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Abstract

This pilot study is an attempt to explore
how fundamental frequency (f0) as an
acoustic correlate to paralinguistic infor-
mation and biological codes are em-
ployed in interspecific vocal communi-
cation. Measures of f0 in human (Homo
sapiens) and domestic cat (Felis catus)
intra- and interspecific communication
were compared. Results showed higher
mean f0 in interspecific than intraspe-
cific utterances for both species, while
all cat-directed utterances had higher f0
range and standard deviation (sd).

Introduction

In human—cat and other interspecific vo-
cal communication the message is usu-
ally not mainly linguistic. Although re-
search has shown that some species
seem to understand simple words and ut-
terances, most of the communication be-
tween humans and other animals still re-
lies on other information in the vocal
signal, usually combined also with vis-
ual, tactile and olfactory cues. The rela-
tive importance of vocal features in hu-
man—cat communication is still unclear.
It is also still unknown to what extent
cats and humans employ the more uni-
versal features present in both human
and animal voices; paralinguistic infor-
mation and biological codes, in their in-
terspecific communication.

Paralinguistic information in speech

Paralinguistic information, sometimes
also referred to as extralinguistic or non-
linguistic information, concerns those
aspects of speech that do not belong to
the arbitrary conventional language
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code, but which nevertheless are mean-
ingful, important and always present in
speech communication (see e.g.
Gussenhoven, 2016; Ni Chasaide &
Gobl, 1997, pp. 456-8; Schétz, 2002,
2003). Humans speech varies articula-
tory and acoustically as a function of the
speaker (e.g. age, sex, anatomy, personal
voice quality, dialect or accent, physical
and mental state, emotion and attitude),
the audience (e.g. age, sex, social rela-
tion to speaker) and the physical envi-
ronment (e.g. distance between speaker
and listener). These factors can be fur-
ther categorised into four different qual-
ity types that listeners usually are able to
perceptually separate. Linguistic quality
is the conventional and social infor-
mation including the message, dialect
and speech style. Expressive quality de-
pends on the psychological state (e.g.
emotion and attitude) of the speaker. Or-
ganic quality varies with speaker anat-
omy, age and health. Perspectival qual-
ity varies with place (or channel), dis-
tance and orientation to the speaker
(Traunmiiller, 2000).

Biological codes in speech

Expressive and organic information in
speech are sometimes classified as ‘bio-
logical codes’, usually realised as varia-
tion in f0 and voice quality. Biological
codes tend to be universal, and some are
even used by animals. The frequency
code associates high f0 with “small”
meanings, like submission, vulnerabil-
ity, uncertainty, and friendliness, while
low f0 is associated with “big” meanings
like dominance, aggressiveness, cer-
tainty, and protectiveness (Ohala, 1984,
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1994; Gussenhoven, 2016). According
to the effort code, a wider pitch range
and more precisely produced f0 patterns
signal prominence (focus), and coopera-
tiveness, e.g. in child-directed speech
(Gussenhoven, 2016). The respiratory
(or production) code associates the de-
clining f0 of a breath group with begin-
nings and ends of phonological units.
High 0 in the beginning of a phrase in-
dicates a new topic, while low f0 signals
the continuation of a topic. At the end of
a phrase, high f0 indicates maintenance,
and low f0 a turn shift (Gussenhoven,
2002). The sirenic code relates a breathy
or husky voice quality with intimacy,
friendliness, timidity and feminine sexi-
ness (Gussenhoven, 2016).

Interspecies vocal communication

Human speakers are generally sensitive
to the acoustic preferences, emotional
needs and potential linguistic ability of
their audience. For instance, infant-di-
rected speech (IDS) and pet-directed
speech (PDS) has been shown to differ
from adult-directed speech (ADS) in
some shared acoustic features (shorter
utterance duration, elevated f0 and exag-
gerated f0 contours), and also in repeti-
tiveness and rated affect in low-pass fil-
tered stimuli. However, hyperarticulated
vowels and imperatives were mainly ob-
served in IDS, while PDS was character-
ised by shorter sentences and more exact
repetitions, suggesting that humans usu-
ally do not expect other species to under-
stand the linguistic message (Burnham
et al., 2002; Mitchell, 2001).

