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Zusammenfassung
Iconicity in Language and Speech

von Aleksandra Ćwiek

Diese Arbeit befasst sich mit der Ikonizität in Sprache. Ikonizität bezeichnet ei-
ne Ähnlichkeit zwischen der sprachlichen Form und der Bedeutung (vgl. Perniss
und Vigliocco, 2014). So wie eine Skulptur einem Objekt oder einem Modell ähnelt,
kann auch der Klang oder die Form von Wörtern dem Ding ähneln, auf das sie ver-
weisen. In dieser Arbeit untersuche ich das Potenzial des ikonischen Ausdrucks auf
verschiedenen sprachlichen Ebenen – der Klangebene, der Ebene der Prosodie und
der Wortebene.

Im Kapitel 1 erörtere ich die Idee der Ikonizität, der Arbitrarität gegenüberge-
stellt, und skizziere ihre Rolle in der Kommunikation. Hier beginne ich damit, das
ikonische Potenzial von Vokalisierungen zu demonstrieren.

Das Kapitel 2 ist eine Einleitung zu den experimentellen Arbeiten, die zu Zwe-
cken dieser Doktorarbeit durchgeführt wurden. In diesem Kapitel konzentriere
ich mich auf die Lautsymbolik. Ich berichte zunächst von der aktuellen Literatur
und stelle anschließend die Untersuchung zur Lautsymbolik deutscher Pokémon-
Namen vor. Die gewonnenen Ergebnisse stellen eine wichtige Ergänzung zu der
wachsenden Disziplin der Pokémonastik dar (Kawahara u. a., 2018; Shih u. a., 2019).
Auf der Grundlage der Ergebnisse schlage ich jedoch eine neue Hypothese zur laut-
symbolischen Funktionalität von Lauten vor, die besagt, dass sich der lautsymboli-
sche Ausdruck in verschiedenen Sprachen unterscheidet.

Darauf folgt im Kapitel 3 die Forschung zur ikonischen Prosodie. In diesem Ka-
pitel untersuche ich eine neue Hypothese, dass die ikonische Prosodie der vertika-
len Position und Größe in der Physiologie verwurzelt sein könnte. Auf der Basis der
erhobenen Daten wurde keine Korrespondenz zwischen Objektgröße und Kieferöff-
nung gefunden. Die Ergebnisse für eine Korrespondenz zwischen vertikaler Objekt-
position und Kopfposition sind nicht schlüssig. Ich erörtere die möglichen anderen
Faktoren, die die Ikonizität bestimmen könnten, sowie zukünftige Richtungen.

Im Kapitel 4 widme ich mich dem Thema der Ideophone. Ich stelle eine Daten-
bank mit deutschen Ideophonen, die aus Kinderbüchern gewonnen wurden, vor
und führe mit Hilfe der Daten zwei Studien durch. Die erste Studie befasst sich mit
der Klassifizierung von Ideophonen, wie sie von Dingemanse (2012) vorgeschlagen
und von McLean (2020) überarbeitet wurde. Die Ergebnisse legen nahe, dass Ideo-
phone im Deutschen multisensorische Eigenschaften aufweisen (Nuckolls, 2019).
Die zweite Studie im Kapitel 4 untersucht, ob sich die Verwendung von Ideopho-
nen in Büchern mit dem Alter verändert. Die Ergebnisse deuten darauf hin, dass
Bücher für jüngere Kinder mehr Ideophone enthalten als Bücher für ältere Kinder,
was die Hypothese des lautsymbolischen Bootstrapping im schriftlichen Bereich wi-
derspiegelt (Imai und Kita, 2014).
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In der Gesamtheit dieser Doktorarbeit befasse ich mich mit dem Oberthema der
Ikonizität und ihrer Verbreitung. Das Hauptanliegen dieser Arbeit ist es, das Poten-
zial und die Bedeutung von Ikonizität in der heutigen Sprache zu untersuchen.
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Abstract
Iconicity in Language and Speech

by Aleksandra Ćwiek

Iconicity refers to a resemblance between the linguistic form and the meaning of
a referent (cf. Perniss and Vigliocco, 2014). Just like a sculpture resembles an object
or a model, so can the sound or shape of words resemble the thing they refer to.
In this thesis, I investigate the potential of iconic expression on different linguistic
levels – the sound level, the prosodic level, and the word level.

While iconicity and arbitrariness have been debated and oftentimes confronted
regarding language nowadays, many researchers discuss it with respect to language
evolution. In Chapter 1, I give an insight into this ongoing debate. I depart from
demonstrating the iconic potential of vocalizations for language evolution, next to
gestures.

The following parts of my thesis are dedicated to iconicity in spoken and writ-
ten language nowadays, assuming that iconicity is an important property of human
language, present at different linguistic levels.

Starting from the smallest unit, the sound, in Chapter 2 I first examine the current
literature and subsequently present work on the sound-symbolic nature of German
Pokémon names. The obtained results are an essential addition to the growing body
of research on Pokémonastics (Kawahara et al., 2018; Shih et al., 2019). However,
based on the results, I propose a novel sound-symbolic functional load hypothesis
suggesting that sound-symbolic expression differs across languages.

From the smallest units, I move on to iconic prosody in Chapter 3. Combining
findings about the relation between head position and fundamental frequency, as
well as the degree of jaw opening and formant frequencies, I test a novel hypothesis
whether iconic prosody of vertical position and size may be rooted in physiology. No
correspondence between size and jaw opening was found, and the results for corre-
spondence between vertical position and head position are inconclusive. Therefore,
I discuss other possible factors governing iconic prosody.

Finally, in Chapter 4, I investigate iconicity on the word level. Thus, I address
the topic of ideophones – words which were said to be scarce in Western languages.
I present a database of German ideophones collected from children’s books and
conduct two studies with the help of the data. The first study tackles the classifi-
cation of ideophones, as proposed by Dingemanse (2012) and revised by McLean
(2020). The results suggest that ideophones in German exhibit multisensory proper-
ties (Nuckolls, 2019). The second study within Chapter 4 investigates whether the
use of ideophones in books changes with age. Here, the results suggest that books
for younger children contain more ideophones than books for older children, thus
echoing a sound-symbolic bootstrapping hypothesis in the written domain (Imai
and Kita, 2014).
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Throughout those chapters, I am concerned with the grand theme of iconicity
and its widespread nature. The main point of this work is to explore the potential
and the importance of iconicity in the language nowadays. All in all, the results of
this dissertation show that iconicity is a crucial part of language.



vii

Acknowledgements
I want to express my gratitude to my supervisors, Susanne Fuchs, Manfred

Krifka, and Marcus Perlman, for their continuous support during my Ph.D. work.
Susanne, you have never seized to inspire me professionally and personally, and I
could not have wished for a better mentor during this period; thank you. Manfred,
thank you for sharing your ideas and challenging my views, which let me grow as
a scientist. Marcus, I am truly grateful that you kept inspiring me to become better
and helped me realize what are the values of great research.

This work would not have been possible without the encouragement of Petra
Wagner, who helped me discover my passion for science. I also thank Zofia Malisz
for taking me by the hand in the earliest days of my research, and Mattias Held-
ner and Marcin Włodarczak, without whom I would not have made it on stage in
Trondheim.

I also thank the members of the committee from the Humboldt University in
Berlin for their time, energy, and help.

I am grateful to the team with whom I worked on vocalizations, especially to
Susanne Fuchs, Marcus Perlman, and Bodo Winter. This project showed me that I
am capable of big things! I feel honored and inspired to have worked with you.
I thank Shigeto Kawahara for showing me that I can do research while watching
my favorite childhood series. I also would like to thank Luisa Cimander for her
invaluable help in the arduous collecting of the ideophone corpus.

I thank my colleagues from FB1 at Leibniz-Zentrum Allgemeine Sprachwissen-
schaft in Berlin for all your help and advice. I offer my special gratitude to Jörg
Dreyer, who thought ahead to overcome all technical difficulties. I am also thankful
to Heather Weston for her patience and support.

I am profoundly grateful to Monika Kotus, who supported me even in the dark-
est times, and thanks to whom I was able to find my path. Dziękuję Ci z całego serca.
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Chapter 1

Introduction

1.1 Motivation

Before I started working on this thesis, I was a proponent of the Saussurian view on
linguistic signs. As a student, I was taught that language is arbitrary, and I took it
as an axiom. However, later, I started reading on the topic of iconicity and became
fascinated by the ubiquitous nature of this phenomenon. I believe that the best way
for me to give this feeling to you is by sharing a moment from a solo journey I took
to Japan. Follow me.

I quickly grasped that any preparation I did before coming there was not enough.
The climate was nothing like in my home country, hot and humid; the sun was burn-
ing every piece of my skin. On the streets, I noticed plants that would never grow
outside a controlled house environment during cold polish winters. At first, I was
very surprised by the harsh sound of unknown animals, only later recognizing them
as cicadas. Many people were wearing masks – and that before the pandemic. I
rarely encountered familiar letters, and the surrounding orthography left me clue-
less. I felt that I could only rely on other people’s knowledge of English or on the
translation app on my phone. I felt alienated. One day, I woke up feeling sick, I be-
lieve as a result of sunstroke. I made my way to the nearest store to buy something
that could help me. I used my phone for translating, however, the translation must
not have been entirely correct, as the clerk could not understand what was wrong.
Then, I intuitively started showing it. I frowned my eyebrows, closed my eyes, and
turned down my lips in the sign of pain. I put the hand on my head and rotated it
to express dizziness. Finally, I exhaled heavily and groaned in pain. I saw the clerk
was beginning to understand. So, I started shivering my body and accompanied that
with a fast periodic /b/-like sound, imitating the sound of shivering. In the end, I
pointed to my stomach, puffed the cheeks, and expressed a muffled sound of pain.

I used iconicity to express something without having a common ground – I
turned to manual gestures, facial expressions, and iconic vocalizations. I used sig-
nals that, by a sense of resemblance, transported the meaning despite the fact that
the clerk and I did not share a common language. In the end, I received the help I
needed, but most importantly, I felt connected. Instead of relying on language, I felt
that I relied on something supralinguistic.



2 Chapter 1. Introduction

1.2 Definition and Outline

In this thesis, I investigate iconic expression on different linguistic levels – segmen-
tal, prosodic, and word-level. Iconicity is “any resemblance between certain prop-
erties of linguistic/communicative form (...) and certain sensori-motor and/or af-
fective properties of corresponding referents” (Perniss and Vigliocco, 2014, 2). It is,
hence, a correspondence between parts of the concept and parts of the way we re-
fer to this concept. The expression of this correspondence is conveyed by iconicity,
but so is the perception of it. There are iconic signals that are said to be understood
across languages (e.g., Köhler 1929; Ohala 1994; Sapir 1929; also see Schmidtke et al.
2014 for a review), and some, which are considered language-specific (e.g., Dinge-
manse, 2019; Dingemanse et al., 2015; Iwasaki et al., 2007b). A linguistic background
may thus be a filter to iconicity. However, current experimental evidence shows that
iconicity seems to be an intrinsic mechanism extensively used to communicate ad-
ditional meaning or enhance the existing one.

During the 54th Annual Meeting of the Societas Linguistica Europaea in Septem-
ber 2021, iconicity was voted the most favorite linguistic term by a variety of lan-
guage scientists, from phonologists to syntacticians. Iconicity is a field of research
that has greatly gained popularity in the past few decades (Dingemanse et al., 2015;
Perniss et al., 2010). I argue that it is not a coincidence for two reasons. Firstly,
because iconicity allows for grounding linguistic symbols at the dawn of language.
And secondly, because iconicity is still abundant in languages nowadays.

The lion’s share of the current work is concerned with the second argument – the
goal of this thesis is to show that iconicity still is a highly important feature of lan-
guages today. Therefore, in Chapters 2, 3, and 4 I experimentally investigate differ-
ent areas of iconicity separately: sound symbolism, iconic prosody, and ideophones,
with a focus on their written form. However, iconicity has been widely discussed
within language evolution research. Thus, I devote a special place for the debate on
the role of iconicity at the origin of communicative systems in this chapter, in partic-
ular its Section 1.4. In the following section, I start by discussing iconicity in relation
to arbitrariness.

1.3 Iconicity vs. Arbitrariness of a Linguistic Sign

Every linguistic novice is at some point confronted with semiotics – the theory of
signs (e.g., Deely, 2006; Ogden and Richards, 1923; Peirce, 1955; Saussure, 2011). As
Peirce (1955, 99) puts it:

A sign, or representamen, is something which stands to somebody for
something in some respect or capacity. It addresses somebody, that is,
creates in the mind of that person an equivalent sign, or perhaps a more
developed sign. That sign which it creates I call the interpretant of the
first sign. The sign stands for something, its object.
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(A)
(B)

(C)

FIGURE 1.1: Examples of (A) a symbol, (B) an index (natural), and (C)
an icon. (A) Hammer and sickle, a symbol representing a Marxist–
Lenninist ideology; (B) a 23,000 years-old human footprint found in
New Mexico as an index of human presence in the region (original
picture by Dan Odess from Zimmer 2021); (C) slightly smiling emoji

used in the iOS environment.

A sign is thus in relation to the world. A sign signifies something and, with this act,
evokes a kind of response in the person perceiving the sign. Peirce specified over 60
different types of signs, but I would like to focus on the three that most likely every
linguistic student learns about (Peirce, 1955, 102). And so, there are signs that are
purely conventional in nature, which he calls symbols (Peirce, 1955, 112ff.). Hammer
and sickle are a symbol for the Marxist–Leninist ideology (cf. Figure 1.1a). Both
the hammer and the sickle symbolize something, that is, however, not the object
itself. The next type of a sign is an index, and this sign is contiguous to the object
it represents (Peirce, 1955, 107ff.). Causal relationships, such as those between fire
and smoke, are indexical. Thus, smoke is an index of fire, just as footprints are
indexes of the creature that left them (cf. Figure 1.1b). However, I have to note at this
point that I am only referring to natural indexes here but there also exist nonnatural
indexes, where the causality of the relationship is replaced by intentionality, such as
in the case of demonstrative pronouns “this” or “that” (cf. Peirce, 1955, 110; Grice,
1957). Lastly, Peirce (1955, 104ff.) recognizes an icon as the third type. Here, the
denotation relies on the resemblance between the sign and the object; therefore, the
sign possesses certain object characteristics. We know icons from our computers
and perceive the characteristics of what they stand for. Even more so, nowadays,
emoticons (i.e., emotion icons) are a perfect example of icons, as shown in Figure
1.1c.

According to Everett (2017, 97) indexes present an onset in the evolution of lan-
guage, followed by icons. Both types are non-arbitrary; they differ, however, in the
intention of use. Indexes are non-intentional – an animal simply leaves footprints,
old meat just smells foul. A criminal would wish not to leave any indexes on the
crime scene. For natural indexes, there is a physical linkage between the cause and
the consequence, the signaller and the signal, but there is no intention. In icons, “in-
tentionality meets representation” (Everett, 2017, 99). The need to represent some-
thing is enabled by icons, through a direct resemblance. Early Homo show this need
in carvings and art forms they left behind (Chauvet et al., 1996; Joordens et al., 2015).
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Icons bridged the way toward intentional and arbitrary symbols; as Everett (2017,
99) puts it, they “played a role in the transition to symbols that was so crucial to the
invention of language.”

The idea of icons as carriers of later linguistic symbols is by no means a new one.
Already Plato in Cratylus (Sedley, 2003) describes the natural origin of names. Plato’s
work heavily resonates sound symbolism, one of the notions within iconicity: “[b]ut
is air called aer because it raises (airei) things from the earth, or because it is always
flowing (aei rhei), or because wind arises from its flow? (. . . ) The word aithhir (ether)
I understand in this way: because it always runs and flows about the air (aei thei peri
ton aera rheon), it may properly be called aeitheira” (410b)1. Throughout the dialogue,
Socrates exposes before Hermogenes the natural meaning of certain names. Not only
the names of gods are tackled, e.g., “[t]hen Pan, who declares and always moves (aei
polon) all, is rightly called goat-herd (aipolos), being the double-natured son of Her-
mes, smooth in his upper parts, rough and goat-like in his lower parts (...)” (408c-d),
but also things or ideas, like “[w]isdom (fronisi); for it is perception (noesis) of mo-
tion (phoras) and flowing (tu); or it might be understood as benefit (onesis) of motion
(phoras); in either case it has to do with motion. And gnome (thought), if you please,
certainly denotes contemplation and consideration of generation (gones nomesis); for
to consider is the same as to contemplate. Or, if you please, noesis (intelligence) is
merely hesis (desire) tou neou (of the new); but that things are new shows that they
are always being generated (...)” (411d).

In the probably most well-known model of the sign, Saussure (2011) depicts the
two sides of the sign – the signifier, which is the sound image, and the signified,
which is the concept itself. Saussure’s sign underlies two principles. The first princi-
ple is the arbitrary nature of the sign, by which he means that the motivation of the
signifier is arbitrary “in that it has no natural connection with the signified” (Saus-
sure, 2011, 69). This idea has been famously echoed by Hockett (1960, 90) in his
13 design features of human language, who says “[t]he word ‘salt’ is not salty nor
granular; ‘dog’ is not ‘canine’; ‘whale’ is a small word for a large object; ‘microorgan-
ism’ is the reverse.” In later works, Hockett argues that visual communication is not
necessarily arbitrary. It affords iconicity thanks to its multidimensionality as com-
pared to a unidimensionality of speech (Hockett, 1978, 274f.). In this assumption,
Hockett is unanimous with Saussure’s second principle of the sign: the linear nature
of the signifier (Saussure, 2011, 70). The auditory signifier is said to be but a line.
Hockett’s words, “[i]n one-dimensional projection, an elephant is indistinguishable
from a woodshed” (Hockett, 1978, 275) corroborate this. Furthermore, both Hockett
(1978, 274) and Saussure (2011, 70) mention prosodic prominence as a possible sec-
ond dimension of speech, however, they contradict it could be the case, as “this is an
illusion; the syllable and its accent constitute only one phonational act” (Saussure,
2011, 70). However, accents – on word- and sentence-level – have various prosodic

1Greek text indicated in the cursive font was transliterated from the original here and in further
quotations. It does not depict the diacritics.
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expressions in different languages (e.g., Ćwiek and Wagner, 2018; Szalontai et al.,
2016), and, therefore, do not constitute a basis for a reliable argument. Rather, we
must consider acoustic parameters as dimensions of speech: time, frequency, and in-
tensity, as displayed on a spectrogram. Modern technology enables a visualization
of acoustic signals in a three-dimensional space (e.g., Real-time 3D Spectrogram now
available in SignalScope for iOS 2015), whereby the x is the frequency, y is the time,
and z the amplitude (represented by colors and height). It clearly shows that speech
is not to be treated as unidimensional. Thus, speech, just as visual communication,
has the potential for iconic representation.

The main misconception about iconicity that led to its criticism in the past (e.g.,
Hockett, 1978; Pinker and Bloom, 1990) is that iconicity contradicts the arbitrariness
of a sign, a fundamental theory in semiotics (Saussure, 2011). With the striking ev-
idence on the widespread nature of iconicity (e.g., Blasi et al., 2016; Ćwiek et al.,
2021; Perniss et al., 2010; Schmidtke et al., 2014), it is more plausible to think of both
forces as complementary (Arbib et al., 2008; Dingemanse et al., 2015; Perniss and
Vigliocco, 2014). Where iconicity cannot be afforded, arbitrariness comes into play
(Gasser, 2004; Lupyan and Winter, 2018; Monaghan et al., 2014). In Peircian terms,
icons serve the formation of symbols; they serve the conventionalization which leads
to the apparent arbitrariness (cf. Abralin, 2021; Everett, 2017). Neither arbitrariness,
nor iconicity is exclusive – and they may be opposing forces, but still, both function
together.

Iconicity is more of a need in a language community. This need restricts arbi-
trariness, which is caused only by convention. Arbitrariness is not a principle; it is a
side effect of establishing symbols by convention (Abralin, 2021). Repetitions of the
signal lead to its conventionalization, and it has been shown that this process has
a deleterious effect on iconicity in the given modality (Caldwell and Smith, 2012;
Frishberg, 1975; Tomaszewski, 2006) or in another modality (Little et al. 2017; but
see Perlman et al. 2015b; Verhoef et al. 2014). In turn, as Bodo Winter says in his
recent Abralin Ao Vivo talk, “[l]anguages don’t want to be arbitrary, but they find
themselves to be arbitrary” (Abralin, 2021, 1:04:53).2

Leiss (1997, 136) points out that arbitrariness was nothing more than a conven-
tion itself, taken for granted by early philosophers such as Thomas Hobbes, but
also John Locke. Subsequent researchers simply stuck to this convention. However,
with the amounting evidence, iconicity becomes harder to deny. Current research
shows that various characteristics may be expressed iconically, e.g., size (Gallace
and Spence, 2006; Ohala, 1994; Pisanski, 2014), spatial relations (Mudd, 1963; Pisan-
ski et al., 2017b; Pratt, 1930), or velocity (Perlman et al., 2015a; Speed et al., 2018).
Sound symbolism (cf. Chapter 2), as a special case of iconicity, has been shown to be
a powerful way to code meaning such as size (Kawahara et al., 2018; Pitcher et al.,
2013; Ultan, 1978), distance (Traunmüller, 1996; Woodworth, 2009), and even various

2The talk is available on YouTube at: https://youtu.be/R1ETw21oCGE (last accessed: September
28, 2021).

https://youtu.be/R1ETw21oCGE
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product characteristics (Klink, 2000, 2001; Pathak and Calvert, 2020). Not to mention
cross-modal correspondences (Spence, 2011), such as the well-known bouba/kiki ef-
fect (Köhler, 1929; Ramachandran and Hubbard, 2001), which is based on the corre-
spondence between sound and shape. “Bouba” is famously connected with a round
shape, and “kiki” with a spiky shape – across languages, across ages (cf. Bremner
et al. 2013; D’Onofrio 2014; De Carolis et al. 2018; Fort et al. 2018; Maurer et al. 2006,
but see Rogers and Ross 1975; Styles and Gawne 2017). Recently, Sidhu et al. (2021b)
found that phonemes [b] and [u] predict object roundness, and the phoneme [k] its
spikiness. Their results corroborate previous research (D’Onofrio, 2014; McCormick
et al., 2015; Westbury et al., 2018) and speak for the crossmodal character of the effect
in question — the effect whose foundations are the articulatory-acoustic properties
of individual segments (Knoeferle et al., 2017). Those properties do not go unnoticed
in the auditory perception. Abrupt (i.e., spiky) spectral changes caused by voiceless
stops relate to the spikiness in the visual domain, thus, the relationship is based on
iconicity. Uninterrupted voicing and, thus, fundamental frequency (Kohler, 1982;
Westbury and Keating, 1986) evoke a sense of smoothness in perception, relating
this to smoother, i.e., rounder objects (Ćwiek et al., 2022).

So why is iconicity so wide-spread and so pluripotential? In the next chapter, I
will outline the role of iconicity for the foundations of communication. First, I will
briefly discuss the accounts on language origin, focusing on the gesture-first hypothe-
sis (e.g., Hewes, 1973). I will then move to the use of iconicity in animal communi-
cation. Finally, I will present recent evidence showing that the vocal domain has the
iconic potential similar to the gestural domain.

1.4 Iconicity from the Evolutionary Perspective

There exist various perspectives on how language began. One of the widely-dis-
cussed ideas is the gestural or gesture-first hypothesis (Corballis, 2002; Stokoe, 2001;
Żywiczyński and Wacewicz, 2019). It assumes that the gestural communication pre-
ceded vocal communication, and it has been pursued by scholars for centuries (e.g.,
Condillac 2001; Wundt 1973; also see Kendon 2017, 163). Experiments with primates
in the second half of the 20th century served researchers to advocate the gesture-
first hypothesis (Hewes, 1973). Gardner and Gardner (1969) were able to teach a
chimpanzee pieces of the American Sign Language. Apes were, however, never
able to learn to speak. Moreover, ape anatomy may not allow for producing all
speech sounds as we know them. However, even with the limited anatomical cir-
cumstances, apes should be able to invent new vocal signals if the origin of language
includes the oral–aural modality. Early research reports that apes do have various
alarm calls (e.g., Cheney and Seyfarth, 1980; Seyfarth et al., 1980a; Seyfarth et al.,
1980b), but their repertoire is limited. Seyfarth et al. (1980b) show that vervet mon-
keys use different alarm calls for various predators – leopards, eagles, and snakes
– and they do, in fact, respond differently to each of these calls. But, as noted by
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Hewes (1973), primate vocal behavior differs drastically from their gestural behav-
ior. Apes control their forelimb movement and easily learn new gestures; however,
they lack the same degree of control over their vocal apparatus (Hewes, 1973, 6f.).

A similar case can be observed when looking at the process of language acquisi-
tion in children – children learn gestures before they learn speech (Meguerditchian
et al. 2011; see also Kendon 2017). After the publication of the book Baby Signs:
How to Talk to Your Baby Before Your Baby Can Talk (Acredolo and Goodwyn, 1996),
teaching hearing babies a rudimentary set of signs has boomed. Babies, who are
intended to speak in the future but are unable to do it yet, can so establish a commu-
nication system with their caretakers (Barnes, 2010). Unlike this simplified signing
system, sign languages are fully developed languages, with grammar, phonology, or
prosody (e.g., Meir et al., 2007; Sandler, 1996, 1999; Sandler et al., 2020). An example
of Nicaraguan Sign Language (Senghas et al., 2005), or even more recently Al-Sayyid
Bedouin Sign Language (e.g., Sandler et al., 2020) – both of which emerged in deaf
communities – show that there is a capacity to develop a full-fledged communica-
tion system within the gestural modality only (cf. Tomasello 2008; see Kendon 2017,
165). Without a common communication system, we can rely on indexes and icons
to get a system off the groud. If it is possible to do it based on gestural signs only,
the visual modality would bear prime before the vocal modality.

The importance of gestures in everyday speech is another argument echoed in fa-
vor of the gesture-first hypothesis. Even though we primarily use speech to commu-
nicate, gestures play a crucial role in the communicative act. Co-speech gestures are
tightly coordinated with speech, they are mapped onto the prosodic structure and
align with prominent units (e.g., Bosker and Peeters 2021; Mol et al. 2009; Perniss et
al. 2015; Willems and Hagoort 2007; see Wagner et al. 2014 for an overview). Experi-
mental evidence shows that speakers convey more information in the gestures when
communicating face-to-face (Bavelas et al., 2008; Gerwing and Allison, 2011). And,
according to the lexical retrieval hypothesis, gestures aid speech production, i.e., lexical
retrieval, during hestitation (Butterworth and Beattie 1978; Dittmann and Llewellyn
1969; after Wagner et al. 2014).

An upright posture in the Homo erectus ca. 2 million years ago freed up the hands
to collect food, carry things, move things out of the way, scavenge, and so on (see
Niemitz, 2010, for an overview). It might also have made it even easier to commu-
nicate with gestures. However, then, the hands are occupied with communicating,
and one cannot perform other actions, such as crafting, carrying and so on. When
using vocal communication instead, the hands are free to craft, gather food, eat, or
perform other manual tasks. The superiority of the oral–aural modality is evident in
conditions when parties do not see each other, like in the canopy of trees or at night
(Ćwiek et al., 2021, 7). It also enables communication without being in the same.
We can hear an acoustically prominent signal, like a scream, across large distances;
however, we cannot always see the gesture from far away.
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On the other hand, gestural communication is silent. Imagine a special unit ap-
proaching a terrorist hide-out. Their chunky boots step lightly on the concrete stair-
case. The commander gives signals with his hands. He may even rhythmically
count down until the moment of the strike. Before the strike, the unit has to remain
as silent as it can. Now, imagine our ancestors hunting. They crept softly through
the bushes, barely letting any sound slip, watching every step, every branch that
could crack under their feet. In such a situation, they had a purpose in remaining
silent and they would most likely sign to communicate with each other. There is the
right place and time to choose one modality over the other.

Nevertheless, modality preference aside, there is a growing body of research
showing the potential of voluntary behavior in the vocal apparatus of primates,
against some of the previously mentioned accounts (e.g., Hewes, 1973). The recent
evidence shows that primates exhibit voluntary control over their lip and tongue
movements, including rhythmic lip-smacking (Bergman 2013; Fitch 2010; Ghazan-
far et al. 2012; see Kendon 2017, 167). Koko, a well-known human-fostered female
gorilla, exhibited advanced control over her breathing behavior (see Perlman, 2017,
for an overview). She would blow air gently onto the face of someone she liked
and snort onto the face of someone she did not like. According to Kendon (2017,
164), ape communication with gestures is overrated, as “gestures of a depictive or
referential nature have not been reliably observed”. Also, successful experiments
with primates learning symbolic communication (Wallman, 1992), like the one with
the male bonobo Kanzi (Hopkins and Savage-Rumbaugh, 1991), only prove that pri-
mates are capable of learning symbols in extraordinary conditions. They do not,
however, show that apes develop and use these symbols naturally (Kendon, 2017,
164).

Recent research also reports that primates expand their vocal repertoire with
novel vocalizations. Lameira et al. (2015) showed that Tilda, an ex-entertainment
orangutan, developed two novel vocalizations, which, in their structure, resembled
human speech rhythm. Hopkins et al. (2007) showed that chimpanzees in cap-
tivity develop novel signals to capture the attention of caretakers. The results of
Lameira et al. (2015) and Hopkins et al. (2007) show that primates developed spon-
taneous species-alike signals in captivity based on iconic imitation, e.g., of the speech
rhythm. Therefore, current evidence suggests that both the visual and the oral–aural
modality play a role in primate communication. Novel signals can be developed in
both modalities.

The big question in the gesture-first theory is how did it happen that we primar-
ily use the oral–aural modality nowadays if we had started with gesturing in the first
place? In nature, nothing goes to waste, and economy is the basic principle. “Uncon-
strained, a motor system tend to default to a low-cost form of behavior” (Lindblom,
1990, 413). If there already exists a system, nature adapts it to what it is needed for,
as adaptation is more economical than novel creation. The eyes in all organisms of
the world evolved from simple photoreceptors that only distinguished light from
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dark in the beginning (Darwin, 2009a; Lee et al., 2011). So, why would we have
speech that requires fine motoric coordination of the articulators if we had already
had an excellent communication system with gestures? All higher mammals use
vocal organs in order to communicate; evolutionarily, this was only a matter of time
until Homo would do the same (Kendon, 2017, 166). The true question is about the
complexity of the communication system we use. As mentioned, articulatory move-
ments require enormous precision that did not evolve from one day to the other.
According to the social complexity hypothesis, the more complex the social system, the
more complex the communication system (Kendon, 2017, 167). Therefore, we may
assume that our vocal apparatus evolved along with the expanding complexity of
the social structure. The onset of communication included two systems alongside
– gestural and oral–aural – which worked in cooperation to establish the creation
of communicative symbols (e.g., Kendon, 1991, 2011, 2017; McNeill, 2012; Sandler,
2013).

However, redundancy is expensive, so why would nature allow two systems to
do the same thing? In a recent study, Macuch Silva et al. (2020) showed that mul-
timodal communication is more efficient than gesture-only communication (but see
Fay et al., 2013; Fay and Lim, 2010; Fay et al., 2014). Using a referential communi-
cation task, the researchers asked participants to describe vocal or visual stimuli in
three different conditions – gesture-only, non-linguistic vocalization-only, and mul-
timodal. For both stimuli types, the most efficient mode of communication was by
using both gesturing and vocalizing. The multimodal condition was optional, i.e.,
the participants could choose to use a single modality of the two or both modalities.
Some participants initially used only one modality, and when they felt they could
not reach the communicative goal, they turned to multimodality. This adaptation,
despite multimodality being apparently less economical, allowed them for a more
efficient communication. These results demonstrate that the gestural and oral–aural
communication are not redundant; rather, the two modalities support one another
(Macuch Silva et al. 2020; also see Sandler 2013). The gestural and the oral–aural
communication have different semiotic affordances that both serve the goal of com-
munication (Pouw et al., 2021, 270).

Language is, however, not only multimodal to the core, but it is also iconic (cf.
Perlman, 2017). In Chapter 1.3, I outlined that icons are intentional (cf. Everett, 2017,
99). They are intentional in that they represent something by the direct link, through
the immediate resemblance (Peirce, 1955, 104ff.). Iconicity is fundamental to the
visual modality – we craft figures of people to represent them, we draw pictures to
depict the scenery – and sign languages exhibit a high degree of iconicity (e.g., Taub,
2001). But, can the oral–aural modality be fundamentally iconic?

