only fails to facilitate but also impedes word
segmentation (e.g., Trainor and Desjardins, 2002). When uttering an
object label to be taught to their infants, speakers used both
attention-getting features (i.e. higher overall pitch) and language
learning aids (i.e. wider pitch range and longer utterances) in their
prosody. Interestingly, when speaking to their dogs, speakers used only
the attention-getting tool, while when addressing their spouses, they
used only one language learning aid: longer utterances (Koos-Hutas
et al., 2024b). These results further support the notion that, when
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talking to dogs, speakers do not aim to teach language but instead use
acoustic tools to engage their canine partners in social interactions.

4. Neurocognitive aspects of linguistic competence in dogs

Recent advances in the field of canine neuro-cognition have allowed
for the development of fully non-invasive methods to gather brain ac-
tivity data related to dogs’ social cognition (Bunford et al., 2017). Such
advances are crucial in the field of canine linguistic competence where
there is a dissociation between production and understanding, much like
in the case of preverbal infants (Kuhl, 2010). In a recent systematic re-
view of the effects of sleep on memory and word learning in infancy
(Belia et al., 2023), authors surveyed the available sixteen articles on the
associations between sleep and the memory processes involved in word
learning in infancy and found positive associations between sleep and
word learning in fifteen cases.

Canine polysomnography (PSG) is a fully non-invasive method (Kis
et al., 2014), that allows for the recording of dogs” EEG activity during
sleep. Relative EEG spectrum (derived from the absolute power spectral
density for each frequency bin) is extracted for the different sleep stages:
drowsiness, non-REM, and REM. In addition, sleep spindles (transient
oscillations in the sigma range, characteristic of non-REM sleep) can also
be quantified. Canine PSG can be used to test the effect of word learning
or similar situations on dogs’ brain activity as well as to see how indi-
vidual differences in linguistic competence or test performance relate to
variation in brain activity.

Another EEG-based non-invasive technology is the event-related
potential (ERP) method (Tornqvist et al., 2013). An ERP is the
measured brain response directly resulting from the dogs’ specific sen-
sory event. Canine ERP can be used to test the potentially differential
processing of various linguistic stimuli, with the method’s specific
strength being its high temporal resolution. On the other hand, func-
tional magnetic resonance imaging (fMRI) is used for its good spatial
resolution to locate stimuli-related activity (blood--
oxygen-level-dependent signal) in specific regions of the brain. The
canine fMRI is fully non-invasive, but requires intensive training, as dogs
must remain motionless for several minutes during the procedure
(Andics et al., 2014). Canine fMRI (as well as canine EPR studies) can be
used to test the processing of various linguistic stimuli and brain data
might be correlated with dogs’ behavioural measures recorded in a
separate session.

4.1. Canine sleep EEG in the context of word learning and linguistic
competence

4.1.1. EEG evidence of sleep-driven memory consolidation in a word
learning task — the neurally detectable effect of learning new words

Memory consolidation evidence was found related to word learning
(Kis et al., 2017) using non-invasive polysomnography. Dogs on one
occasion participated in a command learning task, where they had to
learn novel words associated with previously known commands (Sit!
and Lay down!). On another occasion (either before or after command
learning) a control task was administered, where dogs carried out the
same Sit and Lay down actions, but using the previously known com-
mands without learning new words. On both occasions the behavioural
tests were followed by a polysomnography recording, which showed
that dogs’ brain activity (sleep EEG spectrum) differed between the
word learning versus the control occasion: during non-REM sleep slow
wave delta (1-4 Hz) activity increased, while alpha (8-12 Hz) activity
decreased; during REM sleep theta activity increased. A follow-up study
on the same dataset (Iotchev et al., 2017) further demonstrated that,
after word-learning sessions (compared to the control condition), sleep
spindle density also increased as well.

4.1.2. Sleep EEG correlates of word learning efficiency
Behavioural data (Kis et al., 2017) showed that dogs’ performance in
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the above-described word learning task significantly improved after the
3-hour-long sleeping session (polysomnography recording) compared to
the pre-sleep baseline. Furthermore, individual differences in learning
gain (performance improvement compared to baseline) were related to
the dogs’ sleep EEG spectrum: decreased REM sleep delta (1-4 Hz) as
well as increased REM sleep beta (12-30 Hz) power co-varied with
better learning acquisition in the word learning task. The same world
learning task (associating new commands with previously known ac-
tions) was also used in an experiment (Reicher et al., 2024) where dogs
participated in both a controlling and a permissive training style session.
These sessions differed in the rewarding of correct actions (food reward
only with no praise vs. food reward combined with verbal and physical
reinforcement) as well as in the reaction to incorrect actions (scolding
the dog using a firm but not threatening voice vs. calling the dog with a
high-pitched voice and encouraging it). Such differences in training
styles did not have a main effect on dogs’ test performance, nor on their
post-sleep re-test performance. Similarly, no effect of training style on
sleep EEG spectrum was found. Sleep spindles were also found to be
associated with post-sleep learning in the word-learning tasks. Higher
sleep spindle density co-varied with better learning gains both in the
dataset of Kis et al., 2017 (Iotchev et al., 2017) as well as in the sup-
portive condition of Reicher et al., 2024 (lotchev et al., 2020).

4.1.3. Novel approaches to potentially study (and aid) linguistic
competence (and word learning)

Sleep deprivation: Sleep deprivation, defined as inadequate sleep
duration or quality, disrupts cognitive functions essential for learning,
such as attention, working memory, and executive function. Several
studies have demonstrated that both acute and chronic sleep deprivation
negatively impact the ability to learn and recall new words. For instance,
sleep-deprived individuals exhibit reduced accuracy and slower reaction
times in word-learning tasks compared to those who are well-rested
(Drummond, 2000). Sleep deprivation can be induced through Total
Sleep Deprivation (TSD) where participants are kept awake continu-
ously for a set period, typically ranging from 24 to 72 hours or Partial
Sleep Deprivation (PSD) where participants are allowed to sleep
4-6 hours per night. PSD can also be achieved through selective stage
deprivation in which participants are awakened during specific sleep
stages such as REM or slow-wave sleep. PSD is a more ecologically valid
method compared to TSD as it better mimics real-world scenarios of
chronic sleep restriction (Van Dongen et al., 2003). Sleep deprivation
protocols can be combined with neuroimaging techniques to investigate
their effects on brain function. Neuroimaging studies have shown that
sleep-deprived individuals exhibit reduced activation in brain regions
associated with memory encoding, such as the hippocampus and pre-
frontal cortex (Yoo et al., 2007). This reduced activation suggests that
sleep deprivation impairs the neural mechanisms required for effective
word learning.

There is evidence that selective sleep deprivation can be conducted
with family dogs in a fully non-invasive manner. In a REM deprivation
study, even a 3-hour-long disturbed afternoon sleep led to alterations, in
a post-sleep emotion recognition task (Bollo et al., 2020). In future
studies, applying this validated protocol - which is easily,
non-invasively and cost-effectively applicable — could provide insights
into how sleep deprivation affects command learning-related memory
consolidation in dogs. Such studies could offer new perspectives on how
dogs acquire their unique ability to participate in the human commu-
nicative system.

Targeted Memory Reactivation (TMR): Targeted Memory Reac-
tivation (TMR) is an emerging technique in cognitive neuroscience that
aims to enhance memory consolidation by triggering specific memory
traces during sleep. TMR involves presenting cues (usually sounds or
odours) that are associated with learning experiences while an indi-
vidual is in a specific sleep stage, typically SWS. After a learning expe-
rience, during SWS, the hippocampus spontaneously replays newly
encoded information, which strengthens synaptic connections in the
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neocortex, facilitating long-term memory storage (Diekelmann and
Born, 2010). TMR leverages this natural process by externally cueing the
brain during SWS to reactivate specific memories and enhance synaptic
connections.