Although still controversial, it has
become increasingly acceptable to talk
about animal emotions since the nine-
teenth century (Darwin, 1927; de Waal,
2016, p. 41). The ability of non-human
animals to utilize vocal signals to ex-
press emotion has evolved over a long
period of time and serves several biolog-
ical functions; locating and identifying
individuals, mobilizing the recipient to
action or activating their attention, calm-
ing or alarming, and also has agonistic
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(promoting escape or dispersion), affil-
iative (signalling approach and promot-
ing conspecific contact), phatic (main-
taining connections among individuals
and enhance group cohesiveness) and
hedonic (informing of joyful states and
situations) functions (Brudzynski, 2017).

Animal species in previous studies
of interspecies vocal communication be-
tween humans and other animals include
grey parrots (Pepperberg, 2014), pri-
mates (Hostetter, Cantero, & Hopkins,
2001; Leinonen, Linnankoski, Laakso,
& Aulanko, 1991), dogs (Yeon, 2007),
and pigs (Tallet, Spinka, Maru§¢akova,
& Simecéek, 2010). Many of these stud-
ies suggest that humans and other ani-
mals share a number of vocal patterns
for signalling physical and mental state,
including mood, attitude and affect
(emotion). Acoustic correlates to such
paralinguistic information can be found
in f0, intensity, duration and voice qual-
ity (see e.g. Gangamohan, Kadiri, &
Yegnanarayana, 2016).

Human-cat vocal communication

Humans usually talk frequently to their
cats, and cats often vocalise when they
communicate with humans. In cat—cat
communication,  vocalisations  are
mainly used in sexual, mother—offspring
and territorial or agonistic situations.
Cats have developed a large and highly
varied vocal repertoire which should al-
low them to express their mental state
and their desires, needs and intentions.
Moreover, they have learned to vary
their voices to get the attention of their
human caretakers when they want or
need something (e.g. receive food, open
a door). (Bradshaw, Casey, & Brown,
2012; Turner & Bateson, 2000). Cats
seem to be able to identify their owners’
voices and also their own names (Saito
& Shinozuka, 2013; Saito, Shinozuka,
Ito, & Hasegawa, 2019). However, de-
spite several recent studies on how cats
and humans perceive emotional and con-
textual cues in each other’s voices, it re-
mains unclear to what extent cats and
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humans can identify biological codes
and paralinguistic information (e.g.
emotions) in interspecific vocal commu-
nication (Schotz & van de Weijer, 2014;
Schotz, 2014; Merola, Lazzaroni, Mars-
hall-Pescini, & Prato-Previde, 2015; El-
lis, Swindell, & Burman, 2015; Galvan
& Vonk, 2016).

Purpose and aim

The purpose of this pilot study is to ex-
plore measures of f0 in human—cat vocal
communication with the aim to learn
more about to what extent f0 is used to
signal paralinguistic information and bi-
ological codes. The main research ques-
tion is how f0 mean, range and sd varies
in intra- and interspecific communica-
tion for both species. This is still work in
progress with only a small set of data.

Material and method

The material consisted of recordings
taken either from the project Melody in
Human—Cat Communication (Meowsic)
(Schétz, Eklund, & van de Weijer, 2016)
or from previous studies of human- and
cat-directed cat vocalisations (Schotz,
2012, 2015). Samples of human- and cat
directed speech (HDS and CDS) by four
female and four male speakers were an-
alysed for f0 mean, range and sd. The
duration of the speech samples varied
between 1.7 and 22 seconds, with an av-
erage of 6.85 sec. Additionally, cat vo-
calisations of two types with typically
wide fO ranges (howl-growls and trill-
meows) from three cats (one female, two
males) were analysed in the same way
for comparison. The mean duration of
the cat vocalisation samples was 105
(11-417) seconds. Howl-growls were
selected to represent cat-directed vocali-
sations (CDV) as they are generally used
in agonistic contexts to warn and scare
off conspecific intruders. Trill-meows
are frequently used when soliciting the
attention of humans and were selected to
represent human-directed vocalisations
(HDV). All analyses were done in Praat
(Boersma & Weenink, 2019).
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Results

Human- vs. cat-directed speech

Both female and male human speakers
generally had higher fO values in CDS
compared to HDS (see Table 1 and Fig-
ure 1). The average f0 mean, range and
sd values respectively for female HDS
were 185, 142, and 27, and for CDS 301,
358, and 84. For male speakers the same
values were 104, 50, and 12 for HDS and
164, 189, and 47 for CDS.

