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The evolution of human communication likely centred, in part, on shared intuitions about the mapping 
of sound to meaning. These sound-meaning intuitions, known as sound symbolism, can be seen for 
example in the bouba-kiki effect, where nonsense words carry inherent meaning about their likely 
referents (here, rounded vs. angular objects respectively). In our paper we suggest for the first time 
that sound symbolism can afford successful interspecies communication between humans and animals 
in certain circumstances. Over four investigations, including replications, we show that humans use 
sound symbolism significantly and pervasively to attempt to convey meaning to domestic dogs (Canis 
familiaris), specifically, by exploiting vocal prosody to signal elevation in space. In Study 1 we analysed 
recordings of amateur dog owners commanding their dogs to move upwards (e.g., “stand”) or 
downwards (e.g., “down”), finding higher mean pitch (fundamental frequency, f0) in the former versus 
the latter. In Studies 2 and 3a, we replicated this in competitive dog owners, both in self-report, and 
in acoustic voice-analyses recorded in competition. In addition, professionals also used further sound 
symbolism beyond amateurs, in their commands for the dog to “sit” (using higher pitch to denote sit 
up vs. sit down). Finally, in Study 3b, we demonstrate that sound symbolism appears to be mutually 
understood by dogs in certain useful circumstances. Dogs were faster to enact “down” commands 
with prosodic sound symbolism, compared to without, demonstrating that sound symbolism may 
sometimes underlie successful inter-species communication.
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Our studies centre on the question of whether humans and dogs can establish mutual understanding using 
sound symbolism. Human utterances have sound symbolism if they directly express meaning from their acoustic 
properties (for review see1. In languages with relatively well-developed sound symbolism, even non-native 
speakers can guess word-meanings. For example, monolingual English speakers can guess the meanings of 
Japanese foreign dimensional adjectives (e.g., “big” vs. “small”) at above-chance level (also in Korean, Albanian, 
Gujarati, and so on; e.g2. , suggesting that meaning is in some way carried by the way words sound. English 
itself has comparatively little sound symbolism, although rare instances might still be sufficient to establish 
communication with animals. We describe the relevant sound symbolism of English below.

English has sound symbolism in a small class of onomatopoeic words (e.g., “buzz”) but also, for example, 
in the tendency to link high-front vowels (/I/) with small objects, low back vowels (/a/) with large objects3,4, 
and rounded vowels with rounded objects (this latter demonstrated by the bouba-kiki effect;5,6. Recent studies 
had suggested that only humans understand sound symbolic language; Bonobos (Pan paniscus), for example, 
show no evidence of the bouba-kiki effect, despite direct testing7. But sound symbolism can also be found in 
English prosody, which comprises the pitch, intonation, rhythm or loudness of speech (expressed acoustically 
with features such as the mean fundamental frequency (f0), variation in f0, duration, and amplitude). Although 
prosody was once considered referentially redundant, Nygaard et al.8 have argued that certain semantic domains 
bear unique acoustic signatures. One example – relevant here – is pitch variation when referring to objects in the 
vertical plane. In testing conditions, humans spontaneously speak with higher pitch when referring to objects 
moving upwards compared to downwards9. This type of study provides empirical support for a link between 
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prosody and meaning (i.e., vertical position in space). Since prosody is the basis for our studies we expand on its 
sound symbolic properties below.

The referential use of prosody (e.g., higher pitch in the human voice [f0] intuitively denotes higher in space) 
also aligns with crossmodal correspondences, which are another set of human intuitions but often at a more sensory 
level (e.g., higher sinusoidal pitch intuitively denotes higher in space; for review see10. Hence, correspondences 
align with prosodic sound symbolism because humans pair high elevation with high pitch, whether from pure 
tones (i.e., a correspondence;11 or linguistic prosody (i.e., sound symbolism;9. Also important is that crossmodal 
correspondences exist in non-human species, including chimpanzees (Pan troglodytes;12, domestic dogs13, chicks 
(Gallus domesticus;14 and tortoises (Testudo hermanni15. For example, we have shown that dogs engage more 
with audio–visual stimuli that are congruent with human pitch-elevation correspondences (i.e., they look longer 
at spatially-elevated objects making higher vs. lower pitch noise;13. This suggests crossmodal correspondences 
may be a broad feature of neural systems, and not uniquely human. In the current paper we therefore explore 
whether this type of crossmodal correspondence (linking acoustic pitch and elevation) may play a role in the 
linguistic communication between humans and domestic dogs, specifically in the context of prosodic sound 
symbolism. Across four investigations, we first explore whether humans use vocal prosody to attempt to convey 
meaning to dogs (using higher pitch speech to denote objects higher in space). Perhaps most importantly, we 
explore whether this sound symbolic speech of dog owners is ever understood by dogs themselves.