Evidence shows that languages generally start off being iconic but shift towards
arbitrariness with time. This process takes place in the gestural modality as well
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(e.g., Frishberg, 1975; Pietrandrea, 2002, for examples in sign languages). We ob-
serve the language – spoken or written – from the synchronic perspective, and re-
sources on language history date back only a few thousand years. Let us say that
we take the onset of the Homo genus as the beginning of the communication sys-
tem.3 The earliest of the Homo, Homo habilis, is said to have walked the earth in the
Early Pleistocene about 2.8 million years ago (Everett, 2017, 35). The oldest proto-
writing system discovered in Jiahu, China, dates back to 6,600 BC and is based on a
set of iconic carvings (Li et al., 2003). Iconic graphical representations become sym-
bolic through the repeated use (Garrod et al., 2007). Current writing systems do
not bear that high a degree of iconic resemblance, and neither does speech. During
development, languages constantly change. The system becomes more and more
complex, sounds and their combinations shift, and as a result, “iconicity can be ob-
scured or overlaid” (Kendon, 2017, 167). Flaksman (2020) points out various causes
of the process she calls de-iconization. Semantically, iconic words lose their character
when they become embedded into the structure of the language, e.g., receive verbal
endings (Flaksman, 2020, 83). Similarly to Kendon (2017, 167), Flaksman (2020, 86ff.)
mentions that “sound changes tend to obscure the original sound-sense link existing
in iconic word” (Flaksman 2020, 87; see also Klimova 1986; Voronin 2006).

Through repeated intentional action, icons undergo ritualization in the sense of
Haiman (1994, 4). The form is emancipated from the meaning; it becomes a mere
symbol of what it initially was, and it only denotes the meaning (Haiman, 1994,
16). We perceive language as arbitrary now because large parts of the vocabulary
do not exhibit iconic motivation (Lupyan and Winter, 2018). The iconic resemblance
between the form and the meaning was diluted over time; therefore, the form is
perceived as symbolic rather than as iconic. It does not, however, mean that spoken
languages are not iconic. It only implies that to search for iconicity, we need to look
further than on the surface.

In the following chapter, I will give insight into iconicity in animal communica-
tion. The research reported here grounds the message of the current chapter – that
language began as multimodal and iconic.

1.4.1 Iconicity in Non-Human Communication

Animals communicate using a variety of modalities, from vibration, like the spiders
dancing (Barth, 1997), to vision, like the birds showing off their feathers (Osorio and
Vorobyev, 2008). However, visual signals are ineffective in dense rainforests; there-
fore, many species turn to olfaction to communicate over greater distances. Plants
serve as a prime example. The Sumatran rainforest is home to the biggest flower-
ing plants on Earth, including the Rafflesia species and Amorphophallus titanum. The
flowers of Rafflesia species both look and smell like rotting flesh (see Figure 1.2). The
flowering cycle of these plants is very short and lasts no longer than a couple of days.

3Even though the earliest proto-primate is dated to have existed around 58 million years ago (Ev-
erett, 2017, 36).
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FIGURE 1.2: Rafflesia Arnoldii in bloom. Rafflesia flowers
have five petals, the structure of which resembles rotting flesh.
A strong smell of rotting flesh is emitted from the inside
of the flower to attract pollinators. The photo was taken
by Frank (https://www.flickr.com/photos/genlab/8524285694/
in/album-72157632904563046/), and is available under a CC-
BY-NC-ND 2.0 license (https://creativecommons.org/licenses/

by-nc-nd/2.0/).

The olfactory and visual mimicry attracts insects that search for feces or dead ani-
mals to lay their eggs. Insect visitors attracted in such a way help to pollinate plants
that grow far from each other. Researchers found that the mechanism evolved inde-
pendently in different species on earth (Jürgens et al., 2013). To boost the olfactory
signal, the central part of the of Amorphophallus titanum flower, which can reach up
to 3 meters in height, heats itself during prime ripeness. With outside temperature
at 27◦C, Barthlott et al. (2009) noted the surface temperature of the plant at 36◦C.
Heating the flower allows the plant to transmit the olfactory signal to further dis-
tances and, thus, to attract more insects. It seems like the visual communication is
not enough. Smell serves as an additional channel for plants and many animals, as
well. However, mammals are equipped with another means – vocal organs, which,
according to Darwin (2009b) were made by nature to allow communication. Similar
to olfaction, the oral–aural modality is beneficial in conditions with limited vision.

Even though the flowers of Rafflesia directly resemble rotting flesh, this behavior
would have to be intentional for it to be an icon, according to Everett (2017). With-
out the intention, such signals remain indexes – just like the smell of the prey is an
index left for the predator. Vocal properties are a similar index for body size in many
animal species (Bowling et al., 2017; Gingras et al., 2013) and in humans (Pisanski
et al., 2014a,b). The relationship is based on an inverse correlation between size and
fundamental frequency (F0), whereby smaller vocalizers have a higher F0, and larger
vocalizers have a lower F0. This link constitutes a basis for Ohala’s “frequency code”

https://www.flickr.com/photos/genlab/8524285694/in/album-72157632904563046/
https://www.flickr.com/photos/genlab/8524285694/in/album-72157632904563046/
https://creativecommons.org/licenses/by-nc-nd/2.0/
https://creativecommons.org/licenses/by-nc-nd/2.0/
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(Ohala, 1982, 1984, 1994), in which he postulates that this physiology-based relation-
ship is responsible for iconic prosody (cf. Chapter 3). Frequency code implies that
the originally indexical sign has transformed into an icon through the intentionality
of use. The question is now whether animals can use their vocalizations intention-
ally or whether their vocalizations are rather reflex-like.

Dogs whine to show submissiveness or pain and bark in order to signal threat.
Pigs squeal or grunt, depending on the situation. Animals have various vocaliza-
tions at their disposal that differ in their fundamental frequency and other qualities
(e.g., Seyfarth et al., 1980b, for vervet monkeys). Forstmeier et al. (2009) show that
zebra finch vocalizations are inherited and signal both body size and sex. However,
there exist studies reporting that some species use vocal modulation for deception.
Bee et al. (2000) found that male green frogs significantly lower their F0 to defend
their territories from other males. The effect was the strongest in the smaller speci-
men and in response to large-male stimuli. Deception was also observed in two bird
species – Lanio versicolor and Thamnomanes schistogynus – by Munn (1986). These
species dishonestly employ alarm calls, which are used for predators, in order to
deter other birds and to increase their chance of hunting flies. Also, Matrosova et
al. (2007) found that pups of two different species of squirrel imitate the qualities
of adult vocalizations (i.e., by lowering the fundamental frequency), most likely in
order to cheat potential juvenile-hungry predators. In the visual modality, snapping
shrimp (Hughes, 2000) and hermit crabs (Arnott and Elwood, 2010; Laidre, 2009)
use dishonest signals to bluff their factual size.

However, this kind of deception may be interpreted as a mere adaptation bearing
an evolutionary advantage rather than an intention. Some frog species were shown
to adapt their vocalizations due to external circumstances, such as traffic noise (Cun-
nington and Fahrig, 2010; Lengagne, 2008; Parris et al., 2009). Vocal plasticity in
noise-polluted areas has also been signaled for some bird species (Brumm et al.,
2009; Moseley et al., 2018). Nevertheless, as Seyfarth and Cheney (2003) notice, the
evolutionary advantage differs on the side of the vocalizer and the listener. On the
callers’ side, in favor are those specimen who can influence the behavior of others
for their advantage (Seyfarth and Cheney, 2003, 168). On the listeners’ side, in favor
of the natural selection are those, who are better at recognizing the relevant infor-
mation. Callers may not have an insight into the mental state of their kins, and they
may not intend to inform others of their mental state with their calls (Seyfarth and
Cheney, 2003, 159). This behavior, however, does not limit listeners in extracting this
information from the vocalization anyway. So, “[l]isteners acquire information from
signalers who do not, in the human sense, intend to provide it” (Seyfarth and Ch-
eney, 2003, 168). Interestingly, Anderson et al. (2012) studied two types of song in the
song sparrow – the soft song and the broadcast song. The former is a known signal
of aggression within the species. Such a signal is only economical when it effectively
intimidates a part of the competitors (Enquist 1985, after Anderson et al. 2012, 1446).
However, Anderson et al. (2012) found that all rivals responded aggressively to the
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soft song. Thus, the soft song is not economical, as it does not intimidate the rivals;
however, it is still sustained. These results are in line with Seyfarth and Cheney
(2003, 168) and suggest that even if the signal is not intentional from the caller, it
may be perceived as intentional by the listener.

There is no definite answer whether chimpanzees have an insight into what oth-
ers are thinking, i.e., theory of mind. However, Seyfarth and Cheney (2003, 166f.)
note that they may, in fact, be able to recognize the mental state of others. To the best
of my knowledge, there exist two studies that explicitly tested the intentionality of
chimpanzee calls, i.e., whether chimpanzees adapt their calls to the knowledge their
kins have (Crockford et al., 2012; Schel et al., 2013). The results of both studies sug-
gest that chimpanzees are aware of the knowledgeability of the other members of
the group (but see Fischer and Price, 2017; Fitch, 2017). Based on their results, Schel
et al. (2013) conclude that chimpanzees’ alarm calls are intentional. I mentioned be-
fore that chimpanzees in captivity can develop novel signals to capture the attention
of their caretakers (e.g., Hopkins et al., 2007). Combining Hopkins et al.’s 2007 obser-
vations with the results by Schel et al. (2013), we can assume that such novel signals
are true intentional icons. A sign that is a pure indexical reflex stemming from some
innate mechanism in frogs (e.g., Bee et al., 2000), might be taking a turn toward in-
tentional use in other species. Additional support for this hypothesis are the results
by Byrne and Corp (2004), who showed that, in primates, the size of the neocortex
predicts the use of deception, i.e., intentionality. Their results suggest that the costly
neocortical expansion was motivated by increasing social sophistication in primate
groups (Byrne and Corp, 2004, 1697).

As put forth by Perlman (2017), there is mounting evidence showing that pri-
mates have control over their vocal behavior and are able to intentionally pro-
duce vocalizations to receive the attention of the caretakers (Leavens et al., 2010;
Taglialatela et al., 2011; after Perlman, 2017, 381). Perlman (2017, 381) further refers
to Lameira et al. (2016), who found that the orangutan Rocky developed a novel
species-unlike vocal signal called a “wookie”. When playing a “do-as-I-do” game,
Rocky used this signal as a response towards the demonstrator, and even more so,
Rocky modulated his fundamental frequency (Lameira et al., 2016; after Perlman,
2017, 381). In a 2012 study, Perlman et al. report that a mother gorilla Bawang uses
iconic push-gestures to guide her infant Barney around their enclosure. The anal-
ysis reveals that Bawang uses force and trajectory of gesture as an iconic signal to
enforce a movement in a given direction on her infant son. According to Perlman
et al. (2012, 65), the understanding of the communicative intention need not take
place, as the context itself creates the framing of the intention. Finally, Perlman and
Clark (2015) analyzed the vocal and breathing-related behavior of Koko, a female
human-fostered gorilla. After examining 439 instances of such behavior, the authors
identified a set of characteristic vocal and breathing-related behaviors used by Koko
in different situations. Manual gestures frequently accompanied their use. Alto-
gether, Perlman and Clark’s (2015) results might demonstrate the early stages of a
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full-fledged volitional control over vocalization.
Thus, primates have all of the prerequisites to construct iconic signals, but in the

end, the interpretation of iconicity lies in the listener’s hand. As Peirce (1955) for-
mulates it, it all starts with indexes, which, by the intentionality, are formed to icons
(cf. Everett, 2017, 97ff.). Whether the intention comes from the signaller or is only
present at the interpreter’s side is still a matter of discussion. However, the evidence
provided in this section shows that the mental capacity of great apes, as shown by
their behavior in numerous studies, allows them to use icons – intentionally.

Ultimately, some studies presented above also imply that intentionality, as a pre-
requisite to iconicity (Everett, 2017; Peirce, 1955), may not necessarily be the respon-
sibility of the caller. The caller may not have the intention to reveal some informa-
tion, but this information may still be recognized by their kins, i.e., the intention
is perceived (Seyfarth and Cheney, 2003, 168). In this sense, we may perceive ani-
mal calls as intentional and recognize these calls as iconic, even though they are not
meant this way. Are they, then, iconic or not? Is the perception of iconicity enough
to call a signal “iconic”? The question seems philosophical, and to answer it, we
have to remember that iconicity is “any resemblance between certain properties of
linguistic/communicative form (...) certain sensori-motor and/or affective proper-
ties of corresponding referents”4 (Perniss and Vigliocco, 2014, 2). Hence, a perceived
resemblance between the form and the meaning is just as iconic. Now, it remains
to ask a question of how vocal iconicity may serve symbol grounding in human
communication.

1.4.2 Human Iconic Vocalizations

In the previous sections, I showed that iconicity is prevalent, i.e., not limited to
the visual modality (Chapter 1.3). I also pointed to the importance of the auditory
modality in the origins of language (Chapter 1.4). In the following, I will present
evidence on how non-linguistic iconic vocalizations can serve to form symbols and
signs.

Iconicity serves as a bridge “for the cognitive system to connect communicative
form with experience of the world” (Perniss and Vigliocco, 2014, 2). This connection
based on iconicity – the motivation of the sign – is essential to ground meaning
(e.g., Cuskley and Kirby, 2013; Nölle et al., 2020; Perniss et al., 2010; Żywiczyński
et al., 2021). Scholars have argued about the dominant modality in the process of
symbol creation for years. While some accounts suggest that gestures bear prime in
transporting the meaning (Fay et al., 2013, 2014), other sources signal the potential of
vocalizations (Ćwiek et al., 2021; Edmiston et al., 2018; Erben Johansson et al., 2021;
Perlman, 2011; Perlman and Lupyan, 2018).

The dominant role of gestures is echoed in the work of Fay et al. (2013, 2014). Us-
ing a referential communication task, Fay et al. (2013, 2014) tested the effectiveness

4Italics by the author.
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and efficiency of novel signals in three modality conditions. Participants could ei-
ther only use gestures, only vocalize, or use both modalities. In contrast to Fay et al.
(2013), Fay et al. (2014) changed the role of the participants (signaller vs. perceiver)
between the rounds to additionally test the alignment of the signals. Regarding
alignment, Fay et al. (2014) found that it is the strongest in the gesture condition,
and it also trumps the communication effectiveness. Overall, both studies suggest
that gesture is both more effective and more efficient than vocalization. The multi-
modal condition yields no advantage in Fay et al.’s (2013; 2014) studies. However,
a recent experiment by Macuch Silva et al. (2020) demonstrates that multimodality
makes the communication of novel signals more efficient (cf. Chapter 1.4).

However, numerous accounts also demonstrate the iconic capacity of vocaliza-
tions. In a 2021 study, Erben Johansson et al. showed how iconicity in vocalizations
can emerge over imitation. In the beginning, the researchers designed one identical
seed word. With this word, they started a vocal imitation game towards four differ-
ent meanings, which were revealed to the participants in different conditions. The
participants imitated each others word one after the other, knowing that it means big,
small, pointy, or round. No instructions about the meaning were given in the control
condition. The final words, after 15 rounds of imitations, were very different from
each other and complied with the predictions of size and shape sound symbolism
(Erben Johansson et al., 2021, 11, also cf. Chapter 2).

In another study, Edmiston et al. (2018) used real-word sounds, rather than
made-up words, as seed sounds for their imitation study. Participants were asked
to imitate the sounds of glass (breaking), paper (tearing), water (splashing), and zipper
(moving). The seed sounds were imitated for up to eight generations. In general,
Edmiston et al. (2018) show that vocal imitations become more stable, thus, more
word-like, generation by generation. After eight generations, the imitations lost
their individual characteristics, i.e., differentiating one water sound from the other
water sound; however, they maintained their category traits. Hence, vocalizations
preserve the motivation, the connection to the real world and may play a crucial role
in creating new words (Edmiston et al., 2018, 8).

The above findings find resonance in Perlman et al. (2015b), where the authors
report that people can create ad hoc vocalizations to communicate an array of adjec-
tival concepts. In their experiments, vocalizations became more stable over repeated
rounds, which was echoed by higher guessing accuracy in the comprehension ex-
periment. Finally, Perlman et al. (2015b) reveal that enhanced iconicity trumps the
guessing rate.

In 2018, Perlman and Lupyan administered a contest for participants to sub-
mit their vocalizations communicating 30 paleolithic-relevant meanings spanning
nouns, actions, and properties. The winner of the contest was chosen based on the
ability of native speakers of English to guess the intended meaning. The vocaliza-
tions of the winning team were guessed with an overall 56% accuracy. From among
the meanings, 27 out of 30 were guessed with an accuracy above the chance-level
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(Perlman and Lupyan, 2018, 4). Thus, humans can create and comprehend vocal-
izations to communicate a myriad of concepts. However, because both vocalizers
and participants were shared a common culture, as they were all at least proficient
in English, a question arises, how generalizable are those findings.

Addressing this issue, Ćwiek et al. (2021) conducted a cross-linguistic compre-
hension study based on Perlman and Lupyan (2018). The authors run two exper-
iments, one online and one in the field. The online experiment conveyed 25 lan-
guages from nine language families, and the field experiment six languages (seven
groups, including American and British English speakers) from four language fam-
ilies. In the online version, participants listened to 90 vocalizations comprising 30
meanings earlier tested by Perlman and Lupyan (2018). Each meaning was assigned
the three best-guessed recordings, as found in the contest by Perlman and Lupyan
(2018). Participants were asked to guess the intended meaning of the recording by
choosing one of the six alternatives, one of which was correct, and five chosen ran-
domly from the pool of incorrect answers. In the field version, Ćwiek et al. (2021)
constructed a set-up appropriate for illiterate participants. Therefore, only the noun
concepts were tested. Here, the participants saw 12 pictures in front of them, each
corresponding to one noun concept, and they were asked to choose the intended
meaning from among the pictures. The overall guessing accuracy in the online
experiment was equal to 64.6%, with all of the meanings guessed correctly above
chance level across the board. The results of word-class analyses corroborate earlier
research (Perlman and Lupyan, 2018; Perry et al., 2015, 2018; Winter et al., 2017) with
verbs being guessed most accurately (70.9%), followed by nouns (67.7%), adjectives
(58.5%), and demonstratives (44.7%). In the field experiment, the overall guessing
accuracy reached 55%, and all meanings were guessed correctly across the board.
Here, participants were much more accurate with animate entities (72%) than inani-
mate entities (39%). The study by Ćwiek et al. (2021) provides evidence that people
from disparate cultures can comprehend iconic vocalizations far beyond the expres-
sion of emotions. Their results show the potential of vocalizations to be a power-
ful means of transporting and possibly grounding meaning. Importantly, based on
their findings, the authors advocate a multimodal origin of language. As they say,
“[b]oth modalities, visual and auditory, could work together in tandem, each better
suited for communicating under different environmental conditions (e.g., daylight
vs. darkness), social contexts (e.g., whether the audience is positioned to better see
or hear the signal), and the meaning to be expressed (e.g., animals, actions, emotions,
abstractions)” (Ćwiek et al., 2021, 7).

To conclude the introduction to this thesis, I will now proceed to summarize the
main concepts given throughout this chapter.
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1.5 Mid Summary: Iconicity and Multimodality are Inter-
twined

After having reviewed a large amount of the relevant literature – however incom-
plete the review still is – my conclusion is that both iconicity and multimodality
play a crucial role in language origins. The message of this chapter goes back to the
thought originally brought by Perlman (2017, 376): “[l]anguage is iconic and multi-
modal to the core.”

As shown above, much of the research to date has focused on the “either-or”
perspective. Ergo, that language began either as gestures (e.g., Corballis, 2002;
Tomasello, 2008), or as sounds (e.g., Dunbar, 1998; see also Fitch, 2010, for a review).
And while we cannot travel back in time yet to know for sure, we can observe the
behavior of primates and children during language acquisition. In the behavior of
primates, children, and the whole of humankind, gestures and sounds are connected
(Gentilucci and Volta, 2007; Imai and Kita, 2014; Wagner et al., 2014). Studies on
prosodic prominence – “a property by which linguistic units are perceived as stand-
ing out from the environment” (Terken, 1991) – show that prominence can be cap-
tured by using manual gestures or tapping (Rathcke et al., 2021; Wagner, 2016; Wag-
ner et al., 2019). Moreover, gestures and speech are temporally coordinated, respect-
ing the different properties of the two motor systems – slower, heavier arms and
faster, lighter tongue (Ćwiek and Fuchs, 2021). Even speech production itself is not
truly unimodal, as our body receives tactile and proprioceptive feedback through
articulatory movements. Language is multimodal now, and it may well have been
multimodal since its early days.

The gesture- vs. vocalization-first debate does not only reflect on the topic of the
modality. The prime of one modality over the other lies in the potential of the given
modality to convey meaning. Without a common understanding – thus, a conven-
tion – communication can rely upon resemblance. Then, through its own form, the
sign embodies the properties of its referent (Perniss and Vigliocco, 2014). Iconicity is
crucial in grounding symbols, as it serves the basic goal of understanding without
prior conventions (Fröhlich et al., 2019; Nölle et al., 2020; Zlatev, 2014). As noted
by Dingemanse et al. (2015; see also Dingemanse, 2013; Meir, 2010), however, the
communicative strength of iconicity is not equal across modalities. Iconicity is con-
strained by the modality such that the expression of a visual event is easy in the
visual modality and consequently hard in the oral–aural modality. In turn, the ex-
pression of sound is easy in the oral–aural modality and hard in the visual modality.
According to Dingemanse et al. (2015, 608), both modalities perform well in express-
ing size, repetition, temporal unfolding, or intensity, but the expression of abstract
concepts or logical operators is difficult in both the oral–aural and visual modality.
This fact is echoed by the results of Ćwiek et al.’s experiment (2021), where concepts
that are connected to sound (i.e., sleep with snoring, child with a high-pitched cry,
water with splashing) were recognized with a much higher accuracy than concepts
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without an imminent characteristic sound (i.e., that, gather, dull). Sign languages af-
ford lots of iconicity; however, they, too, fall back upon metaphors “to express a vast
range of abstract and concrete concepts using vivid visual imagery” (Taub, 2001, 97,
referring here to the American Sign Language).

This modality constraint may at first seem to limit. However, it only does so if we
focus on the unimodal (or apparently unimodal, like in the acoustic communication)
approach. The limitation dissolves when the perspective shifts to a broader view of
multimodality. It then becomes evident that iconicity is not restricted within one
modality, but rather it can be shifted from one modality to the other. One modal-
ity can do what the other cannot; hence, they co-operate (Pouw et al., 2021, 270).
Truly integrated into one system, gestures and vocalizations fulfill the communica-
tive need (cf. Macuch Silva et al., 2020). The multimodality strengthens iconicity,
and both iconicity and multimodality have been the forces that helped out ancestors
get a communication system off the ground (Ćwiek et al., 2021; Fröhlich et al., 2019;
Nölle et al., 2020; Perlman, 2017; Wacewicz and Żywczyński, 2017; Zlatev, 2014).
Put short, multimodality is at play to display iconicity, and conversely, iconicity re-
inforces multimodality.

The following chapters of this dissertation are dedicated to three forms of iconic-
ity – sound symbolism (Chapter 2), iconic prosody (Chapter 3), and ideophones
(Chapter 4). Each of these chapters is a stand-alone research project; however, they
all investigate a form of expression of iconicity and are, therefore, connected to one
another. In Chapter 2, I focus on sound symbolism. I first examine the current lit-
erature and subsequently present work on the sound symbolic nature of German
Pokémon names. It is followed by research on iconic prosody in Chapter 3. In this
chapter, I investigate a novel hypothesis that the iconic prosody of vertical position
and size may be rooted in physiology. Then, in Chapter 4, I address the topic of
ideophones. I present a database of German ideophones collected from children’s
books and conduct two studies with the help of the data. The first study tackles the
classification of ideophones, and the second study investigates whether the use of
ideophones in books changes with age. Finally, in Chapter 5, I discuss the signifi-
cance of the results, the limitations of this work, and future directions.

Rather than focusing on one specific expression of iconicity, this thesis investi-
gates a multitude of iconic expressions. Each of these expression could truly serve
as a basis for a separate thesis (cf. e.g., Akita, 2009; Dingemanse, 2011; Kwon, 2015;
Magnus, 2001; Marttila, 2010; Reiter, 2011; Sidhu, 2019). This dissertation, however,
was designed that way on purpose. First of all, in order to address the question,
whether there is iconicity in the current (vocal) communication. And, by answering
this question, in order to expose the pluripotential nature of iconicity in language
today (cf. Abralin, 2021).
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Chapter 2

Sound Symbolism

2.1 The Scope of Sound-Symbolic Research

Iconicity, generally, is a correspondence between certain properties of linguistic form
and meaning (Perniss and Vigliocco, 2014, 1). Sound symbolism, specifically, is con-
cerned with the relationship between certain sounds and their meaning (Hinton et
al., 1994, i). Iconicity as a force is present across many different linguistic layers, in-
cluding morphology, syntax, and discourse. It is particularly prominent at the level
of speech sounds. Traditionally, linguists treat speech sounds – whether as phones
or phonemes – as units that do not bear meaning. In the best case, and within a par-
ticular language, phonemes function as the smallest meaning-distinguishing units
(Bussmann, 2006). However, contrary to the view that sounds do not bear mean-
ing, iconicity research has uncovered correspondences between certain sounds and
particular meanings or characteristics. This domain is called sound symbolism.

As early as 1929, Sapir compared various vowel pairs in both front-back and
close-open dimensions. Most distinctly, he showed that the open vowel /a/ is as-
sociated with larger objects, whereas the close vowel /i/ with smaller objects. Sapir
asked both English speaking children (aged 11–18), university students, and adults,
plus seven Chinese speaking participants, whether the word mal symbolized a large
or small table, in contrast to the word mil. After seeing that the majority of the
participants preferred mal to represent a large table, Sapir concluded that “certain
vowels and certain consonants ‘sound bigger’ than others” (Sapir, 1929, 235). This
pioneering finding brought an avalanche of research on the symbolism of sounds
(e.g., Bentley and Varon, 1933; Brown et al., 1955; Firth, 1935; Newman, 1933; Taylor
and Taylor, 1962, among the earliest examples).

From this point onward, researchers looked for relationships between sound and
a variety of meanings or characteristics, such as size (Berlin, 2006; Ohala, 1997; Sapir,
1929), spatial deixis (Johansson and Zlatev, 2013; Traunmüller, 1996), shape (Köhler,
1929; Ramachandran and Hubbard, 2001), but also touch (Winter, 2016), or taste
(Simner et al., 2010). Some of them rely on phonological units, others on acoustic
properties of given sounds, like the fundamental frequency (Ohala, 1994, e.g., the
“frequency code”). They are referred to as cross-modal correspondences because
features of the one sensory domain awaken a correspondence to the other sensory
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domain – like /a/ is connected to the sensation of “large” (Spence, 2011). The cross-
linguistic, or – as sometimes called – universal, nature of those correspondences
is disputed, for even in the seemingly robust vowel height and size relationship,
there are exceptions. Diffloth (1994, 112) reports that in Bahnar, high vowels express
largeness, and low vowels smallness, exactly opposite to the often-cited findings for
English and Chinese participants by Sapir (1929). However, Diffloth (1994, 112f.)
argues that this does not undermine the iconic nature of the vowel–size correspon-
dence – different cultures come up with different solutions for the same opposition.
The iconic nature of the sensory correspondence remains intact.

In a prominent study, Blasi et al. (2016) analyzed over 6000 word lists from 62%
of the world’s languages for sound and meaning associations. The meanings tested
were 40 basic concepts, based on a Swadesh list (Swadesh, 1955). The authors found
evidence for preferred and dispreferred sounds (N total = 23) for 30 of the concepts,
such as “small”, which was positively correlated with /i/ and /C/, or “breasts”,
which correlated positively with /u/ and /m/, and negatively with /a/, /h/, and
/r/. Blasi et al. excluded phylogenetic persistence and areal distribution as factors
contributing to the effect and concluded that mechanisms such as sound symbolism
or iconicity are a possible source.

Certain sounds occurring in concepts evoking a related sensory meaning are
called phonesthemes (Firth, 1935). Oftentimes, the English onset cluster gl-, like
in glimmer, glitter, glow etc., is given as an example to represent concepts related to
light or vision (Bergen, 2004). In the anglocentric world gl- may thus seem iconic,
yet, looking outside of the English-speaking communities, we find no evidence to
support this view (cf. Kwon, 2016). In a Peircean view (1955), such instancies belong
to the secondary iconicity. While primary iconicity relies on “the perception of an
iconic ground (...)”, secondary iconicity is rather a knowledge of the functional re-
lationship between form and meaning (cf. Sonesson, 1994, 741). However, another
possibility might be that, rather than iconic, many of the phonesthetic examples are
systematic. According to Dingemanse et al. (2015, 604), systematicity is “a statistical
relationship between the patterns of sound for a group of words and their usage”.
Because systematicity relies on phonological cues of a given language, such relation-
ships should be regarded as language-specific and arbitrary – at least of the second
level, given the Peircean theory (but see Mompean et al., 2020). However, as the
name phonesthetic suggests, the awareness of this aesthetic use of speech sounds
may be of help when finding a proper name to depict a certain characteristic (Crys-
tal, 1995).

Scholars have also explored the cross-linguistic character of sound symbolism,
i.e., outside of the scope of a given language. Brown et al. (1955) asked native
speakers of English to translate the meaning of 21 antonym pairs in an unknown
language. The pairs were presented auditorily and visually in Chinese, Czech, or
Hindi and comprised meanings connected to sensory experiences, such as warm–
cool, or heavy–light. Overall, the participants guessed the meaning of the words
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correctly above the chance level. Because the words used in the paradigm are by
no means onomatopoeic in nature, the authors concluded that the astounding ac-
curacy stems from sound symbolism, common to all humans. Subsequently, cor-
roborating (e.g., D’Anselmo et al., 2019; Gebels, 1969; Maltzman et al., 1956; Weiss,
1966), but also contradicting evidence was brought to light (e.g., Brackbill and Lit-
tle, 1957). Miron (1961) showed that Japanese and English native speakers judge
front vowels and consonants as “pleasant” and “weak”, while they perceive back
vowels and consonants as more “unpleasant” and “strong”. It has been reported
that most of the documented world’s languages use sound symbolism to express
the diminutive (Nuckolls, 1999; Stolarski, 2015; Ultan, 1978) – either with a front
vowel (most frequently with /i/) or with consonant palatalization (Alderete and Ko-
chetov, 2017; Jurafsky, 1996; Nichols, 1971). In contrast, West-African languages use
low tones and vowels to convey largeness, heaviness (Westermann, 1927). And as
mentioned above, Blasi et al. (2016) found that both /i/ and the palatal sibilant /C/
were positively correlated with the notion of “smallness” across languages world-
wide. Taken together, this suggests that there are at least parts of sound symbolism
that have a cross-linguistic character. In such cases, sound symbolism seems to be
based on particular articulatory or acoustic properties of the sounds (see Shinohara
and Kawahara 2010, but cf. Itagaki et al. 2020), which are cross-modally correlated
with properties in the physical world.

In their book entitled Sound symbolism, Hinton et al. propose a taxonomy for
different types of sound symbolism. Firstly, they distinguish corporeal sound symbo-
lism, which comprises of non-segmentable utterances that are rarely written, such as
“aaugh!” (i.e., the sound of disappointment) or “achoo!” (i.e., the sound of sneez-
ing). Those utterances depict the emotional or physical state and not only cross-
linguistic but also cross-species (Hinton et al., 1994, 2f.). Next, imitative sound symbo-
lism describes instances of onomatopoeia and other imitations of sound and move-
ment, like “knock” or “ding-dong”. Those words are more prone to be convention-
alized in a given language (Hinton et al., 1994, 3f.). On the other hand, synesthetic
sound symbolism refers to the tendencies of certain sounds to depict certain properties
of objects, like the case illustrated in the above paragraph. Hinton et al. (1994, 4) add
that, despite a large amount of work demonstrating the cross-linguistic character of
this type of sound symbolism, there also exists contrary evidence. Lastly, Hinton et
al. (1994, 5) identify conventional sound symbolism, where specific phonemes or clus-
ters are associated with particular meanings within the scope of a given language.
The last category concerns cases of phonesthemes described above.

In the section below, I present examples of sound symbolism in names across
various categories: brands, animals, and proper and fictitious names. Wandering
through, I focus on the connection between certain sounds and the meanings they
characterize, as can be found in the existing research. The overview shall serve as a
basis to formulate hypotheses regarding the sound symbolism in German Pokémon
names. Subsequently, I describe the experiment conducted to test the hypotheses
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and its results. Section 2.5 discusses the outcome of the current study and is followed
by chapter conclusions.