Although TMR is a valuable tool for accelerating memory consoli-
dation and has several clinical implications (Schouten et al., 2017), the
underlying mechanisms are still unknown. Human and rodent studies
have explored various factors, such as sleep duration (Creery et al.,
2015, delta power (Oudiette et al, 2013), changes in
negative-to-positive slow oscillation slope (Rihm et al., 2014), theta
power (Schreiner, Lehmann, and Rasch, 2015), as well as spindle power
and density (Creery et al., 2015; Rihm et al., 2014) which were found to
be positively correlated with the cueing benefits of TMR. However, other
studies have failed to confirm these associations (Cox et al., 2014; Die-
kelmann et al., 2012).

The existing non-invasive polysomnographic method provides an
opportunity to investigate the effects of TMR and its controversial un-
derlying mechanisms in family dogs. To the best of our knowledge, there
is currently no evidence of TMR being successfully applied to dogs.
Future research should explore this possibility.

4.2. ERP evidence of linguistic competence in dogs

Voice and speech processing of awake family dogs has also been
tested with the event-related potential (ERP) method. An early
(200-300 ms) and a late (650-800 ms) difference was present in the
ERPs for known instruction words versus phonetically dissimilar
nonsense words; there were no differences between the ERPs for known
versus phonetically similar nonsense words (Magyari et al., 2020).

Dogs were also found to show a differential ERP response depending
on the species of the caller, demonstrated by a more positive ERP
response to human vocalizations compared to dog vocalizations in a
time window between 250 and 650 ms after stimulus onset; a later time
window between 800 and 900 ms also revealed a valence-sensitive ERP
response in interaction with the species of the caller (Balint et al., 2022).
The same procedure was repeated on sleeping dogs, and a species (be-
tween 250-450 and 600-800 ms after stimulus onset) and a species by
valence interaction (between 550 and 650 ms after stimulus onset) effect
was observed during drowsiness. A valence (750-850 ms after stimulus
onset) and a species by valence interaction (between 200 and 300 ms
and 450-650 ms after stimulus onset) effect were also observed during
non-REM specific at the Cz electrode (Eledd et al., 2023).

Dogs’ ERPs for artificial words previously presented in a continuous
speech stream with different distributional statistics revealed an early
effect (220-470 ms) of transitional probability and a late component
(590-790 ms) modulated by both word frequency and transitional
probability (Boros et al., 2021). ERPs to objects primed with matching or
mismatching object words showed a mismatch effect at a frontal elec-
trode, with a latency (206-606 ms) comparable to the human N400; a
greater difference for words that dogs knew better, according to owner
reports, further supported a semantic interpretation of this effect (Boros
et. al., 2024).

4.3. Canine fMRI studies in the context of word learning and linguistic
competence

Fifteen years ago, the first non-invasive functional MRI (Magnetic
Resonance Imaging) study was published on unrestrained awake family
dogs (Toth et al., 2009). This pioneering training technique which
taught dogs to lie motionless in an MRI scanner, later enabled re-
searchers to conduct non-invasive functional MRI studies. Using this
methodology, it has been showed that dogs and humans have func-
tionally analogous voice-sensitive areas in their primary auditory
cortices, share regions that respond more to conspecific vocalizations
and both species process emotionally valenced vocal sounds in second-
ary auditory regions (Andics et al., 2014). Since then, numerous studies
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Table 1
Summary of the main findings on linguistic competence in dogs.
Main Pros & cons of the human infant-like Selected
concomitants of linguistic abilities of dogs supporting
linguistic - summary of research findings - references
competence PROS CONS
Attending to ability to Kaminski et al.
humans’ distinguish (2009, 2013)
attentional between attentive
state and inattentive
human partners
human-like Kiss et al., (2020);
susceptibility to Marshall-Pescini
the audience et al., (2013)
effect
willingness to Kiss and Topal,
obey is unaffected (2019)
by changes in
human visual
attention
Understanding spontaneous and Mikl6si et al.
referentiality flexible use of (1998)
human pointing
and gaze direction
early Riedel et al.,
developmental (2008); Salomons
responsiveness to et al.,, (2021)
human directional
gestures
understanding the 1 Lakatos et al.,
referential nature (2009);2Viranyi
of directional et al., (2004);3
signals: pointing?, Langner et al.,
looking?, speech (2023)
direction®
Selectively Soproni et al.
develop (2001)
referential
expectations
based on human
gaze cues.
Preceding or Kaminski et al.
accompanying (2012); Téglas
human ostensive et al., (2012)
signals
specifically
enhance the
referential
interpretation of
directional
gestures in dogs
Directional Wobber and Hare,
gestures are (2009)
interpreted as
imperatives
rather than as
signals to guide
attention toward
a specific
referent.
Pointing refers to Tauzin et al.,
a direction or (2015b)
location for dogs,
rather than to a
specific target.
Referential Pettersson et al.,
understanding of (2011)
human
directional
signals is limited
to cooperative
contexts.
Responsiveness infant-like, early Viranyi et al.
to ostensive emerging (2008)
signals preference for
(perceiving establishing eye

(continued on next page)
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Table 1 (continued)

Table 1 (continued)
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Main Pros & cons of the human infant-like Selected Main Pros & cons of the human infant-like Selected
concomitants of linguistic abilities of dogs supporting concomitants of linguistic abilities of dogs supporting
linguistic - summary of research findings - references linguistic - summary of research findings - references
competence PROS CONS competence PROS CONS
communicative  contact with Neural Magyari et al.
intention) humans discrimination of (2020)
Ostensive signals 1D11rant0n, Range know instructions
facilitate and Viranyi, from phonetically
responses to (2017),2'l'zmzin similar nonsense
directional et al., (2015a) (EEG-ERP)
signals: gaze Objects primed Boros et al. (2024)
following?, with matching or
pointing? mismatching
Cues that signal Pongracz et al., object words
the human’s (2004) show a mismatch
communicative effect in EEG

intention increase
chances of success
in social learning

situations
ostensive- which, however,
communicative is largely tied to

signals induce a the here-and-now
‘ready-to-obey’ or
‘ready-to-learn’

attitude

Topal et al., (2009)

Generalization of
knowledge

no evidence of an
infant-like bias to
receive generic
information
about shared
knowledge in

Topal et al., (2009)

Label learning

ostensive
communicative
contexts
Sensitivity to shared acoustic Hirsh-Pasek and
prosodic features between Treiman (1982);
features of dog- and infant- Gergely et al.
verbal directed speech (2017)
addressing selective Gergely et al.,
responsiveness in (2023)
the non-primary
auditory regions
to both dog- and
infant-directed
speech prosody
(fMRI)
valence-sensitive ISiniscalchi et al.,
behavioural and (2018);2 Andics
physiological® as et al., (2014)
well as neural®
responses in the
primary auditory
regions (fMRI)
Word/speech comprehensive Pongracz et al.,
comprehension vocabulary (2001); Reeve and
averages 30-90 Jacques, (2022)
words (owners’
reports)
Speech !Tempelmann,

comprehension is
influenced by
various factors
such as gestural
cues’, context?,
and related
actions®

separate neural

processing of the

reward value of

words in terms of

both meaning and

intonation (fMRI)

responses.
neural
sensitiveness to
various aspects of
human speech:
speech
naturalness and
language
familiarity'; word
familiarity?;
segmental and
suprasegmental
content®

1Cuaya et al.,
(2022);21)richurd
et al., (2018);®
Boros et al., (2020)

remarkably fast
and efficient
abilities to learn
object-label
associations' and
retain them in
memory for
years?

acquiring a
vocabulary of
object names
containing up to

hundreds
The vast majority
of family dogs are
capable of
understanding
only a few object
names at most.

