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The widely cited frequency code hypothesis attempts to explain a diverse
range of communicative phenomena through the acoustic projection of body
size. The set of phenomena includes size sound symbolism (using /i/ to
signal smallness in words such as teeny), intonational phonology (using
rising contours to signal questions) and the indexing of social relations via
vocal modulation, such as lowering one’s voice pitch to signal dominance.
Among other things, the frequency code is commonly interpreted to suggest
that polite speech should be universally signalled via high pitch owing to
the association of high pitch with small size and submissiveness. We present
a cross-cultural meta-analysis of polite speech of 101 speakers from seven
different languages. While we find evidence for cross-cultural variation,
voice pitch is on average lower when speakers speak politely, contrary to
what the frequency code predicts. We interpret our findings in the light of
the fact that pitch has a multiplicity of possible communicative meanings. Cul-
tural and contextual variation determines which specific meanings become
manifest in a specific interactional context. We use the evidence from our
meta-analysis to propose an updated view of the frequency code hypothesis
that is based on the existence of many-to-many mappings between speech
acoustics and communicative interpretations.

This article is part of the theme issue “Voice modulation: from origin and
mechanism to social impact (Part I)".

1. Introduction

Pitch serves numerous functions in human communication. In all languages,
pitch is used for intonation. For example, English speakers can use pitch to
signal new information or contrast (e.g. It was THIS? one) or to communicate
the difference between questions and statements (e.g. You went to the movies?t
versus You went to the movies.]) [1-4]. In many languages, pitch is also used to
mark lexical contrasts [5,6], such as in Mandarin Chinese, where the syllable ma
means ‘mother’, ‘hemp’, ‘horse’ or ‘scold” depending on the specific tone used.
Beyond these linguistic functions, pitch also communicates a range of affective,
attitudinal and social meanings, including emotions such as anger and joy [7,8],
as well as attractiveness, dominance, masculinity or strength [9-13].

The frequency code hypothesis proposed by Ohala [14] seeks to relate a
large number of these diverse communicative functions to the acoustic

© 2021 The Author(s) Published by the Royal Society. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1098/rstb.2020.0400&domain=pdf&date_stamp=2021-11-01
http://dx.doi.org/10.1098/rstb/376/1840
http://dx.doi.org/10.1098/rstb/376/1840
http://dx.doi.org/10.1098/rstb/376/1840
mailto:bodo@bodowinter.com
http://orcid.org/
http://orcid.org/0000-0001-6036-6774

projection of body size. Across the animal kingdom, larger
bodies often produce vocalizations with lower frequencies
[15-18], and human listeners perceptually associate low pitch
and low resonance frequencies with larger bodies [19,20]. This
link between acoustics and body size is proposed to motivate
a diverse range of communicative uses of pitch, including the
following three related classes of facts: (i) social indexing,
such as using vocal modulation to signal dominance and defer-
ence; (ii) size sound symbolism, such as using pitch to iconically
depict size differences; and (iii) proposed universal tendencies
in intonation phonology, in particular the use of rising pitch
contours to signal questions [21,22]. The frequency code
hypothesis is a highly synergetic proposal, suggesting that
pitch is associated with a large and diverse “package of evol-
utionary meanings’ [23, p. 81]. It is, moreover, a very bold
proposal, suggesting that a number of different classes of
cultural facts have a singular shared biological motivation.

We first provide a detailed review of the original fre-
quency code hypothesis in the light of new evidence (§2).
Then we test one of the frequency code’s predictions—that
politeness should be associated with high pitch—in a meta-
analysis of existing studies from seven languages (§3). This
new evidence leads us to propose a more multidimensio-
nal account of the role of body size in human vocal
communication (§4).

When considering size-related acoustics in humans and other
animals, it is important to distinguish between fundamental
frequency (F0), determined by the speed of vocal fold vibration
and resonance frequencies, determined by the size and shape
of the resonator. This difference can be characterized in terms
of ‘source-filter theory’ [24], a two-stage model of vocal pro-
duction where the glottal wave generated by the vocal folds
in the larynx (the ‘source’) is subsequently manipulated in its
spectral characteristics by the shape and size of the supralaryn-
geal vocal tract (the ‘filter’). Humans have vocal control over
both source and filter: they can modulate the pitch by vibrating
their vocal folds faster (source), and they can create different
vowels and consonants by changing the position of the
tongue (filter). The resonance frequencies of the vocal tract,
called ‘formants’, are the primary determinant of vowel qual-
ity, such as the difference between /i/ and /a/. Throughout
this paper, we distinguish between FO and formant frequencies,
but we refer to ‘vocalization frequency” when the distinction
between the two is irrelevant, for example, because the two
lead to similar effects in perception [20].

All else being equal, larger animals have lower vocaliza-
tion frequencies [25]. This is the case with fundamental
frequency, which is correlated with body size when making
comparisons across different animal species, as has been
established for birds [26], frogs [17] and mammals [15,27],
among others. Vocalization frequencies (formant frequencies
or FO) may also reflect body size within a given species, as has
been shown for red deer and fallow deer [28,29], macaques
[16], koalas [27], alligators [30] and others.