2.2 Sound Symbolism of Names

“[O]ur friend Cratylus has been arguing about names; he says that they are nat-
ural and not conventional; not a portion of the human voice which men agree to
use; but that there is a truth or correctness in them, which is the same for Hellenes
as for barbarians” (Sedley, 2003). This quote, at the very beginning of Plato’s dia-
logue Cratylus, introduces the notion of the iconic rather than arbitrary naming of
things. There seems, however, to be the limit to how much iconicity there can be in
a language (cf. Lupyan and Winter, 2018). Not all words can be iconic; nevertheless,
plenty of new words are added to the language every year. Oxford English Dictio-
nary reports having added more than 650 new words in the latest update (Updates
to the OED 2020, accessed on November 12, 2020), and Merriam-Webster has a total
of roughly 470,000 entries (How many words are there in English? | Merriam-Webster
2020, accessed on November 12, 2020). Are any of those words iconic? And if so,
which? Among those words, there are names for a myriad of entities, states, or
characteristics in dozens of categories. In the following, I disentangle a few of those
categories and present how sound symbolism might contribute to name creation.

2.2.1 Brand and Product Names

We undoubtedly live in a world of consumption. All forms of media are saturated
with advertisements. Companies and manufacturers fight over consumers’ atten-
tion. In this overwhelming competition landscape, marketing researchers started
wondering how to make a brand name more visible. Here, sound symbolism lends
itself to be a powerful mechanism that can transmit information about the prod-
uct characteristics of a particular brand: its size, appearance, or taste (Klink, 2000).
Sound symbolism can be additionally enhanced when combined with semantic cues
conveyed in a product name (Klink, 2001; Yorkston and Menon, 2004). However,
researchers also show that the perception of sound symbolism differs across partici-
pants, e.g., due to gender (Klink, 2003), or the country of origin (Athaide and Klink,
2012).

Klink (2000) tested how contrasting phonemes in brand names are perceived
concerning a set of adjectives. In the first study, most strikingly, listeners judged
products with front vowels, as compared to back vowels, to be smaller, lighter (vs.
darker), milder, thinner, softer, faster, colder, more bitter, more feminine, friendlier,
weaker, lighter (vs. heavier), and prettier. Klink’s findings on fricative–plosive,
voiceless–voiced stops, and voiceless–voiced fricative oppositions were mixed. The
second study tested a more authentic setting in which brand names were embedded
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in advertisements. All in all, the author concludes that product names can con-
vey product meaning, such as size, speed, or other characteristics (Klink 2000, 18f.
corroborated by Lowrey and Shrum 2007; Pathak and Calvert 2020; Pathak et al.
2020; Shrum and Lowrey 2007). Apart from sound symbolism, sound repetition was
shown to impact consumers’ choices positively (Argo et al., 2010). Notably, sound
repetition is another iconic means frequently used in ideophones (Kentner 2017; cf.
also Chapter 4.1).

Klink (2001) demonstrated that combining both semantic information and sound
symbolism has an even better impact on brand meaning recognition. He compared
novel names for, e.g., a shampoo, where Polbee served as a baseline, Silbee as a sound
symbolic name (due to s and i being correlated with softness), and Silsoft was a
combination of semantic and sound symbolism. The semantic and sound symbolic
names revealed the strongest association with the relevant attribute and received the
highest liking scores, thus indicating an additive effect of semantics and sound sym-
bolism (Klink, 2001, 31). In another study, Yorkston and Menon (2004) showed that
sound symbolism conveyed in a name can be influenced by additional – matching
or mismatching – information about the product. Nonetheless, they conclude that,
unless the product is discredited by alternate information, sound symbolism is an
automatic process, contributing to the brand’s overall perception.

Previous research also showed that consumers’ gender additionally influences
the perception of sound-symbolic brand names, thus allowing for specific gender
targeting (Klink 2009; see also Moorthy et al. 2018). For example, female participants
reacted more positively to brands with front vowels, as compared to male partici-
pants (Klink, 2009, 317). Overall, research suggests that, with means of sound sym-
bolism and sound-symbolic cross-modal correspondences, brand marks and brand
names can be coherently designed to help transmit brand meaning (Klink, 2003).

Apart from gender, the brand personality – “the set of human characteristics
associated with a brand” (Aaker, 1997, 347) – is perceived differently across cultures
(Aaker, 1997). The puzzling question is whether sound symbolism in brand names
can be perceived similarly by native speakers of different languages. Even if a brand
name is not sound-symbolic, its transfer into different languages may be a challenge
for marketing executives. For example, nimm2, candy manufactured by a German
brand Storck, translates to “take two”, yet without being translated, the connotation
is lost outside of the German-speaking communities. One of the Procter & Gamble
brands, known globally as Vicks, had to adapt its name to Wick before conquering the
German market, as both <Vick> [fIk] and <Wicks> [wIks] have sexual connotations
in German (Schmidt and Neuendorff, 2008).

Based on various linguistic traits, such as sound, meaning, textual, and visual el-
ements, Usunier and Shaner (2002) proposed a framework for linguistic brand name
evaluation. The authors discern the difference between East Asian – in particular
Chinese – and Western culture, pointing out a greater value of spelling in the West,
as compared to a higher importance of the visual value in the East. They suggest that
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spelling should be kept to a minimum and not contain language-specific phonemes
or consonant clusters to design a global brand name. Furthermore, the name should,
e.g., be transparent without translation (like Kodak or Nokia) and should not refer to
any cognates in a particular language (Usunier and Shaner, 2002, 226). Nevertheless,
if the name is to be translated, short and semantically relevant names are the most
preferable in Chinese-to-English brand name translations (Fetscherin et al., 2015).
In another experiment, Athaide and Klink (2012) tested whether sound symbolism
perception is maintained between English and Hindi consumers. Using a set of pre-
viously tested sound symbolic relationships in novel brand names (cf. Klink 2000
two paragraphs above), the authors show that 21 of the 31 effects tested in a previ-
ous study by Klink (2000) hold for Hindi speakers. For the remaining null effects,
Athaide and Klink (2012, 210) report, e.g., some names having, opposite to English,
semantic referents in Hindi or neighboring languages.

2.2.2 Animal Names

Some animal names are metaphorical. In such a case, one of the names becomes
polysemic – exhibiting multiple meanings – which is ensured by the metaphorical
use of the name for other species. For example, in Greek Diplodus puntazzo fish is
referred to as hýaina, as it displays vertical stripes, similar to a hyena, an Afro-Asiatic
carnivore (Guasparri, 2019, 81). Although, to the best of my knowledge, there is
reasonably less research on symbolism in animal names than in other domains, the
existing accounts show that animal names can also be sound-symbolic. Overall, the
research suggests that, in certain languages, animal names show sound-symbolic
patterns. Those patterns may help to differentiate specimens across species and also
within a species.

In an analysis of bird and fish names in Huambisa, an indigenous language in
Peru, Berlin (1992) showed that bird names have a much higher probability of con-
taining the vowel [i] in the initial syllable than fish names, which in turn favor the
vowel [a]. Also, obstruents with high acoustic frequency, like [p], are more frequent
initial segments of bird names, as compared to segments with relatively lower fre-
quency, like [k], which in turn occur initially in fish names. In Huambisa, bird and
fish names seem to convey the symbolic meaning of their characteristics: birds fly
high and are agile in the air, whereas fish swim low and continuously through the
waters. Both high vertical space and speed have been previously noted as corre-
spondences of high-frequency segments, and low vertical space and flowing move-
ments as those of low-frequency segments (Berlin 1992, also cf. Chapter 3 for ver-
tical space). Initial segments are generally perceptually prominent, because they
allow for rapid lexical access and, thus, cue the meaning of the word (Ussishkin and
Wedel, 2009), therefore, the sound symbolic association to a certain characteristic of
the referent is present at the earliest convenience. Furthermore, Berlin (1992, 242ff.)
shows that size–sound symbolism is also prevalent in bird names, where small birds
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more often bear [i] in the initial syllable, not only in Huambisa, but also in Wayampí
(Tupian), Apalaí (Cariban), and Tzeltal (Mayan). The size–sound relationship holds
for Huambisa fish names, too (Berlin, 1992, 247ff.).

As noted by Westermann (1937), some West African languages exhibit sound-
symbolic patterns in animal naming as well. Particularly in Ewe, many animal
names are based on vocalizations for those animals. Back vowels /o, u/ are used
more frequently than front vowels /i, e, a/ to communicate the size of an animal.
Interestingly, in his analyses, Westermann (1927, 1937) considers /a/ to be a front
vowel. There is also some evidence for the specificities of consonants in animal
names. While Berlin (1992) proposed /r/ and /l/ to depict the characteristic of anu-
rans, Hays’s (1994) analysis of New Guinean frog names revealed that /g/ seems to
be much more universal in that matter. Hays (1994) concludes that despite /g/ being
even more frequent in his sample, both /r/ and /g/ may have “anuran” character-
istics, and their co-occurrence is most frequent in frog names, among other words
tested.

Finally, Berlin (2006) replicated the sound-symbolic tendencies in animal naming
with his students by asking them to name two birds: one larger and one smaller.
He showed that they reliably named the larger bird using the vowels /o, u/ and
voiced stops, in comparison to the vowels /i, e/ and voiceless stops, which were
used more frequently when naming a smaller bird. Therefore, sound symbolism
is more an inherent property of humans, which is more likely to come to light in
smaller communities than in complex ones (Berlin, 2006, 40).

2.2.3 Proper Names

In many languages, names are still used to mark a person’s gender but also to em-
phasize certain traits that parents would like for their children. Numerous books ex-
ist on names, their meaning, and origin, which parents-to-be reach to choose the ap-
propriate name with wishful traits for their offspring. It has been frequently demon-
strated that male and female first names have different phonological characteristics
(e.g., Cassidy et al., 1999; Cutler et al., 1990). In Polish, the great majority of female
given names ends with <-a>, as it is a female gender marker in Polish nouns in gen-
eral, and there exist only a few exceptions, such as Beatrycze or Naomi, which are
loan names from Latin and Hebrew, respectively. Nevertheless, the question here is
whether phonological patterns can provide insight on the characteristic of the refer-
ent, such as their gender, and most importantly, whether these patterns are sound
symbolic in nature?

Investigations on English given names showed that female names have more syl-
lables than male names, and the latter are more prone to end with a stop consonant,
while the former in a vowel (Cassidy et al., 1999, 368). Cutler et al. (1990) corroborate
the finding that female names tend to be longer; also, the initial syllable in female
names is prosodically weaker, while in male names, it is more often stressed. They
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also found that female names are more likely to contain a stressed vowel [i]. Pitcher
et al. (2013) conducted a corpus analysis of names given to babies across England,
Wales, New South Wales (Australia), and the US between 2001–2010. They consid-
ered only stressed syllables in each name and grouped /i, I, i:, e, aI<, 6, 2/ as “small”,
and /u:, @, æ, eI<, aU< , a:, o/ as “large” vowels. In their database, male names were
significantly more inclined to bear a “large” sounding vowel than a “small” sound-
ing vowel. The situation was the opposite in female names (Pitcher et al., 2013, 2ff.).
A similar effect was observed in French first names. Suire et al. (2019) examined a
corpus of French names from 1900–2009 and found that in the prominent last syl-
lable, male names tend to contain low-frequency vowels1, in comparison to female
names, which were more prone to encompass high-frequency vowels. The reported
phonological patterns also hold for English nicknames, where the symbolism of the
vowel [i] in female names is pronounced, as well as of the voicing opposition in plo-
sives between female and male names (Klerk and Bosch, 1997). In the latter, male
names have more voiced plosives, while female names more voiceless ones.

The cases mentioned above align with the previously described tendencies for
low-frequency sounds to be correlated with large entities and conversely high-fre-
quency sounds with small entities (cf. “frequency code” Ohala 1994). To emphasize
the symbolic nature of sounds in names, Sidhu and Pexman (2015) and Sidhu et
al. (2016) provide evidence that despite the meaning associated with certain names,
sound-symbolic effects persist. In their study, participants correctly matched round-
sounding and sharp-sounding names to round and sharp silhouettes, respectively.
In that sense, their experiment extends to a sound–shape cross-modal effect, similar
to the famous bouba/kiki (originally baluba/takete, later also known as maluma/-
takete) paradigm (cf. Chapter 1.4.2; also Köhler 1929; Ramachandran and Hubbard
2001). And even though certain associations with a name, be it semantic or individ-
ual, may override sound-symbolic effects to some extent, Sidhu and Pexman (2015,
2019) show that sound symbolism evokes metaphors to personality traits. In their
study, a “round” personality is perceived as friendly and easygoing, while a “spiky”
personality as determined and rigid (Sidhu and Pexman, 2019, 3).

In summary, previous research shows that proper names display characteristics
based on which certain properties of the referent, such as their gender, can be de-
termined. These characteristics employ sound-symbolic patterns found in other do-
mains. Thus, sound symbolism may also allow for references in proper names to
further, more metaphorical traits. As Sidhu and Pexman (2019) conclude, “it is pos-
sible that if Rose were to go by another name, she might not seem as sweet.”

2.2.4 Fantasy Names

In the original version of the fairy tale “Snow White”, the Grimm brothers did not
name the seven dwarfs accompanying the soon-to-be-princess (Grimm and Grimm,

1Low-frequency sounds, or high-frequency sounds, respectively, relate to fundamental frequency,
as specified by Ohala (1994) in ‘frequency code.’
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2013, 131ff.). Years later, in the 1937 animation film version produced by Walt Disney,
the seven dwarfs were given a more central role in the production, and hence, names
(Sharpsteen et al., 1937). Since then, they were known as Grumpy, Bashful, Happy,
Doc, Sneezy, Sleepy, and Dopey. Therefore, each name was designed to reflect the
character of a respective dwarf semantically. The Smurfs, initially introduced in a
Belgian comic series created by Peyo (1958), show a similar semantic pattern in their
names. The majority of the Smurfs are named after personality traits or professions:
there is Clumsy Smurf, Brainy Smurf, Poet Smurf, and so on. In both examples,
iconicity was not the primary concern and – if existent at all – only a by-product of
the lexical meaning.

But when inventing a name for a character, an author can let their imagination
loose. Some authors go as far as J.R.R. Tolkien and invent not only names but lan-
guages for their characters. In The Lord of the Rings (Tolkien, 1991), Tolkien applied
sound symbolism to convey traits in names, e.g., Tom Bombadil sounds like a “jolly,
rumbustious owner” (Smith, 2006, 5). Elsen (2005, 2006, 2014, 2015) reports various
sound symbolic aspects connected to the character’s personality in fantasy names:

1. Powerful magicians, scholars, and other characters connected to wisdom show
Latin/Greek-like phonotactics, e.g.: Salamir, Kalakaman, Muntagonus;

2. Demons and other evil creatures contain back consonants, e.g.: Ch’tuon (de-
mon), An-Rukhbar (demon), Brazoragh (orc);

3. Names of young and attractive female protagonists often end with -a, e.g.: Ag-
wira, Meena, Shayla;

4. Young and/or small characters contain “light” vowels, mostly [i], in their
names, e.g.: Brin (small, good-willed prince), Elim (childish prince), Kelwitt
(good-willed, dolphin-like creature).

Interestingly, people can translate sound-symbolic information in a name to a
visual representation, which is essential for fantasy figures. Davis et al. (2019) asked
participants to draw creatures for twelve different nonce words, like ackie, cougzer,
or horgous, instructing them to base their imagination about the appearance on the
sound of the name. The words were previously rated on various traits such as size
or masculinity. To check whether sound properties were truly depicted visually in
participants’ drawings, another group of raters was shown the drawings and had
to pick the most fitting name from among four alternatives. In general, the authors
show that the created drawing does depict the characteristics provided by the earlier
rating study with names only, i.e., keex was rated as small and spiky, and in turn
drawn smaller and spikier, too. Besides, participants were able to assign the name to
the creature correctly. These findings speak for sound symbolism not only to be able
to provide insight on a single modality but also to penetrate different modalities.

The above-mentioned studies reveal striking sound-symbolic patterns, yet the
instances are scattered across many sources (like in the cases presented by Elsen,
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2005, 2006, 2014, 2015). The world of Pokémon (sometimes called Pocket Monsters),
a multimedia franchise created by Satoshi Tajiri in the 1990s (Hidaka, 1997; Masuda
et al., 1996), presents an extraordinary example of a vast fantasy name universe.
Pokémon are fighting creatures inspired by insects. They live freely in the world, in
which Pokémon trainers may care for them and train them. The trainers compete
against each other in gyms and leagues, and they may use a couple of Pokémon in
the match. Curiously, the creatures themselves have vastly different types – Nor-
mal, Fire, Water, Electric, among others. Some can also evolve from Baby Pokémon
to Stage 1 and subsequently Stage 2 level. Pokémon of the same species, but on
different evolution stages have different names. All Pokémon also have size param-
eters and battle statistics, like hidden power (HP), attack, defense, and speed, which
change only with the evolution stage. As a consequence, the Pokémon universe is a
unique testbed for studying sound symbolism.

In a 2018 study, Kawahara et al. examined the effect of voiced obstruents, the
number of moras, and vowel quality on Pokémon attributes height, weight, strength,
and evolution level. The authors found positive correlations among all or almost all
Pokémon characteristics with the number of voiced obstruents and the number of
moras (see also Kawahara and Kumagai, 2021). They also showed that Pokémon
names with high vowels in the initial syllable are comparably smaller and lighter.
Furthermore, Japanese participants showed a preference for sibilants in flying Poké-
mon types, which supports the ancient sound-symbolic assumption worded by Soc-
rates (Kawahara et al., 2020).

Subsequent research extended Kawahara et al.’s findings onto additional lan-
guages. Shih et al. (2019) investigated English, Japanese, Mandarin, Cantonese,
Russian, and Korean and revealed that although those languages mark identical at-
tributes with sound symbolism, they do so with different sound-symbolic means.
Two attributes, which exhibited the most robust correlations across the languages –
evolution stage and overall power – are, according to the authors, crucial for game
success and, therefore, marked the strongest. Their sound symbolism is alike within
a language, e.g., in Japanese both an increase in overall power and evolution leads
to an increase in the number of moras. Besides that, the overall power statistic also
correlates negatively with the number of labial consonants. Other languages in the
sample lack moras and show a similar tendency for either the number of segments
(English and Korean for both attributes, and Russian for evolution stage only), the
number of syllables (Mandarin for both attributes, and Cantonese for evolution stage
only), or the number of reduplications (which reliably decreases with increasing
power and/or evolution in both Mandarin and Cantonese). The other attributes
scrutinized by Shih et al. (2019), such as height and weight, exhibit more variable
sound-symbolic marking across languages. Weight, for example, correlates posi-
tively with the number of moras and the number of voiced obstruents in Japanese,
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whereas in English, it does so reliably with the number of sonorants only. In Man-
darin and Cantonese, Pokémon weight correlates positively with the number of syl-
lables and negatively with the number of reduplications. In Korean, the only reliable
correlate of weight is the number of central vowels, and in Russian, the number of
both alveolar and velar consonants (Shih et al., 2019). Thus, although the attributes
are reliably sound-symbolically marked across languages, the way they are marked
is modulated by the specificities of a given language.

2.3 Sound Symbolism in Translation

Pokémon gained popularity across the world, and so the names of the creatures of-
tentimes differ from country to country. Let us take a Pokémon called Charman-
der in English as an example. In English, Charmander evolves to Charmeleon,
and Charmeleon evolves to Charizard. Charmander’s original name is ヒトカゲ
‘Hitokage’, which can be translated as ‘salamander’ or ‘fire lizard’. Charmeleon
is called リ ザード ‘Lizardo’ in Japanese, which is the English word ‘lizard’ writ-
ten in Katakana. Charizard, however, is originally called リザードン ‘Lizardon’,
so his name is the name of the previous stage Pokémon plus a suffix -n. In En-
glish, the unity between the three Pokémon is even more visible: all three names
begin with the prefix char-, which means ‘burnt.’ Charmander is the ‘burnt sala-
mander,’ Charmeleon – ‘burnt chameleon,’ and Charizard, the ‘burnt lizard.’ Like
in many other parts of the world, Pokémon have been very successful in Germany,
and all Pokémon names were invented for the German market. The identifying pre-
fix char- was taken over in the German translation, which stems from English and
not from the Japanese original. Glumanda, Glutexo, and Glurak – German trans-
lations of Charmander, Charmeleon, and Charizard – all start with the prefix glu-
which refers to the German word Glut ‘embers.’ Glumanda, the German Charman-
der, is a Salamander [zala"mand5], ‘salamander’. Glutexo – Charmeleon – stands for
Echse ["Eks@] ‘lizard’. The name for Glurak, Charizard in German, is the hardest to
uncover, but stems most likely from the Latin name for ‘dragon’ – draco (in German:
Drache ["dKax@]).

However, in some languages, Pokémon names did not receive a proper transla-
tion. As discussed by Shih et al. (2019, 30) regarding Russian, a loanword adaptation
may occur in such cases. Russian fans were faced with English names pronounced
in Russian, so e.g., Charmander is called [tC

<
arman"dEr], and Squirtle [skfIrtl]. Pol-

ish Pokémon names are very much alike, so Charmander would be pronounced as
[tS
<
ar"mandEr], and Squirtle as [skwirtl]. In both cases, English name translations were

taken over and adapted to the phonological and phonotactic rules. Hence, <squ->
becomes [skf-] in Russian, and [skw-] in Polish. Consonant clusters are widespread
in Slavic languages, e.g., Polish onsets and codas may include up to five segments
(Śledziński, 2010; Wierzchowska, 1967). These differences between languages might
demonstrate another possibility for sound symbolism to come to light in a given
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language. It may be the case that in languages that did not receive Pokémon names
of their own, other adaptation mechanisms serve to symbolize Pokémon features.
Interestingly, however, the Polish Pokémon fanbase proposed unofficial new names
for Pokémon. Taking Charmander, Charmeleon, and Charizardas examples again;
for Charmander the name Palindra was proposed, which consists of morphemes
from the words palić ‘to burn’, and salamandra ‘salamander’. Charmeleon was given
an unofficial name of Palimeleon which is a cluster of palić ‘to burn’, and kameleon
‘chameleon’. Lastly, for Charizard, two names were proposed: Paliszczur, from palić
‘to burn’, and jaszczur ‘lizard’ (however szczur on its own means ‘rat’), and Pali-
ran, consisting of palić ‘to burn’ and waran ‘Varanus lizard’. The inspection of their
translation technique repeatedly raises the relevance of the underlying semantics in
studying Pokémon names.

Because of its persistence across language boundaries, we might suspect that
sound symbolism will be transferred from one language to another. One of the great
tests of translator artistry is the last book by James Joyce Finnegans Wake. Joyce him-
self describes the work “(...) it is as in a dream, the style gliding and unreal as the way
it is in dreams” (Potts, 1986, 149). The book was first published in 1939, and many
professional translators have since fallen victim to its rich sound symbolism. It reads
“The fall (bababadalgharaghtakamminarronnkonnbronntonnerronntuonnthunntro-
varrhounawnskawntoohoohoordenenthurnuk!) of a once wallstrait oldparr is re-
taled early in bed and later on life down through all christian minstrelsy” (Joyce,
2012, 3). So far, it was fully translated into eleven languages, but there exist alterna-
tive translations in the form of musical or audio-visual events.

A translator is faced with a choice of translating a name – whether it is a char-
acter, a place, or a novel product name – into the target language. Fernandes (2006)
shows how different translation techniques are used in children’s fantasy literature
translated from English (EN) into Brazilian Portuguese (BP). Apart from a simple
copying (e.g., Harry Potter in EN remains Harry Potter in BP), a translator may choose
a semantically motivated translation (e.g., cat in EN becomes gato “cat”), substitute
a name (e.g., Harvey in EN turns to Ernesto in BP), leave it or its parts out (e.g., Polly
Plummer in EN as Polly in BP), or adapt it. The adaptation follows phonological and
phonotactic rules of the target languages (Fernandes, 2006, 51ff.). In another study,
Santoso and Setyaningsih (2020) analyzed how onomatopoeias (cf. Chapter 4.1) are
translated from English to Indonesian in Finance Smurfs comic. In the majority of
the analyzed data points, iconicity was maintained. However, there were several
cases in which the translation iconically diverged from the original. It is possible, as
signaled by Jawad (2010, 61), that onomatopoeias – as auditorily symbolic – evoke
different connotations across language boundaries. Santoso and Setyaningsih (2020)
also mention a difference in the phonological systems of English and Indonesian.
Taking that into account, the multitude of degrees of freedom in translation does not
allow for assuming a 1:1 transfer of iconicity from the source to the target language.
As shown in a longitudinal study by Pischedda (2020), translation strategies within
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the same universe (here, Disney comics) may change over time.
Pogacar et al. (2017) studied the perception of original character names in Charles

Dickens’ Oliver Twist; or, The Parish Boy’s Progress (1838) by Slovene and English na-
tive speakers. Both participant groups were able to distinguish positive and negative
characters based on their name. The authors stress the importance of keeping origi-
nal names to maintain sound symbolism. Nevertheless, in their study, both partici-
pant groups spoke the language of the name origin and were therefore familiar with
the phonological and phonotactic rules. There is no evidence to suspect that with a
participant group unfamiliar with the language of origin, the symbolic effect in the
names would be retained. It seems that sound symbolism is – despite its abundance
– prone to be “lost in translation”.

The current study aims to shed light on the sound symbolic nature of German
Pokémon names by examining which sound-symbolic patterns can cross language
boundaries and in which disguise they do so. The main goal of this research is to
expand our knowledge on the possibilities of sound symbolism to employ various
linguistic features for similar purposes. It may furthermore serve as a basis to disen-
tangle the preferences of one feature over another in the future.

2.4 Experimental Evidence: Sound Symbolism of German
Pokémon Names

Pokémon reached Germany in 1999. The anime series Pokémon: Indigo-Liga (original
title: Pokémon: Indigo League; Hidaka, 1997) was first broadcast on September 1 on
RTL II, followed by the release of Pokémon Rot and Pokémon Blau for Nintendo Game
Boy (original title: Pokémon Red and Pokémon Blue Masuda et al., 1996) on October 8.
In the opening episode, the main character Ash – a 10-year-old boy, who is to become
a Pokémon trainer – has to pick his very first Pokémon. In the German version, he
may choose Bisasam, Glumanda, or Schiggy. In the English version the creatures
are called Bulbasaur, Charmander, or Squirtle, respectively. Ash ends up with yet
another Pokémon called Pikachu, whose name remains intact through all language
versions.

The focus of this analysis, as well as those conducted by Kawahara et al. (2020),
Kawahara and Kumagai (2019), Kawahara and Moore (2021), and Kawahara et al.
(2018, n.d., 2019) and Shih et al. (2019, 2018), are the sound symbolic patterns in
Pokémon names with regard to their attributes. Some predictions are formulated in
the following section.

2.4.1 Method

In the following, I will first introduce the data – how it was collected, annotated, and
structured. Then, I will describe the statistical methods applied for the analysis.
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2.4.1.1 Data and Predictions

To investigate the effects of sound symbolism in German Pokémon names in the
most comparable manner, the methodology used in previous research served as a
basis. A data set of German Pokémon names, including the power statistics, was
created and annotated according to German phonology. The annotated linguistic
features comprise of (partly based on the analyses for English by Shih et al., 2019):

I Prosodic features: number of (N) syllables, N segments

II Vowels: N front vowels, N back vowels, N high vowels, N low vowels, N
round vowels

III Consonants: N sonorants, N labial consonants, N voiced obstruents

The occurrences of each feature within a Pokémon name were calculated. Front
vowels include /i, I, y, Y, e, ø, E, ÷/, back vowels /u, U, o, O/, high vowels /i, I, u,

U/, low vowels /a/, and round vowels /y, Y, ø, ÷, u, U, o, O/. As for consonants, the
sonorants include /m, n, N, l, j/, the labial consonants /m, p, b, f, v/, and the voiced
obstruents /b, d, g, v, z, K/.

Like in Kawahara et al. (2018, 6), the above variables are treated as predictors
for Pokémon attributes, which are considered outcome variables. The Pokémon at-
tributes analyzed here include: (1) EVOLUTION, (2) HEIGHT, (3) WEIGHT, (4) HID-
DEN POWER (HP), (5) ATTACK, (6) DEFENSE, (7) SPECIAL ATTACK, (8) SPECIAL

DEFENSE, (9) SPEED, and (10) GENDER. EVOLUTION was coded as 0 for a Baby
Pokémon and 1 or 2 for Stage 1 or Stage 2 Pokémon, respectively. GENDER of the
Pokémon consists of male and female percentage values. Genderless Pokémon were
removed from the analysis of GENDER. The rest of the attributes are numeric val-
ues, all were obtained from the Pokémon encyclopedia (Bulbagarden, 2004). Data
was collected for a subset of the 893 released Pokémon – only Pokémon from Gen-
eration 1 were analyzed, leaving N = 151 Pokémon in total and N = 140 for the
analysis of GENDER.

Based on the sound-symbolic literature reviewed above and previous research
(Kawahara et al., 2018; Shih et al., 2019) several predictions were made:

(1) Larger (WEIGHT and HEIGHT) and stronger (HP) Pokémon have longer names
(N syllables or N segments).

(2) Larger (WEIGHT and HEIGHT) and stronger (HP) Pokémon names contain
more low and back vowels.

(3) Larger (WEIGHT and HEIGHT) and stronger (HP) Pokémon names contain
more voiced obstruents.

The remaining analyses performed here are exploratory.
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TABLE 2.1: Evidence categories for the Bayes factor (BF) taken from
Wetzels and Wagenmakers (2012), after Jeffreys (1998).

Bayes factor Interpretation

> 100 Decisive evidence for H1
30 – 100 Very strong evidence for H1
10 – 30 Strong evidence for H1
3 – 10 Substantial evidence for H1
1 – 3 Anecdotal evidence for H1

1 No evidence
1/3 – 1 Anecdotal evidence for H0
1/10 – 1/3 Substantial evidence for H0
1/30 – 1/10 Strong evidence for H0
1/100 – 1/30 Very strong evidence for H0

< 1/100 Decisive evidence for H0

2.4.1.2 Statistical Analysis

A two-step statistical analysis was performed to ensure the reliability of the effects in
question. The analysis included correlation analysis and subsequent data modelling
(following Shih et al., 2019).

Similarly to Kawahara et al. (2018) and Shih et al. (2019), the initial analyses
were based on calculating all possible correlations between the linguistic features
and Pokémon attributes. Bayes factor was chosen as the most reliable method for
calculating the correlations. The motivation for this is that a frequentist correla-
tion allows for limited statements regarding the hypothesis. A correlation test like
Pearson’s or Spearman’s compares a null hypothesis (H0, no correlation) with an
alternative hypothesis (H1, a non-null correlation). Along with the r correlation co-
efficient, we obtain a p-value, which expresses the likelihood of an alternative, given
that the null hypothesis is true. Thus, H0 can be rejected or not, but nothing can
be said about the probability of the H1 (Wetzels and Wagenmakers, 2012; Winter,
2020). Bayesian alternatives allow for making those statements. Bayes factor (BF)
estimates whether the data is more probable to occur given the null or the alterna-
tive hypothesis (Wetzels and Wagenmakers, 2012, 1059). The evidence categories for
BF are given in Table 2.1. Based on the Bayes factor, the probability of the data under
H0 or H1 can be calculated as well. For example, if BF10 = 0.2, the data is p = 1/0.2
(or BF01 = 1/BF10), ergo five times more probable under the H0 compared to H1.

Before obtaining the correlations between the linguistic features and Pokémon
attributes, the latter were checked for normal distribution. The values for HEIGHT,
WEIGHT, HP, DEFENSE, and SPECIAL ATTACK were not normally distributed, there-
fore they were log-transformed prior to the correlation testing. Also, the factor GEN-
DER was not normally distributed and log-transformed, but because some instances
contained values equal to zero, e.g., when a Pokémon is 100% female or male, no
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BF could be calculated. Therefore, for GENDER only the second step of the analy-
sis was performed. In the second step, Bayesian models were computed for each
of the Pokémon attributes with linguistic features as predictor variables. A thor-
ough explanation of the logic behind the Bayesian inferential framework is given in
Chapter 3.5.1. All variables were scaled before modeling. For EVOLUTION, an ordi-
nal model was computed; for the other attributes, multiple linear regression models
were calculated for each attribute separately with all linguistic features as predic-
tors. As GENDER consist of Male and Female percentages, the Male parameter was
used, consistent with Shih et al. (2019, 10). Default priors of the brms package were
used for all models. All models included four chains with 4,000 iterations each and
a total of 8,000 post-warm-up samples. There were no divergent transitions, and all
R̂ values were = 1.0, indicating successful convergence for all models.

The analyses were performed in R (R Core Team, 2019). The package tidyverse

was used for data wrangling (Wickham, 2017), Bayes factor was determined with
the BayesFactor package (Morey et al., 2018), Bayesian linear regression models
were computed using the brms package (Bürkner, 2017, 2018), and the plots were
generated with ggplot2 (Wickham, 2016).

2.4.2 Results

In the subsequent section, I report the results of the correlation analyses performed
for each group of linguistic features: prosodic, vowels, and consonants. Following,
I will describe the models for each of the Pokémon attributes.