Memory

consolidation

after a word
learning task is
facilitated by
sleep and the
process is
detectable by EEG
measurements.
Sleep EEG
correlates of word
learning
efficiency

Fugazza et al.,
(2021)b;2Dror
et al., (2024)

Fugazza, et al.,
2021a; Pilley and
Reid, (2011)

Koszegi et al.,
(2023); Ramos and
Mills, (2019)

Kis et al. (2017)

Reicher et al.
(2024); Iotchev
et al., (2020)

Kaminski and
Tomasello,
(2014);2Gaunet
and Deputte,
(2011);Ramos
and Ades, (2012)

have used such specifically trained family dogs, who can stay still in the
scanner, to examine neural correlates of speech.
In a ground-breaking study, Andics and co-workers (2016) studied

whether and how intonational and lexical cues in human speech are

Andics et al.,
(2016)

processed in dog brains. To do so, four types of speech stimuli were
played to the dogs: praise words with praising intonation, praise words

with neutral intonation, neutral words with praising intonation and
neutral words with neutral intonation. This study had three major
findings: (1) intonation is processed independently from word meaning
in the primary auditory regions of dogs, (2) word meaning shows lat-
erality and is processed independently from intonational cues, and (3)
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dogs rely on both meaning and intonation when processing the reward
value of words, as praising words with praising intonation evoke the
greatest neural responses from primary reward areas in the dog brain.

Recent findings also show that dog brains are sensitive to various
aspects of human speech such as speech naturalness (i.e. scrambled
versus normal speech), language familiarity (native versus foreign lan-
guage — Cuaya et al., 2022), word familiarity (Prichard et al., 2018), and
both segmental (changes in speech sounds) and suprasegmental
(changes in voice identity) content (Boros et al., 2020). Moreover, there
is also evidence that dogs, similar to human infants, are sensitive to
speech prosody that is directed at them (Gergely et al., 2023).

5. Conclusions and outlook

Despite the impressive body of research on domestic dogs’ inter-
species communicative and comprehensive linguistic competence, there
are still a lot of open questions. One of the main challenges is the
apparent discrepancy between evidence from neuroscientific studies
(EEG, fMRI) and those coming from experiments measuring behaviour.
Behavioural studies often fail to demonstrate that dogs have a compre-
hensive vocabulary beyond a handful of words (Reeve et al., 2022;
Koszegi et al., 2023), primarily consisting of action commands (Ramos
and Mills, 2019). However, some exceptional dogs — though very few
worldwide — have been documented to comprehend and respond
adequately to object labels in the hundreds (Bloom, 2004; Pilley, 2011;
Fugazza et al.2021; Dror et al., 2023), acquiring new words rapidly
(Fugazza et al., 2021), and retaining this knowledge for up to two years
(Dror et al., 2024). This remarkable intraspecies variation in dogs’
interspecies communication presents a valuable opportunity to model
the early evolution of linguistic competence in a species that, although
only distantly related to humans shares the same environment.

As detailed above, research findings from behavioural, physiological
and brain imaging studies suggest that domestic dogs possess impressive
linguistic capacities, such as lexical processing and even referential
understanding (see Table 1 for the summary of main findings). However,
it remains puzzling why family dogs often fail to demonstrate these
capabilities in behaviour studies, particularly under laboratory condi-
tions. To address this challenge, it would be necessary to adopt a more
synergistic approach, to tackling existing methodological issues. This
could ultimately lead to a clearer, more evolutionarily and ecologically
valid framework for understanding canine linguistic competence.

Author statement

All authors contributed significantly in the literature search and the
preparation of this critical review.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This research was supported by the National Brain Research Pro-
gramme 3.0 (NAP 3.0), by the Ministry of Innovation and Technology of
Hungary from the National Research, Development and Innovation
Fund, financed under the FK142968, and the FK128242 funding scheme
as well as the Janos Bolyai Research Scholarship of the Hungarian
Academy of Sciences. All authors contributed significantly in the liter-
ature search and the preparation of this critical review.

Applied Animal Behaviour Science 285 (2025) 106594
References

Agnetta, B., Hare, B., Tomasello, M., 2000. Cues to food location that domestic dogs
(Canis familiaris) of different ages do and do not use. Anim. Cogn. 3, 107-112.
Andics, A., Gécsi, M., Farago, T., Kis, A., Miklési, A., 2014. Voice-Sensitive Regions in the
Dog and Human Brain Are Revealed by Comparative fMRI. Curr. Biol. 24 (5),

574-578. https://doi.org/10.1016/j.cub.2014.01.058.

Andics, A., Gabor, A., Gacsi, M., Faragé, T., Szabé, D., Mikl6si, A., 2016. Neural
mechanisms for lexical processing in dogs. Science 353 (6303), 1030-1032. https://
doi.org/10.1126/science.aaf3777.

Balint, A., Ele6d, H., Magyari, L., Kis, A., Gacsi, M., 2022. Differences in dogs’ event-
related potentials in response to human and dog vocal stimuli; a non-invasive study.
R. Soc. Open Sci. 9 (4), 211769.

Behne, T., Carpenter, M., Tomasello, M., 2005. One-year-olds comprehend the
communicative intentions behind gestures in a hiding game. Dev. Sci. 8 (6),
492-499.

Bhattacharjee, D., N, N.D., Gupta, S., Sau, S., Sarkar, R., Biswas, A., Bhadra, A., 2017.
Free-ranging dogs show age-related plasticity in their ability to follow human
pointing. PLoS One 12 (7), e0180643.

Birchenall, L.B., 2016. Animal communication and human language: An overview. Int. J.
Comp. Psychol. 29, 28000. https://doi.org/10.46867/ijcp.2016.29.00.07.

Bloom, P., 2004. Can a dog learn a word? Science 304 (5677), 1605-1606.

Bolld, H., Kovacs, K., Lefter, R., Gombos, F., Kubinyi, E., Topal, J., Kis, A., 2020. REM
versus Non-REM sleep disturbance specifically affects inter-specific emotion
processing in family dogs (Canis familiaris). Sci. Rep. 10 (1), 10492.

Boros, M., Gabor, A., Szabd, D., Bozsik, A., Gacsi, M., Szalay, F., Faragd, T., Andics, A.,
2020. Repetition enhancement to voice identities in the dog brain. Sci. Rep. 10 (1),
1-10. https://doi.org/10.1038/s41598-020-60395-7.

Boros, M., Magyari, L., Torok, D., Bozsik, A., Deme, A., Andics, A., 2021. Neural
processes underlying statistical learning for speech segmentation in dogs. Curr. Biol.
31 (24), 5512-5521.e5. https://doi.org/10.1016/j.cub.2021.10.017.

Boros, M., Magyari, L., Morvai, B., Hernandez-Pérez, R., Dror, S., Andics, A., 2024.
Neural evidence for referential understanding of object words in dogs. Curr. Biol. 34
(8), 1750-1754.e4. https://doi.org/10.1016/j.cub.2024.02.029.