As is the case with many other mammals (e.g. [31,32]),
human vocalizations are characterized by sexual dimorphism:
the fundamental frequency of female speakers is on average
around 70% higher than that of male speakers [33]. However,

the range of FO values overlaps between male and female speak-
ers and is subject to culturally and individually variable vocal
modulation, such as when speakers actively change pitch to
produce a range of gendered meanings (e.g. [34-36]). Despite
this cultural and individual variation, listeners are highly sensi-
tive to the distinction between male and female voices, a skill
that arises early but continues to develop throughout one’s life-
time [37]. Evidence from auditory Stroop tasks with male and
female voices shows that people automatically process the
speaker’s gender even when this information is task irrelevant
[38]. This automaticity of paying attention to vocal gender
cues arises relatively early in development [39]. While gender
is complex and goes much beyond biological sex differences,
this literature shows that vocal sex differences are highly salient
to listeners. This is important for the discussion of acoustic body
size in humans: regardless of whether there actually is orisnot a
correlation between FO and body size within sexes, people
experience the association between FO and body size across
sexes. In addition to sex differences, there is a clear correlation
between body size and acoustics across age, with small infants
having much higher fundamental frequencies and resonance
frequencies than adults who are also larger [40,41].

FO does not reliably track differences in body size
among adult speakers within sexes [42—44], although formant
frequencies do [42]. To some extent, what is the veridical acous-
tic correlate of body size does not matter when it comes
to communicative interpretations of size-related acoustics:
regardless of the fact that FO is not a reliable cue to an adult
speaker’s body size, people perceptually associate lower-
pitched voices with larger speakers [20]. Similarly, when
humans exaggerate their speech to give the impression of
increased body size, they actively lower their FO [45]. Three-
month-old infants already associate low FO and low formants
with larger bodies [19], suggesting that the sensitivity to
acoustic body size arises early.

Ohala’s frequency code hypothesis extends these facts about
the acoustic correlates of body size into the realm of various
social and linguistic phenomena [14]. The frequency code is a
bold and synthetic proposal, bringing together a number of see-
mingly disparate communicative facts by proposing a biological
motivation grounded in body size differences between animals.
At its most general level, the frequency code proposes that a
number of different social and communicative interpretations
of pitch and vowel quality derive from whether something
sounds ‘small’ (=high frequency sounds) or ‘large’ (=low fre-
quency sounds), which is also why the frequency code has
been called a ‘size code’ [23,46]. Crucially, being grounded in
biology does not entail that acoustics are tied to the body in a
static manner. As pointed out by Gussenhoven [46], ‘communi-
cation by means of the codes does not require that these
physiological conditions are actually created. It is enough to
create the effects. That is, the effects are not automatic, but
have been brought under vocal control’ [46, p. 48].

In the following, we review new empirical evidence relevant
to the frequency code. With respect to the social dimension,
Ohala [14, p. 327] proposed that social messages such as ‘defer-
ence, politeness, submission, lack of confidence, are signaled by
high and/or rising FO whereas assertiveness, authority, aggres-
sion, confidence, threat are conveyed by low/or falling FO'. The
idea that low FO and lower formant frequencies are associated



with the vocal expression of dominance has been extensively
confirmed, both in production and in perception [9,10,12]. The
frequency code would see the vocal signalling of dominance
as being connected to the acoustic projection of body size. How-
ever, size is not the only predictor of physical dominance [47],
suggesting that other factors may be associated with the per-
ceived connection between low FO and dominance. For
example, low FO is also independently associated with high tes-
tosterone levels [48-50].

An issue with Ohala’s discussion of social messages is that
several of the social terms he uses are left undefined. This is
especially problematic with respect to such socially and cultu-
rally variegated phenomena as politeness, a topic for which
there has been extensive debate about definitional matters
(e.g. [51,52]). Politeness actually has many different manifes-
tations (e.g. [51,53-55]), and it is not clear which one of these
Ohala’s claims relates to. Although Ohala [14] does not directly
specify how body size is linked to politeness and deference (nor
define how he understands these terms), it appears that this is
based on the idea that being polite or deferential is speaking
in a subdominant or submissive manner. Indeed, universal the-
ories of politeness that appeared around the same time saw
some modes of politeness as working along these lines. Nota-
bly, Brown & Levinson [54] describe one mode of politeness
(what they call ‘negative politeness’) in terms of using strategies
that make the speaker appear weaker and less likely to threaten
or impinge on the interlocutor. In addition, they saw power
differences as being a factor that resulted in increased levels
of politeness. At the time the frequency code was proposed,
most of the available evidence appeared to confirm that polite-
ness was indeed associated with the high pitch in languages
such as English [56,57], Japanese [56] and Tzeltal [54], consist-
ent with the idea that the role of high pitch in politeness may
stem from signalling submissiveness by acoustically projecting
‘smallness’. However, as we will discuss below, newer evidence
calls into question the claim that high pitch is universally
associated with politeness, or at least certain forms of it.

In addition to these social meanings, Ohala explicitly links
the frequency code to the concept of ‘sound symbolism’.
Specifically, he suggested that ‘words denoting or connoting
the concepts SMALL or SMALLNESS tend to exhibit a disproportion-
ate incidence of vowels and/or consonants characterized by
high acoustic frequency’ [14, p. 335]. In English, adjectives for
small size (tiny, wee, itsy-bitsy, mini, little, meagre, petite, etc.)
are more likely to contain the high frequency sounds /i/, /1/
and /t/, as opposed to adjectives for large size (large, great,
vast, whopping, gargantuan, colossal, etc.), which are more likely
to contain /a/ [58]. Cross-linguistic evidence shows that
indeed, translation equivalents of the words small as opposed
to large are statistically much more likely to contain the high-
front vowel /i/ than low-back vowels such as /a/ and /o/
[59-62]. Size sound symbolism also matters in naming: shorter
and lighter American baseball players are more likely to receive
nicknames with high vowels than taller and heavier baseball
players [63]. Experimental evidence furthermore shows that
English speakers associate novel made-up words and product
names such as mil with smaller concepts than words with low
vowels such as mal [64—68]. Similar cross-modal associations
between speech sounds and semantic size have been exper-
imentally established for a multitude of different languages
[69-74], all of which corroborates the sound symbolic com-
ponent of the frequency code: speakers do indeed
perceptually map the vocal frequencies of speech sounds onto

semantic size, and this cross-modal connection is reflected in n

the phonological patterns of size terms across languages.