In Study 1, dog owners gave six commands to their dogs: two instances of “stand”, “down”, and “sit” (without 
hand signals). “Stand” instructs the dog to be fully upright, touching the ground with four paws; “sit” is a mid-
position with rump on the ground but up on front paws; and “down” is a fully low position when the dog’s rump, 
stomach and elbows are touching the ground. Table 1 shows the movement in the vertical plane associated with 
these six commands, depending on the dog’s starting position. We hypothesised that owners may use a higher 
spoken pitch (mean f0) when commanding dogs to move upwards, compared to downwards. Here we compared 
either across lexemes (comparing “stand” to “down”), and within a lexeme (comparing “sit” when body moves 
up [from a lying position] to “sit” when body moves down [from a stand position]; henceforth we call this “sit”-
up and “sit”-down). We explored whether one or both comparisons may show prosodic sound symbolism (i.e., 
higher mean f0 when commanding the dog to move upwards vs. downwards).

As well as acoustic data, we captured questionnaire information from owners about their dog-owning 
experience (in months), training experience (from “none” to “professional”), dog’s overall training level 
(informal, formal, sport training), and dog’s proficiency (in “sit”, “down”, “stand”). We hypothesised that greater 
experience or proficiency may increase the likelihood of an owner using sound symbolism. Note that even if 
sound symbolism were universal and/or innate, we still expect a training effect because people are self-aware. (A 
useful analogy is smiling, which is instinctive and cross-cultural, but people can still learn to smile more or even 
artificially in certain situations, simply because they understand its communicative value.)

In a second study we recruited and tested more experienced dog owners, who train for the Competition 
Obedience sport of Distant Control (as regulated by the UK Kennel Club16 where dogs are given the same six 
commands as in Table 1, but in an arena at a distance of 10–20 paces. Sound symbolic prosody may be particularly 
beneficial here because dogs must respond quickly and accurately in a difficult communicative context (i.e., in 
a noisy arena from afar). Hence in Study 2 we asked, via questionnaire, how competitive dog handlers uttered 
“stand” and “down” commands, in terms of high (or rising) pitch versus low (or falling) pitch (henceforth, high 
or low, respectively). (Note that we additionally examine “sit”-up and “sit”- down in Study 3.) We again predict 
higher pitch when commanding the dog upwards versus downwards, and again elicited handler’s experience 
(i.e., number of dogs trained in Competition Obedience, and Kennel Club competition class achieved).

In a final pair of studies (3a/b) we asked the same questions but in a naturalistic competition setting, 
conducting acoustic analyses of dog-handlers’ commands (Study 3a) and observing the subsequent behaviour 
of their dogs (Study 3b). Here we scrutinised video records of the Championship Obedience Distant Control 
competitions at Crufts, a pre-eminent international dog show hosted annually by the United Kingdom Kennel 
Club, and the largest competition of its kind in the world. For acoustic analyses, we measured hander’s mean f0 in 
their commands for “stand”, “down” and “sit” (both “sit”-up, and “sit”-down). As before, we hypothesized handlers 
would recruit the sound symbolism (i.e., higher f0 for commands to move upward vs. downwards). Crucially, 
we also hypothesised an impact on dogs themselves: dogs whose handlers employed greatest referential prosody 
(lower pitch = down; higher pitch = up) should react fastest. This pattern of results could provide evidence of 

Command uttered Starting position (before command) Movement required

“down” stand position ↓

sit position ↓

“stand” down position ↑

sit position ↑

“sit” stand position ↓

down position ↑

Table 1.  Six obedience commands used across our studies. Arrows indicate the direction of the required 
movement (up or down) in vertical space, given the starting position. Since “sit” can denote moving either 
upwards or downwards (depending on starting position) we henceforth describe sit-from-lying as “sit”-up and 
sit-from-standing as “sit”-down.
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successful interspecies communication based on sound symbolism. Specifically, we predicted that dogs would 
respond faster to sound symbolism in “stand” and “down” commands, but not in “sit” commands, because pitch 
is redundant when commanding a dog to sit. Hence even if it is uttered, it cannot help the dog. This is due to 
the fact that “sit” is uttered in contexts where there is only a single possible direction of movement -- either 
when the dog is standing (only movement is downwards) or when the dog is lying (only movement is upwards). 
In contrast, commands like “down” and “stand” can be given while the dog is seated, a position from which 
two directions are possible (up to standing or down to lying). Thus, while prosody can guide interpretation 
for “down” and “stand” commands, it offers no useful information for “sit” commands. We therefore predict 
dogs may respond to sound symbolism in “down” or “stand”, but not where it is referentially redundant in “sit” 
commands.