Cat- vs. human-directed vocalisations

As seen in Table 2 and Figure 1, all three
cats had higher f0 mean in HDV (615)
compared to CDV (447), but higher 0
range and sd in CDV (454, 120) than in
HDV (213, 72).

Discussion

Human- vs. cat-directed speech

Despite the small data set, the results of
higher f0 mean and range in CDS com-
pared to HDS are in line with previous
studies comparing adult- and pet-di-
rected speech (Burnham et al., 2002;
Mitchell, 2001). It also indicates that hu-
man cat owners signal tenderness, hap-
piness, affiliation and cooperativeness
using paralinguistic information and the
frequency and effort codes when ad-
dressing their cats. However, it is still
unclear whether cats perceive these cues
as meaningful information. It is reason-
able to assume that cats can perceive ex-
pressions of emotion and possibly even
other paralinguistic information in other
cats’ voices, for instance when Kittens
cry for their mothers’ help, so it is likely
that they are able to perceive at least
some of this information in human
speech as well.

One additional difference between
HDS and CDS was that CDS was often
produced with more breathy voice qual-
ity. A possible explanation for this may
be that humans use the sirenic code with
their cats to signal friendliness and inti-
macy.
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Table 1. Measures of duration (dur) and fO (mean, range, standard deviation (sd)) (Hz) in hu-
man-and cat-directed speech by four female and four male speakers.

Speaker ID Human-directed speech Cat-directed speech
Female dur  fOmean  fOrange fO0sd | dur  fOmean fOrange f0sd
h02a 3.94 198 89 19 | 22.03 341 553 127
h03a 2.94 200 111 23 | 10.23 337 311 83
h08a 11.96 149 218 33 | 12.84 277 357 73
h09a 4.75 193 149 33 3.42 247 211 52
Male

h02b 5.34 98 47 10 | 3.38 152 149 36
h03b 4.24 95 56 13 | 11.15 126 125 35
h08b 2.08 95 37 11 6.53 191 273 54
h09b 1.70 128 59 12 | 3.07 188 210 61

Table 2. Measures of duration (dur) and fO (mean, range, standard deviation (sd)) (Hz) in hu-
man-and cat-directed vocalisations by four domestic cats.

Human-directed vocalisations

Cat-directed vocalisations

Cat ID dur fOmean  fOrange  f0sd dur fOmean  fO0range f0sd
c01 21.28 739 267 88 417,06 519 521 158
c02 35.21 605 193 73 11.25 498 387 96
c03 121.08 500 178 56 25.11 324 453 105
Omean T4+ e
0 range [
Ded T
-
0 100 200 300 400 500 600 700
0 sd f0 range f0 mean
u Cat CDV 120 454 447
u Cat HDV 72 213 615
Human CDS 65 274 232
® Human HDS 19 96 145

Figure 1. FO mean, range and standard deviation (sd) in human and cat intra-and interspecific

communication.
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Figure 2. FO contours of one codeswitching human speaker from human- to cat-directed speech
(top) and of one codeswitching domestic cat from cat- to human-directed vocalisation (after
having been addressed by his owner) (bottom).
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Cat- vs. human-directed vocalisations

The results suggest that cats use higher
fO0 with humans that with conspecifics.
However, only three cats were analysed
in this pilot study, so it is hard to draw
any general conclusions. Moreover, the
two conditions comprised different vo-
calisation types, which may also have in-
fluenced the results. Still, to my
knowledge, this is the first direct com-
parison of f0 in cats” HDV and CDV.

Intra- to interspecific codeswitching
To further exemplify the difference in f0
in intra- and interspecific communica-
tion in humans and cats, two samples
with human and cat codeswitching (from
intra- to interspecific) were analysed
(see Figure 2 and Table 3). In both these
samples a clear upstep in f0 can be ob-
served in the interspecific communica-
tion, indicating that both humans and
cats intentionally elevate their pitch in
interspecific interactions.