Size sound symbolism has also been found for tone
languages. Already in 1927, Westermann [75] made the
observation that in the African languages Ewe, Twi and
Nupe, words for small, narrow, light and quick concepts
tend to be expressed by words with high lexical tones, in con-
trast with words for large, broad, heavy and slow concepts,
which are associated with low lexical tones. That is, even
though lexical tone is generally thought to be a primarily
arbitrary feature of a language that merely serves to make
contrasts between words, the association of tones with
words can also be directly motivated by the connection
between acoustics and body size. The observation that high
lexical tones are associated with smallness has since then
been made for other African languages, including Yag Dii
[76] and Bini [77]. However, we are not aware of any typolo-
gical work to demonstrate that small meanings are
statistically more likely to be encoded with a high tone
across a large sample of genealogically diverse languages.

The final extension of the frequency code is into the domain
of intonation and prosody. It has been proposed that signalling
question intonation with rising pitch contours and statements
with falling contours is a universal tendency across languages
[21,22,78,79]. Ohala [14, p. 331] offers an explanation for this uni-
versal tendency that relates to acoustically projected body size
via associated dominance (low-pitched = larger and more domi-
nant; high-pitched = smaller and more submissive). Specifically,
he argues that ‘one need only allow that the person asking a
question is, from an informational standpoint, in need of the
goodwill and co-operation of the receiver. The questioner, as it
were, is appealing to the addressee for help’. By contrast,
Obhala says that ‘The person making a statement is self-sufficient’.
There are multiple interpretations of this proposed link between
question universals and size-related meanings. One idea
reflected in the above characterization appears to be that a
question asker is ‘informationally submissive’, somebody
who literally does not know something, expressing a lack
of confidence intonationally.1 A statement, on the other hand,
is informationally ‘dominant’'—things are known and can be
said with authority. In addition, a question is potentially impos-
ing, i.e. a question has the potential to be a face-threatening act
[54]. This may thus require politeness strategies, such as
making oneself appear less imposing by virtue of signalling sub-
missiveness. However, it has to be pointed out that Ohala’s
explanation of the link between body size, dominance and ques-
tion intonation is fairly indirect, requiring a lot of linking
assumptions. We return to this point in our Discussion section.

As discussed above, there is much empirical evidence that
can be seen as confirming aspects of the original frequency
code, such as several new experimental studies finding low
pitch to be associated with dominance in production and
perception [10,12], or new typological studies showing that
high-front vowels are indeed associated with the concept of
smallness across the world’s languages [59]. When Ohala
originally proposed that deference and politeness ‘are
signaled by high and/or rising F(0’, there was very little
empirical evidence available for this claim. Now that multiple
studies have investigated politeness in a number of



languages, it is important to take stock of the available cross-
linguistic evidence.

The study of vocal modulation to achieve politeness
effects is still in its infancy. This is in part because tradition-
ally politeness research emphasized verbal markers of
politeness, such as politeness expressions (e.g. Please, Thank
you), indirect speech acts (e.g. Can you pass me the salt? as
opposed to Pass me the salt) or various forms of honorifics,
as can be found in languages such as Korean and Japanese,
where verbs are inflected depending on the social connection
with the interlocutor [80-82]. Recently, a number of studies in
politeness research have started to go beyond the verbal
domain and explored to what extent politeness meanings
are signalled non-verbally via speech and gesture [83-90].

A number of studies on non-verbal politeness appear to
confirm the notion that deference and politeness are associ-
ated with high pitch, as predicted by the frequency code.
For example, it has been shown that Japanese speakers, par-
ticularly females, use higher pitch when using politeness
formulae [56] or when talking to customers and clients [91].
In addition, it has been found that Japanese speakers use
higher pitch on the final vowel of the sentence when addres-
sing someone of higher social standing [36,92]. Similarly,
Canadian English speakers use higher pitch in indirect
polite requests (Can you lend me a nickel, please?) and lower
pitch in direct requests (Lend me a nickel!) [93]. In Mexican
Spanish, speakers favour high initial and a high final bound-
ary tone in polite requests [94].

Table 1 shows an overview of production and perception
studies that are relevant to the status of politeness in the fre-
quency code hypothesis. The table includes studies that
looked at different facets of politeness, and also closely
related meanings such as formality. We only included studies
that directly measure FO acoustically (production), or directly
manipulated FO (perception). Studies that make descriptive
observations without directly measuring or manipulating
FO (e.g. [54,86]) are excluded. In addition, we excluded
studies which show that acoustics matter to politeness per-
ception if these did not directly investigate the effects of FO
[108,109]. We also excluded studies that measured other
acoustic features if they did not also include FO measure-
ments (e.g. [110] on Japanese voice quality in polite speech)
or did not report FO measurements (e.g. [111]).

Table 1 shows that there are a number of studies that can
be thought of as contradicting the frequency code. These
studies either find that speakers actively lower their voice
pitch in a polite condition as opposed to a comparison con-
dition [87,97,100,101,104,106,107] or they find no consistent
pitch difference [103,105]. A look at table 1 makes it apparent
that the correlates of polite speech are quite variegated, some-
times even when it comes to different studies of the same
language. For example, for Japanese, there is evidence that
is consistent with the idea that high pitch signals politeness
[36,56,92], as well as studies that found a lowering of pitch
[104], as well as studies that found no reliable differences
[103]. However, one issue that makes it hard to establish
any overarching cross-linguistic tendencies is that the studies
used different tasks, as well as different definitions of polite-
ness. The comparison condition that is used to contrast with
the polite condition also differs across these studies. For
example, Caballero et al. compared polite requests to rude
requests, but other studies compared polite to ‘neutral’
language [98] or to ‘informal’ language [87]. The diversity

of studies motivates the need to have an integrated analysis
of those studies that are more directly comparable.