Results
Study 1: acoustic analysis of prosody in voice commands from non-competitor dog owners
Our participants were 34 dog owners (31 female, 2 males, 1 another gender; median age fell within 36–45 years) 
who had owned dogs for an average of 174.03 months (SD = 188.68). The mean age of their current dog was 55.68 
months (SD = 36.35). Twenty-two owners had trained their dogs in basic obedience only, 6 in dog sport (but only 
1 competitively), 5 were dog trainers, and 1 had no dog training experience. Here and throughout, participants 
were unpaid volunteers. Each participant was asked to submit a recording of 6 commands (two of “stand”, two of 
“down”, and two of “sit”; see Table 1). Participants submitted 186 useable recordings (with a further 18 missing 
or unusable; e.g., from background noise; more details can be found in the raw datafile on the OSF). We ran an 
acoustic analysis of their speech when commanding their dogs in “stand”, “down” and “sit”.

Across all studies, we compared the pitch of commands either across lexemes (“stand” vs. “down”) or within 
a lexeme (“sit”-up vs. “sit”-down). In both comparisons, the dog’s body was moving upwards in the former 
token and downwards in the latter (see Table 1). We predict a higher mean f0 in commands for the dog to 
move upwards (“stand” or “sit”-up) compared to downwards (“down” or “sit”-down). We analysed “sit” away 
from “stand”/ “down” for four important reasons. First, the direction of movement for “sit” depends on context, 
while in “stand”/”down” it does not; i.e., only one direction is signalled for each of the latter (“stand” ↑; “down” 
↓), while two are possible for the former (“sit” ↑↓), because the direction of movement depends on starting 
position (see Table 1). Second, analysing “sit” in isolation provides a useful within-lexeme comparison (i.e., 
when the dog is commanded to sit up or sit down, there is no change in the segmental pronunciation – “sit” -- but 
meaning still changes). This allows us to understand the precise calibration of any sound symbolism: i.e., does 
sound symbolism arise only across different lexemes (“stand” vs. “down”), or does it even arise within a single 
lexeme (“sit”, meaning up or down). The third reason we analysed “sit” away from “stand”/ “down” is due to a 
difference in the manner of body’s elevation. The “stand” and “down” commands result in the dog’s body being 
fully elevated or fully ground-level, while the “sit” command results in the body being partially elevated (either 
because only the head is raised from lying, or only the rump is lowered from standing). The fourth and most 
important reason we analysed “sit” away from “stand”/ “down” is to avoid a confound, because “sit” has a notably 
different vowel quality to “stand” vs. “down”. Compare the initial low vowel in /stand/ and /daʊn/ to the vowel in 
/sIt/, which is inherently higher in pitch17. Not only is pitch one of our dependent measures (therefore important 
to not conflate across items), but the vowel in “sit” may even have its own set of sound symbolic properties, which 
are unrelated to our focus here; e.g., its high-front vowel (/I/) is also associated with small objects3,4. Hence for 
all four reasons, we analysed “sit” away from “stand”/ “down”, here and throughout.

All analyses were conducted using R Studio, R version 4.1.218. For evidence of sound symbolism, we employed 
Linear Mixed Models (using lme4 package19, with mean f0 as outcome, type of command as a predictor (Model 
1: “stand” vs. “down”, Model 2: “sit”-up vs. “sit”-down), and Handler ID as a random effect (both intercepts and 
slopes). Our data showed some evidence of sound symbolism. Our Linear Mixed Models revealed significantly 
higher mean f0 in “stand” (279 Hz, SE = 13.19) versus “down” commands (208 Hz, SE = 9.61), as hypothesised 
(F(1,29.83) = 36.97, p < 0.0001). However, there was no significant difference in pitch between “sit”-up (353 Hz; 
SE = 21.0) and “sit”-down (346 Hz, SE = 21.4; F(1, 30.37) = 0.19, p = 0.67; see Fig. 1a/b respectively).

We also compared the degree of sound symbolism against the life-experience of dog and owner. Specifically, 
we compared the size of the difference in mean f0 for “down” versus “stand” (and again for “sit”-up vs. “sit”-
down) against: (a) length-of-owning-dogs (in months, using Spearman correlation within the ggpubr package20 
(b) owner’s training experience, splitting owners into high experience (training for sport or competition, 
including professionals) versus low experience (no dog training or basic obedience) (c) dog’s training experience 
(informal, formal, sport training) (d) dog’s proficiency with the question: Does your dog react to a vocal cue for 
“sit”/“down”/“stand” without needing a hand signal?; answers were: Yes (coded 3), Most of the time (coded 2), 
Sometimes (coded 1), and No or My dog was not trained to sit/ go down/ stand on cue (coded 0). For variables 
(b)-(d) we predicted mean f0 difference using linear models (stats package lm and aov function from the stats 
package18. None of our effects were significantly modulated by the dog-owner’s experience (stand/down rs=0.17, 
p = 0.37; “sit”-up/down rs=0.25, p = 0.17), nor the dog owner’s training experience (stand/down b=-28.98, 
t(29)=-1.29, p = 0.21; “sit” -up/down b = 5.10, t(29) = 0.21, p = 0.83), nor the dog’s proficiency for commands 
(stand/down b = 18.51, t(29) = 1.85, p = 0.07; sit up/down b = 12.53, t(29) = 0.49, p = 0.63), nor the dog’s overall 
training (stand/down (F(2,10.58) = 2.77, p = 0.11; sit-up/down (F(2,28) = 0.2, p = 0.82).