2.4.2.1 Correlations

As mentioned above, the correlations were calculated using the Bayes factor. The
interpretation of its value is based on Wetzels and Wagenmakers (2012) and Table
2.1. Because Bayes factor values were calculated separately for all linguistic features
and Pokémon attribute pairs, they are additionally listed in Table 2.2 for better read-
ability.

Prosodic Factors The number of syllables shows only one correlation that gives
evidence for H1 – a positive correlation with the attribute SPECIAL ATTACK, see
Figure 2.1a. The Bayes factor value of H1 against H0 was BF10 = 1.866, thus the
data is roughly two times less likely to occur under the null hypothesis. All of the
other Pokémon attributes suggest evidence for H0 in their correlation scores with
the number of syllables, therefore no effect. The correlation with EVOLUTION pro-
vides anecdotal evidence for H0, with BF10 = 0.530. The rest show substantial ev-
idence for H0: DEFENSE, BF10 = 0.266; HP, BF10 = 0.242; HEIGHT, BF10 = 0.216;
WEIGHT, BF10 = 0.202; ATTACK, BF10 = 0.193; SPECIAL DEFENSE and SPEED with
each BF10 = 0.190.
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TABLE 2.2: Bayes factor values for all linguistic features (horizontal) and Pokémon attribute (vertical) combinations. While red symbol-
izes evidence for the null hypothesis, green signals evidence for the alternative hypothesis. Yellow represents no evidence. The lighter
shade stands for anecdotal, and the darker shade for substantial evidence. In the case of green, the strongest shade represents strong

evidence.

Syllables Segments
Front
vowels

Back
vowels

High
vowels

Low
vowels

Round
vowels Sonorants Labials

Voiced
obstruents

Evolution 0.530 1.204 0.191 0.374 0.270 0.235 0.492 0.238 0.245 1.354

Height 0.216 0.467 0.275 0.289 5.136 0.191 0.283 0.194 0.724 0.241

Weight 0.202 0.229 0.189 0.190 1.070 0.189 0.189 0.217 11.145 0.189

HP 0.242 0.236 0.259 0.570 0.253 0.269 0.338 0.600 0.189 0.679

Attack 0.193 0.194 0.245 0.243 0.192 0.221 0.350 0.213 0.899 0.218

Defense 0.266 0.199 0.211 1.713 0.415 0.224 0.875 0.205 0.391 0.310

Special
attack 1.866 0.612 0.193 0.220 0.877 0.268 0.206 0.669 1.059 0.199

Special
defense 0.190 0.233 0.190 0.255 1.581 0.250 0.215 0.202 0.191 0.448

Speed 0.190 0.245 0.215 0.425 0.192 0.329 0.585 0.224 0.293 0.321
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FIGURE 2.1: Relationship of prosodic factors with Pokémon at-
tributes. (a) The number of syllables and SPECIAL ATTACK; the red
dots indicate the group means; the linear regression is shown as a
blue line, with the 95% confidence interval in gray. (b) The number
of segments and EVOLUTION; the standard errors are shown as black

bars for each Evolution level.

Similarly, the number of segments also shows a single correlation with evidence
for H1. It correlates positively with EVOLUTION, as depicted in Figure 2.1b. The
Bayes factor here is BF10 = 1.204, suggesting that the data is 1.2 times more likely
to occur given the H1. This value is relatively lower, thus the correlation weaker,
than the one between the number of syllables and SPECIAL ATTACK. This finding
partly corroborates the results by Kawahara et al. (2018) and Shih et al. (2019). Apart
from that, other attributes correlated with the number of segments provide evidence
for H0, hence a correlation is not determinable, with the only anecdotal evidence
for SPECIAL ATTACK with BF10 = 0.612. Substantial evidence for H0 is present in:
HEIGHT, BF10 = 0.467; SPEED, BF10 = 0.245; HP, BF10 = 0.236; SPECIAL DEFENSE,
BF10 = 0.233; WEIGHT, BF10 = 0.229; DEFENSE, BF10 = 0.199; and ATTACK with
BF10 = 0.194.

The current analysis of the prosodic factors of Pokémon names shows no support
for prediction (1) formulated earlier that larger (WEIGHT and HEIGHT) and stronger
(HP) Pokémon have longer names.

Vowels The Bayes factor values for each of the attributes and the number of front
vowels give substantial evidence for H0, rather than H1. As previously, in the de-
scending order, the attributes received: HEIGHT, BF10 = 0.275; HP, BF10 = 0.259;
ATTACK, BF10 = 0.245; SPEED, BF10 = 0.215; DEFENSE, BF10 = 0.211; SPECIAL AT-
TACK, BF10 = 0.193; EVOLUTION, BF10 = 0.191; SPECIAL DEFENSE, BF10 = 0.190;
and WEIGHT with BF10 = 0.189.

The number of back vowels provides anecdotal evidence for H1 with the at-
tribute DEFENSE with BF10 = 1.713. The correlation is positive, as shown in Figure
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2.2a, and the data is 1.72 times more likely to occur, given the H1. The remaining at-
tributes deliver evidence for H0, with anecdotal values for HP, BF10 = 0.570; SPEED,
BF10 = 0.425; and EVOLUTION, BF10 = 0.374. Substantial evidence for H0 is given
for: HEIGHT, BF10 = 0.289; SPECIAL DEFENSE, BF10 = 0.255; ATTACK, BF10 = 0.243;
SPECIAL ATTACK, BF10 = 0.220; and WEIGHT, BF10 = 0.190.

As for the number of high vowels, substantial evidence for H1, according to
Bayes factor, is given for the attribute HEIGHT, with BF10 = 5.136. Hence, the
data is five times less likely to occur under the null hypothesis. As can be seen
in Figure 2.2b, the number of high vowels and Pokémon height are negatively cor-
related, meaning that the more high vowels a Pokémon has in the name, the smaller
it is. Next, the attribute SPECIAL DEFENSE yielded anecdotal evidence for H1 with
BF10 = 1.581, so the data is 1.6 times more likely to occur under the alternative.
The correlation is also negative, as shown in Figure 2.2c. No evidence could be
obtained for the attribute WEIGHT, which returned BF10 = 1.070. The relation-
ship between the number of high vowels and Pokémon WEIGHT is therefore in-
conclusive. The null hypothesis received anecdotal support with attributes SPECIAL

ATTACK, BF10 = 0.877, and DEFENSE, BF10 = 0.415. The attributes: EVOLUTION,
BF10 = 0.270; HP, BF10 = 0.253; SPEED, BF10 = 0.192; and ATTACK, BF10 = 0.192
provide substantial evidence for H0.

None of the Pokémon attributes correlates with the number of low vowels.
All comparisons present substantial evidence for H0: SPEED, BF10 = 0.329; HP,
BF10 = 0.269; SPECIAL ATTACK, BF10 = 0.268; SPECIAL DEFENSE, BF10 = 0.250;
EVOLUTION, BF10 = 0.235; DEFENSE, BF10 = 0.224; ATTACK, BF10 = 0.221; HEIGHT,
BF10 = 0.191; and WEIGHT with BF10 = 0.189.

The number of round vowels also provides only evidence for the null hypothe-
sis. Anecdotal support is given for: DEFENSE, BF10 = 0.875; SPEED, BF10 = 0.585;
EVOLUTION, BF10 = 0.492; ATTACK, BF10 = 0.350; and HP, BF10 = 0.338. In turn,
the attributes: HEIGHT, BF10 = 0.283; SPECIAL DEFENSE, BF10 = 0.215; SPECIAL

ATTACK, BF10 = 0.206; and WEIGHT, BF10 = 0.189 show substantial evidence for the
null hypotheses.

Overall, the prediction (2) made earlier – that larger (WEIGHT and HEIGHT) and
stronger (HP) Pokémon have more low and back vowels in their names – cannot be
sustained based on the analysis so far.

Consonants The number of sonorant consonants yields no evidence for the H1
with any of the Pokémon attributes. Anecdotal evidence for H0 are present for at-
tributes SPECIAL ATTACK, BF10 = 0.669, and HP, BF10 = 0.600. The remaining
Pokémon attributes show substantial evidence for H0, therefore lacking a correlation
with the number of sonorants. In the descending order these include: EVOLUTION,
BF10 = 0.238; SPEED, BF10 = 0.224; WEIGHT, BF10 = 0.217; ATTACK, BF10 = 0.213;
DEFENSE, BF10 = 0.205; SPECIAL DEFENSE, BF10 = 0.202; and HEIGHT, BF10 = 0.194.
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FIGURE 2.2: Relationship of the number of vowels with Pokémon at-
tributes. (a) the number of back vowels and DEFENSE, (b) the number
of high vowels and HEIGHT, and (c) the number of high vowels and
SPECIAL DEFENSE. The red dots indicate the group means; the linear
regression is shown as a blue line, with the 95% confidence interval

in gray.
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FIGURE 2.3: Relationship of the number of consonants with Pokémon
attributes. (a) The number of labials and WEIGHT, (b) the number of
obstruents and EVOLUTION. For plot (a), the red dots indicate the
group means; the linear regression is shown as a blue line, with the
95% confidence interval in gray. For plot (b), the standard errors are

shown as black bars for each Evolution level.

Further, the number of labial consonants shows strong evidence for H1 with the
attribute WEIGHT. As given in Figure 2.3a, the correlation is negative and has a
BF10 = 11.145, suggesting that the probability of the data occurring under the null
equals 0.09. This finding is in line with the results obtained by Shih et al. (2019) for
English Pokémon names, who also reported a negative correlation between weight
and the number of labial consonants. No evidence could be obtained for the corre-
lation of labial consonants and SPECIAL ATTACK, with BF10 = 1.059. The attributes
ATTACK, BF10 = 0.899; HEIGHT, BF10 = 0.724; and DEFENSE, BF10 = 0.391 pro-
vide anecdotal evidence for H0, thus neither is correlated with the number of labial
consonants in our data set. Substantial evidence for H0 is given for the attributes:
SPEED, BF10 = 0.293; EVOLUTION, BF10 = 0.245; SPECIAL DEFENSE, BF10 = 0.191;
and HP, BF10 = 0.189.

Finally, the number of voiced obstruents yields one anecdotal evidence for
H1 – in its correlation with the attribute EVOLUTION. The Bayes factor here is
BF10 = 1.354, meaning that the data is roughly 25% less likely to occur under the
null hypothesis. The correlation, presented in Figure 2.3b, is positive, hence the
more evolved the Pokémon, the more voiced obstruents it has in a name. Neverthe-
less, the rest of the Pokémon attributes do not show a correlation with the number
of voiced obstruents in our data set. Anecdotal evidence for H0 is given for HP,
BF10 = 0.679, and SPECIAL DEFENSE, BF10 = 0.448. Substantial evidence for H0 is
present for: SPEED, BF10 = 0.321; DEFENSE, BF10 = 0.310; HEIGHT, BF10 = 0.241;
ATTACK, BF10 = 0.218; SPECIAL ATTACK, BF10 = 0.199; and WEIGHT, BF10 = 0.189.
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2.4.2.2 Bayesian Models

As mentioned above, the second step of the analysis involves computing a model
for each of the Pokémon attributes. The Bayesian inferential framework was used
for a more reliable testing in the case of the small number of data points. A detailed
introduction to the advantages of Bayesian models and their interpretation is given
in Chapter 3.5.1, though a few essential pieces of information are still needed at this
point. Based on the real-world data, the model priors, and the model itself, certain
predictions are made about how the data is distributed (posterior distributions). The
model data reported below comprises four basic values: the estimate value, the 95%
credible interval (CrI), and two posterior probabilities – of the posterior being above,
and below zero. The estimate refers to the central point of the posterior probability.
The 95% CrI shows where – with a 95% probability – an effect could be found in
the posterior data. The posterior probability itself expresses the probability of the
posterior distribution to be above or below zero, where zero expresses no differ-
ence made by the parameter. The two values for the posterior probability should
be contradictory to one another. They signify the direction of the effect, similar to
a positive or negative correlation, i.e., the posterior probability above zero shows a
positive effect, whereas the posterior probability below zero – a negative effect of the
tested parameter. Here, I assume that the posterior probability equal to or greater
than 0.95 signifies an existing effect. The 95% CrI is an additional indicator that the
tested parameter influences the outcome variable, in which case the 95% CrI should
not include the threshold 0.

Evolution Table 2.3 and Figure 2.4 summarize the results of the model. Given the
data, the priors, and the model, none of the linguistic features, except the number
of segments, show an effect on Pokémon EVOLUTION; yet this, too, is unreliable.
The number of segments yields a posterior probability β > 0 of 0.95, suggesting
that a posterior sample falls above the threshold 0 with a 95% chance. However, the
95% CrI for the number of segments contains 0, β = 0.44[−0.08, 0.95]. This effect
was previously signaled by Shih et al. (2019) for English. A correlation between
the number of segments and EVOLUTION was also established in the previous step
of the analysis. However, the analysis with Bayes factor also showed a relationship
between the number of voiced obstruents and evolution, which is not mirrored here,
given the data, the model, and the priors. The posterior probability β > 0 and β < 0
of the rest of the linguistic features does not meet the required 95% or more. Also,
the 95% CrI of those features contains the threshold 0, meaning that the effect of
these features is not determined as positive or negative.

Height Table 2.4 and Figure 2.5 summarize the results of the model for Pokémon
HEIGHT. Given the current data, the model, and the priors, the number of labial
consonants yields a negative effect on Pokémon HEIGHT (β = −0.19[−0.36,−0.02])
with a posterior probability β < 0 of 0.99. The results suggest that having more
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TABLE 2.3: Posterior distributions of the linguistic features for Poké-
mon EVOLUTION. The column Estimate shows the posterior means;
the 95% credible intervals are given in brackets. The rightmost
columns show the probability of the posterior being larger than 0,
and smaller than 0. The probabilities written in bold are greater than

or equal to 95%.

Parameter Estimate (CrI) Pr(β > 0) Pr(β < 0)

Syllables −0.35 (−1.05, 0.33) 0.16 0.84
Segments 0.44 (−0.08, 0.95) 0.95 0.05
Front vowels 0.44 (−0.24, 1.13) 0.90 0.10
Back vowels 0.50 (−0.65, 1.59) 0.81 0.19
High vowels −0.30 (−0.71, 0.10) 0.07 0.93
Low vowels 0.31 (−0.35, 0.99) 0.82 0.18
Round vowels 0.07 (−0.89, 1.09) 0.55 0.45
Sonorants −0.29 (−0.68, 0.09) 0.07 0.93
Labials 0.17 (−0.18, 0.51) 0.83 0.17
Voiced obstruents 0.21 (−0.15, 0.58) 0.87 0.13
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FIGURE 2.4: Posterior densities with posterior means (black dots) and
95% credible intervals (black lines) for the Pokémon attribute EVOLU-
TION. Each of the linguistic features is given on the y-axis. The x-axis
shows the value of the predicted effect. The distribution of all val-
ues for the given variable were combined to a density plot. The gray

dashed line is drawn at the x-axis value = 0.
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TABLE 2.4: Posterior distributions of the linguistic features for Poké-
mon HEIGHT. The column Estimate shows the posterior means; the
95% credible intervals are given in brackets. The rightmost columns
show the probability that the posterior is larger than 0 and smaller
than 0. The probabilities written in bold are greater than or equal to

95%.

Parameter Estimate (CrI) Pr(β > 0) Pr(β < 0)

Syllables −0.07 (−0.42, 0.26) 0.33 0.67
Segments 0.12 (−0.15, 0.39) 0.81 0.19
Front vowels 0.02 (−0.33, 0.35) 0.51 0.49
Back vowels 0.16 (−0.35, 0.68) 0.73 0.27
High vowels −0.16 (−0.36, 0.04) 0.06 0.94
Low vowels 0.00 (−0.31, 0.33) 0.51 0.49
Round vowels −0.09 (−0.54, 0.35) 0.34 0.66
Sonorants −0.08 (−0.27, 0.11) 0.20 0.80
Labials −0.19 (−0.36,−0.02) 0.01 0.99
Voiced obstruents 0.01 (−0.17, 0.20) 0.54 0.46

labial consonants in a name has a negative impact on the height of a Pokémon. This
effect was not identified in the correlation analysis. It was, however, present in the
study by Shih et al. (2019) for English, another Germanic language. The remain-
ing linguistic features do not exhibit an effect on Pokémon HEIGHT. Among those
features is the number of high vowels, which showed substantial evidence for a neg-
ative correlation with HEIGHT in the Bayes factor analysis.

Weight The results of the model for Pokémon WEIGHT are summarized in Table
2.5 and Figure 2.6. Two of ten linguistic features built into the model present an
effect on WEIGHT. The number of labial consonants shows a negative influence on
WEIGHT (β = −0.23[−0.39,−0.06]), with a posterior probability β < 0 equal to 1.00.
The 95% CrI does not include 0, and all posterior samples are below 0, given the
data, the model, and the priors. This result is in line with the strong evidence found
for a negative correlation between WEIGHT and the number of labial consonants
shown above, as well as with the result by Shih et al. (2019) for English. The model
estimates also suggest an existing effect of the number of high vowels on WEIGHT

(β = −0.23[−0.42,−0.04]). The posterior probability β < 0 is 0.99, implying a neg-
ative effect. Thus, the more high vowels a Pokémon has in its name, the less it
weighs. In the previous step of the analysis, the relationship between the number
of high vowels and WEIGHT proved inconclusive, as no evidence could be obtained
with the Bayes factor. The remaining linguistic features show no effect on WEIGHT

(cf. Table 2.5).

Hidden Power (HP) The model outcome for Pokémon HP is shown in Table
2.6 and Figure 2.7. Firstly, the number of syllables has a positive effect on HP
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FIGURE 2.5: Posterior densities with posterior means (black dots)
and 95% credible intervals (black lines) for the Pokémon attribute
HEIGHT. Each of the linguistic features is given on the y-axis. The
x-axis shows the value of the predicted effect. The distribution of all
values for the given variable were combined to a density plot. The

gray dashed line is drawn at the x-axis value = 0.

TABLE 2.5: Posterior distributions of the linguistic features for Poké-
mon WEIGHT. The column Estimate shows the posterior means; the
95% credible intervals are given in brackets. The rightmost columns
show the probability that the posterior is larger than 0 and smaller
than 0. The probabilities written in bold are greater than or equal to

95%.

Parameter Estimate (CrI) Pr(β > 0) Pr(β < 0)

Syllables −0.13 (−0.45, 0.20) 0.22 0.78
Segments 0.10 (−0.17, 0.37) 0.78 0.22
Front vowels 0.16 (−0.17, 0.49) 0.83 0.17
Back vowels 0.38 (−0.11, 0.87) 0.94 0.06
High vowels −0.23 (−0.42,−0.04) 0.01 0.99
Low vowels 0.15 (−0.16, 0.46) 0.82 0.18
Round vowels −0.19 (−0.63, 0.24) 0.19 0.81
Sonorants −0.09 (−0.28, 0.10) 0.18 0.22
Labials −0.23 (−0.39,−0.06) 0.00 1.00
Voiced obstruents −0.07 (−0.24, 0.11) 0.23 0.77
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FIGURE 2.6: Posterior densities with posterior means (black dots)
and 95% credible intervals (black lines) for the Pokémon attribute
WEIGHT. Each of the linguistic features is given on the y-axis. The
x-axis shows the value of the predicted effect. The distribution of all
values for the given variable were combined to a density plot. The

gray dashed line is drawn at the x-axis value = 0.

(β = 0.41[0.09, 0.75]), given the data, the model, and the priors, and yields a pos-
terior probability β > 0 of 0.99. It suggests that the more syllables there are in a
Pokémon name, the more HP it has. This result was not obtained using the Bayes
factor analysis. On the contrary, BF10 provided substantial evidence for the lack of
a correlation between the number of syllables and HP. It is, however, in line with
the results for Mandarin Chinese obtained by Shih et al. (2019). For English, another
Germanic language, Shih et al. (2019) found a positive effect of the number of seg-
ments on overall power. Also, the number of front vowels shows a negative impact
on HP given the model, the data, and the priors (β = −0.42[−0.75,−0.09]), with a
posterior probability β < 0 equal 0.99. The effect implies that the more front vow-
els there are in a Pokémon name, the smaller its HP. This result is novel given the
first step of the analysis, which demonstrated substantial evidence for the lack of a
correlation between the number of front vowels and HP. Similarly, the number of
low vowels has a negative effect on the modeled data, while the Bayes factor anal-
ysis suggested a lack of effect. Given the model, the data, and the priors, a higher
number of low vowels leads to lower HP (β = −0.44[−0.75,−0.12]). The posterior
probability β < 0 for the effect amounts to 1.00. The remaining seven linguistic fea-
tures, which were not mentioned, did not show an effect on Pokémon HP (cf. Table
2.6).
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TABLE 2.6: Posterior distributions of the linguistic features for Poké-
mon HP. The column Estimate shows the posterior means; the 95%
credible intervals are given in brackets. The rightmost columns show
the probability that the posterior is larger than 0 and smaller than 0.

The probabilities written in bold are greater than or equal to 95%.

Parameter Estimate (CrI) Pr(β > 0) Pr(β < 0)

Syllables 0.42 (0.09, 0.75) 0.99 0.01
Segments 0.00 (−0.28, 0.27) 0.51 0.49
Front vowels −0.42 (−0.75,−0.09) 0.01 0.99
Back vowels −0.05 (−0.54, 0.44) 0.42 0.58
High vowels −0.05 (−0.24, 0.14) 0.31 0.69
Low vowels −0.44 (−0.75,−0.12) 0.00 1.00
Round vowels −0.28 (−0.71, 0.17) 0.10 0.90
Sonorants 0.03 (−0.16, 0.21) 0.61 0.39
Labials −0.07 (−0.24, 0.09) 0.20 0.80
Voiced obstruents −0.15 (−0.33, 0.04) 0.06 0.94
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FIGURE 2.7: Posterior densities with posterior means (black dots) and
95% credible intervals (black lines) for the Pokémon attribute HP.
Each of the linguistic features is given on the y-axis. The x-axis shows
the value of the predicted effect. The distribution of all values for the
given variable were combined to a density plot. The gray dashed line

is drawn at the x-axis value = 0.
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TABLE 2.7: Posterior distributions of the linguistic features for Poké-
mon ATTACK. The column Estimate shows the posterior means; the
95% credible intervals are given in brackets. The rightmost columns
show the probability that the posterior is larger than 0 and smaller
than 0. The probabilities written in bold are greater than or equal to

95%.

Parameter Estimate (CrI) Pr(β > 0) Pr(β < 0)

Syllables −0.25 (−0.60, 0.09) 0.08 0.92
Segments 0.10 (−0.15, 0.40) 0.80 0.20
Front vowels 0.26 (−0.08, 0.61) 0.93 0.07
Back vowels 0.41 (−0.11, 0.93) 0.94 0.06
High vowels −0.07 (−0.27, 0.13) 0.24 0.76
Low vowels 0.24 (−0.08, 0.56) 0.93 0.07
Round vowels −0.27 (−0.73, 0.19) 0.12 0.88
Sonorants −0.06 (−0.25, 0.14) 0.29 0.71
Labials −0.13 (−0.30, 0.04) 0.07 0.93
Voiced obstruents 0.00 (−0.17, 0.18) 0.49 0.51

Attack Table 2.7 and Figure 2.8 summarize the outcome of the model for Pokémon
ATTACK. None of the linguistic features show an impact on this Pokémon attribute.
This reflects the previous step of the analysis, in which no correlations with ATTACK

were found. Kawahara et al. (2018), however, did find a relationship between both
the number of voiced obstruents, as well as the number of moras and ATTACK in
Japanese Pokémon names.

Defense The results of the model for Pokémon DEFENSE are given in Table 2.8 and
Figure 2.9. The number of syllables shows a negative impact on DEFENSE, given the
data, the model, and the priors (β = −0.35[−0.67,−0.03]), with a posterior proba-
bility β < 0 of 0.98. Therefore, the more syllables there are in a Pokémon name, the
smaller its defense parameter is. The first step of the current analysis does not reflect
this result, as it provided evidence for lack of correlation between the number of syl-
lables and DEFENSE. Also, Kawahara et al., 2018 note a positive correlation for the
number of moras and Pokémon defense in the Japanese data, which is contradictory
to the current result. Further, the number of front vowels in the Pokémon name has
a positive effect on DEFENSE, given the current data, the model, and the priors. The
posterior probability β > 0 equals 0.95, which is sufficient to recognize the effect,
however the credible interval spreads across the zero point (β = 0.27[−0.05, 0.59]).
Hence, the effect is inconclusive. Besides, the Bayes factor analysis of the number
of front vowels and DEFENSE yielded substantial evidence for the H0. The num-
ber of back vowels also shows a positive effect on DEFENSE in the current model
(β = 0.60[0.12, 1.07]). Here, the posterior probability β > 0 is 0.99, and the credible
interval does not span across 0. The previous analysis with the Bayes factor showed
anecdotal evidence for the existing positive correlation between the number of back
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FIGURE 2.8: Posterior densities with posterior means (black dots)
and 95% credible intervals (black lines) for the Pokémon attribute AT-
TACK. Each of the linguistic features is given on the y-axis. The x-axis
shows the value of the predicted effect. The distribution of all val-
ues for the given variable were combined to a density plot. The gray

dashed line is drawn at the x-axis value = 0.

vowels and DEFENSE. Given the data, the model, and the priors, the number of high
vowels impacts DEFENSE negatively with a posterior probability β < 0 of 0.99, and
β = −0.23[−0.43,−0.04]. The effect suggests that the more high vowels are present
in the Pokémon name, the lower its defense parameter. Nevertheless, the previ-
ous Bayes factor analysis provided anecdotal evidence for the lack of correlation
between the two parameters in question. Lastly, the number of labial consonants
shows a negative effect on DEFENSE given the data, the model, and the priors. The
posterior probability β > 0 amounts to 0.98, and the 95% credible interval does not
encompass zero β = −0.17[−0.34,−0.00] (the exact point of the upper boundary is
−0.001078456). This result, however, was not present in the Bayes factor analysis.
Other linguistic features do not yield any effect on DEFENSE, given the current data,
the model, and the priors.

Special attack Table 2.9 and Figure 2.10 summarize the results for SPECIAL AT-
TACK. Firstly, the number of high vowels show a negative effect on SPECIAL AT-
TACK (β = −0.18[−0.37, 0.01]). Although the posterior probability β < 0 reaches
the value of 0.97, the effect is inconclusive due to the 95% credible interval spread-
ing across zero from −0.37 to 0.01. The finding does not corroborate the results of
the Bayes factor, which showed anecdotal evidence for the lack of correlation be-
tween the number of high vowels and SPECIAL ATTACK. Secondly, the number of
round vowels yields a negative effect on SPECIAL ATTACK, given the data, the priors,
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TABLE 2.8: Posterior distributions of the linguistic features for Poké-
mon DEFENSE. The column Estimate shows the posterior means; the
95% credible intervals are given in brackets. The rightmost columns
show the probability that the posterior is larger than 0 and smaller
than 0. The probabilities written in bold are greater than or equal to

95%.

Parameter Estimate (CrI) Pr(β > 0) Pr(β < 0)

Syllables −0.35 (−0.67,−0.03) 0.02 0.98
Segments 0.20 (−0.06, 0.47) 0.93 0.07
Front vowels 0.27 (−0.05, 0.59) 0.95 0.05
Back vowels 0.60 (0.12, 1.07) 0.99 0.01
High vowels −0.23 (−0.43,−0.04) 0.01 0.99
Low vowels 0.22 (−0.09, 0.52) 0.92 0.08
Round vowels −0.21 (−0.63, 0.21) 0.17 0.83
Sonorants 0.06 (−0.24, 0.12) 0.25 0.75
Labials −0.17 (−0.34,−0.00) 0.02 0.98
Voiced obstruents −0.15 (−0.32, 0.03) 0.06 0.94
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FIGURE 2.9: Posterior densities with posterior means (black dots) and
95% credible intervals (black lines) for the Pokémon attribute DE-
FENSE. Each of the linguistic features is given on the y-axis. The
x-axis shows the value of the predicted effect. The distribution of
all values for the given variable were combined to a density plot. The

gray dashed line is drawn at the x-axis value = 0.
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TABLE 2.9: Posterior distributions of the linguistic features for Poké-
mon SPECIAL ATTACK. The column Estimate shows the posterior
means; the 95% credible intervals are given in brackets. The right-
most columns show the probability that the posterior is larger than 0
and smaller than 0. The probabilities written in bold are greater than

or equal to 95%.

Parameter Estimate (CrI) Pr(β > 0) Pr(β < 0)

Syllables 0.23 (−0.11, 0.56) 0.91 0.09
Segments −0.04 (−0.31, 0.23) 0.40 0.60
Front vowels −0.01 (−0.35, 0.32) 0.48 0.52
Back vowels 0.37 (−0.12, 0.86) 0.93 0.07
High vowels −0.18 (−0.37, 0.01) 0.03 0.97
Low vowels −0.03 (−0.34, 0.29) 0.43 0.57
Round vowels −0.41 (−0.84, 0.02) 0.03 0.97
Sonorants 0.08 (−0.11, 0.27) 0.79 0.21
Labials 0.14 (−0.03, 0.31) 0.95 0.05
Voiced obstruents −0.01 (−0.18, 0.17) 0.47 0.53

and the model (β = −0.41[−0.84, 0.02]), with a posterior probability β < 0 = 0.97.
However, here as well, the 95% credible interval encompasses zero spanning from
−0.84 to 0.02. In the first step of the analysis, the Bayes factor indicated substan-
tial evidence for the lack of a correlation between the number of round vowels and
SPECIAL ATTACK. Lastly, given the data, the model, and the priors, the number of
labial consonants has a positive effect on SPECIAL ATTACK (β = 0.14[−0.03, 0.31]).
Even though the posterior probability β > 0 amounts to the minimum 0.95, the 95%
CrI includes 0. Thus the effect found in the model is inconclusive. This effect was
also inconclusive in the previous step of the analysis with the Bayes factor. The re-
maining six linguistic features do not exhibit an effect on SPECIAL ATTACK in the
current step of the analysis (cf. Table 2.9). This includes the number of syllables,
which showed anecdotal evidence for an existing correlation with SPECIAL ATTACK

in the Bayes factor analysis.

Special defense Table 2.10 and Figure 2.11 summarize the results for SPECIAL DE-
FENSE. Based on the model, the data, and the priors, the number of high vowels
yields a negative impact on SPECIAL DEFENSE (β = −0.21[−0.40,−0.00]; the exact
point of the upper boundary is −0.004839660), with a posterior probability β < 0
= 0.98. This finding corroborates the result obtained with the Bayes factor and sug-
gests that the more high vowels there are in a Pokémon name, the smaller its special
defense parameter. Also, the number of voiced obstruents shows a negative effect
on SPECIAL DEFENSE. It yields a posterior probability β < 0 of 0.97, but the 95%
credible interval spans across zero with β = −0.18[−0.36, 0.01]. The remaining pa-
rameters do not show an effect on the parameter SPECIAL DEFENSE (cf. Table 2.10).
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FIGURE 2.10: Posterior densities with posterior means (black dots)
and 95% credible intervals (black lines) for the Pokémon attribute
SPECIAL ATTACK. Each of the linguistic features is given on the y-
axis. The x-axis shows the value of the predicted effect. The distribu-
tion of all values for the given variable were combined to a density

plot. The gray dashed line is drawn at the x-axis value = 0.

TABLE 2.10: Posterior distributions of the linguistic features for Poké-
mon SPECIAL DEFENSE. The column Estimate shows the posterior
means; the 95% credible intervals are given in brackets. The right-
most columns show the probability that the posterior is larger than 0
and smaller than 0. The probabilities written in bold are greater than

or equal to 95%.

Parameter Estimate (CrI) Pr(β > 0) Pr(β < 0)

Syllables −0.19 (−0.53, 0.15) 0.13 0.87
Segments 0.20 (−0.06, 0.48) 0.93 0.07
Front vowels 0.14 (−0.20, 0.47) 0.79 0.21
Back vowels −0.03 (−0.54, 0.48) 0.45 0.55
High vowels −0.20 (−0.40,−0.00) 0.02 0.98
Low vowels 0.12 (−0.20, 0.43) 0.77 0.23
Round vowels 0.09 (−0.35, 0.54) 0.66 0.34
Sonorants −0.04 (−0.23, 0.15) 0.33 0.67
Labials −0.05 (−0.22, 0.12) 0.29 0.71
Voiced obstruents −0.18 (−0.36, 0.01) 0.03 0.97
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FIGURE 2.11: Posterior densities with posterior means (black dots)
and 95% credible intervals (black lines) for the Pokémon attribute
SPECIAL DEFENSE. Each of the linguistic features is given on the y-
axis. The x-axis shows the value of the predicted effect. The distribu-
tion of all values for the given variable were combined to a density

plot. The gray dashed line is drawn at the x-axis value = 0.

Speed The model results for Pokémon SPEED are given in Table 2.11 and Figure
2.12. None of the linguistic features built into the model shows an impact on the
Pokémon attribute SPEED. This result is similar to the analysis with the Bayes factor.