In this section, we follow up on the idea that the frequency
code predicts an association of high pitch with politeness.
We use the evidence from politeness to demonstrate the
need to qualify and extend the frequency code. Crucially,
the evidence we present only addresses one component of
the overall proposal (and potentially only one facet or mani-
festation of it), but it demonstrates important conceptual
issues that help in revising the account.

The present paper synthesizes the data from a number of
existing studies on different languages, all of which involved
the current authors. We specifically focused on studies that
followed up on Winter & Grawunder’s [87] methodology,
of which there are several by now. This allows us to look at
the role of the pitch for one homogeneous task, thereby facil-
itating evidence synthesis.

The task is a spoken version of what is called the Discourse
Completion Task [112], which involves responding to specific
discourse contexts in an appropriate manner, such as imagin-
ing to ask a professor for help. Each participant was asked to
render a number of different utterances for distinct scenarios
(‘unique items’ in table 2) to an imagined superior or to an ima-
gined friend or status-equal peer. The full list of scenarios/
items is available in the following Open Science Framework
repository: https://osf.io/amw7u/.

A Korean example of a specific set of responses from one par-
ticipant in one condition (polite and non-polite) is given below.
The situation involves telling a driver that they have missed a turn.

(a) Polite condition (addressee = superior)
1. a, pwucangnim a, ssup!
‘oh, chief, oh, ssup [inhalation]’
2. ceyka alki-lo-nun ceccok kil-lo kaya toy-nun ke kath-untey,
ssup
‘as far as I know, I think we should have turned down that
road, ssup [inhalation]’
3. cinachin ke katha-yo
‘it looks like we’ve gone past it’
4. ssup
ssup [inhalation]
5. ceki han 30mithe kakac-ko cha tolli-si-ko
‘go about another 30 meters and turn around’
6. ceccok-ulo ka-si-eya toyl ke katha-yo
‘I think we have to go that way’.

(b) Non-polite condition (addressee = friend)

1. ya cinass-canha
‘hey, we’ve gone past it’
2. a ppalli kkekke
‘turn quickly’
3. kkekke
‘turn’
4. cekiya
‘that way
5. ceki
‘that way’

’
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Table 1. Empirical studies on politeness-related phenomena that directly measure FO or manipulate it (perception experiment); studies marked by an asterisk [}

are included in our meta-analysis.

author/year study type

Loveday 1981 [56] production

Ofuka et al. 2000 [92] production/

perception

Ohara 2001 [36] production '

Nadeu & Prieto perception
2001 [83]

Goodwin et al. 2002 [95] production

Chen et al. 2004 [96] perception

Tsuji 2004 [91] production

Shin 2005 [97] production

Stadler 2006 [98] production

(corpus)

0roico 2008 [94] productioh

Winter & Grawunder production
2012% [87]

Devis & Cantero 2014 production
[99] (corpus)

Grawunder et al. production
2014* [100]

Hiibscher et al. 2017* production
[101]

Chikulaeva & D'Imperio production
2018 [102]

(aballero et al. perception |
2018 [93]

Idemaru et al. production
2019* [103]

Sherr-Ziarko 2019 [104] production

Idemaru et al. perception
2020 [105]

Gucek & Le Gac production
2019 [106]

Oh & Cui 2020% [107] production

participant sample

5 Japanese speakers (2 female)
5 English speakers (2 female)
6 Japanese speakers (all male)
20 Japanese listeners (8 female)
5 Japahese speakers (all female)

20 Catalan listeners (13 female)

10 Spanish/English speakers (all
female)

53 Dutch and 29 British English
listeners (gender not specified)

8 English speakers

8 Japanese speakers (4 female
each)

6 German; 6 American English

6 Korean speakers (3 female each)

220 utterances from televised New
Zealand and German panel
discussions

12 Mexican Spanish speakers
(6 female)

16 Korean speakers (9 female)
160 Catalan speakers (corpus)
13 German speakers (11 female)
18 Austrian speakers (8 female)
20 Catalan speakers (all female)
11 Russian speakers (all female)
48 Canadian English listeners
(24 female)

20 Japanese speakers (12 female)

10 Japanese speakers (5 female)

63 Korean speakers (32 female)
9 Portefio Spanish speakers

8 Chinése speakers (4 female)

results

Japanese female speakers used artificially high pitch in
formulaic politeness expressions

variable pitch results in production; final rises interpreted to
be more polite; medium levels of speech rate more polite

higher pitch in pblite speech | |

increased pitch led to increased politeness judgements only
in the presence of a happy face (experiment 2)

stylized high pitch contours for disagreement

both languages interpreted higher pitch registers to be more
“friendly’
high pitch used to mark friendliness in English, deference in