Study 2: Self-report of prosody in voice commands from competitors
We tested 128 competition dog owners (8 males, 119 females, 1 undisclosed; median age fell within 56–65 years) 
who trained their dogs in the Competition Obedience Distant Control exercise as regulated by the UK Kennel 
Club16. Participants completed questionnaires describing their prosody (high or low pitch) for the commands 
of interest (i.e., “stand” and/or “down”) and provided 240 valid responses (at least one per participant). Our 
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target population for analyses were those who reported manipulating pitch when commanding the dog i.e., 132 
out of the 240 valid responses. The remainder used loudness (N45); no voice modulation (N22); no voice at all 
(hand signal only; N18); or other (N23). We additionally tested but later removed 43 further participants with 
incomplete questionnaires (e.g., no information on how they met Kennel Club regulations; see below).

We analysed our participants separately as two groups because Kennel Club regulations16 allow handlers 
to either use a vocal command (e.g., “stand”) or a body signal (e.g., hand moves up), but not both – and 
either is optionally preceded by the dog’s name. Our target groups were therefore: (a) the ‘body signal’ group: 
here we analysed self-reported pitch in the dog’s name (i.e., the only word uttered; 31 responses comprising 
23% of targets) or (b) ‘vocal command’ group: here we analysed self-reported pitch in the vocal commands 
“stand”/“down” (which perfectly matched their report of the pitch of any dog name used); these were the 
remaining 101 responses comprising 77% of targets. Importantly, whether analysing dog name or command, we 
broke down by command-type (i.e., dog name or command for the instruction to stand vs. lie down).

We predicted pitch-elevation sound symbolism, which would show itself as more high pitch for “stand” 
commands, and more low pitch for “down” commands. For this we employed a binomial GEE for each target 
group (using the geeglm function from the geepack package21, with a binary output of low/high pitch, and a 
predictor of whether the command was stand or down (accounting for repeated measures, because handlers 
could report pitch for both commands).

The ‘vocal command’ group showed sound symbolism (binomial GEE, b = 4.39 (SE = 0.7), Wald χ2 (1) = 39.7, 
p < 0.0001), with more high pitch prosody reported for stand commands (28 participants; vs. 6 who reported using 
low pitch), and more low pitch prosody reported for down commands (63 participants; vs. 4 who reported using 
high pitch). This significant pattern was repeated in the ‘body signal’ group (binomial GEE, b = 36.0 (SE = 0.47), 
Wald χ2 (1) = 5924, p < 0.0001), with more high pitch prosody reported for stand commands (17 participants; 
vs. 6 who used low pitch), and more low pitch prosody reported for down commands (8 participants; vs. 0 who 
used high pitch). This replicated our findings for “stand”/ “down” in Study 1, but this time for professional dog 
handlers.

We again asked whether any effects were linked to the handler’s experience (model 1 = number of dogs 
trained; model 2 = highest obedience class achieved). We ran binary logistic regressions (using the stats package 
glm function18 with a target population who used pitch for both commands (“stand” and “down”). The binary 
outcome was Yes/No for whether prosody was congruent with the pitch-elevation correspondence (congruent 
= higher pitch for stand commands, and lower pitch for down commands). These analyses were run for the 
‘vocal command’ group only, given small numbers in the ‘body signal’ group (N = 6). As in Study 1, our effects 
were again unrelated to handler experience. Specifically, our binary logistic GLM model first re-confirmed the 
above pattern of sound symbolism, for both the ‘vocal command’ group (b = 1.39, SE = 0.46, p = 0.002) and 
‘body signal’ group (here, all participants who used pitch in both “down” and “stand” command [N6] did so in 
agreement with the pitch-elevation correspondence). And where there were sufficient numbers (in the ‘vocal 

Fig. 1.  Mean f0 in commands given by owners to their dogs. Amateur dog owners showed (a) significantly 
higher mean f0 in “stand” versus “down”, and (b) no difference in f0 for “sit”-up versus “sit”-down. Competition 
dog owners in Crufts Championship Obedience Competition showed (c) a significantly higher mean f0 
in “stand” versus “down”, as well as (d) in “sit”-up versus “sit”-down. In these plots, the box represents the 
interquartile range, the line within the box indicates the median, the whiskers extend to the smallest and largest 
values within 1.5 times the interquartile range, and the individual points outside the whiskers are outliers.
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command’ group), we found no effect of handler’s competition class (b = 0.05, SE = 0.27, p = 0.87) nor number 
of dogs trained (b=-1.9, SE = 2.22, p = 0.39).