Brand, R.J., Baldwin, D.A., Ashburn, L.A., 2002. Evidence for “motionese”: Modifications
in mothers’ infant-directed action. Dev. Sci. 5 (1), 72-83. https://doi.org/10.1111/
1467-7687.00211.

Bray, E.E., Gruen, M.E., Gnanadesikan, G.E., Horschler, D.J., Levy, K.M., Kennedy, B.S.,
MacLean, E.L., 2020. Cognitive characteristics of 8-to 10-week-old assistance dog
puppies. Anim. Behav. 166, 193-206.

Bunford, N., Andics, A., Kis, A., Miklési, A., Gdcsi, M., 2017. Canis familiaris As a Model
for Non-Invasive Comparative Neuroscience. Trends Neurosci. 40 (7), 438-452.
https://doi.org/10.1016/j.tins.2017.05.003.

Byosiere, S., Mundry, R., Range, F., Viranyi, Z., 2023. Selective responding to human
ostensive communication is an early developing capacity of domestic dogs. Dev. Sci.
26 (4). https://doi.org/10.1111/desc.13361.

Chong, S.C.F., Werker, J.F., Russell, J., Carroll, J., 2003. Three Facial Expressions
Mothers Direct to Their Infants. Infant Child Dev. 12, 211-232. https://doi.org/
10.1002/icd.286.

Coppinger, B., Cannistraci, R.A., Karaman, F., Kyle, S.-C., Hobson, E.A., Freeberg, T.M.,
Hay, J.F., 2017. Studying audience effects in animals: what we can learn from
human language research. Anim. Behav. 124, 161-165. https://doi.org/10.1016/j.
anbehav.2016.12.020.

Cox, R., Hofman, W.F., de Boer, M., Talamini, L.M., 2014. Local sleep spindle
modulations in relation to specific memory cues. Neuroimage 99, 103-110.

Creery, J.D., Oudiette, D., Antony, J.W., Paller, K.A., 2015. Targeted memory
reactivation during sleep depends on prior learning. Sleep 38 (5), 755-763.

Csibra, G., 2010. Recognizing communicative intentions in infancy. Mind Lang. 25 (2),
141-168.

Csibra, G., Gergely, G., 2009. Natural pedagogy. Trends Cogn. Sci. 13 (4), 148-153.
https://doi.org/10.1016/j.tics.2009.01.005.

Cuaya, L.V., Hernandez-Pérez, R., Boros, M., Deme, A., Andics, A., 2022. Speech
naturalness detection and language representation in the dog brain. NeuroImage 248
(October 2021), 118811. https://doi.org/10.1016/j.neuroimage.2021.118811.

Dahan, D., 2015. Prosody and language comprehension. Wiley Interdiscip. Rev.: Cogn.
Sci. 6 (5), 441-452. https://doi.org/10.1002/wes.1355.

Diekelmann, S., Born, J., 2010. The memory function of sleep. Nat. Rev. Neurosci. 11 (2),
114-126.

Diekelmann, S., Biggel, S., Rasch, B., Born, J., 2012. Offline consolidation of memory
varies with time in slow wave sleep and can be accelerated by cuing memory
reactivations. Neurobiol. Learn. Mem. 98 (2), 103-111.

Dominey, P.F., Dodane, C., 2004. Indeterminacy in language acquisition: The role of
child directed speech and joint attention. J. Neurolinguist. 17 (2-3), 121-145.
https://doi.org/10.1016/50911-6044(03)00056-3.

Dror, S., Miklési, A., Fugazza, C., 2024. Dogs with a vocabulary of object labels retain
them for at least 2 years. Biol. Lett. 20 (9). https://doi.org/10.1098/rsbl.2024.0208.

Drummond, S.P.A. (2000). Cerebral activation as measured with functional magnetic
resonance imaging during learning and working memory probes before and after total sleep
deprivation (Doctoral dissertation, University of California, San Diego and San Diego
State University).

Dror, S., Miklosi, /\A, Sommese, A., Fugazza, C., 2023. A citizen science model turns
anecdotes into evidence by revealing similar characteristics among Gifted Word
Learner dogs. Sci. Rep. 13 (1), 21747.

Duranton, C., Range, F., Viranyi, Z., 2017. Do pet dogs (Canis familiaris) follow ostensive
and non-ostensive human gaze to distant space and to objects? R. Soc. Open Sci. 4
(7). https://doi.org/10.1098/r505.170349.


http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref1
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref1
https://doi.org/10.1016/j.cub.2014.01.058
https://doi.org/10.1126/science.aaf3777
https://doi.org/10.1126/science.aaf3777
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref4
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref4
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref4
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref5
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref5
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref5
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref6
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref6
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref6
https://doi.org/10.46867/ijcp.2016.29.00.07
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref8
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref9
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref9
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref9
https://doi.org/10.1038/s41598-020-60395-7
https://doi.org/10.1016/j.cub.2021.10.017
https://doi.org/10.1016/j.cub.2024.02.029
https://doi.org/10.1111/1467-7687.00211
https://doi.org/10.1111/1467-7687.00211
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref14
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref14
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref14
https://doi.org/10.1016/j.tins.2017.05.003
https://doi.org/10.1111/desc.13361
https://doi.org/10.1002/icd.286
https://doi.org/10.1002/icd.286
https://doi.org/10.1016/j.anbehav.2016.12.020
https://doi.org/10.1016/j.anbehav.2016.12.020
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref19
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref19
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref20
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref20
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref21
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref21
https://doi.org/10.1016/j.tics.2009.01.005
https://doi.org/10.1016/j.neuroimage.2021.118811
https://doi.org/10.1002/wcs.1355
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref25
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref25
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref26
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref26
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref26
https://doi.org/10.1016/S0911-6044(03)00056-3
https://doi.org/10.1098/rsbl.2024.0208
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref29
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref29
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref29
https://doi.org/10.1098/rsos.170349

D.J. Ujfalussy et al.

Eledd, H., Gacsi, M., Bunford, N., Kis, A., 2023. Event-related potentials indicate
differential neural reactivity to species and valence information in vocal stimuli in
sleeping dogs. Sci. Rep. 13 (1), 14518.

Erddhegyi, A., Topal, J., Viranyi, Z., Mikl6si, A., 2007. Dog-logic: inferential reasoning in
a two-way choice task and its restricted use. Anim. Behav. 74 (4), 725-737.

Fernald, A., 2000. Speech to infants as hyperspeech: Knowledge-driven processes in early
word recognition. Phonetica 57 (2-4), 242-254. https://doi.org/10.1159/
000028477.

Fitch, W.T., 2020. Animal cognition and the evolution of human language: why we
cannot focus solely on communication. Philos. Trans. R. Soc. B: Biol. Sci. 375 (1789),
20190046. https://doi.org/10.1098/rstb.2019.0046.

Fugazza, C., Dror, S., Sommese, A., Temesi, A., Mikldsi, A., 2021. Word learning dogs
(Canis familiaris) provide an animal model for studying exceptional performance.
Sci. Rep. 11 (1), 14070. https://doi.org/10.1038/541598-021-93581-2.

Fugazza, C., Andics, A., Magyari, L., Dror, S., Zempléni, A., Mikldsi, A., 2021. Rapid
learning of object names in dogs. Sci. Rep. 11, 2222. https://doi.org/10.1038/
541598-021-81699-2.

Gabor, A., Gécsi, M., Szabo, D., Miklési, A., Kubinyi, E., Andics, A., 2020. Multilevel fMRI
adaptation for spoken word processing in the awake dog brain. Sci. Rep. 10 (1),
11968. https://doi.org/10.1038/541598-020-68821-6.