Japanese; Japanese speakers use high pitch in service speech

higher pitch when speaking to friend as opposed to
professor

disagreement produced with high pitch

| polite requeéts involved high final boundary tone and high

initial tone
lower pitch in polite speech, also lower shimmer and jitter,
higher H1-H2, slower, quieter

politeness markers involve final rises

lower pitch, higher harmonics-to-noise ratio (HNR), higher
pitch range, lower intensity in polite speech

lower pitch in polite speech; also slower speech rate; less
intensity, shimmer, jitter; increase in H1-H2

all pitch accents with the exception of downstepped H-+!H*
showed higher FO for polite as opposed to impolite speech

compared to rudé requests, poiite ones were high-pitched,
slower

no reliable difference in pitch; polite speech was quieter and
had higher HNR, lower jitter, higher H1-H2

lower pitch in polite speech; also quieter, slower

no reliable perceptual difference resulting from pitch, but
quiet speech interpreted as more polite

lower pitch in polite speech

lower pitch, quieter, higher H1-H2, higher HNR, slower in

polite speech
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This example focuses on a particular type of politeness
expression, specifically the modulation of speech depending
on the hierarchical (power) relationship with the interlocutor.
We can see in the example above that the difference in the
relationship already results in a number of differences on
the verbal level. The version addressed to the status superior
is longer, uses more indirect and uncertain expressions,
includes honorific morphemes (such as —yo in lines 3 and 6
and —si— in lines 5 and 6), and features audible breath intakes
that have a hissing quality.

The appropriate modulation of speech according to the
relationship with the interlocutor is crucial to politeness
theory [54], and has been referred to in research on polite-
ness by terms such as ‘discernment politeness” [113] and
‘bivalent politeness’ [114]. In this paper, we refer to the
deferential and more formal speech addressed to a superior
as ‘polite’, and the casual and more informal speech
addressed to a friend as ‘non-polite’. These labels are used
for convenience and should not be understood as interpret-
ations of how these levels of speech may be understood in
context: ‘non-polite’” speech may be perfectly appropriate
for addressing a friend or status-equal peer, and using
‘polite’ speech does not guarantee a polite interpretation.
In fact, it has been shown that politeness markers can some-
times be used to achieve the opposite effect (e.g. [115]).
Ultimately, politeness does not reside in a particular style
of speech, but in how that style is used and interpreted in
context [55]. The labels “polite’ versus ‘non-polite” are a con-
venient shorthand for expressing the relative difference that
matters to this task: speech oriented towards an older and
socially more distant status superior, as opposed to speech
oriented towards a relatively younger and relatively more
intimate status-equal.

(b) Participants

Table 2 gives an overview of the participant sample, which
includes data from seven languages spanning four distinct
language families (Indo-European, Sino-Tibetan as well as
Japanese and Korean). On the Indo-European side, the data
span three distinct subgroups within the family (Romance:
Catalan; Germanic: German; Slavic: Russian).

Table 2. Overview of participant and item sample from the different
studies.

n of age n unique
language/study participants range items
Korean [87] 16 (9 female) 21-31 5
Japanese [103] 20 (12 female) 19-21 6
Chinese [107] 8 (4 female) 17-20 10
(atalan [101] 20 (20 female) 18-29 6
Austrian German 18 (8 female) 19-29 8

[100]
German [100] 13 (11 female) 18-27 8
Russian 6 (5 female) 18-23 7

(unpublished)

(c) Acoustic analysis

To ensure consistent measurement, we did not rely on the
reported FO means from the existing studies but instead
extracted FO from the raw acoustic data of each of the studies,
using the Praat [116] autocorrelation algorithm with the follow-
ing settings: 10 ms time-step Gaussian window, 75 Hz pitch
floor, 500 Hz ceiling, 15 candidates, 0.035 silence threshold, 0.6
voicing threshold, 0.01 octave cost, 0.35 octave-jump cost and
0.14 voiced unvoiced cost. These pitch settings were motivated
based on extensive hand-checking of all items to assess the pres-
ence of pitch tracking errors. A few isolated responses reached all
the way up to 500 Hz, which is why we chose this specific pitch
range. We filtered out artefacts beyond the outer 0.02 quantiles.

Our primary dependent measure is a set of FO measure-
ments that are based on the median of the entire set of
utterances spanning each response (results reported below
also hold for means and are even stronger in that case). Our
focus on average FO values (medians), rather than maximum
FO or FO span, is motivated for several reasons: first, this is
the primary measure discussed in other studies relating to
the frequency code, such as studies of vocal masculinity (e.g.
[12]). Second, the average FO is the primary measure that is con-
sistently discussed across all the studies that we perform a
meta-analysis of. Third, the average FO more directly corre-
sponds to the idea of acoustically projected body size (which
should characterize pitch at a global level), in contrast with
the maximum and minimum values. Similarly, pitch span,
although theoretically interesting, is not of primary concern
here as this measurement has been argued to correspond to a
different biological code, the effort code [23,96]. Obviously,
our analysis does, therefore, not account for the fact that
more specific aspects of the intonation contour may also
signal body size and/or politeness-related meanings, which
is the focus of other studies (e.g. [92,96]).

Given that participants were free to respond in any way they
deemed fit, it is important to emphasize that the responses were
not lexically equivalent (as shown in example (1) above). This
means that the acoustics will also be driven by the specific lexical
choices made by participants, which has the potential of intro-
ducing confounds, ie. it is possible that more words with
higher intrinsic pitch were uttered in the polite condition. It is,
however, quite unlikely that our results would be driven by
these confounding factors because the different languages
we investigate have non-overlapping lexical strategies for mark-
ing politeness. Moreover, given that there was considerable
variation in how participants approached the task (with
responses being largely non-overlapping in the choice of lexical
material), it is quite unlikely that speakers of multiple geneti-
cally unrelated languages would select lexical material that
happens to involve phonemes with consistently higher/lower
intrinsic pitch. Finally, the alternative methodological option
of keeping responses lexically uniform would make the task
even more artificial and potentially diminish any acoustic differ-
ences, given that read speech is less expressive. To the extent that
the datasets that are part of our meta-analysis have more vari-
ation than what is usually present in phonetic research on
speech production or intonation, any consistent FO difference
we observe is even more compelling and makes the results
more generalizable (cf. [117]). Finally, it should be emphasized
that similar studies, such as those on vocal masculinity [10],
have also analysed overall acoustic differences for variable utter-
ances and found consistent FO differences.
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Figure 1. Posterior means (squares) with 95% credible intervals from our Bayesian mixed effects regression analysis; descriptive averages are superimposed grey
diamond shapes; the individual observations are FO values for polite and non-polite trials (medians over all utterances in response to a single discourse prompt).