Study 3a: acoustic analysis of prosody in voice commands from competitors
Here we ran an acoustic analysis of the speech of dog handlers, when commanding their dogs in competition. 
We identified 76 target videos of the Crufts Distant Control competition containing (after exclusions, see SI) 201 
voice files from 35 handlers, comprising 33 females and 2 males. These included 27 tokens of “stand”, 125 tokens 
of “down”, 24 tokens of “sit”-up, and 25 tokens of “sit”-down (with varying numbers of commands per handler 
depending on how many dogs they competed with, and how many of their commands were excluded from the 
analysis; see raw data file on the OSF for details). Analyses and predictions were as in Study 1. As before we found 
significantly higher mean pitch (f0) in “stand” (522 Hz, SE = 25.5) versus “down” commands (385 Hz; SE = 12.3), 
as hypothesised (F(1,7.84) = 22.23, p = 0.002). Unlike for amateur owners (Study 1), there was also significant 
difference between “sit”-up (537 Hz, SE = 26.2) and “sit”-down (489 Hz; SE = 17.2; F(1,11.94) = 6.66, p = 0.02; see 
Fig. 1c/d), with the former higher in pitch.

We found an almost identical pattern of results in our supplementary analyses, when we included commands 
that had been preceded by the dog-name. Again we found significantly higher f0 in “stand” (482 Hz; SE = 18.6) 
versus “down” commands (384 Hz; SE = 11.7) with a similar effect size as before (F(1,29.80) = 28.10, p < 0.0001). 
Similarly, “sit”-up commands, too, were uttered with a higher pitch (523  Hz; SE = 23.5) than the “sit”-down 
commands (483 Hz; SE = 18.9), with the effect approaching significance (F(1,16.74) = 3.40, p = 0.08).

Study 3b: dogs’ performance as a function of sound symbolic prosody in voice commands
Here we analysed how dogs reacted to these same commands (“down”, “stand”, “sit”-up, “sit”-down) in this same 
competition (Crufts Distance Control). We analysed whether mean f0 in the handler’s voice command (taken 
from Study 3a) might have affected the dogs’ performance (coded in Study 3b). We analysed 68 target videos, 
involving 30 handlers and 44 dogs (some handlers competed with multiple dogs over the years). The number of 
responses per dog again varied depending on how many times across the years they competed, and how many of 
their response videos were excluded (see data file on OSF for details). Dogs had a mean age 7.4 years (SD = 2.8); 
half were female and all were Border Collies, or Working Sheepdogs (i.e., non-pedigree Border Collies, who may 
or may not work sheep).

As before, our primary analyses were conducted on the “vocal command group” (who did not use hand 
signals), including only those who did not use the dogs’ name. As in Study 3a, we also ran supplementary analyses 
including 56 additional tokens from handlers who gave vocal commands preceded by the dog-name. Here, we 
did not splice the command from the dog’s name but extracted mean pitch (f0) from the entire utterance (e.g., 
“Buster, stand”). This is because one of our measurements, the dog’s latency to react, was likely to happen from 
the very start of the utterance (i.e., moment of the dog’s name), and not further downstream at the command.

For each type of command (“stand”, “down”, “sit”-up, and “sit”-down) we ran two Linear Mixed Models with 
mean f0 as a predictor, and Dog ID as a random factor. The outcome variables were latency-to-move (Model 
1), and duration-of-movement (Model 2). For “down” commands we predicted faster latencies and durations-
of-movement for lower pitch utterances (and the reverse for “stand”; i.e., faster for higher pitch). Such results 
would suggest prosodic sound symbolism is understood by dogs, and aids comprehension. For “sit” commands, 
we predicted no effect of pitch on the dog’s behaviour, because pitch is non-informative for “sit” commands (see 
above and Discussion).

As predicted, mean pitch did not affect “sit” commands: i.e., no significant effect of pitch on latency-to-move 
nor duration-of-movement, either for “sit”-up commands (F(1,18.51) = 0.11, p = 0.74; F(1,17.64) = 0.03, p = 0.86, 
respectively) nor “sit”-down commands (F(1,4.91) = 4.10, p = 0.10; F(1,19) = 0.80, p = 0.38, respectively). There 
was no effect either when we added in commands with dog-names (“sit”-up latency-to-move F(1,23) = 0.0002, 
p = 0.98, and duration-of-movement, F(1,21.35) = 0.16, p = 0.70; “sit”-down latency-to-move F(1,20.26) = 2.60, 
p = 0.12, and duration-of-movement F(1,23) = 0.18, p = 0.68).

We did however find an effect in “down” commands, as predicted. Here, although pitch did not affect the 
dogs’ latency-to-move (for our main analysis F(1,73.60) = 0.40, p = 0.53, nor when incorporating additional 
commands including the dog’s name F(1,77.80) = 0.30, p = 0.58), it did significantly predict their duration-of-
movement. As such, dogs moved into position faster if the mean pitch of “down” was lower (F(1,77.35) = 5.71, 
p = 0.019; see Fig. 2). We found an identical pattern of results when we added in data from handlers who also 
used their dog’s name (F(1,82.01) = 6.14, p = 0.015). In summary, our finding shows that, across handlers/dogs, 
the dogs who moved down fastest were those whose handlers employed low pitch.