Gacsi, M., Kara, E., Belényi, B., Topal, J., Mikl6si, A., 2009. The effect of development
and individual differences in pointing comprehension of dogs. Anim. Cogn. 12,
471-479.

Gaunet, F., Deputte, B.L., 2011. Functionally referential and intentional communication
in the domestic dog: effects of spatial and social contexts. Anim. Cogn. 14 (6),
849-860. https://doi.org/10.1007/s10071-011-0418-1.

Gergely, A., Farago, T., Galambos, A., Topal, J., 2017. Differential effects of speech
situations on mothers’ and fathers’ infant-directed and dog-directed speech: An
acoustic analysis. Sci. Rep. 7 (1), 13739.

Gergely, A., Gabor, A., Gacsi, M., Kis, A., Czeibert, K., Topal, J., Andics, A., 2023. Dog
brains are sensitive to infant- and dog-directed prosody. Commun. Biol. 6, 859.
https://doi.org/10.1038/542003-023-05217-y.

Hare, B., Tomasello, M., 1999. Domestic dogs (Canis familiaris) use human and
conspecific social cues to locate hidden food. J. Comp. Psychol. 113 (2), 173.

Hare, B., Tomasello, M., 2005. Human-like social skills in dogs? Trends Cogn. Sci. 9 (9),
439-444,

Hare, B., Rosati, A., Kaminski, J., Brauer, J., Call, J., Tomasello, M., 2010. The
domestication hypothesis for dogs’ skills with human communication: a response to
Udell et al.(2008) and Wynne et al.(2008). Anim. Behav. 79 (2), el-e6.

Heintz, C., Scott-Phillips, T., 2023. Expression unleashed: The evolutionary and cognitive
foundations of human communication. Behav. Brain Sci. 46, el. https://doi.org/
10.1017/50140525X22000012.

Herman, L.M., Richards, D.G., Wolz, J.P., 1984. Comprehension of sentences by
bottlenosed dolphins. Cognition 16 (2), 129-219.

Herman, L.M., Abichandani, S.L., Elhajj, A.N., Herman, E.Y., Sanchez, J.L., Pack, A.A.,
1999. Dolphins (Tursiops truncatus) comprehend the referential character of the
human pointing gesture. J. Comp. Psychol. 113 (4), 347.

Hirsh-Pasek, K., Treiman, R., 1982. Doggerel: Motherese in a new context. J. Child Lang.
9 (1), 229-237.

Hurn, S., 2024. Communication, Animal. In: Stanlaw, J. (Ed.), In The International
Encyclopedia of Linguistic Anthropology. https://doi.org/10.1002/
9781118786093.iela0066.

Iotchev, 1.B., Kis, A., Bodizs, R., van Luijtelaar, G., Kubinyi, E., 2017. EEG transients in
the sigma range during non-REM sleep predict learning in dogs. Sci. Rep. 7 (1),
12936.

Iotchev, 1.B., Reicher, V., Kovdcs, E., Kovacs, T., Kis, A., Gacsi, M., Kubinyi, E., 2020.
Averaging sleep spindle occurrence in dogs predicts learning performance better
than single measures. Sci. Rep. 10 (1), 22461.

Jeannin, S., Gilbert, C., Amy, M., Leboucher, G., 2017. Pet-directed speech draws adult
dogs’ attention more efficiently than Adult-directed speech. Sci. Rep. 7 (1), 1-9.
https://doi.org/10.1038/541598-017-04671-z.

Kaminski, J., Brauer, J., Call, J., Tomasello, M., 2009. Domestic dogs are sensitive to a
human’s perspective. Behaviour 979-998.

Kaminski, J., Call, J., Fischer, J., 2004. Word Learning in a Domestic Dog: Evidence for
“Fast Mapping. Science 304 (5677), 1682-1683. https://doi.org/10.1126/
science.1097859.

Kaminski, J., Pitsch, A., Tomasello, M., 2013. Dogs steal in the dark. Anim. Cogn. 16,
385-394.

Kaminski, J., Schulz, L., Tomasello, M., 2012. How dogs know when communication is
intended for them. Dev. Sci. 15 (2), 222-232.

Kim, H.I., Johnson, S.P., 2013. Do young infants prefer an infant-directed face or a happy
face? Int. J. Behav. Dev. 37 (2), 125-130. https://doi.org/10.1177/
0165025413475972.

King, S.L., Janik, V.M., 2013. Bottlenose dolphins can use learned vocal labels to address
each other. Proc. Natl. Acad. Sci. U. S. A. 110 (32), 13216-13221. https://doi.org/
10.1073/pnas.1304459110.

Kis, A., Szakadat, S., Gacsi, M., Kovacs, E., Simor, P., Torok, C., Topal, J., 2017. The
interrelated effect of sleep and learning in dogs (Canis familiaris); an EEG and
behavioural study. Sci. Rep. 7 (1), 41873.

Kis, A., Szakadat, S., Kovics, E., Gdcsi, M., Simor, P., Gombos, F., Topal, J., Mikl6si, A.,
Bddizs, R., 2014. Development of a non-invasive polysomnography technique for
dogs (Canis familiaris). Physiol. Behav. 130, 149-156. https://doi.org/10.1016/j.
physbeh.2014.04.004.

Kiss, O., Topal, J., 2019. How do dogs monitor the human’s attentional state after
challenged by the presence of forbidden food? Biol. Futur. 70, 103-111.

Applied Animal Behaviour Science 285 (2025) 106594

Kiss, O., Kis, A., Scheiling, K., Topal, J., 2020. Behavioral and neurophysiological
correlates of dogs’ individual sensitivities to being observed by their owners while
performing a repetitive fetching task. Front. Psychol. 11, 1461.

Koés-Hutas, E ., Afrin, S., Kovécs, A.B., Farah¢, T., Filep, L.A., Topal, J., Gergely, A,
2024a. More than just a happy talk? Evidence for functional pitch- and utterance
length modifications in infant-, spouse-, and dog-directed communication. J. Child
Lanugage, Accept. Manuscr.

Koobs-Huts, E ., Kovécs, A.B., Topdl, J., Gergely, A., 2024b. The face behind the caring
voice: A comparative study on facial prosodic features of dog-, infant- and adult-
directed communication (February). Appl. Anim. Behav. Sci.. https://doi.org/
10.1016/j.applanim.2024.106203.

Készegi, H., Fugazza, C., Magyari, L., lotchev, 1.B., Miklési, A., Andics, A., 2023.
Investigating responses to object-labels in the domestic dog (Canis familiaris). Sci.
Rep. 13 (1), 3150. https://doi.org/10.1038/541598-023-30201-1.

Kuhl, P.K., 2010. Brain mechanisms in early language acquisition. Neuron 67 (5),
713-727.

Lakatos, G., Soproni, K., Déka, A., Mikl6si, A., 2009. A comparative approach to
dogs’(Canis familiaris) and human infants’ comprehension of various forms of
pointing gestures. Anim. Cogn. 12, 621-631.

Langner, L., Zakelj, S., Bollé, H., Topal, J., Kis, A., 2023. The Influence of Voice
Familiarity and Linguistic Content on Dogs’ Ability to Follow Human Voice
Direction. Sci. Rep. 13, 16137. https://doi.org/10.1038/541598-023-42584-2.

Larson, G., Karlsson, E.K., Perri, A., Webster, M.T., Ho, S.Y.W., Peters, J., et al., 2012.
Rethinking dog domestication by integrating genetics, archaeology and
biogeography. Proc. Natl. Acad. Sci. 109 (23), 8878-8883.