(d) Statistical analysis
All statistical analyses were conducted with the R programming
language v.4.0.2 [118] and the tidyverse package 1.3.0 [119]. The
main analysis, a Bayesian mixed effects regression, was
implemented with the package brms 2.13.3 [120]. In this
model, the median FO across the whole target utterance of
each trial (for each speaker each unique item in each of the
two conditions) was the dependent variable. As a fixed effects
predictor, we include gender and condition (polite versus non--
polite). As random effects, we include by-participant and by-
item varying intercepts, as well as by-participant and by-item
varying slopes for the condition effect. In addition, we included
language as a random effect (by-language varying intercepts
and by-language varying condition slopes), similar to how
language family is a random effect in a lot of typological research
[121,122]. Given the low number of languages per language
family (including two isolates: Japanese and Korean), it is
impossible to fit a language family random effect in this case.
All data and code are available under the following
repository: https://osf.io/amw7u/.

(e) Results

Our results show that at least for our task, the pitch is
either lowered (Korean, Russian, Catalan, German, Austrian
German) or does not differ between the two politeness
conditions (Japanese and Chinese); figure 1. Specifically, we
found that polite speech was on average 4.3 Hz lower, with
a 95% Bayesian credible interval ranging from -7.4Hz to
—1.1Hz. The posterior probability of the polite speech
being higher in pitch (Bg;¢ > 0) was very low, p=0.007.

It is also worth highlighting that this picture was fairly con-
sistent across speakers. Across the sample, 75% of all speakers
lowered their voice pitch in the polite condition (average across
all items). This pattern was most pronounced for Korean
speakers (94%), followed by Russian (83%), Catalan (80%),
Japanese (70%), Austrian (72%), German (69%) and Chinese
(38%) speakers. In the next section, we discuss the implications
of these results for the frequency code hypothesis.

4. Rethinking the frequency code

In summary, our results show that at least for this particular
task, the predictions of the frequency code with respect to

politeness are not confirmed. It is worth mentioning that
the particular type of politeness involved in this task
should be the kind of politeness that is most amenable to
showing results in line with the frequency code, since the
key manipulation in the task is speaking to a superior,
which could be taken to require a submissive speech style.
Despite this, we found that polite speech in response to an
(imagined) superior was consistently lower in pitch than
speech to an (imagined) intimate friend or same-aged peer.
In this section, we consider potential explanations for this
finding, and we use this finding as a springboard to propose
revisions of the frequency code hypothesis.

(a) Pluripotentiality of pitch and prosodic mitigation
While Ohala himself explicitly referenced the idea that pitch
can have multiple different meanings [14, p. 98], we believe
that the large meaning potential of pitch is not often appreci-
ated enough in interpreting research findings on vocal
modulation, especially those findings that stem from exper-
imental research that focuses on just one key manipulation. It
is clear that pitch is what we would like to call pluripotential,
having multiple different meanings that depend on numerous
contextual factors. For example, Chen ef al. [96] demonstrated
that the same prosodic manipulation gives rise to different
interpretations even among two closely related speaking
communities (British English and Dutch).

The contextual factors that influence the interpretation of
pitch can be fairly global (such as different cultural interpret-
ations of high pitch within a speaking community at large) or
very local, such as the particular situated context in which
an interaction takes place. Another contextual factor is the
presence or absence of other acoustic or gestural cues that
are used alongside the vocal modulation of pitch. Polite
speech is not just characterized by pitch alone but by numer-
ous different phonetic parameters, e.g. we have found that
lowered pitch also goes along with decreased loudness,
decreased speech rate and clearer voice quality [87,101,103].
Depending on which of these cues are present in an utter-
ance, the interpretation of pitch can change drastically. For
example, a low-pitched utterance accompanied by clear
speech has a fundamentally different interpretation from a
low-pitched utterance accompanied by creaky glottal fold
vibration that has a growling quality. A direct demonstration
of how context modulates the politeness-related meaning of
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pitch within a particular language (Catalan) is given by
Nadeu & Prieto [83], who showed that utterances with artifi-
cially increased pitch span led to decreased politeness
judgements unless accompanied by a happy face, which com-
pletely reversed the effect of pitch span. This is an example of
how a concomitant visual cue completely reverses the polite-
ness-related meaning of pitch, which is a proof-of-
concept demonstration of how pitch meanings are altered
by context.

When it comes to the social meanings of pitch, the issue
then is that high pitch alone (in contrast with low pitch)
cannot only signal submissiveness [9,10,12,13], but also dis-
agreement [95,98], certain forms of anger [123], and intense
negative emotions such as disgust, anxiety and shame [7,8].
Thus, the same unidimensional acoustic cue—pitch—signals
a whole range of different meanings, many of which could
be seen as being incompatible with politeness. Without
context, the meaning of pitch is underspecified. It is only
within a given context and in accompaniment with other
cues that the particular communicative interpretation of
pitch becomes constrained.