Table 3. FO (mean, range, standard deviation
(sd)) in conspecific (CC) and code-switching
(CS) for one human and one domestic cat.

D CCA0 (Hz) CS f0 (Hz)
mean_range sd mean range sd

h02a 251 132 30 418 5%

c05 886 389 93 543 235 63

Future research

The use of paralinguistic information
and biological codes in human—cat com-
munication needs to be examined fur-
ther. Future studies include perception
experiments with both humans and cats,
and with speech as well as cat vocalisa-
tion stimuli. Furthermore, acoustic stud-
ies of formant frequencies and voice
quality in human and cat vocalisations
will be carried out in search for more
acoustic correlates to paralinguistic in-
formation and biological codes.

Acknowledgements

I gratefully acknowledge the Marcus and
Amalia Wallenberg Foundation and
Lund University Humanities Lab. Many
thanks also to all participating cats and

71

their owners. A special thanks goes to
Peter Lindstrand for many fruitful dis-
cussions on the vocal behaviour of cats
(I will miss them).

References

Boersma, P., & Weenink, D. (2019). Praat:
doing phonetics by computer (Version
6.0.46) [Computer program].

Bradshaw, J., Casey, R. A., & Brown, S. L.
(2012). The behaviour of the domestic
cat. CABI Publishing.

Brudzynski, S. M. (2017). Communication
of Emotions in Animals. In Reference
Module in Neuroscience and
Biobehavioral Psychology.
doi:0.1016/B978-0-12-809324-5.00289-3

Burnham, D., Kitamura, C., & Vollmer-
Conna, U. (2002). What’s New,
Pussycat? On Talking to Babies and
Animals. Science, 296(5572), 1435.
doi:10.1126/science.1069587

Darwin, C. (1927). The expression of the
emotions in man and animals. London:
Oxford University Press, New York
(with commentary by Ekman P.).

de Waal, F. (2016). Are we smart enough to
know how smart animals are? New York:
W. W. Norton & Co.

Ellis, S. L. H., Swindell, V., & Burman, O.
H. P. (2015). Human Classification of
Context-Related Vocalizations Emitted
by Familiar And Unfamiliar Domestic
Cats: An Exploratory Study. Anthrozods,
28(4), 625-634.
doi:10.1080/08927936.2015.1070005

Galvan, M., & Vonk, J. (2016). Man’s other
best friend: domestic cats (F. silvestris
catus) and their discrimination of human
emotion cues. Animal Cognition, 19(1),
193-205.d0i:10.1007/s10071-015-0927-4

Gangamohan, P., Kadiri, S. R., & Yegnana-
rayana, B. (2016). Analysis of Emotional
Speech—A Review. In A. Esposito & L.
C. Jain (Eds.), Toward Robotic Socially
Believable Behaving Systems (Vol. 105,
pp. 205-238). doi:10.1007/978-3-319-
31056-5 11

Gussenhoven, C. (2002). Intonation and
Interpretation: Phonetics and Phonology.
45-57. Aix-en-Provence, ProSig and
Université de Provence Laboratoire
Parole et Language.

Gussenhoven, C. (2016). Foundations of
Intonational Meaning: Anatomical and
Physiological Factors. Topics in



Proceedings from FONETIK 2019 Stockholm, June 10-12, 2019

Cognitive Science, 8(2), 425-434.
doi:0.1111/tops.12197

Hostetter, A. B., Cantero, M., & Hopkins,
W. D. (2001). Differential use of vocal
and gestural communication by
chimpanzees (Pan troglodytes) in
response to the attentional status of a
human (Homo sapiens). Journal of
Comparative Psychology, 115(4), 337—
343. doi:0.1037/0735-7036.115.4.337

Leinonen, L., Linnankoski, 1., Laakso, M.-
L., & Aulanko, R. (1991). Vocal
communication between species: Man
and macaque. Language &
Communication, 11(4), 241-262.
doi:10.1016/0271-5309(91)90031-P

Merola, 1., Lazzaroni, M., Marshall-Pescini,
S., & Prato-Previde, E. (2015). Social
referencing and cat-human communica-
tion. Animal Cognition, 18(3), 639-648.
doi:10.1007/s10071-014-0832-2

Mitchell, R. W. (2001). Americans’ Talk to
Dogs: Similarities and Differences With
Talk to Infants. Research on Language &
Social Interaction, 34(2), 183-210.
doi:10.1207/S15327973RLSI34-2 2

Ni Chasaide, A., & Gobl, C. (1997). Voice
Source Variation. In Blackwell
Handbooks in Linguistics: 5. The
handbook of phonetic sciences.
(Hardcastle, W. J and Laver, J.).
Blackwell.