Finally, contrary to predictions, mean pitch had no effect in “stand” commands, neither for latency-to-move 
(main analysis: F(1,6.14) = 0.52, p = 0.50; supplementary analysis: F(1,50.12) = 0.30, p = 0.60) nor duration-of-
movement (main analysis: F(1,16.52) = 0.002, p = 0.97; supplementary analysis: F(1,63.98) = 0.05, p = 0.82).

Discussion
Our data suggest humans employ prosodic sound symbolism when speaking with their dogs, and that in certain 
circumstances dogs appear to show reciprocal understanding. Owners used higher pitch to urge their dog to 
move upwards (“stand”) versus downwards (“down”), matching previous findings of sound symbolic prosody 
in human-to-human interactions9. We found prosodic sound symbolism for “stand/down” commands in both 
self-report and acoustic analyses, in both experimental and naturalistic settings, and in both amateur and 
competition-trained dog owners, all the way up to Crufts Championship competitors. This initially suggests it 
may be a tendency unrelated to dog-handling experience. However, only competition handlers used prosodic 
sound symbolism to distinguish by pitch two meanings from a single lexeme (“sit”→ sit up, sit down), while 
amateur dog owners did not. One explanation is that amateurs may not realise a single word “sit” can have 
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different directional meanings (i.e., they perhaps treat “sit” as singular command to mean “rest on rump/front 
paws”, without considering direction of movement). An alternative interpretation is they implicitly choose not 
to employ pitch because pitch is referentially redundant when applied to “sit”. As described above, the “sit” 
command is always given in a context where only one direction of movement is possible so prosody cannot 
help (see below where we discuss this further). In contrast, competition handlers still apply pitch even in “sit” 
commands, despite its redundancy, perhaps as part of a broader training strategy. Competition handlers may 
feel (consciously or otherwise) that consistently training dogs to associate pitch with directionality will help 
dogs apply that prosodic cue in situations where it is informative—such as with “down” or “stand” commands. 
In fact, redundant pitch-elevation prosody is also found elsewhere, in studies between humans9, and we observe 
a similar phenomenon here.

Not only did we demonstrate sound symbolism when humans speak to dogs, we also showed some evidence 
of mutual understanding. In Study 3b, pitch modulation predicted dogs’ behaviour because dogs were faster to 
move downwards when “down” was uttered in a lower (vs. higher) pitch. This provides the first indication of 
successful inter-species communication based on sound symbolism in human language. We can be confident 
dogs were responding to voice, because bodily cues (e.g., hand or head movements) were specifically prohibited 
by competition regulations in the data we analysed (and any theoretical eye-movements mimicking the dogs’ 
movement downwards would be only in the region of 1-2o so could not be detected by dogs at the competition 
distance of around 33 feet). Furthermore, we are confident dogs could perceive the pitch changes in speech 
prosody because they are capable of distinguishing auditory frequencies to a satisfactory degree22, and their 
hearing range is similar to humans23,24. This means dogs can hear prosodic pitch changes and potentially find 
them meaningful, as our data for “down” suggest. Our findings marry with animal studies that have previously 
shown dogs linking artificial stimuli (e.g., matching machine-generated noise to the size or position of artificial 
objects; e.g13,25,26. But no previous study has shown sound symbolism in verbal utterances giving some degree 
of inter-species understanding, as we’ve shown here. Our data also follow a long line of anecdotal reports that 
different trainers use similar non-linguistic sounds across various cultures (see26 (e.g., whistles, clicks, claps; 
e.g27–31), but again, there had been no previous evidence as to whether these human-produced trainer-signals 
were effective.

We did not predict, and did not find, dogs responding to the prosody of “sit”. Their competition handlers used 
higher pitch when “sit” meant move upwards (from lying) versus downwards (from standing), but prosody did 
not impact the dogs’ behaviour. We noted above that prosody here is non-informative because, unlike “down” or 
“stand” commands, “sit” is only given in contexts where prosody cannot help. Hence if the “sit” is instructed from 
standing, it means move downwards, but the only other possible command from that position also means move 
downwards (i.e., “down”). Equally, if “sit” is instructed from lying, it means move upwards, but the only other 
possible command from that position also means move upwards (i.e., “stand”). For this reason, prosody is not a 
useful feature when uttering “sit” (because context means there is only ever one possible direction of movement). 
In contrast, “down” commands can be given while the dog is seated, where two directions are theoretically 
possible (up to standing or down to lying) so pitch can help clarify the intended movement. The same applies 
to “stand” commands (because they too can be given from sitting). Hence prosody is helpful for “down/stand” 
commands in a way it is not helpful for “sit”. Of course, our dogs’ null effect for “sit” may alternatively be from 

Fig. 2.  Duration-of-movement predicted from mean f0 in “down” commands. Dogs were faster to move into a 
down position as mean pitch lowered. Shading represents 95% confidence intervals.
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lack of power, but this redundancy means prosody modulation was specifically not predicted to influence the 
dogs’ movements in this condition.