Lazarowski, L., Strassberg, L.R., Waggoner, L.P., Katz, J.S., 2019. Persistence and human-
directed behaviour in detection dogs: Ontogenetic development and relationships to
working dog success. Appl. Anim. Behav. Sci. 220, 104860.

Liebal, K., Slocombe, K.E., Waller, B.M., 2022. The language void 10 years on:
multimodal primate communication research is still uncommon. Ethol. Ecol. Evol.
34 (3), 274-287. https://doi.org/10.1080/03949370.2021.2015453.

Lillis, T., 2006. Communicative competence. In: Brown, K. (Ed.), Encyclopaedia of
Language and Linguistics. Elsevier, Oxford, pp. 666-673. ISBN: 13: 978-0-08-
044299-0.

MacLean, E.L., Hare, B., 2018. Enhanced selection of assistance and explosive detection
dogs using cognitive measures. Front. Vet. Sci. 5, 408876.

MacLean, E.L., Herrmann, E., Suchindran, S., Hare, B., 2017. Individual differences in
cooperative communicative skills are more similar between dogs and humans than
chimpanzees. Anim. Behav. 126, 41-51.

Magyari, L., Huszdr, Z., Turz6, A., Andics, A., 2020. Event-related potentials reveal
limited readiness to access phonetic details during word processing in dogs. R. Soc.
Open Sci. 7 (12), 200851.

Marshall-Pescini, S., Colombo, E., Passalacqua, C., Merola, 1., Prato-Previde, E., 2013.
Gaze alternation in dogs and toddlers in an unsolvable task: evidence of an audience
effect. Anim. Cogn. https://doi.org/10.1007/s10071-013-0627-x.

Met, A., Mikl6si, A., Lakatos, G., 2014. Gaze-following behind barriers in domestic dogs.
Anim. Cogn. 17, 1401-1405.

Miklési, A., Polgardi, R., Topdl, J., Csanyi, V., 1998. Use of experimenter-given cues in
dogs. Anim. Cogn. 1, 113-121.

Miklési, A., Polgardi, R., Topal, J., Csanyi, V., 2000. Intentional behaviour in dog-human
communication: an experimental analysis of “showing” behaviour in the dog. Anim.
Cogn. 3, 159-166.

Miklési, A., Kubinyi, E., Topdl, J., Gacsi, M., Viranyi, Z., Csanyi, V., 2003. A simple
reason for a big difference: wolves do not look back at humans, but dogs do. Curr.
Biol. 13 (9), 763-766.

Miiller, C.A., Schmitt, K., Barber, A.L.A., Huber, L., 2015. Dogs Can Discriminate
Emotional Expressions of Human Faces Report Dogs Can Discriminate Emotional
Expressions of Human Faces. Curr. Biol. 25 (5), 1. https://doi.org/10.1016/j.
cub.2014.12.055.

Oudiette, D., Antony, J.W., Creery, J.D., Paller, K.A., 2013. The role of memory
reactivation during wakefulness and sleep in determining which memories endure.
J. Neurosci. 33 (15), 6672-6678.

Pepperberg, .M., 2006. Cognitive and communicative abilities of Grey parrots. Appl.
Anim. Behav. Sci. 100 (1-2), 77-86. https://doi.org/10.1016/j.
applanim.2006.04.005.

Pepperberg, .M., Sandefer, R.M., Noel, D.A., Ellsworth, C.P., 2000. Vocal learning in the
Grey parrot (Psittacus erithacus): effects of species identity and number of trainers.
J. Comp. Psychol. 114 (4), 371-380. https://doi.org/10.1037/0735-
7036.114.4.371.

Pettersson, H., Kaminski, J., Herrmann, E., Tomasello, M., Kaminski, J., 2011.
Understanding of human communicative motives in domestic dogs. Appl. Anim.
Behav. Sci. 133 235-245.

Pika, S., Bugnyar, T., 2011. The use of referential gestures in ravens (Corvus corax) in the
wild. Nat. Commun. 2 (1), 560.

Pilley, J.W., Reid, A.K., 2011. Border collie comprehends object names as verbal
referents. Behav. Process. 86 (2), 184-195. https://doi.org/10.1016/j.
beproc.2010.11.007.

Pongracz, P., Miklosi, A, Csanyi, V., 2001. Owner’s beliefs on the ability of their pet dogs
to understand human verbal communication: A case of social understanding. Cah.
De. Psychol. Cogn. 20 (1-2), 87-107.

Pongrécz, P., Mikldsi, A., Timér-Geng, K., Csanyi, V., Vilmos, C., 2004. Verbal Attention
Getting as a Key Factor in Social Learning Between Dog (Canis familiaris) and
Human. J. Comp. Psychol. 118 (4), 375-383. https://doi.org/10.1037/0735-
7036.118.4.375.


http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref31
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref31
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref31
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref32
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref32
https://doi.org/10.1159/000028477
https://doi.org/10.1159/000028477
https://doi.org/10.1098/rstb.2019.0046
https://doi.org/10.1038/s41598-021-93581-2
https://doi.org/10.1038/s41598-021-81699-2
https://doi.org/10.1038/s41598-021-81699-2
https://doi.org/10.1038/s41598-020-68821-6
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref38
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref38
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref38
https://doi.org/10.1007/s10071-011-0418-1
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref40
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref40
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref40
https://doi.org/10.1038/s42003-023-05217-y
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref42
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref42
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref43
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref43
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref44
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref44
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref44
https://doi.org/10.1017/S0140525X22000012
https://doi.org/10.1017/S0140525X22000012
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref46
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref46
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref47
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref47
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref47
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref48
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref48
https://doi.org/10.1002/9781118786093.iela0066
https://doi.org/10.1002/9781118786093.iela0066
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref50
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref50
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref50
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref51
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref51
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref51
https://doi.org/10.1038/s41598-017-04671-z
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref53
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref53
https://doi.org/10.1126/science.1097859
https://doi.org/10.1126/science.1097859
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref55
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref55
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref56
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref56
https://doi.org/10.1177/0165025413475972
https://doi.org/10.1177/0165025413475972
https://doi.org/10.1073/pnas.1304459110
https://doi.org/10.1073/pnas.1304459110
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref59
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref59
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref59
https://doi.org/10.1016/j.physbeh.2014.04.004
https://doi.org/10.1016/j.physbeh.2014.04.004
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref61
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref61
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref62
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref62
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref62
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref63
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref63
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref63
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref63
https://doi.org/10.1016/j.applanim.2024.106203
https://doi.org/10.1016/j.applanim.2024.106203
https://doi.org/10.1038/s41598-023-30201-1
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref66
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref66
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref67
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref67
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref67
https://doi.org/10.1038/s41598-023-42584-2
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref69
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref69
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref69
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref70
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref70
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref70
https://doi.org/10.1080/03949370.2021.2015453
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref72
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref72
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref72
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref73
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref73
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref74
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref74
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref74
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref75
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref75
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref75
https://doi.org/10.1007/s10071-013-0627-x
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref77
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref77
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref78
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref78
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref79
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref79
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref79
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref80
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref80
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref80
https://doi.org/10.1016/j.cub.2014.12.055
https://doi.org/10.1016/j.cub.2014.12.055
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref82
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref82
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref82
https://doi.org/10.1016/j.applanim.2006.04.005
https://doi.org/10.1016/j.applanim.2006.04.005
https://doi.org/10.1037/0735-7036.114.4.371
https://doi.org/10.1037/0735-7036.114.4.371
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref85
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref85
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref85
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref86
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref86
https://doi.org/10.1016/j.beproc.2010.11.007
https://doi.org/10.1016/j.beproc.2010.11.007
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref88
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref88
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref88
https://doi.org/10.1037/0735-7036.118.4.375
https://doi.org/10.1037/0735-7036.118.4.375

D.J. Ujfalussy et al.