Ohala, J. J. (1984). An ethological
perspective on common cross-language
utilization of F 0 of voice. Phonetica,
41(1), 1-16. doi:10.1159/000261706

Ohala, J. J. (1994). The frequency codes
underlies the sound symbolic use of
voice pitch. In In L. Hinton, J. Nichols,
& J. Ohala (eds.), Sound symbolism (pp.
325-347). Cambridge: Cambridge
University Press.

Pepperberg, 1. M. (2014). Interspecies
Communication with Grey Parrots: A
Tool for Examining Cognitive Proces-
sing. In G. Witzany (Ed.), Biocommuni-
cation of Animals (pp. 213-232).
doi:10.1007/978-94-007-7414-8 12

Saito, A., & Shinozuka, K. (2013). Vocal
recognition of owners by domestic cats
(Felis catus). Animal Cognition, 16(4),
685-690.doi:10.1007/s10071-013-0620-4

Saito, A., Shinozuka, K., Ito, Y., &
Hasegawa, T. (2019). Domestic cats
(Felis catus) discriminate their names

72

from other words. Scientific Reports, 9(1).
doi:10.1038/s41598-019-40616-4

Schétz, S. (2002). Paralinguistic Phonetics
in NLP Models & Methods [Term paper
for PhD course in natural language
processing].

Schoétz, S. (2003). Prosody in Relation to
Paralinguistic Phonetics - Earlier and
Recent Definitions, Distinctions and
Discussions [Term paper for PhD course
in prosody].

Schoétz, S. (2012). A phonetic pilot study of
vocalisations in three cats. Proceedings
of Fonetik 2012, 45-48. University of
Gothenburg: Proceedings of Fonetik
2012, University of Gothenburg.

Schoétz, S. (2014). A pilot study of human
perception of emotions from domestic
cat vocalisations. In M. Heldner (Ed.),
Proceedings from Fonetik 2014 (pp. 95—
100). Stockholm University: Department
of Linguistics, Stockholm University.

Schotz, S. (2015). Agonistic Vocalisations
in Domestic Cats : A Case Study. In M.
Svensson Lundmark, G. Ambrazaitis, &
J. van de Weijer (Eds.), Working Papers
(Vol. 55, pp. 85-90). Lund University.

Schétz, S., Eklund, R., & van de Weijer, J.
(2016). Melody in Human—Cat Commu-
nication (Meowsic): Origins, Past, Present
and Future. Proceedings of Fonetik 2016,
19-24. Stockholm: TMH-QPSR.

Schétz, S., & van de Weijer, J. (2014). A
study of human perception of intonation
in domestic cat meows. In N. Campbell,
D. Gibbon, & D. Hirst (Eds.),
Proceedings of Speech,Prosody, 23-23
May, 2014, Dublin, Ireland. Dublin.

Tallet, C., Spinka, M., Marui¢akova, 1., &
Simegek, P. (2010). Human perception of
vocalizations of domestic piglets and
modulation by experience with domestic
pigs (Sus scrofa). Journal of Comparative
Psychology, 124(1), 81-91.
d0i:0.1037/a0017354

Traunmiiller, H. (2000). Evidence for demo-
dulation in speech perception. Proceed-
ings of the 6th ICSLP, III, 790-793.

Turner, D. C., & Bateson, P. P. G. (Eds.).
(2000). The domestic cat: the biology of
its behaviour. Cambridge University
Press.

Yeon, S. C. (2007). The vocal
communication of canines. Journal of
Veterinary Behavior, 2(4), 141-144.
doi:10.1016/j.jveb.2007.07.006