This redundancy argument predicted in advance that prosody should not influence dog behaviour in “sit” 
commands, but why did we find no effect for “stand” (i.e., we found an effect for “down” only)? An inspection 
of the data reveals one likely explanation: “down” commands in our dataset were almost universally delivered in 
isolation (96%; 108 of 112), while “stand” commands were most often preceded by the dog’s name (66%; 45 of 
68). This made prosody less informative for “stand” because the dog’s name served as an earlier additional cue: 
put simply, dogs know to stand when they hear their name. In contrast, prosody is most informative in “down” 
commands, which is also where we found its significant influence on dog reactions. In the remaining commands, 
it is either fully non-informative (“sit”-up, “sit”-down) or less informative (in “stand”).

The fact that dogs are phylogenetically distant from humans, but appear to share understanding of certain 
sound symbolic associations in vocal comprehension points to a distant but shared evolutionary origin. This origin 
may be one that endows innate cross-sensory associations per se, or simply an ability to extract environment 
statistics (since dogs typically share the human environment from birth). So it is interesting to consider exactly 
why pitch signals elevation to humans and dogs (which we see both in cross-modal correspondences9,10,13, and 
the sound symbolism of certain words here). Often these associations are not random: for example, high-pitch 
is associated with small and elevated, likely because high pitch is emitted from smaller animals and from objects 
higher in space, in scene statistics (e.g32). Another contributing factor may be that low-pitched voices in humans 
and other mammals signals dominance33 (which triggers submissive downward-type postures like dropped 
head, lowered ears, and tucked tail;34,35). Importantly, this is still sound symbolism: the dog is responding 
appropriately to the meaning of the word “down” (lying down) and doing so more quickly depending on how 
the word is pronounced. We also have evidence that our effect cannot be explained by dominance alone. In a 
dominance-only account, our findings could be nothing more than humans expressing dominance using low 
pitch sounds, and dogs assuming low (submissive) positions -- without any link to language. But this simplistic 
account does not fit the data. It would predict that dogs move down faster to all low pitch commands, but they 
did not (i.e., pitch did not affect their response to “sit” down commands, as expected from a sound symbolism 
account– see above). It would also predict, contrary to our results, that standing should be harder with high pitch 
“stand”, since high pitch signals a small/safe speaker which typically elicits approach rather than upright stillness. 
Finally, it would predict that professional handers should use lower pitch than amateurs, because professionals 
are more dominant (given their greater need to control the dog’s behaviour). But our data show the opposite: 
professionals used higher pitch than amateurs and were more willing to vary their pitch to signal elevation (e.g., 
they raised pitch for “sit” up). In other words professionals were not simply more dominant (as a pure dominance 
account would predict) but were instead better able to use pitch to convey linguistic meaning. In summary, dogs 
are responding to the linguistic environment in a way that aligns with sound symbolism (lowering faster to low 
pitch “down”), and this may potentially stem from two sources: the known scene statistics linking pitch and 
elevation [e.g., 27] and perhaps also the notion of dominance reinforcing this association between pitch and 
word-meaning.

Our study has several limitations, for example we could not control the competition arena. Furthermore, 
our study is correlational so we must take care when inferring causality; there may yet be other factors beyond 
pitch (see 36 which affected dogs’ performance in our study (although we have already addressed a number of 
these in our discussion above). Future studies might also seek to understand why our behavioural effect was in 
duration-of-movement but not latency-to-move. One possibility is ceiling effects because our competition dogs 
were high-level performers. Future studies might find stronger effects in younger, less experienced dogs, or in 
puppies (who are known to show preferences for prosody in dog-directed speech37,38. We also note that future 
studies might expand on our analyses of mean f0 to consider f0 contours, which could themselves be implicated 
in prosodic sound symbolisms. Two stimuli with different contours or f0 range could have similar f0 mean, so a 
contour analysis may reveal further effects not apparent from mean alone.

In conclusion, dog owners employed sound symbolic prosody, speaking with higher mean pitch in “stand” 
compared to “down” (and also in “sit”-up vs. “sit”-down for the most advanced competition handlers). Our data 
relate to findings from pitch-elevation correspondences in animals  25, and sound symbolic prosody between 
humans9, but show a crucial degree of mutual inter-species understanding for sound symbolic language in certain 
circumstances, never previously seen. Handlers not only employed referential prosody, but dogs appeared to 
understand this, reacting faster when “down” commands were uttered in lower pitch. Prosodic sound symbolism 
may therefore facilitate mutual understanding in some areas of cross-species communication, and prove a useful 
training strategy in competition.