Prato-Previde, E., Marshall-Pescini, S., Valsecchi, P., 2008. Is your choice my choice? The
owners’ effect on pet dogs’(Canis lupus familiaris) performance in a food choice
task. Anim. Cogn. 11, 167-174.

Prichard, A., Cook, P.F., Spivak, M., Chhibber, R., Berns, G.S., 2018. Awake fMRI reveals
brain regions for novel word detection in dogs. Front. Neurosci. 12, 737. https://doi.
org/10.3389/fnins.2018.00737.

Ramos, D., Ades, C., 2012. Two-Item Sentence Comprehension by a Dog (Canis
familiaris). PLoS ONE 7 (2), €29689. https://doi.org/10.1371/journal.
pone.0029689.

Ramos, D., Mills, D.S., 2019. Limitations in the learning of verbal content by dogs during
the training of OBJECT and ACTION commands. J. Vet. Behav. 31, 92-99. https://
doi.org/10.1016/j.jveb.2019.03.011.

Reeve, C., Jacques, S., 2022. Responses to spoken words by domestic dogs: A new
instrument for use with dog owners. Appl. Anim. Behav. Sci. 246, 105513. https://
doi.org/10.1016/j.applanim.2021.105513.

Reicher, V., Kovacs, T., Csibra, B., Gacsi, M., 2024. Potential interactive effect of positive
expectancy violation and sleep on memory consolidation in dogs. Sci. Rep. 14 (1),
9487.

Riedel, J., Schumann, K., Kaminski, J., Call, J., Tomasello, M., 2008. The early ontogeny
of human-dog communication. Anim. Behav. 75 (3), 1003-1014.

Rihm, J.S., Diekelmann, S., Born, J., Rasch, B., 2014. Reactivating memories during sleep
by odors: odor specificity and associated changes in sleep oscillations. J. Cogn.
Neurosci. 26 (8), 1806-1818.

Salomons, H., Smith, K.C., Callahan-Beckel, M., Callahan, M., Levy, K., Kennedy, B.S.,
Hare, B., 2021. Cooperative communication with humans evolved to emerge early in
domestic dogs. Curr. Biol. 31 (14), 3137-3144.

Savage-Rumbaugh, S., McDonald, K., Sevcik, R.A., Hopkins, W.D., Rubert, E., 1986.
Spontaneous symbol acquisition and communicative use by pygmy chimpanzees
(Pan paniscus). J. Exp. Psychol.: Gen. 115 (3), 211-235. https://doi.org/10.1037/
0096-3445.115.3.211.

Scheumann, M., Call, J., 2004. The use of experimenter-given cues by South African fur
seals (Arctocephalus pusillus). Anim. Cogn. 7, 224-230.

Schouten, D.I, Pereira, S.I., Tops, M., Louzada, F.M., 2017. State of the art on targeted
memory reactivation: Sleep your way to enhanced cognition. Sleep. Med. Rev. 32,
123-131.

Schreiner, T., Lehmann, M., Rasch, B., 2015. Auditory feedback blocks memory benefits
of cueing during sleep. Nat. Commun. 6 (1), 1-11.

Sebeok, T.A., 1965. Animal Communication. A communication network model for
languages is applied to signalling behaviour in animals. Science 146, 1006-1014.
https://doi.org/10.1126/science.147.3661.1006.

Senju, A., Csibra, G., 2008. Gaze Following in Human Infants Depends on
Communicative Signals. Curr. Biol. 18 (9), 668-671. https://doi.org/10.1016/].
cub.2008.03.059.

Siniscalchi, M., D’Ingeo, S., Fornelli, S., Quaranta, A., 2018. Lateralized behavior and
cardiac activity of dogs in response to human emotional vocalizations. Sci. Rep. 8.

Smet, A.F., Byrne, R.W., 2013. African elephants can use human pointing cues to find
hidden food. Curr. Biol. 23 (20), 2033-2037.

Smith, C.L., 2017. Referential signalling in birds: the past, present and future. Anim.
Behav. 124, 315-323. https://doi.org/10.1016/j.anbehav.2016.08.015.

Soderstrom, M., 2007. Beyond babytalk: Re-evaluating the nature and content of speech
input to preverbal infants. Dev. Rev. 27 (4), 501-532. https://doi.org/10.1016/j.
dr.2007.06.002.

Soproni, K., Miklési, A., Topal, J., Csanyi, V., 2001. Comprehension of human
communicative signs in pet dogs (Canis familiaris). J. Comp. Psychol. 115 (2), 122.

Soproni, K., Miklési, A., Topal, J., Csanyi, V., 2002. Dogs’(Canis familiaris)
responsiveness to human pointing gestures. J. Comp. Psychol. 116 (1), 27.

Spinelli, M., Fasolo, M., Mesman, J., 2017. Does prosody make the difference? A meta-
analysis on relations between prosodic aspects of infant-directed speech and infant
outcomes. Dev. Rev. 44, 1-18. https://doi.org/10.1016/j.dr.2016.12.001.

Suzuki, T.N., 2021. Animal linguistics: Exploring referentiality and compositionality in
bird calls. Ecol. Res. 36, 221-231. https://doi.org/10.1111/1440-1703.12200.

10

Applied Animal Behaviour Science 285 (2025) 106594

Suzuki, T.N., Zuberbiihler, K., 2019. Animal syntax. Curr. Biol. 29 (14), R669-R671.
https://doi.org/10.1016/j.cub.2019.05.045.

Tauzin, T., Csik, A., Kis, A., Topal, J., 2015b. What or where? The meaning of referential
human pointing for dogs (Canis familiaris). J. Comp. Psychol. 129 (4), 334-338.
https://doi.org/10.1037/a0039462.

Tauzin, T., Csik, A., Kis, A., Kovécs, K., Topdl, J., 2015a. The order of ostensive and
referential signals affects dogs’ responsiveness when interacting with a human.
Anim. Cogn. 18 (4), 975-979. https://doi.org/10.1007/510071-015-0857-1.

Téglas, E., Gergely, A., Kupan, K., Miklési, A., Topal, J., 2012. Dogs’ Gaze Following Is
Tuned to Human Communicative Signals. Curr. Biol. 22 (3), 209-212. https://doi.
org/10.1016/j.cub.2011.12.018.

Tempelmann, S., Kaminski, J., Tomasello, M., 2014. Do Domestic Dogs Learn Words
Based on Humans’ Referential Behaviour? PLoS ONE 9 (3), €91014. https://doi.org/
10.1371/journal.pone.0091014.

Tomasello, M., 2019. Becoming human: A theory of ontogeny. Harvard University Press.

Tomasello, M., Carpenter, M., Call, J., Behne, T., Moll, H., 2005. Understanding and
sharing intentions: The origins of cultural cognition. Behav. Brain Sci. 28 (5),
675-691. https://doi.org/10.1017/50140525X05000129.

Topdl, J., Gergely, G., Mikl6si, A., Erdéhegyi, A., Csibra, G., 2008. Infants’ perseverative
search errors are induced by pragmatic misinterpretation. Science 321 (5897),
1831-1834.