It is important to remember that each experiment on the
vocal signalling of social and affective meanings artificially
constrains the pluripotentiality of pitch, thus either explicitly
or implicitly taking a more unidimensional perspective. An
example of this is a study conducted by Puts et al. [10], in
which a competitive scenario was used to elicit vocal
expressions of dominance and in which a group of indepen-
dent listeners had to judge the vocalizations for dominance.
The nature of both the production and the perception task
constrains the range of possible interpretations that pitch
can have. The isolation of a particular variable of interest is
of course the hallmark of any good experiment, but it also
means that the multidimensionality of the social and affective
meanings of pitch may be underestimated vis-a-vis how pitch
is deployed in situated interactions. Specifically, in any one
naturalistic communicative scenario outside of the laboratory,
multiple social and affective factors come into play simul-
taneously (power, distance, intimacy, emotional states,
personas that speakers want to display etc.), as do additional
phonetic and gestural cues.

The tasks that are part of our meta-analysis were all
focused on just one dimension of politeness, specifically, the
formal speech that is required when speaking with older,
less intimate and more powerful interlocutors. More meth-
odological diversity, including observational studies that
look at actual face-to-face interactions, are needed in order
to shed light on the variegated meanings of the pitch. It is
also possible that our task, given its rather artificial nature
reliant on initiating imagined interactions, would show smal-
ler effect sizes than can be observed in more naturalistic
settings, where politeness may play a more significant func-
tional role, e.g. when there is a social cost for not being
perceived as polite. Given these limitations inherent in our
task, the consistency of our results is compelling.

However, it still remains to be explained why we have
found consistently lower pitch in our task. In the context of
addressing a status superior, far from being connected to
dominance (as the frequency code would claim), we have
claimed elsewhere [87,101] that lower pitch is connected to
a polite and deferential way of talking via associations with
a more formal, ‘damped down’ and composed mode of
delivery [87], what we have also called ‘prosodic mitigation’

[101]. This politeness-as-prosodic-mitigation account is con-
sistent with a number of different empirical findings:
several of the other acoustic parameters investigated fit the
interpretation of mitigated speech (e.g. quieter, slowed
down, less variable in pitch and intensity). Beyond speech,
prosodic mitigation is compatible with the observation that
in formal polite interactions with status superiors, Korean
speakers gesture less and assume more constrained and less
mobile body positions [88]. Similar results have also been
found for facial and overall non-verbal expressivity among
Catalan speakers [124].

This is not to say, however, that prosodic mitigation is the
only means of conveying politeness acoustically. On the con-
trary, previous studies show that in some contexts and some
cultures using higher pitch is also available for certain polite-
ness-related meanings, as shown in results supporting the
frequency code [56,93,94]. Owing to its potential to sound
‘smaller’ and therefore more submissive, speakers may
employ higher pitch to produce a demure and pliant demea-
nour, which may be polite in some contexts. The higher pitch
has also been found to be associated with liveliness and
friendliness [83,91], which may explain why previous studies
that focus on politeness routines in service industry inter-
actions (where demureness and/or friendliness may be
valued highly) tend to show preferences for high pitch
[56,91]. Politeness-related meanings are complex and interac-
tionally variable, and are achieved via complex associations
between vocal qualities and social meanings. The available
evidence allows us to rule out a simple one-to-one mapping
of the pitch to communicative interpretation.

In the following sections, we extend the idea of
pluripotentiality to the other dimensions of the frequency
code, including sound symbolism (§4.2) and intonational
phonology (§4.3).

In the last section, we argued that pitch has multiple different
meanings that are determined by context. This is actually
even more clearly demonstrated in the domain of sound
symbolism, which provides direct evidence for the same
idea. What we call ‘pluripotentiality’ has been discussed in
the sound symbolism literature as ‘plurisignificance’ [125]
(see also [126,127]). For example, when participants are
asked to match pure tones to objects of varying sizes and
shapes, high pitch is matched not only to small objects, but
also to triangular as opposed to round shapes [128]. People
also reliably associate high pitch and high-front vowels
with brighter stimuli than low pitch and low-back vowels
[129-132]. In a review of the experimental literature on
sound symbolism, Lockwood & Dingemanse [133] show
that differences in vowel quality are associated with a large
number of perceptual dimensions, including size, shape, bright-
ness, speed, colour and taste (see also [134]). Miall [135, p. 60]
says that ‘while phonemes have no intrinsic meaning—/i/ is
not invariably small or bright—they possess a potential mean-
ing capable of realization when a contrast is in question” (see
also [136-138]). How local context disambiguates the “potential’
iconic meanings of each sound was directly demonstrated by
Winter et al. [139], who used the same experimental paradigm
to show that the same phonetic contrast can be associated
with seemingly disparate dimensions such as roughness, taste



and gender. Together, these studies suggest that pluripotential-
ity is a core feature of sound symbolism.

As noted above, a final dimension of the frequency code pro-
posal relates to question intonation. Ohala [14] suggested that
the cross-linguistic tendency for questions as opposed to
statements to be associated with rising contours could also
be related to a biological motivation grounded in body size
[46], specifically, the idea that vocal markers of submissive-
ness and politeness may explain why questions are rising,
as opposed to falling. There are two questions we need to
ask here: (i) how strong is the evidence for the cross-linguistic
tendency? and (ii), if the cross-linguistic generalization exists,
does the frequency code actually motivate it?