Gender Table 2.12 and Figure 2.13 show the results of the model for Pokémon
GENDER, modeled as percentage of Male. This Pokémon attribute was not previ-
ously examined with the Bayes factor; thus, the results cannot be compared. This
part of the analysis, however, reveals no noteworthy effects present for Pokémon
GENDER based on the linguistic features implemented in the model.

2.4.2.3 Cumulative Results

The two-step analysis presented above provided some results which align with one
another. Still, some of the effects were found only in one of the methods applied.
The following paragraphs serve to disentangle the inconsistencies and reveal the
informative effects.

Most notably, the strong evidence given for a negative correlation between
WEIGHT and the number of labials (BF10 = 11.145) was reflected by the model of
WEIGHT. The posterior probability β < 0 yielded 1.00 and the 95% CrI was reliably
below 0 (β = −0.23[−0.39,−0.06]). Therefore, with increasing Pokémon weight, the
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TABLE 2.11: Posterior distributions of the linguistic features for Poké-
mon SPEED. The column Estimate shows the posterior means; the
95% credible intervals are given in brackets. The rightmost columns
show the probability that the posterior is larger than 0 and smaller
than 0. The probabilities written in bold are greater than or equal to

95%.

Parameter Estimate (CrI) Pr(β > 0) Pr(β < 0)

Syllables −0.16 (−0.50, 0.18) 0.18 0.82
Segments 0.16 (−0.12, 0.43) 0.87 0.13
Front vowels 0.11 (−0.24, 0.45) 0.74 0.26
Back vowels 0.22 (−0.29, 0.72) 0.81 0.19
High vowels −0.03 (−0.23, 0.17) 0.38 0.62
Low vowels 0.14 (−0.19, 0.46) 0.80 0.20
Round vowels −0.23 (−0.67, 0.23) 0.15 0.85
Sonorants −0.07 (−0.26, 0.12) 0.23 0.77
Labials −0.06 (−0.24, 0.11) 0.25 0.75
Voiced obstruents 0.03 (−0.16, 0.22) 0.63 0.37
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FIGURE 2.12: Posterior densities with posterior means (black dots)
and 95% credible intervals (black lines) for the Pokémon attribute
SPEED. Each of the linguistic features is given on the y-axis. The
x-axis shows the value of the predicted effect. The distribution of all
values for the given variable were combined to a density plot. The

gray dashed line is drawn at the x-axis value = 0.
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TABLE 2.12: Posterior distributions of the linguistic features for Poké-
mon GENDER. The column Estimate shows the posterior means; the
95% credible intervals are given in brackets. The rightmost columns
show the probability that the posterior is larger than 0 and smaller
than 0. The probabilities written in bold are greater than or equal to

95%.

Parameter Estimate (CrI) Pr(β > 0) Pr(β < 0)

Syllables −0.05 (−0.35, 0.25) 0.38 0.62
Segments −0.06 (−0.30, 0.19) 0.32 0.68
Front vowels 0.16 (−0.13, 0.45) 0.86 0.14
Back vowels −0.23 (−0.76, 0.30) 0.20 0.80
High vowels −0.02 (−0.20, 0.15) 0.39 0.61
Low vowels 0.23 (−0.06, 0.51) 0.94 0.06
Round vowels 0.38 (−0.13, 0.89) 0.92 0.08
Sonorants −0.08 (−0.26, 0.10) 0.19 0.81
Labials −0.04 (−0.19, 0.11) 0.31 0.69
Voiced obstruents −0.05 (−0.21, 0.12) 0.29 0.71
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FIGURE 2.13: Posterior densities with posterior means (black dots)
and 95% credible intervals (black lines) for the Pokémon attribute
GENDER. Each of the linguistic features is given on the y-axis. The
x-axis shows the value of the predicted effect. The distribution of all
values for the given variable were combined to a density plot. The

gray dashed line is drawn at the x-axis value = 0.
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number of labial consonants in a Pokémon name decreases. The Bayes factor anal-
ysis also provided anecdotal evidence for a positive correlation between DEFENSE

and the number of back vowels (BF10 = 1.713). The results was corroborated by the
Bayesian model indicating that the number of back vowels has a positive impact on
DEFENSE (β = 0.60[0.12, 1.07]) with a posterior probability β > 0 equal 0.99. This
suggests that if more back vowels are present in a Pokémon name, its defense pa-
rameter is higher. Furthermore, a negative correlation was identified between the
attribute SPECIAL DEFENSE and the number of high vowels with anecdotal evidence
(BF10 = 1.581). This correlation was mirrored by the results of the Bayesian model
as well; the number of high vowels showed a negative impact on SPECIAL DEFENSE

(β = −0.20[−0.40,−0.00]), with a posterior probability β < 0 = 0.98. These find-
ings imply that a higher number of high vowels results in a lower special defense
parameter of a Pokémon.

Further effects found during the first and the second step of the analysis show
inconsistencies. The anecdotal evidence for a positive correlation between EVOLU-
TION and the number of segments was only reflected by the posterior probability
β > 0 in the model, as it reached 0.95. The 95% credible interval, however, crossed
the zero point (β = 0.44[−0.08, 0.95]). Also, while the Bayes factor analysis showed
no evidence for an existing correlation between WEIGHT and the number of high
vowels (BF10 = 1.070), the Bayesian model demonstrated a robust negative effect of
the number of high vowels on Pokémon WEIGHT (β = −0.23[−0.42,−0.04]), with a
posterior probability β < 0 = 0.99. Because both steps of the analysis do not align
with one another, this effect remains inconclusive. The effect is also inconclusive for
SPECIAL ATTACK and the number of labials. The parameters showed no evidence
in the Bayes factor analysis (BF10 = 1.059). In the model for SPECIAL ATTACK, the
posterior probability β > 0 for the number of labials was equal 0.95, but the 95% CrI
spanned across zero (β = 0.14[−0.03, 0.31]).

Some correlations established with the Bayes factor were not reflected in the
model outputs at all. Most notably, this includes substantial evidence for a negative
correlation between HEIGHT and the number of high vowels. Apart from that, two
correlations with anecdotal evidence could not be backed up by the model results,
including the correlations between SPECIAL ATTACK and the number of syllables,
and EVOLUTION and the number of voiced obstruents.

Lastly, various effects in the models, even if robust, were not identified with
the Bayes factor. These effects are: HEIGHT and the number of labials, HP and the
number of syllables, HP and the number of front vowels, HP and the number of
low vowels, DEFENSE and the number of syllables, DEFENSE and the number of
front vowels, DEFENSE and the number of high vowels, DEFENSE and the num-
ber of labials, SPECIAL ATTACK and the number of high vowels, SPECIAL ATTACK

and the number of round vowels, and SPECIAL DEFENSE and the number of voiced
obstruents. Given the two-step analysis, only the effects that showed consistent sig-
nificance across both statistical methods are considered informative.
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At this point, I would like to note that the two-step analysis performed for the
data was chosen to minimize the risk of finding effects that are unlikely to hold
true. Such a situation would be a false positive or a Type I error in a frequentist
framework. In Bayesian interference, the null hypothesis significance testing does
not take place, and, at least in a two-sample test, the Bayesian framework has been
recently shown as more robust against Type I error (Kelter, 2020). However, some
factors may influence the output of Bayesian tests, such as the model assumptions
or the priors (Kelter, 2020). Acknowledging the probability of a misleading result
in such a case, I decided on a very conservative procedure. Of course, it can be
argued that this procedure invites another type of error, the so-called false negative,
or a Type II error. Although I grant that this might be true, I still maintain that a
researcher should remain cautious with overgeneralizing when dealing with a small
sample of data, as is the case here.

2.5 Discussion

The current investigation examined the sound-symbolic tendencies in German Poké-
mon names in a two-step analysis. It revealed one positive relationship between the
Pokémon defense parameter and the number of back vowels and two other negative
relationships. One between special defense and the number of high vowels, and the
other between weight and the number of labial consonants.

In German Pokémon names, the strongest relationship is present between Poké-
mon weight and the number of labial consonants. This negative correlation is in line
with the results provided by Shih et al. (2019) for Japanese and English. As an expla-
nation, Shih et al. (2019, 14) put forth the analysis by Kumagai and Kawahara (2017)
in which the authors show that labial sounds are associated with babies in Japanese.
Similarly to Japan, a lot of German diaper brands contain labial consonants: Pam-
pers, HiPP, babydream, babylove, Bella Baby Happy, Bevola Baby, etc. However, Huggies
is a popular diaper brand in Germany, too. Because in English-speaking countries,
there also exist diaper brand names lacking labial consonants, Shih et al. (2019) pro-
pose that this is why the effect is weaker for English. This weakening, however, does
not hold for the German data, as this is the most robust effect found in the current
analysis. The fact that labial consonants are among the very first ones which ba-
bies can articulate (MacNeilage and Davis, 2000) may serve to strengthen the effect
in German. Newborns start using their lips from day one to suck milk from their
mother’s breasts. Also, as established by Blasi et al. (2016), /m/ is among the sounds
cross-linguistically correlated with breasts. It all suggests that, in language percep-
tion, labial segments may be connotated with baby-like features. Thus, weight, as
one of the main landmarks of perceived size, is sound-symbolically represented by
the number of labial consonants in German Pokémon names.

Two other effects established in the course of the analysis – a positive correlation
between defense and the number of back vowels, and a negative correlation between
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special defense and the number of high vowels – are novel with respect to earlier re-
search. They are, however, consistent with the “frequency code” by Ohala (1984,
1994), which suggests that low-frequency sounds – such as back or low vowels –
evoke the sense of dominance. Both a higher defense and special defense parame-
ters of a Pokémon testify about its endurance in a fight. As revealed in the analysis,
in German, Pokémon that have a higher defense parameter are more likely to have
more back vowels in their name, thus signaling dominance. The relationship be-
tween special defense and the number of high vowels is negative and, therefore, also
goes in the direction predicted by the “frequency code” (Ohala, 1984, 1994). Here, a
Pokémon with a higher special defense parameter is more likely to have fewer high
vowels in the name, as numerous high vowels would instead give an impression of
a small and defenseless Pokémon.

Among the robust effects established in the two-step analysis, none resonated
with the three predictions expressed in Chapter 2.4.1. The predictions were based on
the previous findings by Kawahara et al. (2018) and Shih et al. (2019) on Pokémon
names from various languages. Those studies, however, used different statistical
methods, i.e., frequentist statistics, and did not take the same amount of Pokémon
attributes and linguistic features, respectively, into consideration. Notably, Kawa-
hara et al. (2018) and Shih et al. (2019) analyzed Pokémon names across generations,
while this study focused on one generation only. It is, therefore, possible that some
effects are pronounced in a between-generation manner. The incongruence in the
findings does not show that Pokémon names are not an optimal testbed for sound-
symbolic analyses. On the contrary, it points to the variety of sound-symbolic re-
lationships that languages adopt. Some of those relationships use different features
interchangeably; this depends on the language structure, as was shown by Shih et al.
(2019, 27) – where Japanese uses the number of moras, other languages employ the
number of syllables or segments.

The relationship between Pokémon size (in general) and the number of moras,
segments, or syllables, was by far the most robust one cross-linguistically in Shih et
al.’s (2019) study, yet, it was not identified as reliable in the current analysis of Ger-
man. This difference shows that – despite cross-linguistic tendencies – languages
have freedom in their sound-symbolic expression. The number of moras, syllables,
or segments serves as a signal of size in numerous languages in which Pokémon
names were tested. For German Pokémon, the low number of labial consonants ex-
presses a large size – in the form of higher weight. Then, a Pokémon that can defend
itself better in a fight will most likely have more back vowels in a name, and even
more so, if it also has fewer high vowels in a name, which implies that its special
defense parameter would be higher. As in the example of German Pokémon names,
this all shows the richness of the expression of size, dominance, and, possibly, dan-
ger with sound symbolism.

Each language has its phonological system and phonotactic rules. Those may
govern that the sound symbolism on a given feature-attribute combination is
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strongly present in one language but lacking in another one. Unlike Japanese, Ger-
man is known for its complex consonant clusters in both syllable onsets and codas
(Hoole et al., 2012). Such differences may lead to divergent markedness of sound-
symbolic patterns, even within the same universe, like Pokémon. Therefore, if a
robustly sound-symbolically marked feature is not found in another language –
whether of the same or different family – the language under investigation should
not be banned as lacking sound symbolism. On the contrary, it exposes new gate-
ways for sound symbolism to come to light. In a language with a simple syllable
structure, in which complex consonant clusters would violate phonotactic rules, syl-
lable structure as a feature may not be useful for sound symbolism. However, in
languages such as German, where syllables in themselves have weight due to vowel
length or the number of consonants in the coda, an approach that takes syllable
structure into account may be more fruitful than a simple analysis of the number of
syllables or segments. The comparative analysis of sound symbolism in languages
may reveal, as Shih et al. (2019) say, the same dimensions in drastically different ex-
pressions. It should, nevertheless, be combined with a prior investigation on infor-
mative features in a given language – not across languages. Such investigation might
lead to establishing some kind of a “sound-symbolic functional load,” whereby cer-
tain features are exposed to be the the carrier of sound symbolism within a language.
Further comparison of these features between languages would enable uncovering
cross-linguistic sound-symbolic tendencies.

There are still some limitations to the current analysis. First and foremost, only a
subset of Pokémon created to date was analyzed. There is 893 Pokémon from eight
generations, while the database of this analysis encompassed only the first genera-
tion with its 151 Pokémon. The insufficient amount of data might have led to some
effects to remain undetermined or unpronounced whatsoever. On the other hand,
the addition of further Pokémon generations may also cover the effects found here.
However, an analysis of a complete data set could unveil the inconsistencies be-
tween the Bayes factor and Bayesian linear regression results seen during the present
study. Therefore, it would most likely provide more robust results than those seen
above. Future experiments could also incorporate an analysis of Pokémon types,
which were not examined for their sound symbolism to date.

Most importantly, a semantic analysis of the origin of Pokémon names could
serve as a notable addition to any future experiment on their sound symbolism. Ger-
man Pokémon names were translated from English, rather than from the Japanese
original, and, as previous studies suggest, there are numerous strategies for trans-
lation of fictional names and sound symbolism (Fernandes, 2006; Jawad, 2010;
Pischedda, 2020; Santoso and Setyaningsih, 2020). Disentangeling different trans-
lation strategies would allow for examining sound symbolism within the groups
and establishing, which of those strategies retains sound symbolism to which ex-
tent. The current study shows that even if the studied sound-symbolic expression
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may seem “lost in translation”, it may emerge in another form that is more suit-
able for the given language, whether these are more voiced obstruents or fewer high
vowels that signify strength. Sound symbolism does have universal tendencies, but
– cross-linguistically – also many forms in which it can come to light.

Summing up, this study revealed the sound-symbolic patterns in German Poké-
mon names. It exposed that, across languages, similar dimensions, such as dom-
inance, can be expressed with vastly different means. I suggest that the sound-
symbolic markedness is directly related to the phonological and phonotactic struc-
ture of a given language. Subsequent investigations should therefore consider the
distinctive features within a language to study cross-linguistic sound symbolism.
Also, working within a fictional character universe from a cross-linguistic perspec-
tive is subject to the risk of a very variable name translation. Therefore, taking trans-
lation strategies into account might additionally benefit future research on Poké-
monastics, i.e., the sound symbolism of Pokémon names.
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Chapter 3

Iconic Prosody

3.1 Introduction to Iconic Prosody

Speech consists of segments – vowels and consonants – and suprasegmental phe-
nomena. The iconicity of the former was described in the previous chapter. Here,
I will focus on the iconicity of the suprasegmental parts of speech and refer to it as
iconic prosody, a term used in the past by, e.g., Perlman et al. (2015a). Prosody
has been put on a par with intonation in the past, though different authors use
these terms in different ways (cf. Hirst and Di Cristo, 1998, for a discussion). Here,
prosody is used as an umbrella term for suprasegmental parts of speech, such as
stress, intonation, quantity, and rhythm (Bussmann, 2006; Trask, 2004). Prosody
can be regarded from the perspective of perception or production. While pitch is a
perceptual or auditory correlate, fundamental frequency (also called F0) is an acous-
tic property of sound in speech production. Therefore, I will use pitch for speech
perception context and fundamental frequency or F0 in the context of speech pro-
duction.

Prosody is a mix of various suprasegmental elements, and due to its broad spec-
trum, it has vast possibilities for iconicity. One of the examples is the intonation of
questions and statements. In cross-linguistic studies, it has been shown that ques-
tions are often expressed with rising or high intonation of one of the elements, in con-
trast to statement sentences, which correlate with falling or low intonation (Bolinger,
1978; Hermann, 1942; Ultan, 1969). This simple yet remarkably widespread phe-
nomenon occurs in most of the examined languages and cultures, with only very
few exceptions. In his study, Ultan (1969) found the tendency for rising contours in
yes/no-questions in languages genetically as disparate as Japanese (Japonic), Rus-
sian (Indo-European), and Tagalog (Austronesian), among others. In speech per-
ception, Gussenhoven and Chen (2000) found that native speakers of Standard Chi-
nese (Sino-Tibetan), Dutch (Indo-European), and Hungarian (Ugro-Finnic) exhibit
the same preference and recognize rising intonation at the sentence offset as ques-
tion intonation. A linguistic or cultural similarity for these language groups can be
ruled out, thus the underlying mechanism must be of a different sort. Ohala (1982;
1984) observed that in the animal kingdom, high-pitched vocalizations are associ-
ated with submission, compared to low-pitched vocalizations that are associated
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with dominance. He proposed that this innate force is responsible for the cross-
linguistic question vs. statement intonation phenomenon (Ohala, 1994). Socially, as
Ohala states, high intonation indicates “deference, politeness, submission, lack of
confidence” and low intonation signals “assertiveness, authority, aggression, confi-
dence, threat” (Ohala, 1994, 327). Thus, the rising intonation contour of questions
iconically transmits a message of uncertainty, while the falling contour of statements
iconically expresses certainty. This is further supported in Merin and Bartels’s (1997)
theory, which says that an intonational rise transfers the choice to the interlocutor,
while an intonational fall allots it to the speaker (cf. Merin and Bartels, 1997, 7).

In this chapter, I will focus on the iconic prosody of two established cross-modal
relationships. Firstly, on the relationship between vertical space and fundamental
frequency. It has been shown in the past that high-pitched sounds are perceived
as coming from higher vertical space, regardless of their actual source (e.g., Mudd,
1963; Pratt, 1930; Roffler and Butler, 1968). Similarly, in speech production, a higher
fundamental frequency was demonstrated to be used when talking about “higher”
concepts (Clark et al., 2014; Nygaard et al., 2009b). Secondly, I will investigate the
relationship between size and voice frequencies. Past research shows that high-
pitched vocalizations are perceived as coming from a smaller source (Ohala, 1994;
Pisanski et al., 2014a), yet some studies suggest that the perception of size relies
rather on formant frequencies than on the fundamental frequency (Pisanski et al.,
2014b; Pisanski and Rendall, 2011). In vocal production, animals were shown to
signal size using fundamental frequency (Bee et al., 2000).

Despite its cross-modal character, iconicity is often taken as both explanans and
explanandum of an effect in question. So far, only very few studies have suggested
the potential origin of iconic cross-modal relationships. It has been proposed that
the origin lies either in the biological constraints (“frequency code” by Ohala, 1994),
natural environment (Parise et al., 2014), or in the multi-sensory perception, asso-
ciated with synesthesia (e.g., Marks, 1975; Ramachandran and Hubbard, 2001) or
with sensorimotor processes (Perniss and Vigliocco, 2014). The current investigation
of the two cross-modal relationships mentioned above follows the view that iconic
prosody is rooted in biological sensorimotor processes. Specifically, I put forward a
hypothesis that these relationships are grounded in physiological processes.

3.2 Motivation for the Empirical Investigation

In the following, the background and the motivation will be outlined, giving ev-
idence to both vocal iconicity and other potential influences of frequency mecha-
nisms constrained by the body. The latter point is crucial to illustrate the possible
physiological grounding of prosodic iconicity.
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3.2.1 Previous Work on Iconicity of Vocal Frequencies

Vertical Space

Imagine you are walking down the street, and someone shouts your name. Most
likely, you would immediately turn in the right direction. But would you recognize if
the person shouting your name was on a balcony or the ground level? Which cues lie
behind the vertical dimension in sound perception? For over a century, researchers
have been interested in the localization of sound in the vertical dimension and the
cognitive processes behind it (Seashore, 1899). Studies show that there is an iconic
relationship between vertical space and fundamental frequency (F0) – high elevation
is connected to a high sound and low elevation to a low sound.

In a pioneering study, Pratt (1930) asked participants to localize sounds of dif-
ferent fundamental frequencies vertically. The sounds were played randomly at
five equidistant height levels. Regardless of the actual position of the source, the
participants vertically aligned the tones according to their fundamental frequency:
4096 Hz at the highest position, subsequently followed by 2048, 1024, and 512 Hz,
and 256 Hz at the lowest position. The preference to vertically localize higher sounds
in the higher plane and lower sounds in the lower plane is thus sometimes referred
to as Pratt effect (cf. Pratt, 1930). And although the frequencies used by Pratt differ
from one another by a whole octave on a musical scale (from the highest at approx.
C8 to the lowest at approx. C4), the effect has been later successfully replicated in
further experiments with less divergent frequencies (Mudd, 1963; Roffler and Butler,
1968; Trimble, 1934).

In his study, Trimble (1934) used a fixed sound source and controlled for the ab-
solute intensity of the stimuli, which had the following frequencies: 500, 600, 700,
850, 1200, 1750, 1900, 2250, and 3950 Hz. All but one participant were consistent
in their judgment and localized higher tones in higher positions. Trimble extended
the experiment with a task on an apparent displacement of a phantom sound using
ascending and descending frequencies. Participants were asked to draw the dis-
placement. Consistent with previous findings, higher tones were localized higher
in vertical space. Mudd (1963) implemented a similar method in his investigation.
Participants listened to pairs of sounds differing in either F0, intensity, duration, or
direction, and were asked to represent the localization of the first and the second
sound on a pegpanel. The stimuli were presented over headphones. Among other
results, fundamental frequency yielded a significant effect in both horizontal and
vertical dimensions, the latter being far stronger. In their experiment, Roffler and
Butler (1968) played the stimuli in nine different frequencies (250, 400, 600, 900, 1400,
2000, 3200, 4800, and 7200 Hz) from vertically varying sound sources. The partici-
pants were asked to localize the sound source on the vertical plane. As in previously
mentioned studies, the pitch was matched to the vertical position such that higher
sounds were localized above the lower sounds. The authors also showed that the
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effect persists for congenitally blind people and young children, who presumably
did not know that concepts high and low may refer to sound.

Why this effect is so persistent may have to do with innate sound perception
mechanisms. In a highly controlled and widely cited study, Blauert (1969) demon-
strated that in the median plane (front to back), the localization of sound relies
purely on spectral characteristics. The participants sat in a darkened room, hence
lacking any visual cues. Recordings of participants’ ear canals were made, and the
noise was presented either from the back or the front of the participants. Also, noises
mimicking the opposite sides were played; for example, a spectrally “back” sound
was played from the front loudspeaker. The results show that even if played from
a front speaker, spectrally “back” sounds were identified as coming from behind,
and spectrally “front” sounds played from a back speaker as coming from the front.
It can be concluded that human ears are fine-tuned to spectral differences between
sound source locations rather than are to other signal properties.

Recently, Parise et al. (2014) investigated sound mapping in the vertical plane.
The authors recorded natural environment sounds with two directional micro-
phones that were mounted on the head of a human, who was moving freely through
urban and rural areas. Both animate and inanimate sound sources were recorded,
like birds or rustling trees. The data show a strong mapping sound frequency and
elevation (frequency–elevation mapping or FEM for short). The revealed effect was
the strongest in the middle spectrum range between 1–6 kHz. Thus, in the natural
environment, high-frequency sounds tend to come from higher locations, compared
to the low-frequency sounds that originate from lower positions. Apart from that,
the authors looked at which impact do the filtering properties of the ear have on the
effect. They found that the outer ear enhances elevated sounds – as a result, these
have more energy at high frequencies. They furthermore controlled for the proxim-
ity of the sound source by separating proximal and distal stimuli. The data reveal
that FEM is given in both near and far sound sources and conclude: “This might sug-
gest that human spatial hearing is so finely tuned to the environment that even the
filtering properties of the outer ear, and hence its convoluted anatomy, evolved to
mirror the statistics of natural auditory scenes” (Parise et al., 2014, 6105). Therefore,
the statistical probability in the auditive environment behind the FEM may have
grounded listeners’ expectations towards sound source localization in the vertical
space. But how is this relevant to human speech? In their results, Parise et al. (2014)
highlighted the strongest effect within the spectral range of 1–6 kHz. This range is
only partly relevant with regard to speech, which spans from 0–10 kHz and occurs
mostly in low-frequency ranges: “[a]lmost half of the auditory frequency scale cov-
ers frequencies below 1,500 Hz” (Johnson, 2011, 55). It is also known that due to
the structure of the basilar membrane located in the inner ear, the human ear is more
prone to detect small changes occurring below 1 kHz, rather than on other frequency
bands (Johnson, 2011, 52f.).
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Such small changes have been found in past studies investigating the cross-
modal correspondence between vertical space and F0 in speech production. In a
series of experiments, Shintel et al. (2006) presented participants with animations of
a dot moving up or down (Experiment 1) and left or right (Experiments 2 and 3).
In Experiment 1, the participants were asked to describe the direction by saying “It
is going up” or, in a control condition, to say nonce words embedded in a carrier
sentence “Please say the word ___”. The analysis revealed a significant effect of di-
rection, with a mean F0 difference of 6.7 Hz. Overall, the results suggest that speak-
ers communicate information using congruent prosodic means. With regard to the
vertical plane, speakers use higher F0 when talking about objects moving upwards
and lower F0 when talking about objects moving downwards.

More recently, Clark et al. (2014) conducted an experiment, in which they asked
participants to read stories each containing metaphors on either positive or negative
emotions (Bolinger, 1986, after Clark et al., 2014, 5), words on high or low vertical
space, and high or low sounds. They expected higher vs. lower fundamental fre-
quency to be used in up vs. down stories, respectively. Apart from discriminating
between the three concepts, the analysis differentiated between phrases that were
shared and contrasting in the stories. Overall, the analysis revealed no effect in sto-
ries on emotions and sounds. However, the main effect of semantic valence (up vs.
down stories) was found for stories about vertical space. As the authors did not find
a correlation effect of semantic valence with contrastiveness, they concluded that
the difference in fundamental frequency between up and down stories was spread
across the whole recording. The mean F0 difference between the up and down sto-
ries about vertical space was equal to 5.4 Hz.

In another study, Nygaard et al. (2009b) compared the F0 of novel words that
represented adjectives from the following adjective pairs: happy/sad, hot/cold,
big/small, yummy/yucky, tall/short, and strong/weak. The novel words were as-
signed randomly to represent each meaning and were counterbalanced across the
dimensions so that each participant used the same novel word for both adjectives
of the pair. The novel word was embedded in a carrier sentence “Can you get
the (novel word) one?” and intended meanings were presented as pictures de-
picting the concept. In addition, the speakers were asked to use infant-directed
speech and were reported as having experience with young children. The analy-
ses revealed that speakers employ acoustic parameters to convey the meaning of the
individual semantic domain (i.e., positive and negative adjectives). Additionally,
in follow-up perception experiments, the authors found that listeners, when con-
fronted with picture pairs matching the auditory stimulus (e.g., “big” and “small”
pictures for “big” recording), were able to confer the intended meaning based on the
prosody. When confronted with a mismatching picture pair (e.g., “big” and “small”
pictures for “happy” recording), listeners performed significantly worse than when
pictures were matching, but the statistical evaluation also indicates a main effect of
prosody. Here, mean F0 differences in the production of novel words spanned from
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25 (strong/weak) to 142 Hz (happy/sad), yet, it has to be noted that the difference
is enhanced due to infant-directed speech.

Two conclusions should be made at this point. Firstly, in speech perception, lis-
teners associate high-frequency sounds with elevated positions and low-frequency
sounds with lower positions. The effect is bi-directional, as it also occurs in speech
production – when talking about literally or figuratively elevated objects, speakers
use higher fundamental frequency than when referring to lower objects. In percep-
tion experiments, the differences between high and low objects tend to be expressed
with large hertz differences, while in production experiments, the effects expressed
in hertz are much smaller (see Clark et al. 2014, but cf. Nygaard et al. 2009b). Sec-
ondly, one possible source of this cognitively established cross-modal correspon-
dence may be natural environment auditory statistics, as in the world, higher fre-
quencies tend to come from elevated sources, compared to lower frequencies that
come from lower sources (Parise et al., 2014).

Size of an Entity

Imagine now you are walking in the park and see a stray dog barking at you. How
would you feel if the dog was large? And how would it feel if it was small? Both
sensations would most likely evoke a different emotional response in yourself, but
why is that?

Larger organisms can produce lower sounds than small organisms because vocal
fold length is physically correlated with both body size and F0 (Riede and Brown,
2013). Longer vocal folds have more mass, thus they vibrate slower (Gick et al., 2013,
86). Nevertheless, many animals can produce sounds of both lower and higher F0,
like male frogs that lower the F0 to defend their territories (cf. Bee et al., 2000). As
found by Riede and Brown (2013), two factors served as a mechanism to uncouple
the linear relationship between body size and F0: the tension of the vocal folds – as
less tense vocal folds become shorter and heavier (Gick et al., 2013, 88) – and prop-
erties of one of the vocal folds’ tissue layer’s, lamina propria. The uncoupling most
likely enabled animals to communicate with a broader spectrum of sound frequen-
cies, thus making fundamental frequency a meaning-bearing unit. “Simply stated,
birds and mammals use harsh, relatively low-frequency sounds when hostile and
higher frequency, more pure tonelike sounds when frightened, appeasing, or ap-
proaching in a friendly manner. Thus, there appears to be a general relationship
between the physical structures of sounds and the motivation underlying their use”
(Morton, 1977, 855). In his article, Morton (1977) summarized numerous aggressive
and nonaggressive animal vocalizations and concluded that the former are charac-
terized by a harsh low-frequency sound and the latter by a pure high-frequency
sound. He suggested the evolutionary significance of this relationship to lie in the
ancient correlation of body size and F0. Larger animals are dominant within and
between a species. Morton suggests that growing body size requires more energy,
hence is less effective. As a result of the economy, evolving in the communication
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domain is favored over excessive size growth. On the other hand, high tones are
helpful in establishing a parental role. An offspring is always physically smaller
than a parent and, as a result, naturally produces high-frequency vocalizations. Both
sides – an offspring and a parent – attract one another to establish a relationship us-
ing vocalizations that are designed in such a way not to induce fear in the offspring
(Morton, 1977, 864ff.).

The relationship between body size and fundamental frequency of vocalizations
was pursued by Ohala (1980; 1982), who suggested that the articulatory gesture
when producing high-frequency vocalizations – retracting the corners of the mouth
– is a potential origin of a smile. On the other side of the spectrum, constriction or
protrusion of the lips suggests aggression or dominance.1 In acoustics, the longer
the vocal tract, the lower the F1 (first formant frequency, i.e., the lowest amplified
frequency due to the resonance of the vocal tract), and the effect of lip protrusion
on the vocal tract length has been shown in the past (Riordan, 1977). In subsequent
work, Ohala (1984; 1994) explores the idea further and compiles various tendencies
in prosodic behavior to justify the relationship that he refers to as “frequency code”.
Ohala points out regularity in the use of F0 across different domains. He departs
from the most likely universal tendencies of raising F0 in questions and falling F0
in statements (as mentioned in Chapter 3.1). Ohala shows evidence for the affective
use of F0 to show dominance – in his experiment, listeners judged recordings with
lower F0 as more dominant or self-confident (Ohala, 1984, 3; replicated by Fitch,
1994 with synthesized speech). He then indicates the sound symbolic use of tone in
tone languages, like Ewe, where high tones represent the notion of “small” and low
tones the notion of “large”. Moreover, he mentions the sound symbolic use of vow-
els and consonants: high front vowels, with relatively higher intrinsic F0, represent
the notion of “small” and low back vowels the notion of “large” (like I discussed in
Chapter 2.1).

Ohala (1984) also discusses the correlation between facial expressions and F0 and
points out primates that retract their mouth corners when producing high-frequency
vocalizations, compared to protruded lips when producing low-frequency vocaliza-
tions. Relying on Morton’s (1977) analyses, Ohala hypothesizes that animals use
different frequencies in vocalizations to appear larger or smaller, which is possible
when the visual domain is lacking. Both body mass and size of an opponent are
crucial to estimate a potential threat, which in the animal kingdom is a matter of life
and death. The lower the pitch and the harsher the vocalization of a given animal,
the more threatening, dominant, or aggressive the animal is assumed to be. And
conversely, the higher the pitch and the purer the vocalization emitted by the sound
source, the smaller its size is estimated to be, thus the source itself is interpreted as
less threatening, dominant, and aggressive. Ohala (1984) calls this the “frequency
code”.