Topal, J., Gergely, G., Erdéhegyi, A., Csibra, G., Mikldsi, A., 2009. Differential sensitivity
to human communication in dogs, wolves, and human infants. Sci. (N. Y., N. Y. ) 325
(5945), 1269-1272. https://doi.org/10.1126/science.1176960.

Tornqvist, H., Kujala, M.V., Somppi, S., Hanninen, L., Pastell, M., Krause, C.M.,

Vainio, O., 2013. Visual event-related potentials of dogs: a non-invasive
electroencephalography study. Anim. Cogn. 16, 973-982.

Téth, L., Géacsi, M., Miklési, A., Bogner, P., Repa, 1., 2009. Awake dog brain magnetic
resonance imaging. J. Vet. Behav. 4 (2), 50. https://doi.org/10.1016/j.
jveb.2008.09.021.

Trainor, L.J., Desjardins, R.N., 2002. Pitch characteristics of infant-directed speech affect
infants’ ability to discriminate vowels. Psychon. Bull. Rev. 9 (2), 335-340.

Trainor, L.J., Zacharias, C.A., 1998. Infants prefer higher-pitched singing. Infant Behav.
Dev. 21 (4), 799-805. https://doi.org/10.1016/50163-6383(98)90047-9.

Udell, M.A., Giglio, R.F., Wynne, C.D., 2008. Domestic dogs (Canis familiaris) use human
gestures but not nonhuman tokens to find hidden food. J. Comp. Psychol. 122 (1),
84,

Vail, A.L., Manica, A., Bshary, R., 2013. Referential gestures in fish collaborative
hunting. Nat. Commun. 4 (1), 1765.

Van Dongen, H.P., Maislin, G., Mullington, J.M., Dinges, D.F., 2003. The cumulative cost
of additional wakefulness: dose-response effects on neurobehavioral functions and
sleep physiology from chronic sleep restriction and total sleep deprivation. Sleep 26
(2), 117-126.

Viranyi, Z., Gacsi, M., Kubinyi, E., Topal, J., Belényi, B., Ujfalussy, D., Miklési, A., 2008.
Comprehension of human pointing gestures in young human-reared wolves (Canis
lupus) and dogs (Canis familiaris). Anim. Cogn. 11, 373-387.

Virdnyi, Zs, Topal, J., Gacsi, M., Miklosi, A, Csanyi, V., 2004. Dogs respond
appropriately to cues of humans’ attentional focus. Behav. Proc. 66, 161-172.

Wellman, H.M., Cross, D., Bartsch, K., Harris, P.L., 1986. Infant search and object
permanence: A meta-analysis of the A-not-B error. Monogr. Soc. Res. Child Dev. i-67.

Wheeler, B.C., Fischer, J., 2012. Functionally referential signals: a promising paradigm
whose time has passed. Evolut. Anthropol.: Issues, N., Rev. 21 (5), 195-205.

Wobber, V., Hare, B., 2009. Testing the social dog hypothesis: are dogs also more skilled
than chimpanzees in non-communicative social tasks? Behav. Process. 81 (3),
423-428.

Yoo, S.S., Hu, P.T., Gujar, N., Jolesz, F.A., Walker, M.P., 2007. A deficit in the ability to
form new human memories without sleep. Nat. Neurosci. 10 (3), 385-392.

Zuberbiihler, K., 2015. Linguistic capacity of non-human animals. Wiley Interdiscip. Rev.
Cogn. Sci. 6 (3), 313-321. https://doi.org/10.1002/wcs.1338.


http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref90
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref90
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref90
https://doi.org/10.3389/fnins.2018.00737
https://doi.org/10.3389/fnins.2018.00737
https://doi.org/10.1371/journal.pone.0029689
https://doi.org/10.1371/journal.pone.0029689
https://doi.org/10.1016/j.jveb.2019.03.011
https://doi.org/10.1016/j.jveb.2019.03.011
https://doi.org/10.1016/j.applanim.2021.105513
https://doi.org/10.1016/j.applanim.2021.105513
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref95
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref95
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref95
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref96
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref96
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref97
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref97
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref97
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref98
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref98
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref98
https://doi.org/10.1037/0096-3445.115.3.211
https://doi.org/10.1037/0096-3445.115.3.211
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref100
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref100
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref101
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref101
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref101
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref102
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref102
https://doi.org/10.1126/science.147.3661.1006
https://doi.org/10.1016/j.cub.2008.03.059
https://doi.org/10.1016/j.cub.2008.03.059
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref105
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref105
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref106
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref106
https://doi.org/10.1016/j.anbehav.2016.08.015
https://doi.org/10.1016/j.dr.2007.06.002
https://doi.org/10.1016/j.dr.2007.06.002
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref109
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref109
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref110
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref110
https://doi.org/10.1016/j.dr.2016.12.001
https://doi.org/10.1111/1440-1703.12200
https://doi.org/10.1016/j.cub.2019.05.045
https://doi.org/10.1037/a0039462
https://doi.org/10.1007/s10071-015-0857-1
https://doi.org/10.1016/j.cub.2011.12.018
https://doi.org/10.1016/j.cub.2011.12.018
https://doi.org/10.1371/journal.pone.0091014
https://doi.org/10.1371/journal.pone.0091014
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref118
https://doi.org/10.1017/S0140525X05000129
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref120
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref120
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref120
https://doi.org/10.1126/science.1176960
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref122
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref122
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref122
https://doi.org/10.1016/j.jveb.2008.09.021
https://doi.org/10.1016/j.jveb.2008.09.021
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref124
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref124
https://doi.org/10.1016/s0163-6383(98)90047-9
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref126
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref126
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref126
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref127
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref127
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref128
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref128
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref128
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref128
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref129
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref129
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref129
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref130
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref130
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref131
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref131
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref132
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref132
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref133
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref133
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref133
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref134
http://refhub.elsevier.com/S0168-1591(25)00092-9/sbref134
https://doi.org/10.1002/wcs.1338

	From simple behavioural tests to EEG measurements: Studying linguistic competence in dogs
	1 Introduction
	2 Why dogs?
	2.1 Understanding ‘referentiality’
	2.2 The intentional nature of human communication
	2.3 Generalizability of shared knowledge

	3 How do dogs understand human linguistic communication?
	3.1 Word learning, word comprehension in dogs
	3.1.1 Word-referent Relationships, and word comprehension considering the level of correspondence
	3.1.2 Significance of object-related actions and the context
	3.1.3 Individual differences, intraspecies variability

	3.2 The role of prosody in communicative interactions
	3.2.1 Prosodic characteristics of dog-directed speech
	3.2.2 Language tutoring versus attention-getting features of prosody


	4 Neurocognitive aspects of linguistic competence in dogs
	4.1 Canine sleep EEG in the context of word learning and linguistic competence
	4.1.1 EEG evidence of sleep-driven memory consolidation in a word learning task – the neurally detectable effect of learnin ...
	4.1.2 Sleep EEG correlates of word learning efficiency
	4.1.3 Novel approaches to potentially study (and aid) linguistic competence (and word learning)

	4.2 ERP evidence of linguistic competence in dogs
	4.3 Canine fMRI studies in the context of word learning and linguistic competence

	5 Conclusions and outlook
	Author statement
	Declaration of Competing Interest
	Acknowledgements
	References