Indeed, it is reported for many diverse languages that
questions are typically marked with rising contours, includ-
ing Cantonese [140], German [141], Dutch [142], Spanish
[143], Bengali [144], Georgian [145], Mongolian [146], Leba-
nese and Egyptian Arabic [147], and many others. There
are also studies that directly compare the intonational mean-
ing across languages within the same paradigm, such as
Gussenhoven & Chen [148], who found that Dutch, Hungar-
ian and Mandarin Chinese listeners agree with each other in
perceiving rising contours as indicators of questions. There
are, however, also several languages that have the opposite
pattern (questions = falling contour), such as reported for sev-
eral Bantu languages by Rialland [149].> Using a high rising
contour for statements is also widely attested in several varie-
ties of English, sometimes discussed as ‘uptalk’ [3,152-154].
However, the precise intonation contour for ‘uptalk’ may
differ from rising contours in questions [155]. This points to
an issue of the frequency code proposal, which is that the
concept of a ‘rising contour’ (and conversely, that of a ‘falling
contour’) is so broad that it subsumes a number of quite dis-
tinct intonation contours. In a similar fashion, Ladd [151,
p- 1382] discusses universals in intonation and criticizes the
fact that accounts such as the frequency code are ‘effectively
unfalsifiable’. How, for example, should question contours
that have sharp final rises followed by sharp falls be treated?
Does the sharp rise count as positive evidence for the fre-
quency code even though it is immediately followed by a
fall? It is furthermore worth noting that although the rising =
question/falling = statement pattern has been observed in
individual studies of the intonational systems of specific
languages, there has been no work that actually provides a
formal test for this idea with a large sample of languages con-
trolling for genealogical and areal dependencies, as is
standard in modern statistical typology [121,156].

Even if, for the time being, we accept that rising question
intonation is a cross-linguistic tendency, the explanatory con-
nection between body size and sentence type (question
versus statement) is exceedingly indirect, requiring multiple
linking assumptions. The idea that questions relate to some
notion of ‘informational submissiveness” or in Ohala’s terms,
‘desire for the goodwill of the receiver’ [9,10,12, p. 343] may
appear plausible, but the explanation itself is not directly sup-
ported by any data. This is especially true in the light of our
discussion of pluripotentiality: the fact that pitch serves mul-
tiple functions means that alternative explanations of the
universal tendencies are possible and have indeed been pro-
posed (e.g. [22]). This was also pointed out by Ladd [151],

who noted that it is hard to establish with direct evidence n

whether a universalist explanation is correct. In the absence
of direct empirical evidence for the frequency code, it is only
one plausible explanation among others. It is important to
note that the available evidence that there are universal
tendencies in question intonation underspecifies any one
explanatory account without the incorporation of additional
evidence. ‘Biological codes’, such as the frequency code, are
an additional interpretational layer that can help researchers
make sense of empirical data and synthesize different commu-
nicative facts across studies, but it is hard to find evidence that
directly supports a specific biology-based explanation, such as
the frequency code, above and beyond other explanations,
especially given the multidimensional nature of pitch.

We began by reviewing the frequency code hypothesis accord-
ing to which a number of communicative interpretations of
pitch are grounded in associated differences in body size. As
reviewed above, aspects of the proposal, such as the association
between low FO and dominance or the presence of universal
tendencies in size sound symbolism have been empirically con-
firmed. For other aspects of the frequency code, the evidence is
mixed. In particular, when it comes to the culturally and
socially variegated phenomenon of politeness, predictions
have not been borne out consistently across studies and
across languages. Our meta-analysis showed that there is by
now a sizeable portion of studies from a small but genealogi-
cally diverse sample of languages in which low pitch is
associated with a deferential form of polite speech. We have
suggested that prosodic mitigation is a plausible explanation
of this observation, especially given that this account is consist-
ent with a number of other facts (e.g. other phonetic cues that
suggest mitigated speech, reduction in gesture, reduced facial
expressivity). Moreover, we have suggested that some of the
interpretations of high pitch (such as animated speech and
other intense emotions) are incompatible with particular
forms of politeness.

A guiding concept for our discussion was the idea of
‘pluripotentiality’: any linguistic form can serve multiple
different functions depending on a large number of contex-
tual factors. This pluripotentiality was already implicitly
referenced in Ohala’s proposal, but it is now backed up by
substantial empirical evidence. The pluripotentiality is appar-
ent when looking at the meaning of pitch across different
studies, or based on tasks which directly show that contextual
manipulations influence the interpretation of sound symbolic
stimuli [139], or the politeness-related interpretation of pitch
[83]. The fact that pitch has multiple different interpretations
also means that we cannot easily ground proposed intonation
universals in the frequency code without additional evidence.
We thus think that while the frequency code has been useful
in some domains of inquiry, its application to communicative
phenomena less directly connected to size is considerably
more tenuous. Given that the frequency code is by its very
nature an umbrella proposal, linking seemingly disparate
facts, it is important to ask the questions whether all empiri-
cal phenomena are actually linked to particular biological
explanations, and whether this link is direct, or mediated
by additional cultural factors.

The data have been published elsewhere (meta-analysis).
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!Clearly, Ohala’s explanation only pertains to a certain type of
question. Questions can also be coming from a point of authority

and dominance, such as in a court hearing or interrogation. Ques- m

tions can also have a prosocial function, such as when offering
something (e.g. Do you want some coffee?). In these situations,
the question asker is ‘self-sufficient’ and not ‘appealing to the addres-
see for help’. The fact that questions themselves perform a whole
range of different communicative functions is not discussed by
Ohala.

Gussenhoven [150] proposes that the seemingly exceptional pattern
of many African languages noted by Rialland can be explained by
assuming that breathiness is the primary feature, with low voice
pitch following from this. He proposes the ‘sirenic code’ that involves
associated meanings stemming from the fact that breathiness is
associated with femininity. However, if exceptions to the frequency
code can be explained away by invoking other biological codes, it
is not clear how the idea that the frequency code underlies question
intonation could be falsified (see [151]).
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