1One of the famous figures who is known to frequently use protruded lips is the former US Presi-
dent Donald Trump.
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Finally, Ohala suggests that the “frequency code” is innate for humans and possi-
bly other species (Ohala, 1984, 10). Due to sexual dimorphism, there are anatomical
differences in male and female larynx. A larynx of an adult male is approx. 50%
larger in the anterior-posterior dimension than a larynx of an adult female (Negus
1949, after Ohala 1984, 10). This results in males having longer, more massive vocal
folds than females. Apart from that, the male larynx is about 15–20% longer than the
female larynx. This all contributes to males having generally lower F0. As found by
Fitch and Giedd (1999, 1519), the most noticeable changes contributing to sexual di-
morphism in humans occur around puberty – a period crucial to establishing sexual
dimorphism.

Past research has shown that not only perceived pitch influences body size esti-
mation in human listeners, but also formant frequencies have a significant impact. In
an experiment with synthesized speech, Fitch (1994, 28ff.) found F0 to be negatively
– lower pitch implied a larger speaker – and formant dispersion to be positively cor-
related – longer vocal tract implied a larger speaker – with body size rating. Based on
the results, Fitch hypothesizes that formant perception in humans evolved to enable
body size estimation. Vocal tract length is positively correlated with body size (Fitch
and Giedd, 1999, 1518). Given that formant frequencies are tightly coupled with vo-
cal tract length, their relationship with body size estimation is evident. This finding
has been corroborated in further studies, which found that formant cues override
F0 cues in body size estimation (Pisanski et al., 2014b; Pisanski and Rendall, 2011),
as well as in studies with other species (e.g., rhesus macaques: Fitch, 1997). More
importantly, body size estimation based on auditory cues does not seem to rely on
visual cues, as was demonstrated in an experiment with blind individuals (Pisanski
et al., 2017a, where body size was measured as body height). Not only were the
accuracy scores indifferent between early blind, late blind, and sighted listeners, but
also participant groups made similar errors. Apart from the general and possibly
innate (Ohala, 1994) relationship between body size and F0, Pisanski et al. (2017a)
suggest that blind individuals learn to judge body size (here: height) using vocal
cues by estimating sound source elevation.

The review thus far suggests: (1) elevated sources to be correlated with high-
frequency sounds (e.g., Parise et al., 2014) and (2) large body size (height and/or
weight) to be correlated with low-frequency sounds (e.g., Ohala, 1994). In other
species, increasing body size is not as pronounced vertically as in humans – who,
due to the erect posture, vary substantially in height. Despite this, it has been
shown that listeners associate low positions with a large body size of both males
and females when listening to low-frequency stimuli, but not when hearing high-
frequency stimuli (Pisanski et al., 2017b, 1243ff.). It has been further shown that
head elevation has an effect on body size perception via F0. Both while sitting and
standing, participants correctly estimated low-frequency sounds played from low
spatial positions to be coming from a larger source, yet only in a standing condition
listeners rated male voices to be “larger” than female voices (Pisanski et al., 2017b,
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1246f.). Overall, Pisanski et al. (2017b) show that, in perception, auditory cues over-
ride spatial cues as large body size was estimated for low-frequency sounds, but not
high-frequency sounds in a low spatial position. Compared with the key role that el-
evation played in Parise et al.’s (2014) frequency-elevation mapping (of both animate
and inanimate sources), Pisanski et al.’s (2017) results indicate that it is essential to
consider animacy’s effect in further experiments.

3.2.2 Previous Work on the Influence of Physiology on Vocal Behavior

The evidence above shows how vocal behavior iconically indicates real-world con-
ditions – either the vertical position of an entity or its size. Because F0 patterns are
strongly determined by the morphology of speech organs, below, I will focus on the
physiological influence on vocal behavior.

In general, just as speech production itself, F0 control is anatomically complex.
The prerequisite to both life and speech is respiration, with the former being its pri-
mary purpose and the latter an overlaid function (Perkins and Kent, 1986). Although
respiration is very much like a reflex (Anokhin, 1974, 238), it also includes voluntary
and subconscious but learned behavior (cf. Shea, 1996, 2). Yet, speech breathing
is different from quiet breathing, required to sustain life functions by exchanging
gases. For speech, air must be under pressure, for example, in order to make the
vocal folds vibrate at a certain rate. The speech begins with air being directed out
of the lungs with a set of intercostal and abdominal muscles (Gick et al., 2013, 61).
With the additional muscular effort required for speech breathing, the subglottal air
pressure builds up below the vocal folds in the trachea. Given that we want to pro-
duce a voiced sound, such as a vowel, the vocal folds form a kind of a dam resisting
the pressure. Here, Bernoulli’s Principle comes into play. It states that a decrease
in its velocity must accompany a rise in pressure of a flowing fluid or gas, and con-
versely, a decrease in pressure must be accompanied by a rise in velocity. While the
pressure above the vocal folds stays the same, the pressure below the vocal folds
builds up, thus, at some point, becoming much greater. This causes the transglottal
pressure difference to grow. Just like a dam cannot hold the water after a flood that
is exerting too much pressure on it, the vocal folds must at some point give way to
release the subglottal pressure. According to Bernoulli’s Principle, in a narrow area,
such as the glottis, the fluid or gas is susceptible to less pressure but gains speed.
Therefore, the expiratory air stream flows through the glottis with much greater ve-
locity and creates a perpendicular suction causing a movement of the vocal folds.
The glottis opens due to raising air pressure, then the vocal folds close again due
to the Bernoulli Principle, and the cycle repeats. In turn, the vocal folds vibrate at
a certain frequency that is determined by the activity of both intrinsic and extrinsic
laryngeal muscles (Erickson et al., 1982).

The activity of the muscles in and around the larynx has the largest impact on
vocal frequency. The internal muscles of the larynx are shown in Figure 3.1. The
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FIGURE 3.1: Internal muscles of the larynx. The image is taken from
Arrangoiz et al. 2018, 172, available under the CC BY 4.0 license

(https://creativecommons.org/licenses/by/4.0/).

https://creativecommons.org/licenses/by/4.0/
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main intralaryngeal muscle to control the F0 is the cricothyroid (CT) muscle (Gick
et al., 2013, 77). It is attached to the cricoid and the thyroid cartilage, and, when
activated, it pulls on the latter forward and downward. This movement does to the
vocal fold what tensing a guitar string does – same as a tense guitar string produces
higher frequency sound, so do tense vocal folds. Additionally, the thyroarytenoid
(TA) muscles along the vocalis muscles (vocal folds) can be activated (Gick et al.
2013, 87f.; Honda 1995). Also, the lateral cricoarytenoid (LCA) muscle has been
shown to exhibit a high correlation with F0, as it adjusts the effective length of the
vocal fold vibration (Honda, 1988). The posterior cricoarytenoid (PCA) muscle –
responsible for opening the glottis and the activation of which leads to voicelessness
– may also play a role for F0 control by pulling the arytenoid cartilage backward
(Honda, 1995, 221). From the external muscles, the cricopharyngeus (CP) was shown
to have an inverse correlation with F0 (Honda, 1988). Most importantly, Erickson et
al. (1982) showed that strap muscles act together with the internal CT muscle to
lower F0. The role of the strap muscles in F0 control has been documented in further
experiments (Honda, 1996; Hwan Hong et al., 1997). As their primary function is to
change the position of the larynx itself, it is another step to ask, what influence may
external movement, such as head rotation, have on F0?

Using a sentence-by-sentence multiple regression analysis, Munhall et al. (2004)
found that 63% of the variation in the fundamental frequency could be explained
by the speaker’s head movement during speech production. In their data, the head
movement followed F0, thus head elevation correlated with F0 rise, and conversely,
head lowering with F0 fall. The authors discuss their results in the light of visual
prosody, concluding that it contributes to the utterance in a way that the acoustic
prosody does (Munhall et al., 2004, 136). However, given the influence of the mus-
cular activity around the larynx on F0, their results imply that head movement alone
can affect F0.

When a wolf howls, it raises the head upwards. It is, on the one hand, for sure
to make the sound spread further, but on the other hand, the movement may allow
the wolf to achieve a higher vocal frequency. Similarly in humans, sometimes head
position seems to be used by popular artists to reach especially high notes and hold
them2 (also noted for untrained singers by Erickson et al., 1982, 276). Interestingly,
the effect holds in perception as well. Chen and Massaro (2008) found that the visi-
ble information of the neck and head movements improves the ability of Mandarin
speakers to recognize the lexical tone.

The fundamental frequency is yet only one part of the coin. As suggested above,
the size of an entity has frequently been said to correlate rather with formant fre-
quencies. The source–filter theory of speech production represents the process of

2A few examples are: Beyonce performing Listen, live at Oprah (https://youtu.be/pai1C2dsd3M,
2:05–2:20, 2:44–3:15), Demi Lovato’s performance of Stone Cold, live at Billboard’s Women In Music
2015 https://youtu.be/B5qULV6x_cE, 1:05–1:12, 1:48–1:52, 2:18–2:24, 2:38–2:46), or Tiffany Mosley’s
Total Praise, where she reaches notes as high as C#6 (https://youtu.be/UW7tfjP2Eho, 1:17–1:23, 1:58–
2:01, 2:55–3:03, 4:45–5:10). All videos were last accessed on April, 6, 2021.

https://youtu.be/pai1C2dsd3M
https://youtu.be/B5qULV6x_cE
https://youtu.be/UW7tfjP2Eho
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speech production “as a filtering process” (Fant, 1970, 16). There, the vocal folds,
which are responsible for F0, are a part of the sound source. Supra-glottal elements,
such as pharyngeal, oral, and nasal cavities, are the filter. Each of those cavities
can be constricted in its own way and at very precise positions. Constrictions form
“blockages” on the way out of the source sound and filter it. This filtering process
results in changing the sound spectrum, i.e., the amount of vibration at a given fre-
quency of the spectrum. The spectral maxima at certain frequencies of the spectrum
are called formants (Fant, 1970, 20). The first two formants give rise to vowel dif-
ferences, so that for German speakers /i/ has F1 of ˜300 Hz and F2 of ˜2200 Hz, and
/a/ F1 of ˜760 Hz and F2 of ˜1400 Hz (cf. Figure 4 in Mooshammer and Geng, 2008,
129). Articulatorily, the first formant is correlated with tongue height, ergo the de-
gree of jaw opening – the more open the jaw is, the higher the first formant. The
second formant is correlated with the horizontal tongue position – the more frontal
the tongue constriction, the higher the second formant. Therefore, the jaw open-
ing and tongue constriction can be identified as physiological correlates of formant
frequencies, respectively.

The research described in the previous chapter suggests that body size is best
estimated with formant frequencies (in humans: Pisanski et al. 2014b; Pisanski and
Rendall 2011; and in rhesus macaques: Fitch 1997). Thus far, to the best of my knowl-
edge, no experiments exist that test this effect in vocal production for inanimate ob-
jects. In vocal iconicity, as described in Chapter 2.1, previous accounts reveal partici-
pants’ preference for large objects to contain an open vowel, such as /a/, opposed to
small objects to contain a closed vowel, such as /i/ (Sapir, 1929). The physiological
ground may lie in the degree of jaw opening. The vowel /a/ has the largest degree
of jaw opening, as opposed to the vowel /i/, where the jaw is almost closed. Within
one vowel segment, due to coarticulation, there exists a tolerance for formants (cf.
e.g., Öhman, 1966; Strange and Bohn, 1998). Given a preference for open vowels for
larger objects, the degree of freedom within the formants of a single vowel has the
potential to be used as an iconic signal of the size of a referred-to object. Physio-
logically this means that the degree of jaw opening would be correlated with object
size.

3.3 Theoretical Hypotheses

In the previous sections, we have explored the background and the motivation for
further research on iconic prosody. There is one further possible explanation for
iconic prosody – synesthesia – yet this idea has not been tested in speech production.
For this reason, the current study aims to systematically test for another plausible
explanation for iconic prosody. Ohala’s (1994) hypothesis that the frequency code
is an innate mechanism, present in all humans, has physiological roots – the larger
the body of the vocalizer, the lower their fundamental frequency. In the following,
I will also motivate how both cross-modal correspondences described above may
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have physiological roots. Ultimately, the goal is to test the physiological parameters
in a setting that evokes iconic speech production. This will allow us to see whether
the physiological parameters influence what has so far been both explained by and
called iconicity.

The first relationship illustrated above is the one between vertical space and fun-
damental frequency. It has been shown that a high sound is perceived as coming
from an elevated source, as well as when describing an upward movement, higher
F0 is used. Hand and facial expressions are known for their communicative charac-
ter, but head gestures have also been recognized to play a role in face-to-face inter-
action (Morency et al., 2005). Gaze is a crucial cue given to infants, which they can
recognize as early as at six months of age (Morales et al., 1998). When referring to an
object, we frequently turn the gaze towards it and point at it with the head (Biguer
et al., 1982), the movement of which has been shown to correlate with hand move-
ment (Pelz et al., 2001). Hence, when turning towards an object placed higher, ex-
ternal laryngeal muscles become activated as well. As the existing evidence shows,
the muscular activity of external laryngeal muscles does affect F0 (e.g., Erickson et
al., 1982; Honda, 1995); thus, a change in F0 could be induced physiologically by
a vertical head movement. The open question is, how much does head movement
influence fundamental frequency. It has to be noted that vertical head movement
here means an upward or downward rotation of the head on the vertical axis. The
same is implied further with head position.

The other cross-modal correspondence reviewed above concerns the correlation
between the perceived size of the vocalizer and formant frequencies. Here, to the
best of my knowledge, production studies are lacking; therefore, I will rely on the
evidence provided in the perceptual studies. So far, it has been shown that the per-
ceived body size correlates acoustically with formants (formant dispersion: Fitch
1997; Fitch 1994, and formant frequencies: Pisanski et al. 2014b; Pisanski and Ren-
dall 2011).

The following hypotheses have been derived from the reviewed literature, com-
bining the evidence found thus far for iconic prosody with anatomical knowledge
about sound production in the speech apparatus. They test the idea that iconicity
is rooted in the human body: it is predicted that changes in muscle activation, e.g.,
produced by turning the head upwards to look at an object above, give rise to acous-
tic changes in the voice that reflect cross-modal iconic relationships. The hypotheses
are the following:

H1 Fundamental frequency is influenced by head position – the more upward the
head is rotated, the higher the fundamental frequency.

H2 The degree of jaw opening is influenced by the size of an object being named
– the larger the object, the larger the degree of jaw opening.

H1 tackles the cross-modal iconic relationship between vertical position and fun-
damental frequency for which no underlying mechanism has been found so far. It
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aims to investigate whether the missing link between the vertical position of an ob-
ject and F0 is the result of an upwards-looking head position. We expect to find a
change in F0 due to head movement, because moving the head upwards engages
the muscles around the larynx. These muscles are also responsible for F0 change,
therefore, a change in head position should cause a change in the F0 and thus drive
the cross-modal iconic effect in question.

H2 deals with the relationship between formant frequencies (especially F1 as
suggested by Pisanski et al., 2017b) and object size estimation. So far, this relation-
ship has only been shown in speech perception, with a higher F1 perceived as com-
ing from a larger source. Here, it is tested from the speech production perspective.
In speech production, F1 is highly correlated with jaw opening. Thus, jaw opening is
a physical factor that affects F1 apart from vertical tongue position. As here it is the
goal to assess the nature of the anatomical grounds for iconicity, we use jaw opening
as our primary measurement.

3.4 Methodology

Experimental Design

A new paradigm was developed to test what role does the anatomy of the vertical
head movement and jaw opening play for iconicity. The task consisted of a game
scenario: participants were asked to “shoot” cans that were projected onto the wall
in front of them. To shoot a can, the participants were asked to use a laser pointer
to point at the can and to say the word written on the can. To avoid learning effects,
one of the two different words could appear on a can, either piff [pIf] or paff [paf],
which are German onomatopoeic words for shooting, similar to English ‘bang’. To
measure the effect of size on F1, i.e., the jaw opening, small- and large-sized cans
were included in the experiment, with the large can being two times as big as the
small can (cf. Figure 3.2). The cans were positioned in five equal equidistant vertical
and horizontal levels and projected across an area of 1.30 x 1.30 m (low boundary
at 1.30 m). In order to elicit different vertical head positions for the different verti-
cal can positions, participants were positioned 1 m away from it. This distance was
chosen during a pilot study, optimal for participants not to cast a shadow on the pro-
jection surface. In total there were 100 items per participant: 5 vertical x 5 horizontal
positions x 2 words x 2 can sizes.

As soon as the participant pointed at the can with the laser pointer and said piff
or paff to shoot it, the drawing of the can appeared to “fall.” This was followed by a
blank white screen and then the next can was presented. The presentation order was
pre-randomized and operated manually by the experimenter. This allowed for more
unpredictability in the timing, e.g., by incorporating pauses, so that the participants
stay alert. In total, five data sets with pre-randomized presentation order were cre-
ated to avoid order effects. For technical reasons, the presentation of the items was
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FIGURE 3.2: Large and
small cans in compar-
ison. A large can was
proportionally twice
the size of the small
can, as measured by
the height of the can.
Both cans displayed
either piff [pIf] or paff

[paf].

Schieß die Dose ab!

Benutze den Laserpointer

Sag dabei das Wort was auf der Dose steht

Gehe mit dem Arm dann wieder
in die Ausgangsposition zurück

FIGURE 3.3: Instruc-
tion slide shown to the
participants. The par-
ticipants were asked to
move their arm back to
the onset position after

each “shot”.

divided into two sections, each consisting of 50 items. The main task was preceded
by a short familiarization phase that consisted of five cans bearing words other than
piff or paff. The whole experiment took 15-20 minutes, though the experimental task
itself lasted no longer than 5-6 minutes in total. The length of the experiment was
kept to a minimum to avoid boredom and its potential effect on voice quality. The
instructions shown to the participants at the beginning of the procedure are given in
Figure 3.3. They were explicitly asked to move their arm back to the onset position
after every trial. The participants were given no other specific instructions regarding
the arm movement towards the target and its alignment with saying the words. If
one of them asked about it, they were told to act naturally, in a way similar to point-
ing a laser pointer at a particular word or image while giving an oral presentation.

We base our set-up on two iconic relationships: between vertical space and F0
or pitch, and between size and formant frequencies. However, we add the physi-
ological component: head movement as a component of F0, and jaw opening as a
component of F1. First, we evoke head movement by projecting the target on a large
surface that is fairly close to the participant. We hope that such an arrangement will
minimize the possibility to only move the eyes towards the target. Second, we use
two visibly different target sizes to evoke different jaw opening.

Data Recording

During the experiment, the voice of the participants was recorded with a Sennhei-
ser ME 64 cardioid microphone. The acoustic data were recorded at a 44.1 kHz
sampling rate. In addition, the movements were tracked via an Optitrack motion
capture system (software used: Motive, version 1.9.0) with 12 cameras (Prime 13).
The precision after the calibration was 0.3 mm. The motion was captured with a 120
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y

x

z

glasses

right arm left arm

FIGURE 3.4: The placement of the motion capture markers. Here, it
can be seen that the participant is holding the laser pointer in her right

hand.

Hz sampling frequency. To test H1 and H2, following the motion of the head and the
jaw was the most important. Nevertheless, to allow for additional measurements,
such as head angle and arm movement, a total of 14 markers were placed on the
upper body parts of the participants: three on a pair of purpose-built lensless glasses
(left corner, center, and right corner); one each on the upper lip and the lower lip
(jaw); one at the position of the sternum; one approximately at the location of the
fourth thoracic spine vertebra; one on the laser pointer; and symmetrically two on
the shoulders, elbows, and wrists. The placement of all markers is illustrated in
Figure 3.4.

Participants

Since men generally have a lower fundamental frequency than women, including
both genders would have resulted in yet another factor in the statistical analysis.
Therefore, only women participated in the study. A total of 31 German native speak-
ers took part in the study (mean age = 27.84 years, with min = 19 and max = 48
years; mean height = 167.7 cm, with min = 152 cm and max = 183 cm). Twenty-six
participants were monolingual, and five reported being bilingual; all apart from one
were right-handed. The participants were all recruited using a participant database
of the Leibniz-Centre General Linguistics. Before the experiment, they were given
basic information about the task and were asked to sign a consent form. They re-
ceived monetary compensation for their participation. The project was approved by
the ethical board of the German Research Foundation (DFG), and the data is avail-
able on Open Science Framework3.

3The OSF repository can be visited under the following address: https://osf.io/ysr75/

https://osf.io/ysr75/
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Data Pre-processing

The acoustic data were automatically labeled at the phoneme level using WebMAUS
(Kisler et al., 2017) and subsequently manually corrected using Praat (Boersma and
Weenik, 2018). All parameters: F0-F2 were extracted automatically with a Praat
script. The onset and offset of the vowel were defined as the onset and offset of
vocal fold oscillations, respectively. The mean fundamental frequency in hertz was
calculated for the whole vowel interval. For formants, median values in hertz were
extracted, also in the whole vowel interval. During the automatic parameter extrac-
tion, the fundamental frequency range was set to 150–400 Hz to avoid octave jumps
of the pitch tracker due to creaky voice.

The motion capture data were first extracted and processed with Mokka (ver-
sion 0.6.2; Barre and Armand, 2014), and then converted for further processing with
MATLAB (version R2017b). The position of the markers was measured within the
three-dimensional space with reference to the ground level as a bottom for the y-
axis. The maximal vertical position of the center of the glasses marker was extracted
within the time frame of the vowel interval, which was provided by the annotated
acoustic data.

Two participants were excluded from the analysis. First, speaker 16 was ex-
cluded due to a technical problem. In her case, the wrong microphone channel was
recorded and the data was of very poor and possibly unreliable quality. After the
initial inspection of the acoustic data, it was noticed that speaker 7 exhibited a very
high mean F0 and mean F0 variance (mean = 314.86, SD = 39.95) in comparison to
the overall mean and standard deviation (mean = 230.40, SD = 31). She was visi-
bly excited during the recording, which is reflected by a high mean F0 of her voice.
Her behavior did not reflect the participant’s typical speech behavior and was thus
excluded from the study. Also, the automatic extraction of all of the parameters
yielded some missing values. Excluding the two speakers mentioned above, for F0,
there were 2.24% missing data points, for F1 and F2 there were 0.38% and 0.03 % NA
values, respectively, and for jaw opening, 1.03% data points could not be extracted.

For H1, outliers were removed for F0 mean and head position based on the Tukey
rules on quartiles (i.e., +/- 1.5 IQR). For the former, 40 outliers were identified from
among 2835 observations (equal to 1.41%). The mean F0 of the outliers was = 168.88
Hz, the mean F0 before outlier removal = 230.40 Hz, and after = 231.23 Hz. As for
head position, one value from among 2900 was identified as an outlier (0.03%), its
value was = 1.22 m. Before outlier removal the mean head position was = 160.31
cm and after = 160.33 cm. To test the H2, outliers were removed for formant values
(F1 and F2) and jaw opening based on the Tukey rules on quartiles (i.e., +/- 1.5 IQR).
For F1, 1 outlier was identified from among 2889 data points (0.03%), with the value
= 1647.96 Hz. The mean F1 changed after removal from = 653.72 Hz to = 653.37
Hz. For F2, 13 outliers were identified from among 2899 observations (0.44%), with
the mean = 705.46 Hz. The mean F2 before removal was = 1607.33 Hz, and after
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= 1611.40 Hz. As for jaw opening, one outlier was identified from 2870 observations
(0.03%), with the value = 5.49 cm. The mean jaw opening before and after outlier
removal was = 4.26 cm.

3.5 Experimental Hypothesis Testing: Fundamental Fre-
quency and Head Position

The following subsection deals with the statistical analysis of the data to test the
H1: Fundamental frequency is influenced by head position – the more upward the
head is rotated, the higher the fundamental frequency. In further subsections, the
results are discussed in the light of current research.

3.5.1 Statistical Data Analysis

The data analysis was carried out using R (R Core Team, 2019, version 3.6.3). We used
tidyverse package for data processing (Wickham, 2017) and ggplot2 for data visu-
aliztion (Wickham, 2016). We used the brms package (Bürkner, 2017) for Bayesian
hierarchical modeling. This statistical approach was chosen for two main reasons.

First, the frequentist modeling approach, most often using the lme4 package for
R (Bates et al., 2014), has recently led to a discussion on the appropriate modeling
for reliable hypothesis testing. In frequentist linear mixed-effects modeling, random
effects are used to account for the variability in the data. It results, for example, from
the individual speaker behavior or different influence of syllables that the partici-
pants are producing. Thus, random effects are justified by the study design – e.g., if,
for some reason, we expect different syllables in the study design to yield a different
effect on the outcome variable, we may want to include it as a random effect. It has
been suggested that in order to account for such individual behavior, it is necessary
to fit a maximal random structure justified by the design (Barr et al., 2013). However,
as the design of the study grows in complexity, so does the random effects structure,
which in turn leads to convergence issues. A solution has been proposed to use par-
simonious mixed-models (Bates et al., 2015). In this paradigm, an iterative reduction
of the random slopes is performed to establish the minimal random structure that is
still maximally informative for the given data (know as “stripping” the model). But
even a stripped version of the model may fail to converge, thus making it impossi-
ble to reliably decide which random slope to disregard. This discussion is irrelevant
for the Bayesian inferential framework as a maximally complex model can be fitted
without convergence issues.

Additionally, there are theoretical issues to consider. While the frequentist frame-
work asks “How plausible is the data given the hypothesis?”, the Bayesian approach
asks about “How plausible is the hypothesis given the data?”. Thus, here the data,
and not the hypothesis, is given. In the Bayesian framework, data are the starting
point to test how plausible the hypothesis is. The model is given the data and prior
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assumptions based on the previous research, and it computes posterior samples.
Then, the plausibility of the hypothesis is estimated not via an arbitrary α = 0.05
cut-off point but with an estimated certainty using probability values.

The hierarchical model to test H1 included the mean fundamental frequency as
a function of vowel segment (two levels: /a/ and /I/), can size (two levels: large and
small), horizontal position (five levels: 1 leftmost and 5 rightmost), vertical position
(five levels: 1 top and 5 bottom), height, and head position. All parameters except
for head position are control parameters, as they were also manipulated within the
study design. The model also controlled for by-speaker variation within vowel, can
size, horizontal position, vertical position, and head position parameters by fitting a
random intercept for speaker.

No priors were specified. The Student’s t-distribution priors estimated for the
model consisted of df = 3, µ = 235, σ = 29. Six sampling chains with 6,000 iterations
each were run, with a warm-up period of 3,000 iterations.

In the following section, multiple values are reported for each parameter: the
95% credible intervals and the posterior probability that the coefficient parameter is
smaller than −1 Pr(β < −1). The 95% credible interval (CrI) refers to the posterior
probability distribution of the modeled data. On its basis, it can be said that there
is a 95% chance that the effect falls within the range of the credible interval. There
is no golden measure for the CrI, but 95% has been used in the past based on the
frequentist tradition (cf. Kruschke, 2015; McElreath, 2018, for a discussion). In the
current analysis, 95% is also taken as a measure. Therefore, I expect −1 not to be
included in the 95% CrI and the Pr(β < −1) to be close to 1 to constitute compelling
evidence of a given parameter having an effect.

The posterior probability expresses the probability of a parameter having a cer-
tain value given the data and the model. The values are modeled on the basis of
the data. They are subsequently tested against a meaningful threshold (e.g., chance
level). Thus, in most cases, the values for every coefficient parameter are tested in
comparison to 0 (i.e., how probable is it that it is bigger or smaller than 0). Yet, a
difference that is slightly above 0 may be acoustically meaningless, thus, I take a
more strict measure of 1 as reference. By using this calculation, we obtain a proba-
bility score of how many samples are greater than 1 (or in our case smaller than −1
– this is due to the initial data coding but does not have any influence on the result).
To assess the meaningfulness of the posterior probability, I set the reliable score to
95%. While this value is the same as the frequentist cut-off point, it should not be
confused with the theoretical meaning of a p-value (cf. Chapter 2.4.1).

3.5.2 Results

Table 3.1 and Figure 3.5 summarize the posterior distributions of all parameters
tested in the model. As described in the previous subsection, values crucial for the
interpretation are the credible intervals – which are based on the data, the priors,



78 Chapter 3. Iconic Prosody

TABLE 3.1: A summary of posterior distributions for all tested pa-
rameters. The column Estimate shows the posterior means; the 95%
credible intervals are gives in brackets. The probability that the esti-
mate is smaller than −1. The probabilities written in bold are greater

than or equal 95%.

Parameter Estimate (CrI) Pr(β < −1)

Vowel −18.89 (−23.34,−14.34) 1.00
Vertical pos. −0.87 (−1.86, 0.13) 0.40
Horizontal pos. 0.01 (−0.59, 0.61) 0
Height −7.21 (−18.87, 4.51) 0.85
Head position −7.70 (−16.21, 0.05) 0.95
Can size −1.50 (−3.12, 0.13) 0.73
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FIGURE 3.5: Posterior densities with posterior means (black dots) and
95% credible intervals (black lines) for the results of the H1 testing.
Each of the variables is depicted on the y-axis. The x-axis shows the
value of the predicted effect. The distribution of all values for the
given variable were combined to a density plot. The gray dashed line

is drawn at the x-axis value = −1.
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and the model – and the probability that F0 change is caused by the head position
change being above 1 Hz.

The effect of the parameter that is crucial for the H1, head position, is inconclu-
sive looking at the 95% credible interval (β = −7.70[−16.21, 0.05]) since it includes
the reference level −1. The posterior probability of head position reaching lower
than −1 is at 95%. Thus, for the head position, the 95% credible interval does con-
tain the reference level, as it spans from −16.21 up to 0.05. The posterior probability
of the value is lower than the reference level 95% and therefore reaches the threshold
that was set for the parameter having a reliable effect. The effect, given the data, the
priors, and the model, can be interpreted as a change equal to one standard devia-
tion, for head position SD = 7.49 cm, yields a change of −7.70 Hz. The lower the
head position, the lower the fundamental frequency. The rest of the parameters serve
as control variables that were manipulated within the experimental design. Vowel
exhibits a robust effect on fundamental frequency (β = −18.89[−23.34,−14.34]), as
the CrI does not include the reference point −1 and the posterior probability is at
ceiling. Given the data, the priors, and the model, the estimated difference between
the fundamental frequency of /I/ and /a/ is −18.89 Hz. Due to its high variability,
the effect of body height is inconclusive (β = −7.21[−18.87, 4.51]). Here, the credible
interval contains the reference point and goes far beyond it, signaling an opposite ef-
fect for some cases. Nevertheless, the probability of the height sample being lower
than −1 is 85%. Given the data, the priors, and the model, the estimated change of
height equal to one standard deviation, ergo = 7.4 cm, yields a change of −7.21 Hz.
The effect of can size on F0 is also ambiguous (β = −1.50[−3.21, 0.13]) due to the
reference level also laying within the CrI. The posterior probability for can size be-
ing below the −1 threshold given this data reached 73%. Given the data, the priors,
and the model, the estimated difference between the fundamental frequency when
referring to small vs. to large cans is −1.5 Hz. For vertical position, no effect was
found (β = −0.87[−1.86, 0.13]). Here the posterior probability of the estimate be-
ing lower than −1 equals 40%. There was no effect for horizontal position as well
(β = 0.01[−0.59, 0.61]), with the lowest probability of all = 0. Thus, in our experi-
mental setup, an estimate change equal to one SD in vertical (SD = 1.42 steps, from
top to bottom) or horizontal (SD = 1.41 steps, from left to right) position, given the
data and the model, yields an F0 change of respectively −0.89 and −0.01 Hz.

The results suggest that a possibly communicatively relevant influence on F0
is the most reliable for vowel. The parameter in question, head position, yields a
reliable posterior probability of 95%, meaning that 95% of the samples generated
based on the data, the priors, and the model do, in fact, lay below the threshold of 1
Hz. However, given that the sample spread expressed by the 95% credible interval
is broad and entails the threshold itself, the effect found here is not entirely reliable.
For the rest of the parameters, the impact on F0 is inconclusive, or there is no effect at
all. Especially the can position parameters – vertical and horizontal position – yield
no effect.
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FIGURE 3.6: The relationship between F0 (y-axis) and head position
(x-axis). The two colors represent large- and small-sized cans that
yield no difference in the F0 here. A slight trend can be observed –

raising the head position has a positive impact on the F0.

3.5.3 Discussion

The analysis described above tested the relationship between F0 and head position.
It was hypothesized that the change in vertical head position influences F0 such
that a higher head position yields higher F0. The results towards the hypothesis are
inconclusive, and given the data, the priors, and the model, it can only be supported
to a certain extent.