Methods
Study 1: acoustic analysis of prosody in voice commands from amateurs
Materials and procedure
Thirty-four participants completed an online questionnaire and six spoken exercises. Our questionnaire elicited 
(i) the owner’s dog-owning experience (in months), (ii) owner’s training experience (none, basic obedience 
training only, training for sport/ competition, professional) (iii) dog’s overall level of training (informal, formal, 
sport training) and (iv) dog’s competence in the commands of “sit”, “down” and “stand” (responses on a 4-point 
scale; see Design). Supplementary Information (SI) shows the full questionnaire (including additional items to 
be examined elsewhere).

Participants then recorded six spoken commands given to their dog, without hand signals, using a 
downloaded audio recorder. These commands are shown in Table 1 (i.e., two instances of “stand”, “down”, 
“sit”), and their order was randomised for each participant. Voice file recordings were spliced into individual 
commands (excluding any dog name or other vocal cue). We used the Voice Report function in PRAAT with 
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a pitch range of 75–700 Hz to extract the mean f0 for each voice command39. Approximately 20% of voice files 
were double-coded to ensure accuracy (Cronbach’s alpha 0.99, 95% CIs [0.999, 1]. In < 3% of utterances, owners 
used different command words for the same instructions, as follows: (i) “stand” was sometimes “back”; both were 
collapsed because they contain the same vowel quality (/stand/= /bak/). One participant used “up”, which has a 
different vowel quality but their data was retained since pitch fell within 2 SD from the mean of the remanding 
items. (ii) “down” was sometimes “lie” (/laɪ/ or /lʌɪ), and again these instances were collapsed with “down” since 
they start from approximately the same position in vowel space (cf., /daʊn/)40.

Study 2: Self-report of prosody in voice commands from competitors
Materials and procedure
One hundred and seventy participants completed an online questionnaire41. We asked whether vocal utterances 
for “stand” and “down” were made with high (or rising) pitch versus low (or falling) pitch (henceforth high 
or low, respectively). Two further questions elicited from owners the number of dogs trained in Competition 
Obedience, and highest class in competition (with 8 response categories from Pre-beginner to Crufts 
Championship). Remaining questions asked how participants met Kennel Club regulations for competition, i.e., 
whether they used the dog’s name before the command (this is optional), and whether they use (a) body signals, 
versus (b) vocal commands (e.g., “stand”) – since Kennel Club regulations specify they cannot use both. See SI 
for full questionnaire (including additional items to be examined elsewhere, e.g., regarding loudness).

Study 3
Study 3a: acoustic analysis of prosody in voice commands in competition
We analysed publicly available videos of the Crufts Distant Control competition between 2012 and 2018 
inclusive. Seventy-one target videos met our requirements that the handler was visible, gave spoken commands 
(not hand signals) and did not use dog’s name in the command. From these, we analysed mean f0 for each of the 
six commands (see Table 1) using PRAAT’s Voice Report function (100–850 Hz pitch range39. In supplementary 
analyses we added an additional 107 commands, which we extracted from instances where the owner had also 
used the dog’s name before the command (analysing the mean pitch (f0) from the command alone). Approximately 
15% of voice files were double-coded to ensure accuracy (Cronbach’s alpha 0.99, 95% CIs [0.999, 0.999]).

Study 3b: analysis of dogs’ performance as a function of prosody in voice commands
We selected 68 videos from Study 3a, which were where both handler and dog were visible (since we would be 
coding dogs’ behaviour). Once again, we avoided using the videos in which handlers used hand signals to give 
commands. Our choice of participant group (not using hand signals) and our choice of competition (distant 
control) therefore both ensured again that no extraneous factors other than the voice command would dictate 
the dogs’ behaviour. Videos were muted and cropped to show only the dog, then coded using BORIS (Behaviour 
Observation Research Interactive Software v.7.10.542 for two timed behaviours: (a) latency-to-move: time in 
seconds between the onset of the voice command (signalled by a chime we inserted into our videos to blind-
code them) and the onset of the dog’s movement (b) duration-of-movement: time between the moment the dog 
moved, and the moment it settled into its final position (e.g., sitting). Approximately 30% of voice files were 
double-coded to ensure accuracy, giving Cronbach’s alpha 0.99 for latency (95% CIs [0.87, 0.99]) and 0.96 for 
duration-of-movement (95% CIs [0.85, 0.99]).

Ethics
The University of Sussex Ethical Review Committee approved Studies 1 and 2 (ER/AK682/3). Study 3 used 
publicly available video materials. Informed consent was obtained from all participating dog owners. In the 
design of the experiments involving dogs we followed the ASAB guidelines for ethical treatment of non-human 
animals in research43. Research involving human research participants was performed in accordance with the 
BPS Code of Human Research Ethics44 and the Declaration of Helsinki45.

Data availability
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