The effect is demonstrated in Figure 3.6. The slope of the plotted values is pos-
itive, suggesting a positive relationship between F0 and head position. The slope
is not steep, suggesting a rather subtle effect of head position on F0. The posterior
samples of head position are dispersed, suggesting high variability in participants’
behavior (β = −7.70[−16.21, 0.05]). In some cases, the effect is evident, but there
is a number of cases that show no effect at all. These cases reach a value smaller
than −1. The variability may have several reasons. One of them is the individual
movement behavior of a speaker. To assess how many people were prone to head
movement, I set a cut-off point for “movers” at head position SD > 2.5. Thus, if the
standard deviation of head movement was less than 2.5, the person was classified
as a “non-mover”. In the current data, there were 12 movers and 17 non-movers.
Therefore, less than half of the speakers are prone to movement. Figure 3.7 shows
that this parameter does not influence the effect between head position and F0. This
means that even if the head is raised very little, the effect is visible. This can also
signal that even when the movement is not radical enough to cause the F0 to raise
due to the muscle tension, there cognitive forces may be at play to influence F0.
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FIGURE 3.7: The relationship between F0 (y-axis) and head position
(x-axis) divided by mover. Whether a speaker is a mover (head posi-
tion SD > 2.5) or not (head position SD < 2.5) has no influence on

the slope.

As mentioned, the effect shown here is based on the connection between the
muscles responsible for both head movement and voice production. The results
show some evidence that one can influence the other – if the head is raised, the F0
cannot be as low as it would be at a normal or low head position. Recent results by
Liu et al. (2020) support the idea that head movement influences F0. The authors
found a positive correlation between head movement and F0 in both congenitally
blind and sighted speakers. For the latter, head movements were more pronounced
for each corresponding change in F0, which suggests that, for sighted speakers, the
head movement has a visual prosodic function. Liu et al. also found that the correla-
tion between head movement and F0 was weaker for sighted speakers. The authors
note that this may have social- (gaze control or eye contact) or discourse-related rea-
sons. Biomechanical factors are only to some extent obstructed by movement, and
there is a lot of freedom to raise or lower the voice at any head position. It has to
be pointed out that there are many mechanisms that strongly influence F0 that have
nothing to do with movement or physiology but rather with social expression.

F0 is to a large extent learned, therefore we may not have a purely physiological
effect here. It has been shown that voice pitch can be used to express dominance (Stel
et al., 2012) and can be interpreted as such, in turn being preferred when choosing a
male partner (Apicella et al., 2007; O’Connor et al., 2014). Pitch has also been shown
to assess trustworthiness – high female voices are perceived as more trustworthy
in economic and mate poaching contexts, but in general low-pitched female voices
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are perceived are more trustworthy (O’Connor and Barclay, 2017). For males, high-
pitched voices are perceived as more trustworthy in all tested contexts. Pitch and
other linguistic markers can be used to show an affiliation to a certain group or social
class. In his 1982 song “Valley Girl”, Frank Zappa mocks the linguistic behavior of
young upper-middle-class females who come from a certain region in California.
One characteristic of their speech is the use of creaky voice (also known as vocal fry
or glottal fry), a modality caused by lowering the voice to the extent where the vocal
folds are loose and vibrate irregularly. The phenomenon is known for women across
the US (Hinton et al., 1987; Yuasa, 2010) and in further English-speaking countries
(e.g., Hornibrook et al., 2018). It has been shown that even two-thirds of young
adult Standard American speaking females may be susceptible to vocal fry (Wolk
et al., 2012). The discussion on how vocal fry is perceived is ongoing, but recent
findings suggest that women using vocal fry are perceived as “less competent, less
educated, less trustworthy, less attractive, and less hireable” (Anderson et al., 2014).

Fundamental frequency is, therefore, a powerful tool, and, as such, it can be
manipulated for different purposes, e.g., to seem more important, more likable, or
to identify with a group. The physiological contsraints are not the only ones at play.

Methodological Issues

As noted in Chapter 3.5.1, the Bayesian interference was used to perform the analy-
sis. Initially, the data were analyzed using linear mixed-effect models. A preliminary
analysis performed on a subset of participants (15 of 29) showed that head position
has a robust effect on F0 (Ćwiek and Fuchs, 2019). The maximal model consisted of
the following fixed effects: vowel in the uttered word, participant’s height, partici-
pant’s head position, can’s vertical position, can size, and the interaction of vowel
and can size (the latter was a suggestion from a reviewer). All apart of participant’s
height were included as random slopes for the random intercept of subject. Such
a model reported convergence issues, therefore, a parsimonious mixed models ap-
proach was used (Bates et al., 2015). After the iterative model reduction, random
slopes were: vowel and the interaction of vowel and can size.

Subsequently, the analysis was to be performed on all data, yet using the same
approach repeatedly led to convergence issues. Knowing that this is the case with
LMER due to a complex random structure, I assumed this is due to variance be-
tween the participants – the algorithm was unable to calculate a linear relationship.
I grouped the participants into two groups: movers and non-movers since this was
the parameter in question (cf. H1). As can be seen in Figure 3.7, both groups are
very similar. Computing the two models for movers and for non-movers was un-
successful as these too would not converge, even in their parsimonious variants. I
then re-performed the preliminary analysis from Ćwiek and Fuchs (2019) by simply
running the code. To my surprise, the old model described in the article would not
converge. It has to be noted here that the lmer package is constantly developed and
updated, so that some old models may not be reliable after a new algorithm update.
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FIGURE 3.8: Posterior predictive checks for head position model. The
y-axis here shows the hertz scale, and the x-axis depicts the density
of the values. The thick dark line shows the collected data points,
here stemming from the recordings. Lighter blue lines (N = 1000) are

values predicted based on the priors, the data, and the model.

I then used an alternative method for solving convergence issues with LMER.
This method, similarly to Bates et al.’s (2015) parsimonious mixed models, involves
model stripping. The package LMERConvenienceFunctions (Tremblain and Ran-
sijn, 2015) allows for fitting both random and fixed effects to maximally reduce the
model. The models computed with this package, despite their reduced structure,
were identified as singular. Singularity refers to a situation when one or more vari-
ances in the model are (close to) zero. Singular models are regarded as too complex,
consequently have less power, and bear a higher risk to misconverge.

After having experienced problems with modeling the data with more conven-
tional methods, I decided to use the Bayesian approach that has recently gained
attention in linguistics (Roettger et al., 2019). The final Bayesian interference model
is complete and includes all predictors and a full random effects structure that were
initially established. Bayesian modeling with the brms package allows for graphic
examination of the model fit using posterior predictive checks. This function com-
pares the data density of the collected data points with the predicted data points
based on the priors, the data, and the model. As can be seen in Figure 3.8, the actual
data depicted by the thick dark line shows a bump at around 200 Hz, which is not
shown in the data simulated by the model (light blue lines). This suggests that there
is an additional factor responsible for the variance in the data that the current model
does not cover. To my knowledge, this observation could not have been made when
using frequentist analysis methods. Possible explanations for the bump are given in
the Discussion section above.
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Is Iconic Pitch Vertical?

In English, we use spatial terms to refer to vocal height – a voice can be “high” or
“low”. This metaphor is used in many languages, such as German hoch (high) and
tief (low), Spanish alto (high) and bajo (low), Japanese 高い (high) and 低い (low),
or Polish wysoki (tall, high) and niski (low). However, as variable as languages of
the world are, there are also vastly different metaphors for pitch. A contradictory
example can be found within the Indo-European language family – Persian speakers
describe pitch as nāzok (thin) and koloft (thick). This relationship is also used in
Turkish and Zapotec (Dolscheid et al., 2013). Further examples includes: light and
heavy (Kpelle people), young and old (Suyá people), or weak and strong (Bashi
people; Dolscheid et al. 2013). For pitches of musical instruments, it has been shown
that metaphors related to age, gender, kinship, and social roles are used by African
musicians (Ashley, 2004). For example, low frequency manuals of a mbira, a type of
plucked idiophone instrument, can be referred to as “old men’s voices”, medial as
“young men’s voices”, and high frequency ones are “women’s voices”.

In a series of experiments, Dolscheid et al. (2013) demonstrated that Dutch speak-
ers – who natively use high and low metaphors for pitch – are insensitive to Farsi-
like metaphor of thin and thick unless they are trained to do so. After the training,
Dutch speakers exhibited the same pattern as Farsi speakers. Based on this results,
Dolscheid et al. (2013, 620) conclude that “language-specific metaphors shape peo-
ple’s nonlinguistic representations of musical pitch”. Therefore, regardless of the
metaphor, the experience of pitch is the same across cultures. However, a mere
opposition, even when it is marked, is not sufficient to represent pitch, e.g., speak-
ers of English show no congruity effect when asked to judge pitch as front or back
(Dolscheid and Casasanto, 2015). Interestingly, neither do they for terms “small”
and “big” – a marked opposition – yet this might be due to the contradictory effects
on F0 discussed earlier: big size evokes a low pitch, but the big size is also correlated
with height in humans, that in turn evokes high pitch (cf. Ohala, 1994; Pisanski et al.,
2017b). Dolscheid and Casasanto (2015) show, however that English native speakers
exhibit congruency effects when judging pitch with terms “tall” and “short”. Tall
and short are words clearly depicting a vertical relation, just as high and low are. In
this vein, they belong to the same conceptual category, thus the verticality of pitch
may be conceptually engraved in humans (Casasanto et al., 2003).

The high conceptualization of the effect is further supported by experiments with
infants (Dolscheid et al., 2014a; Tham et al., 2019). Dolscheid et al. (2014a) tested
4-moth-old Dutch infants’ perception of two different metaphors of pitch – high
and low, and thin and thick. For both pairs, the participants looked significantly
longer at congruent pairs of space-sound stimuli (i.e., raising point or thinning line
accompanied by a rising tone) than at incongruent pairs. The results suggest that
the metaphor for pitch is present before it can be acquired with the language. Inter-
estingly, both high and low, and thin and thick metaphors were interpreted for pitch
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equally well, differently as with adult participants (Dolscheid et al., 2013).
Studies are showing, unlike, e.g., Casasanto et al. (2003), that a horizontal do-

main may play a role in pitch representation as well. Most notably, Rusconi et al.
(2006) have shown evidence for a relationship between musical pitch and vertical or
horizontal position, calling it a SMARC effect (based on SNARC effect by Dehaene
et al. 1993). The authors tested both naïve participants and expert musicians and
demonstrated that the SMARC effect – high frequencies favored for spatially higher
responses and low frequencies for lower responses – persisted even when the pitch
was task-irrelevant. A horizontal mapping – where the left space is correlated with
lower and the right with higher sound – was found for musicians only, yet the au-
thors speculate it might be due to a remapping from vertical to horizontal domain
(Rusconi et al., 2006, 127). In another study, it has been shown that musical training
may activate a “music spatial line” that makes musicians perform better in congruity
tasks between pitch and space (Lega et al., 2014). For horizontal association, espe-
cially pianist experience seems to be of importance (Timmers and Li, 2016).

Embodied cognition, a view that “cognitive processes are deeply rooted in the
body’s interactions with the world” (Wilson, 2002, 625), has also been quoted as
a potential source of the vertical spatial metaphor for pitch. Zbikowski (1998) no-
tices that low-frequency sounds are located lower in the body as they come from
the chest, while high-frequency sounds are produced higher toward the head (e.g.,
singing head voice). It suggests that this relationship might, in fact, be embodied, as
supported by unimodal activation of brain areas (Dolscheid et al., 2014b).

3.6 Experimental Hypothesis Testing: Jaw Opening and Ob-
ject Size

The subsequent section reports the statistical analysis of the data to test H2: The
degree of jaw opening is influenced by the size of an object – the larger the object,
the larger the degree of jaw opening. In the following subsections, the results are
outlined and discussed.

3.6.1 Statistical Data Analysis

Just like for H1, the data analysis was carried out using R (R Core Team, 2019, version
3.6.3) and the brms package (Bürkner, 2017) for the Bayesian hierarchical model. The
reasons for choosing this approach over the frequentist one are clarified in Chapter
3.5.1.

The correlation between F1 and jaw opening in the data set was moderate at r =
0.49. Two models were calculated and compared to estimate whether jaw opening
is a good physiological correlate of F1 in our data. The first model included F1
as a function of vowel segment (two levels: /a/ and /I/) and can size (two levels:
large and small). It controlled for by-speaker variation within vowel and can size by
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FIGURE 3.9: Posterior predictive checks for jaw opening model. The
y-axis here shows scaled values of the degree of jaw opening, and the
x-axis depicts the density of these values. The thick dark line shows
the collected data points, here stemming from the recordings. Lighter
blue lines (N = 1000) are values predicted based on the priors, the

data, and the model.

fitting a random intercept for speaker. The second model estimated jaw opening as
a function of identical parameters. The continuous variables, F1 and jaw opening,
were scaled, and the categorical variables, vowel and can size, were contrast-coded
for modeling.

Four sampling chains, each with 6,000 iterations, were run for each model, with
a warm-up period of 3,000 samples. For both models, no priors were specified. The
Student’s t-distribution priors estimated for the both models were identical and con-
sisted of df = 3, µ = 0, σ = 10.

Model comparison was done with brms function bayes_factor. It revealed the
Bayes factor in favor of jaw opening over F1 at 0.17. Thus, jaw opening seems to
be predicted even better by vowel and can size. In addition, a model with vowel
x can size interaction was calculated and compared to the jaw opening model. The
Bayes factor in favor of the model without an interaction term over the one with
an interaction term was 1603.65, implying a very strong preference for the model
without the interaction.

The final model reported below thus includes jaw opening as a dependent vari-
able. The model fit, shown in Figure 3.9, suggests that the modeled data (thin light-
blue lines) fit the actual data (thick dark-blue line) very well, as their trajectory fol-
lows the same path. As for the H1, multiple values are reported for each parameter:
the 95% CrI and the posterior probability distribution of the modeled data. For H2,
all posterior samples were tested to be greater than 0, Pr(β > 0), i.e., whether there
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TABLE 3.2: A summary of posterior distributions for the parameters
tested in H2. The column Estimate shows the posterior means; the
95% credible intervals are gives in brackets. The probability that the
estimate is greater than 0 is given in the column Pr(β > 0). The

probabilities written in bold are greater than or equal 95%.

Parameter Estimate (CrI) Pr(β > 0)

Vowel 1.06 (0.94, 1.18) 1.00
Can size 0.01 (−0.01, 0.04) 0.83

was any difference made by the parameter, given the data and the model. Differently
to H1, 0 was chosen for H2 because all the parameters in this model were scaled or
contrast coded. The posterior probability was set at 95% to assess a meaningful dif-
ference (cf. Chapter 3.5.1). Thus if at least 95% of the posterior samples are greater
than 0 and the 95% CrI does not contain the 0 cut-off point, the parameter will be
regarded as meaningful.

3.6.2 Results

The results in form of the posterior distributions for vowel and can size parameters
are given in Table 3.2 and Figure 3.10. The results are interpreted according to two
crucial parameters: the credible intervals and the probability that the can size causes
a larger than 0 change in the jaw opening. The 95% credible interval of can size,
the parameter relevant in H2, shows that the effect of can size has on jaw opening
is inconclusive (β = 0.01[−0.01, 0.04]) because it includes the reference level 0. The
posterior probability of can size being higher than 0 is 83%, a number lower than
would be expected in a significant influence on jaw opening, set at 95%. It means
that, given the data, the priors, and the model, 83% of the posterior samples for the
large can size yield a larger jaw opening than the small can size does.

The effect of vowel, a control parameter, is evident looking at the 95% credible
interval (β = 1.06[0.94, 1.18]) since it lies far beyond the reference level 0. The pos-
terior probability of vowel being larger than 0 is 100%. Thus, given the data, the
model, and the priors, 100% of the posterior samples for the vowel /a/ result in a
larger jaw opening than for the vowel /i/.

Overall, the results suggest that the vowel segment has a robust effect on the jaw
opening, with jaw opening being significantly larger in /a/, in comparison to /i/.
The effect of can size on jaw opening, as hypothesized in H2, was not found.

The lack of an effect of can size on jaw opening is demonstrated in Figure 3.11.
Large-sized cans are represented in red, on the left side for the given vowel, and
small-sized cans in blue, on the right side for the given vowel. Within vowel seg-
ments, /a/ and /i/, the medians and interquartile ranges do not differ between large
and small cans, similarly to the whole distribution of the data points, as depicted by
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FIGURE 3.10: Posterior densities with posterior means (black dots)
and 95% credible intervals (black lines) for the results of the H2 test-
ing. Each of the variables is depicted on the y-axis. The x-axis shows
the value of the predicted effect. The distributions of all values for the
given variable were combined to a density plot. The gray dashed line

is drawn at the x-axis value = 0.

the violin shape. The robust effect of vowel on jaw opening is visible when compar-
ing large- and/or small-sized cans across the vowels. The difference between the
medians for /a/ and for /i/ is approximately 0.5 cm, with mean jaw opening for /a/
= 4.5 cm and for /i/ ≈ 4 cm.

3.6.3 Discussion

The analysis outlined above tested whether the degree of jaw opening is influenced
by the object of reference, ergo whether larger objects result in a larger jaw opening
than small objects. Based on the data, the model, and the priors, the hypothesis was
refuted.

Figure 3.12 presents the formant areas of both vowels in the collected data. Ad-
ditionally, large and small can sizes were color-coded for each vowel. The areas
for both sizes are almost identical. The plot reveals a lack of difference in the for-
mant distribution with regard to large and small cans. To double-check the visual
impression mathematically, the areas of the ellipses were calculated. First, the co-
ordinates of each ellipse were extracted, then its center, and the distances to the
center from each point on the ellipse. The area was then calculated using the equa-
tion A = π × a × b, where a is the semi-minor and b is the semi-major axis, i.e.,
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FIGURE 3.11: The relationship between jaw opening (y-axis; in cen-
timeters) and vowel (x-axis; binary /a/ and /i/). The color-coding on
the x-axis represents two can sizes: red depicts the large- and blue
the small-sized cans. The violin plot visualizes the distribution of the
data – the wider the shape, the more data points are included. The
median and the interquartile range are depicted by the darker verti-

cal bar within the violin plot.

the smallest and largest distance of a value to the center. The paired t-test compar-
ing large and small areas for /a/ and /I/ revealed no difference between the areas,
t(1) = 0.9, p = 0.5.

The strong effect found for vowel on jaw opening is in line with basic articulatory
phonology, where /a/ is classified as an open vowel and /I/ as a closed vowel. In our
data, the difference of jaw opening between the two vowels was ≈ 0.5 cm. This effect
is nevertheless very robust, as it is anchored in the articulatory-acoustic properties
of the vowels. The physiological ground for the expression of size iconicity, i.e.,
larger jaw opening for larger objects, was not found in our data, yet a few factors
may be at play here. Firstly, the expression of size iconicity within a segment may
be more subtle than initially anticipated. Secondly, the iconicity of size may apply
only to animate entities and not to inanimate objects. Also, it may be the case that
the communication of size is limited to communicating own size by the source.

Subtle Expression of Size Iconicity within a Vowel

The clear-cut difference found in jaw opening for the vowel segment, as briefly men-
tioned above, has its ground in the articulatory-acoustic properties of vowels. Pho-
netically, openness is one of the crucial parameters to distinguish vowels as it di-
rectly influences the F1 – the more open the jaw and the lower the tongue, the higher
the F1. The tongue covers relatively small distances within the oral cavity to empha-
size the differences between the vowels. For both jaw and tongue movement, there
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FIGURE 3.12: Formant areas (z-normalized) for /a/ and /I/ with re-
lation to can size. The values for large-sized cans are colored red and
for small-sized cans blue. It can be observed that can size does not

affect the formant distribution.

might just be not much more room for variance within a single vowel that would
become visible with the method applied in the current study. In this line, it might
be the case for size iconicity that the distinction between the vowel segments itself is
sufficient (cf. Chapter 3 on sound symbolism).

In the current study, two lax vowels /I/ and /a/ were tested. In German, there
are both tense and lax vowels, with lax vowels being more prone to coarticulation
than their tense counterparts (Hoole and Mooshammer, 2002). Tenseness involves
more muscular effort, plus, in German, tense vowels are usually long. In contrast,
lax vowels are often short (with some exceptions) and articulated with less effort.
Because of less muscle tension in lax vowels, the target of the vowel is not clearly
reached as the preparatory movement for the subsequent segment takes over. Inter-
estingly, Hoole and Mooshammer (2002, 136) observed an inter-speaker variance in
the jaw movement with regard to tense-lax vowel opposition.

The jaw is principally made of a heavy bone structure compared to, e.g., the
tongue made of much lighter soft tissue. The lower jaw movement involves the
mandible bone itself, a set of joints (temporomandibular joints), and four different
muscles (masseter, temporalis, and the medial and lateral pterygoids), leading to
a rather effortful process. According to economy theory, such as the hyper- and
hypospeech (Lindblom, 1990), speakers adapt their speech by varying the effort of
speech production to listeners’ needs in order to achieve a sufficient discriminabil-
ity of speech segments. The jaw opening is naturally limited to a few centimeters,
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but there is also a high degree of freedom to how far speakers open their jaw when
speaking. Economically, the smaller the jaw opening, the less effort in articulation.
As the discriminability becomes harder to achieve, more articulatory effort is used.
This can be the case, for example, in a noisy environment or during listener-endorsed
repetitions. The task in the current study did not involve a communicative situation,
as the outspoken words were not directed to any listener. And as iconicity serves
the purpose of depiction for the listener (Dingemanse, 2015, 950), when a listener
is not present, the depictive purpose might become irrelevant. Therefore, it can be
assumed that, with a lacking communicative goal and the lacking need for depic-
tion, participants were behaving economically, with rather less effort, thus less jaw
opening, than in a conversation scenario.

Animacy Effect for Size Iconicity

The second possibility, why the effect was not found, is the inanimacy of the target in
the current experiment. Here, the participants aimed at cans and “shot” them with
their voice and a laser pointer. As mentioned above, it was far from a communicative
situation, in which the participants would have to act listener-oriented as well. Past
research revealed an influence of the fundamental frequency and/or formant fre-
quencies on human body size estimation (e.g., Pisanski et al., 2014b, 2017b; Pisanski
and Rendall, 2011). Similarly, vocal frequencies correlate with measured body size
of other species, such as dogs (Riede and Fitch, 1999) or frogs (Gingras et al., 2013). A
subspecies of the latter has been explicitly shown to lower their F0 in defense territo-
ries (Bee et al., 2000) and many non-human vertebrates have different vocalizations
for hostile and friendly signals (Morton, 1977, 1994). The manipulation of the voice
has a clear communicative goal – it should evoke a certain reaction in a recipient.
Lowered F0 serves as a marker of largeness and/or hostility (Morton, 1994; Ohala,
1994), a trait that is highly important in an animal’s territory. In humans, the inter-
play of perceived pitch and formant frequencies has also been found to influence the
perceived attractiveness of males (Feinberg et al., 2011, 2005; O’Connor et al., 2014;
Pisanski and Rendall, 2011). Applying all of these vocal associations wins on impor-
tance only in the case where the signal is going to be actually received by the target.
Thus, having an animate recipient may be of the highest priority when it comes to
iconically marking the size of an entity.

Notably, the experimental task was designed to communicate the size of the ref-
erent and not the speaker. However, all of the studies mentioned above report the
opposite. The communication of size regards the source – by vocalizing, an animal
communicates its own size, and a human their own size. This does not imply that
the mechanism can be applied to communicate iconically about the size of other
entities.
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3.7 Chapter Discussion: Iconicity is (also) Sensory

Involving various acoustic dimensions – such as intensity, intonation, rhythm, and
spectral phenomena – prosody is an ideal means to express iconicity. Saying
‘loooong’ iconically portrays and intensifies the meaning in comparison with the
regular ‘long’ (cf. Fuchs et al., 2019, for evidence in written corpora). The experi-
ment described in this chapter investigated a potential physiological origin of two
iconic relationships: (1) between vertical position and fundamental frequency, and
(2) between object size and formant frequencies. The hypothesized physiological
roots for the relationships were head position and jaw opening, respectively.

The results of a Bayesian hierarchical model for (1) were inconclusive, as the
credible interval includes the reference level. Yet, the posterior probability of head
position at 95% suggests that head position might affect F0. For (2), no effect of jaw
opening with respect to size was found. As reported, e.g., by Hoole and Moosham-
mer (2002), also in our data set, there were differences in participants’ behavior –
whether they moved their head or not, and how far they opened the jaw, respec-
tively.

As Figure 3.8 illustrating the model fit reveals, there is some inconsistency be-
tween the modeled and actual data. The bump of the thicker blue line at around
200 Hz could not be explained by any of the factors in the model, as it is not fol-
lowed by light-blue lines – representing the modeled data. Therefore, a question
arises, what other factor is missing that would explain the variance in the data?
Maybe there is another force driving the iconic relationship under investigation?

Cross-modal correspondences – such as those between pitch and elevation, or
pitch (evidence for both pitch, e.g., Pisanski et al. 2014a and formants, e.g., Fitch
1997; Pisanski and Rendall 2011) and size – are everywhere (Spence, 2011, 975). Both
English- and Hindi-speaking consumers perceive a beer as lighter when it has front
vowels or voiceless stops in the name, as compared to dark beer with back vowels
and voiced stops (Athaide and Klink, 2012; Klink, 2000, among other preferences).
Therefore, at least some cross-modal correspondences, similarly to relationships
based on iconicity, seem not to be anchored in a single phonological system and
go beyond that. Such correspondences, which tightly couple two different modal-
ities and are non-arbitrary (Melara and O’Brien, 1987, 323f.), can be identified as
synesthetic. Synesthesia is a perceptual phenomenon – one perceives a stimulus in a
certain modality and experiences another one simultaneously (e.g., hearing C-sharp
may induce a sensation of a blue color, Ramachandran and Hubbard 2001). Simi-
larly, cross-modal correspondences are a perceptual phenomenon – the majority, if
not all, of the studies investigate the perception. While cross-modal correspondences
are very common among populations (cf. Spence, 2011), synesthesia was disputed
for many years (cf. Baron-Cohen et al., 1996; Baron-Cohen and Harrison, 1997, 1073)
and estimations of how many synesthetes there are vary (cf. Ramachandran and
Hubbard, 2001, 6, who propose 1 in 200 people). Because of the similarity between
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both phenomena, Martino and Marks (2001) suggested that cross-modal correspon-
dences should even be considered weak forms of synesthesia. A subsequent criti-
cism by Deroy and Spence (2013) revealed, for example, that, while synesthesia is an
automatic phenomenon, there is a degree of control in cross-modal correspondences.
Furthermore, the former is a conscious experience, whereas the latter not necessarily.
Also, taking into account a size–pitch correspondence, it becomes evident that the
correspondence here is relative, while synesthesia operates in absolute relationships
(cf. Deroy and Spence, 2013, 653ff. for a complete list of arguments).

In the real world, certain sensory information co-occur together more frequently.
For example, the pitch–elevation correspondence, also investigated in the current
study, has been reported and replicated many times to date (e.g., Bernstein and Edel-
stein, 1971; Melara and O’Brien, 1987; Parise et al., 2014; Pratt, 1930) and is said to
be very robust across populations (Evans and Treisman, 2010; Spence, 2011). There
seems to be a degree of how prevalent the correspondence occurs that may also vary
from modality to modality. For example, a correspondence between high pitch and
high elevation can be seen as iconic – high is high and low is low; ergo, the mean-
ing resembles the form. It may be less evident when we consider an example given
in the previous paragraph with front vowels and voiceless stops suggesting a light
beer. The correspondence between sound and taste seems less iconic at first glance,
but it is still cross-modal. According to Spence, the multisensory integration is in-
fluenced by cross-modal correspondences (Spence, 2011, 982). He states that “[t]he
stronger the coupling, the more likely it is that the original unimodal signals will
be fused completely into a single integrated multisensory percept” (Spence, 2011,
984). According to the Bayesian view, the strength of the coupling is modulated by
the statistics in the natural environment correlations (Ernst, 2006; Parise and Spence,
2009). Therefore, if two phenomena across two modalities co-occur together more
often, they are more likely to be integrated into one. The reflection of the effect in
the environment (coupled spatio-temporally) increases the anticipation that the two
stimuli do correspond. This leads to the perceptualization of the effect (Spence, 2011,
985).

In the current experiment, I looked for a physiological explanation of the iconic
correspondences between pitch and elevation, and pitch and size. Both correspon-
dences are also cross-modal, and, as suggested by Spence (2011, 985), very likely
perceptualized. Consequently, the effects in question may not be purely physiolog-
ical anymore. In our data, we were able to identify that the majority of the partic-
ipants were not prone to head movement (cf. Chapter 3.5.3), yet this did not have
an influence on the fundamental frequency (cf. Figure 3.7). This finding supports
the perceptualization of the correspondence between fundamental frequency and
elevation and suggests that other factors than head movement are at play.

Some of the cross-modal correspondences, based on multisensory perception
and integration, are iconic in nature, such as those between pitch and elevation and
pitch and size. Still, some correspondences that are not iconic in our sense also get
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habituated because of the natural environment statistics. The goal of future research
might be to disentangle which of the cross-modal correspondences are iconic in their
nature and which of them are not. It is also possible that sensory phenomena should
be integrated into our thinking about iconicity more tightly. Differently from cross-
modal correspondences, iconicity itself has been investigated in both perception and
production, which are tightly coupled with one another (e.g., Ohala, 1996). Espe-
cially in speech production, certain sensory responses connected to movement – for
example, of the articulators (Lieberman, 1970) – might occur and become grounded
in the sensory-motor systems (Leshinskaya and Caramazza, 2016). I propose, there-
fore, that properties of iconic relationships are sensory-based. In further investiga-
tions of the origins of iconic phenomena, apart from the sensory-motor represen-
tations, also theories concerning sensory integration phenomena should be consid-
ered.
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Chapter 4

Ideophones

4.1 Introduction to Ideophones

Previous chapters provided insight into how iconicity manifests itself on the seg-
mental and suprasegmental levels. However, iconicity is probably the most evident
on a word level to any language user. Onomatopoeic words such as boom, bang, or
swish are present in the pop culture and in daily life. Film titles, song lyrics, com-
mercials, and even books contain many such examples. In the early discussion on
the principles of linguistic signs, Saussure (2011) claims that, despite their depict-
ing character, onomatopoeic words do not undermine the principle of arbitrariness.
They are “limited in number, but also they are chosen somewhat arbitrarily, for they
are only approximate and more or less conventional imitations of certain sounds (cf.
English bow-bow and French ouaoua)” (Saussure, 2011, 69). The author overlooked,
firstly, the role of the phonological system and phonotactics. Both phonology and
phonotactics shape the form of the word by constraining, which sounds and syl-
lable structures are allowed in the given language (cf. Akita, 2009, 37). Secondly,
Saussure did not mention that there exist many more examples for sound-symbolic
words other than those based on sound imitation.

An ideophone is defined as “[a] member of an open lexical class of marked words
that depict sensory imagery” (Dingemanse, 2019, 16). In other words, ideophones
portray any sensory experience, whether it is a sound, an image, or a feeling. For ex-
ample, Japanese mimetics (a term used for Japanese sound-symbolic words, cf. Akita
2009, 9) kôrokoro and gôrogoro both depict an object rolling. The difference in voicing
iconically depicts a difference in the quality of the object. While kôrokoro is used for a
small, light object rolling, gôrogoro depicts a large, heavy object rolling (Akita, 2009,
38). Ideophones are marked, because they often stand out syntactically, prosodically,
or even phonotactically. As an example, Akita and Dingemanse (2018, 3) note that,
in Hausa, many ideophones, unlike other members of the lexicon, have consonants
in the final position, e.g., ts�it ‘in a complete silence’ or k�Az�Aö-k�Az�Aö ‘in an energetic
manner’. Lastly, Dingemanse (2019) characterizes ideophones as belonging to an
open lexical class. A whole lexical class of ideophones – also referred to as mimet-
ics, or expressives – exists in languages such as Japanese (Japonic; Akita, 2009),
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Siwu (Niger-Congo; Dingemanse, 2011), or Awetí (Tupian; Reiter, 2011). Numer-
ous other examples are given by Voeltz and Kilian-Hatz (2001). The members of the
lexical class of ideophones go far beyond the scope of the auditory domain. In her
book on Pastaza Quechua sound-symbolic words, Nuckolls describes categories of
ideophones depicting contact and penetration (Nuckolls, 1996, 178ff.), deformation
(Nuckolls, 1996, 232ff.), or suddenness and completiveness (Nuckolls, 1996, 250ff.).
An example for an ideophone belonging to the latter category is dzing, that depicts
“a sudden awarness or intuition” (Nuckolls, 1996, 250).

Now, onomatopoeias are strictly connected to the imitation of sound. Ideo-
phones, however, are not restricted to sound imitation and can depict other dimen-
sions, too. The German ideophone ruckzuck ‘very fast,’ for example, refers to a kind
of movement. According to both Akita (2009) and Kilian-Hatz (1999, after Dinge-
manse, 2012, 657), there exist differences whether onomatopoeic ideophones should
be regarded separately to other kinds of ideophones within a language, because
onomatopoeic ideophones are said to have a “more peripheral syntactic realization”
(Dingemanse, 2012, 657). Here, I maintain that onomatopoeic words are a subgroup
of the larger class of ideophones, namely that they are sound ideophones.

It is a fact that languages vary greatly in the number of ideophones. In some
languages, they represent a whole lexical class. In Japanese, there are over a thou-
sand mimetics (Akita, 2009, 1), which are dispersed across syntactic classes – such as
verbs, adverbs, nouns, and adjectives (McLean, 2020, 3) – and which are widely used
in everyday conversations and writing (Nuckolls, 2004). They express subtle differ-
ences through iconic properties of sounds, e.g., voiced consonants depict heavy or
large objects, while voiceless consonants light or small objects (Hamano, 1998, 172).
In English however, the number of sound-symbolic words is limited, similarly to
other Indo-European languages such as German (Akita and Dingemanse, 2018, 6;
Dingemanse, 2019, 21; Laing, 2019, 16; Nuckolls, 2004, 132). There exists work on
German onomatopoeia (Havlik, 1981), however, it focuses on sound-imitative words
used in comics and covers a wide range of idiosyncratic instances, e.g., marf ‘traffic
noise’ (Havlik, 1981, 102), or plunkty ‘jangling dress made of metal plates’ (Hav-
lik, 1981, 121). Why then are Indo-European languages, in comparison with, e.g.,
Japanese, or Bantu languages, so ideophonically impoverished (Nuckolls, 2004)?

According to Nuckolls (2004), the use of ideophones simulates the described
event. Ideophones are performative and transfer the interlocutors into the situation.
The use of ideophones requires a connection between the human and non-human
world – between one him/herself and nature. Nuckolls (2004, 133) notices that
Quechua speakers, whose language is abundant in sound-symbolic words, change
their use of ideophones when their experiential framework changes. The group that
she studies sustains a relationship with its surroundings based on animacy. How-
ever, its members have been faced with an increased influence of the Ecuadorian
government and nation. In turn, their view of the connection with nature dete-
riorates towards a Judeo-Christian view of nature. This view, on the other hand,
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projects nature as antagonistic to humans, and has widely influenced the cultures of
the Indo-European languages leading to diminishing the number of sound-symbolic
words (Nuckolls, 2004, 133).

Another factor briefly mentioned by Nuckolls (2004) is an increased literacy. The
constraints of orthography and written language seem to have a deteriorating effect
on ideophony. This assumption, however, contradicts the existence of a rich class of
ideophones in Japanese, where ideophones are also used in written language (Akita,
2017). At this point, it is worth noting that the sound-symbolic words in German are
rarely used in formal speech or written language. And even in other cultures, such
as the Awetí community, speakers are reluctant to write down the ideophones. As
revealed by Sabine Reiter (author of Reiter, 2011) in a private conversation, after
being asked about why he omitted an ideophone during the transcription, one of
the members of the community told her “this isn’t important, we do not write that.”
Thus, even members of the Awetí community, which widely uses ideophones, resist
using them in writing. The situation may be similar to other words frequently used
in human interaction that rarely find entrance into the orthographical conventions
(e.g., false starts, filled pauses like “uh”, repairs, etc.).

Ideophones can be seen as iconic, yet, not necessarily across languages. The
German ideophone ruckzuck, ‘very fast,’ contains sound-symbolic means that give
insight into its meaning, such as syllable repetition with onset variation, or the com-
bination of continuants in the onsets and plosives in the codas (cf. Kentner, 2017).
Recent evidence shows that iconicity helps learn new words, and naïve participants
can infer the meaning of sound-symbolic words better than arbitrary words (Lock-
wood et al., 2016a,b; Nygaard, 2008; Nygaard et al., 2009a). However, the exact
meaning of the ideophone within a language remains opaque despite the iconicity.
As shown by Iwasaki et al. (2007b), English native speakers can guess the inten-
tion of Japanese ideophones only partly. The authors conclude that, to some degree,
the iconicity in ideophones is language-specific and conventionalized. Therefore,
ideophones have cross-linguistic attributes, but for non-native speakers, the sensory
experience of the ideophone and the convention within a given community is miss-
ing for a correct interpretation. To some extent, the culture shapes our perception of
iconicity.

In this part of my dissertation, I will bring the topic of ideophones closer by in-
specting the ideophone inventory in German. Diffloth (1972, 440) notes that “a wide
geographic and historical distribution indicates that ideophones are characteristic
of natural language in general, even though they are conspicuously undeveloped
and poorly structured in the languages of Europe” (after Dingemanse, 2019, 2). The
goal set for the following chapters is to gather and present a legitimate scope of the
ideophone inventory in German.

Similar to what has been said for Japanese above, German ideophones are scat-
tered across the lexicon. Instances of sound-symbolic words are present among in-
terjections, e.g., nanu depicting surprisal or amazement, adverbs, e.g., ruckzuck, ‘very
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fast’, but also nouns, e.g., Kuddelmuddel depicting a chaotic state, and possibly other
parts of speech. Therefore, as a first step, I will present a newly collected data set
of German ideophones. Despite its broad range, a data set is a mere collection of
instances and does not contain various critical information, such as the intended
meaning. Thus, in the next step, I will organize the findings in the form of a dic-
tionary proposal. So far, there exists a lexicon of German onomatopoeia found in
comic books (Havlik, 1981), but no work exists that also shows examples of use and
the variety of meaning. To the best of my knowledge, a comparable work exists only
for Polish onomatopoeia by Bańko (2008). In Polish, like in German, ideophones are
scattered across the lexicon. They are also less frequent than in Japanese; therefore,
ideophone inventories of both languages may serve for comparison. The book by
Bańko (2008) encompasses not only onomatopoeia but also other sound-imitative
words, like łap-cap, ‘grasping or catching something in a fast manner,’ or rach-ciach,
‘fast,’ which depict a kind of movement. A collection of a lexicon of German ideo-
phones and its further expansion to a full-fledged dictionary would fill the gap in
German linguistic research. The design should profit language scientists from vari-
ous specializations, e.g., phonetics, semantics, and morphosyntax. The completion
of an entire dictionary lies outside the scope of this work. Therefore, the purpose
of the current lexicon and subsequent dictionary proposal is to set a framework in
which a comprehensive collection of ideophones, including various sensory modal-
ities rather than just sound imitations, could be presented to a broader public. With
such a collection at hand, comparative work on ideophone inventories across cul-
tures and languages could be conducted in the future.

This qualitative work is followed by two quantitative analyses of the German
ideophones. The first, in Chapter 4.4, aims to test the ideophone hierarchy proposed
by Dingemanse (2012), after which there is a particular order in which ideophones
can occur in a language. The second, in Chapter 4.5, involves testing a hypothesis
that the use of ideophones in books varies for different age groups. Both experiments
are based on the initially collected data set and demonstrate how the data set can
be employed for further hypothesis testing. Finally, the chapter is capped with a
general discussion.

4.2 Newly Collected Data Set of German Ideophones

Ideophones can be easily found in comic books. An example of their use is displayed
in Figure 4.1. The ideophones – all words in Figure 4.1 except for Hilfe! ‘help!’ – stem
from other parts of speech, mostly verbs. Starting with knurr, from the verb knurren,
which means ‘to growl,’ then brumm, from the verb brummen meaning ‘to buzz,’ and
finally kratz, which stems from the verb kratzen, ‘to scratch.’ The word tatz can be
identified as stemming from the noun Tatze (f.), ‘paw’ or ‘large, strong hand.’ Lastly,
zack can be interpreted twofold – as stemming from the verb zacken ‘to cut in a form
of zig-zag,’ or from the noun Zacke ‘peak, point, tooth.’ However, Zack functions as
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FIGURE 4.1: Ideophone use in German comic books (Bottaro et al.,
1997, 97). The upper left square shows the multitude of sound-
symbolic words – with the exception of Hilfe!, ‘help!’. Some of them
stem from verbs (e.g., kratz from kratzen ‘to scratch’) or nouns (e.g.,

tatz from Tatze (f.) ‘paw’ or ‘large, strong hand’).

an alone-standing noun in expressions such as auf Zack sein, where it refers to being
prepared to react quickly. Before delving into the subject of German ideophones, a
legitimate question to ask is whether those instances truly are ideophones if their
root can be easily identified in other parts of speech?

To answer the above question, I will refer back to the definition of what an ideo-
phone is – “[a] member of an open lexical class of marked words that depict sensory
imagery” (Dingemanse, 2019, 16). An open lexical class entails that new members
can be added to the class. Thus, new ideophones can be made up – whether collec-
tively, idiosyncratically (as we will see below), or ad hoc (Maduka-Durunze, 2001).
The argument of markedness fundamentally concerns spoken language. Neverthe-
less, markedness can be deduced from the typography in Figure 4.1. Prosody is
reflected in the writing via punctuation (Chafe, 1988), or letter replication (Fuchs
et al., 2019). The font itself can also be used to represent prosodic prominence by
implementing boldface or variable size (Rosenberger, 1998). Therefore, when read,
those typographically marked words would receive an appropriate iconic promi-
nence marking, too. Finally, do these words depict sensory imagery? Knurr [knU5

�
]

and brumm [bKUm] are mainly based on the perception of a certain sound. The latter
is often used with children to name a sound made by a car or machinery. However,
the former can be used to depict a sound, or maybe even more so a feeling, of an
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empty stomach, as in Mein Magen knurrt ‘my stomach rumbles.’ The sounds con-
tained in kratz [kKats<] imitate the sound of scratching, and those in zack [ts<ak] sound
like something fast, thanks to a continuant in the onset affricate and a plosive in the
coda. Tatz contains a plosive in the onset, therefore symbolizes something abrupt,
with a coda similar to previously mentioned kratz, meaning ‘to scratch’ – something
that a paw can do. That said, the words in Figure 4.1 do present examples of ideo-
phones after the definition of Dingemanse (2019, 16).

4.2.1 The Origin of German Ideophones

However, the examples in Figure 4.1 call for a question about the origin of German
ideophones. There exist a number of ideophones that seem to be systematically de-
rived from verbs, like kratz from kratzen ‘to scratch’, brumm from brummen ‘to buzz’,
and knurr from knurren ‘to growl’ (cf. Figure 4.1). This morphological form in Ger-
man is a non-inflectional construction (NIC), which is created by stripping the verb
to its stem (Bücking and Rau, 2013, 62). This type of construction can be used (1)
for any German verb, and also (2) as a complex structure in combination with other
words (Bücking and Rau, 2013, 59f.):

(1) dich
you.ACC

in
in

den
the.M.ACC.SG

Arm
arm

nehm
take.STEM

(2) licht-wieder-an-knips
light-again-on-turn.STEM

The origin of the German NIC is disputed, however it is certain that it was popu-
larized by comic books and, subsequently, web speech (cf. Schlobinski 2001; Teuber
1998; after Bücking and Rau 2013, 61f.). The NIC can be found already in the orig-
inal version of Hänsel und Gretel from 1812 (cf. Grimm and Grimm, 2013, KHM 15),
which says1:

(3) knuper,
nibble.STEM

knuper,
nibble.STEM

kneisch-en,
gnaw-INF

wer
who

knuper-t
nibble-3SG

an
at

mein-em
my-N.DAT.SG

Häus-chen!
house-DIM.N
‘nibble, nibble, gnaw, who’s nibbling on my house!’

And also in Max und Moritz, a comic published by Wilhelm Busch in 1865. Here an
example from the fourth story2:

(4) Aber
but

Moritz
Moritz

aus
from

der
the.F.DAT.SG

Tasche
pocket

zieh-t
pull-3.SG

die
the.F

Tinte-n-pulver-flasche,
ink-INTF-powder-bottle

und
and

geschwinde,
quickly

stopf,
stuff.STEM

stopf,
stuff.STEM

stopf!
stuff.STEM

Pulver
powder

in
in

den
the.M.ACC.SG

Pfeife-n-kopf.
pipe-INTF-head

1The form knupern refers to the modern German verb knuspern ‘to nibble, to crunch.’
2The original drawings and text can be found here: https://www.wilhelm-busch.de/werke/

max-und-moritz/max-und-moritz-streich-4/blatt-3/ (accessed on June 10, 2021).

https://www.wilhelm-busch.de/werke/max-und-moritz/max-und-moritz-streich-4/blatt-3/
https://www.wilhelm-busch.de/werke/max-und-moritz/max-und-moritz-streich-4/blatt-3/
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‘But Moritz takes the ink bottle out of his pocket and quickly stuffs it into the
pipe!’

The NIC were widely used by Erika Fuchs – a German translator of Disney comics
from the early 1950s (Wormer, 2017). It may, thus, be the case that many German
ideophones are derived from existing verbs through the NIC.

However, even though NIC can be based on any verb, those that are mainly used
in comics seem to have a sound-imitating character. The question is whether those
verbs originate from sound-imitative words, i.e., onomatopoeia. Only later would
they be turned to NIC to be used as ideophones. The process of such origin would
be as follows:

(5) original sound (inspires) → sound-imitative word (turns to) → verb (is
stripped to) → non-inflectional construction (is used as) → ideophone

To answer the question, whether German NIC used as ideophones stem from verbs
based on sound-imitative words, I examined a few instances from Figure 4.1 and
similar. For the verb brummen, inspiring the ideophone brumm in Figure 4.1, the
etymological dictionary of German (Pfeifer, 2021b) points out to the earliest form
in Old High German breman “brüllen” ‘to roar’ from the 9th century and notes the
similarity of this sound-imitating verb to other languages, establishing the Indoeu-
ropean root *bhrem- “brummen, summen, surren” (Pfeifer, 2021a), ‘to roar, to hum,
to buzz’. Knurr in Figure 4.1 stems from knurren meaning “drohende Kehllaute
ausstoßen (vom Hund), kollernde Töne von sich geben (vom Magen), mürrisch,
unfreundlich, gereizt und undeutlich sprechen” (Pfeifer, 2021c), ‘uttering threaten-
ing guttural sounds (from dog), making rumbling sounds (from stomach), speaking
sullenly, unfriendly, irritably, and slurred’. The author indicates that the verb knur-
ren, first noted in the 16th century, has a sound-imitative origin, similar to verbs
knarren and knirschen. The verb kratzen, connected to the ideophone kratz in Figure
4.1, means “mit einem rauhen, scharfen oder spitzen Gegenstand schaben, reiben,
ritzen” (Pfeifer, 2021e), ‘scraping, rubbing, scratching with a rough, sharp or pointed
object’. It originates from Old High German krazzōn from the 9th century. In Mid-
dle High German, there existed both kratzen and kretzen, which leads Pfeifer (2021e)
to believe that the original root was the Indoeuropean *gred-. He, however, does
not remark on the sound-imitating, nor on the sound-symbolic character. An inter-
esting example outside the scope of Figure 4.1 is the verb puffen, which was first
noted in the 16th century and described “schlagen, stoßen”, ‘to strike, to push’, or
“(durch stoßartig entweichende Luft) einen dumpfen Knall von sich geben” (Pfeifer,
2021f), ‘emitting a dull bang (by air escaping impulsively)’. The verb originates from
the Early New High German nouns buf (15th century), and puff (16th century) that
Pfeifer (2021f) views as sound-imitating for “(...) dull noises and sound impressions,
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such as those produced by air escaping impulsively (...)”.3 Only later, in the 18th cen-
tury, did the noun Puff change the meaning to ‘brothel’, however still implying the
sound-imitating characteristic. Lastly, the verb krachen “laut und polternd schallen,
tönen, lärmen” (Pfeifer, 2021d), ‘to resound loud and rumbling, to sound, to make
noise’, dates back to Old High German krahhen around 800. The noun Krach “Lärm,
Getöse, polternder Schlag” (Pfeifer, 2021d), ‘noise, roar, rumbling beat’, is a back-
formation from the verb, with first occurences in the 10th century in Old High Ger-
man as krah or krac. Pfeifer (2021d) mentions that krachen – alongside with krächzen,
krähen, and Kranich – are various expansions of the Indoeuropean sound-imitating
root *ger- or *grā- meaning ‘to shout hoarsely’.

The above analysis of a few NIC-serving verbs, despite its limited scope, reveals
that the etymological process suggested in (5) may, in fact, hold true for a substantial
number of ideophones derived as NIC. As noted by Pfeifer (2021b), verbs that may
be later re-interpreted as NIC often have a sound-symbolic character in their origin.

Any future research on the etymology of ideophones in German should, above
all, take into account the iconic treadmill hypothesis by Flaksman (2017). Flaksman
(2017) describes various stages of de-iconization of iconic words – a process that
occurs due to morphophonological processes, such as sound change or morpholog-
ical integration. Iconic words become conventionalized with time and, thus, lose
their expressivity. Then again, the need for expressivity drives the creation of new
iconic words (Flaksman, 2017, 33f.). Therefore, the process suggested in (5) might
fulfill this need for expressivity by reanalyzing conventionalized words (i.e., verbs)
as iconic words (i.e., NIC used as ideophones). In order to examine this hypoth-
esis thoroughly, future studies should investigate a more extensive set of German
ideophones and the role that non-inflectional constructions play for them.

4.2.2 Ideophones in Children’s Books

Knowing the above examples from comic books, we searched for another
ideophone-rich genre to build the data set. Children’s literature revealed itself as an
ideal source. On the one hand, the prime goal was to gather as many German ideo-
phones as possible in a structured data set. On the other hand, we wanted to test the
sensory scope of German ideophones (cf. Chapter 4.4) and the use of ideophones
across ages (cf. Chapter 4.5). It has frequently been noted that sound symbolism,
and most notably ideophones, facilitates word-learning in children (e.g., Imai et al.,
2008, 2015; Kita et al., 2010; Laing, 2019), also across languages (Kantartzis et al.,
2011; Yoshida, 2012). Caretakers use sound-symbolic words most frequently in early
child development, and the number decreases with age (Perlman et al., 2017). This
finding stresses the importance of sound symbolism at the onset of language acqui-
sition. Laing (2019, 18f.) notes that onomatopoeias are ideal in early interactions due

3Translated by the author, original: “(...) dumpfe Geräusche und für Schalleindrücke, wie sie bei
stoßartig entweichender Luft entstehen (...)” (Pfeifer, 2021f).
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to their simplicity – meaning both the cross-linguistic similarity, as well as a phono-
logical simplicity when a fine-phonological ability is still lacking. In an analysis
of a language acquisition diary of Annalena – originally published by Elsen (1991)
– Laing (2014) establishes that onomatopoeias largely contribute to the vocabulary
of the child in the earliest stages. Through onomatopoeias, Annalena develops the
phonetic abilities that she does not show elsewhere in the lexicon, e.g., she produces
certain consonants only in onomatopeia, but not in proper words (Laing, 2014, 398
and 401). Laing says that onomatopoeias facilitate the phonetic and phonological
development in that “their fuzzy phonological boundaries appear to facilitate pro-
duction by providing an impressionistic template which incorporates lexical mean-
ing while also allowing a wide margin of phonological error” (Laing, 2014, 403).
Alongside these results are those by Perry et al. (2015) and the most recent ones by
Sidhu et al. (2021a), showing that early acquired words are higher in iconicity than
later acquired words.

Adult authors wrote the books used for our data set collection, thus resembling
a caretaker–child relationship. In a caretaker–child situation, those books are read
to children, which should facilitate language acquisition. Thus, one of the goals of
collecting data from children’s books is to investigate whether the use of ideophones
in these books changes across ages, i.e., whether their use in child-directed and child-
produced speech is mirrored in the written child-directed language.

Children’s books are written for young audiences of various ages, and the age
recommendation is an available data point. It all allows for both gathering an exten-
sive data set and analyzing the use of ideophones across different age groups. One
reason to assume that caretakers use ideophones more frequently towards younger
children might be the depictive character of sound-symbolic words allowing for a
broad sensory experience (Motamedi et al., 2020). Therefore, before examining the
use of ideophones in books for different age groups, it was relevant to test which sen-
sory domains native speakers of German connect with some of the ideophones. As
suggested by Nuckolls (2019), the sensori-semantic categories of ideophone overlap;
hence, an assignment to a single sensory domain may not be factual. We based the
categories in those previously established in an implicational hierarchy by Dinge-
manse (2012) and tested how unanimously do native speakers of German assign the
ideophones to the categories.

Next, I resume to present the data collection process and define the criteria ap-
plied to assess the ideophone character of a word. Assembling the data set allows
for further investigations. An immediate step following the collection of this kind
of a large data set is its structuring in the form of a dictionary proposal, an initial at-
tempt of which is offered in Chapter 4.3.1. It is an example of a theoretical work, yet
crucial given that a proper ideophone dictionary for German is lacking. My work
in this thesis is strongly experimental; therefore, I apply the data set to answer com-
pelling research questions experimentally. As noted in the paragraph above, those



104 Chapter 4. Ideophones

are tightly connected to one another. The first investigates the implicational hierar-
chy of ideophones while at the same time tackling the question of the dispersion of
the ideophone meaning across sensory domains (cf. Chapter 4.4). The second ques-
tion investigates the use of ideophones in books for different age groups (cf. Chapter
4.5).

4.2.3 Methods of the Data Collection

The data set was collected from February to August 2018 in the Helene-Nathan-
Bibliothek in Berlin4. This library was chosen due to its rich selection of children’s
books. The criteria for the data collection are attributable to the key elements of
what an ideophone is, as discussed above, and based on the theory by Dingemanse
(2019, 16). Words with sound-symbolic ideophone-like features were not treated as
ideophones if they showed morphosyntactic integration (Dingemanse, 2012, 656).
In that sense, verbs that remind of ideophones, such as krächzen from krächz ‘croak’
or piepen from piep ‘squek,’ were not included in the data set (cf. also Chapter 4.2).
Similarly, nouns that bear signs of declension were excluded from the data set. As
shown by Dingemanse (2017a) and Dingemanse and Akita (2016), morphosyntac-
tic integration and the expressive character of ideophones are inversely correlated.
Hence, only nouns that were not morphosyntactically integrated, i.e., not declined
as well as marked, were incorporated in the data set. Each instance of the ideophone
was entered into the data set. Also, the original form of the ideophones was kept,
e.g., ahuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu, or huuuaaaaaaaaah, in
order to allow for an analysis of prosodic amplification in the future (similar to, e.g.,
Fuchs et al., 2019, for adjective antonym pairs). However, a unified written form
was noted beside the original one, e.g., ahu, or huah for the above, which allows for
comparing the number of word forms (original forms as seen in the book) with the
number of lemmas (unified forms as would be seen in a dictionary).

Next, we collected metadata on the book, in which a given ideophone was found,
such as the title, the author, the age recommendation, the original language, and the
publishing year. We hope that this metadata might allow for testing other effects in
the future, for example, whether the language of origin has an influence on the vari-
ability and the number of ideophones in the book (original language), or whether
the use of ideophones in children’s books changes over time (publishing year).

The data set also entails the context of the ideophone and its meaning in context,
if possible to establish. The interpretation of the meaning in context is subjective
and might be a case for an in-depth investigation in the future. A photo was taken
of the page on which the ideophone was found to ease future work with ideophones
in context. In this respect, photos are a part of the data set. The unique name of
each photo for a given page, on which the ideophone was found, is noted in the
data set. Two other columns are the part of speech and category, yet, these are by

4The library is located in Karl-Marx-Str. 66, 12043 Berlin, Germany.
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far the least developed parts of the data set so far. An idea for future research might
be to comprehensively structure ideophones for a German ideophone dictionary by
parts of speech, but also across the categories in which ideophones may fall, such as
sound, movement, or texture ideophones (cf. Dingemanse 2012, 663; McLean 2020,
18; and Chapter 4.4).

Lastly, the data set comprises the information on the number of words on a given
page and the number of pages in a given book. The former was extracted semi-
automatically using picture-to-text recognition available in Microsoft OneNote (Mi-
crosoft Corporation, 2018). In the cases that the text was not recognized correctly,
the number of words was counted manually. This situation occurred, e.g., when the
picture quality was worse and when the text was written by hand or not horizon-
tally from left to right. A word was treated as an orthographic unit between two
blank spaces with a few exceptions. In some cases, ideophones were concatenated
into one word, e.g., oh je, ach herrje, or tra, ri, ra. Those examples concern ideophones,
which often co-occur and are officially written separately which, however, tend to be
concatenated in informal writing – compare oh je with 19,959 vs. ohje with 15,624 oc-
currences, as given in the WebXL corpus of the DWDS (DWDS – Digitales Wörterbuch
der deutschen Sprache 2021, accessed on February 5, 2021). All words were counted,
even those written on the graphic elements and which were merely elements of the
story; see Figure 4.2 for an example. In some cases, the pictures did not comprise
the whole page, i.e., parts of the text were cut out. Then, an estimation of the word
count, based on the visible parts and other available pages, was given. The number
of pages was copied from the library database. The number of words on a page,
along with the age recommendation data, allows for testing the hypothesis, whether
there are more ideophones in books for younger audiences (cf. Chapter 4.5).

After completing the data collection, we established that the criteria we applied
to assert the ideophone status might be problematic for German. We heavily relied
on the universality of the already-cited definition – “[a] member of an open lexi-
cal class of marked words that depict sensory imagery” (Dingemanse, 2019, 16) –
and based our criteria upon that. Most importantly, the word should be marked
(syntactically, phonologically, or prosodically) and depict some kind of a sensory
representation or experience. We also payed attention not to include morphosyntac-
tically integrated cases (Dingemanse, 2017a; Dingemanse and Akita, 2016). Using
these criteria, we now notice two sub-categories of ideophones in the data set. The
first encompasses what we call expressive ideophones, with instances like oh, ach, oje,
or autsch. The second sub-category includes what we call depictive ideophones, such
as dingdong, ruckzuck, schwups, or krach. Now, the first category ideophones overlap
with interjections according to Dingemanse (2021, 2): “Ideophones are typically de-
pictions of events, while interjections are typically responses to them. Perhaps a slap
in the face will help the reader to appreciate the difference. The sound of the slap
is the main business of an ideophone to depict; your outcry in response to it is an
interjection.”
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FIGURE 4.2: The figure illustrates an example of a page on which an
ideophone occurs – Au! at the top of the page. Other than that, there
are many words incorporated in the image. All of those words were
counted into the data on words per page. The figure is a part of the
whole page from the book Pino Pfote - Ab die Post! by Freeman (2016).

However true the example by Dingemanse (2021, 2) is, the dictionary of Polish
onomatopoeia (Bańko, 2008) also includes items that would be classified as interjec-
tions; cf. the entry for au (other spellings, e.g., aua, auć, or jau), an equivalent of the
German autsch:

Names that imitate an animal howling, loud, prolonged crying, or loud
yawning. Also names for the sound made involuntarily by someone who
is suddenly in pain. It is difficult to separate them precisely, although it
can be seen that some imitate a prolonged sound (e.g., auu), others a
short sound (e.g., auć), and others one or the other depending on the
word stress, cf. au (howling) and au (pain symptom)

(Bańko, 2008, 145).5 It is worth noting that, in Polish, word stress in not semantically
relevant, Bańko notes, however, the semantic difference between au and au, pointing
to the phonological markedness of ideophones (e.g., Dingemanse, 2021, 1). Dinge-
manse (2021, 2) also notes that interjections, like the above pain outcry, are indexical,
whereas ideophones are iconic in the Peircean sense (Peirce, 1955). Nevertheless, it
is also possible to use these interjections, or what we call here expressive ideophones,
in a depictive, i.e., iconic, manner. Imagine watching someone being slapped. The

5Translated by the author, original text: “Nazwy imitujące wycie zwierzęcia, głośny, przeciągły
płacz lub głośne ziewanie. Także nazwy dźwięku, jaki wydaje mimowolnie ktoś, kogo nagle coś zabo-
lało. Trudno je precezyjne rozdzielić, choć widać, że niektóre imitują przeciągły dźwięk (np. auu), inne
krótki dźwięk (np. auć), a jeszcze inne jeden lub drugi zależnie od akcentu por. au (wycie) i au (objaw
bólu).” (Bańko, 2008, 145)
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sympathetic reaction to such an event would rather involve the vocalization autsch
‘ow!’ than the vocalization klatsch ‘slap’. In this case, autsch ‘ow!’ is depictive of
the pain experience. As shown by Singer et al. (2004), seeing someone else in pain
only triggers an affective, not the sensory, response in the brain. Therefore, in this
context, autsch ‘ow!’ can be interpreted as a demonstration of an internal state cause
by the image of someone else’s pain. Similarly, aua ‘ow!’ can be used expressively as
a reaction to a pain-inducing stimulus, but also in a depictive sense, e.g., Hast du ein
Aua? ‘Do you have an ow?’, where it is even nominalized.

Regardless of the above interpretation, the reader must be informed that our
data set might be inaccurate in relation to Dingemanse (2021), who states that “[i]f
we lump them [ideophones and interjections] together, we lose the ability to ex-
plain how and why they differ in terms of markedness, morphosyntax and mode
of signification.” Consideration on the ideophone-status of some interjections, such
as autsch or aua ‘ow!’, would be a valuable addition for future research on German
ideophones, or even ideophones in general. Here, however, I proceed with outlin-
ing the data and subsequent research questions as they were planned and conducted
before the latest insights (notably Dingemanse, 2021) came to my attention.

4.2.4 Results of the Data Collection

The data was collected from 431 books, 270 of which were originally written in Ger-
man and 161 translated from foreign languages. Among the translated books, 88
were originally English, 25 French, and 16 Dutch. There is a total of 3,631 data
points. If only one occurence of an ideophone per page(!) is counted (i.e., disre-
garding ideophone repetitions on the same page) there are 3,006 data points. If only
one occurence of an ideophone per book(!) is counted (i.e., disregarding ideophone
repetitions within a book), there are 2,479 data points. From among all data points
which include repetitions, there are 1,020 word forms (so where aa vs. aaaa are sep-
arate instances) and a total of 650 lemmas, i.e., unified word forms (so where aa vs.
aaaa are uniformly written and count as one instance). In order to put this number
into perspective, I provide a few examples. Flaksman (2017) found about 1,500 iconic
roots in the English lexicon, 60% of which are de-iconized by now. Taylor (2007) lists
1,200 instances of imitative utterances in English comic books. Lastly, Havlik (1981),
provides about a list of 2,000 onomatopoeias used in German comics (comparable
to word forms due to variable writing, e.g., auweh, au wei, and au weia are treated
separately).

The age recommendation was reliably divided into two groups: children up to
6 years of age and children from 7 to 9 years old. There are 342 books in the first
age group (up to 6 years) and 89 in the second age group (7–9 years). As for the
ideophones themselves, Table 4.1 summarizes the most frequently found ideophone
lemmas. To identify the lemmas correctly, some prosodic phenomena in writing, like
lengthening or reduplication, were minimized and unified.
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TABLE 4.1: The table shows the most frequent ideophones found in
the corpus. The frequency was calculated across all data points. It
is based on lemmas, i.e., the lengthening and reduplication are mini-
mized and unified. Also, some instances are concatenated (cf. Chap-

ter 4.2.3).

Ideophone Frequency

na 228
oh 187
ach 145
hm 71
oje 65
tak 58
he 53
ah 51
platsch 50
ohnein 44
äh 43
pst 41
nagut 36
hui 34
puh 34
naja 33
bäh 32
aha 31
hopp 31
hurra 29
haha 28
nanu 28
au 26
miau 26
piep 24
aua 23
huhu 22
achso 21
hicks 21
mäh 21
auweia 20
hä 20
ups 20
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At this point, I would like to mention a few noteworthy cases, which became
apparent during the data examination. Firstly, as has been observed before, some
ideophones often occur together with other words, like particles, e.g., na gut, na ja
(or: naja), na klar, oh ja (or: o ja), oh nein (or: o nein), oh nee (or: o nee). The question
that arises here, is whether those ideophones should be treated separately to the
particles they co-occur with. Just like with the previously mentioned case of oh je and
ohje, – whose frequency of occurrence in the WebXL corpus of the DWDS (DWDS
– Digitales Wörterbuch der deutschen Sprache 2021) is comparable – it is similar for
some of the words given here as examples. The most striking evidence for treating
the ideophone–particle combination as one, is the case of naja. Written together,
it occurs in the DWDS WebXL corpus 584,120 times, but written separately as na
ja 134,420 times (DWDS – Digitales Wörterbuch der deutschen Sprache 2021, accessed
on February 5, 2021). An exhaustive discussion on this notion is, however, outside
the scope of this work. Future research might resolve this issue by examining both
word forms and lemmas available in the corpus. Also, as mentioned in Chapter
4.2, a morphosyntactic analysis of the data set might also tackle many instances of
verbs with a sound-symbolic character, such as: kreischen ‘to squel’, poltern ‘to crash’,
jammern ‘to moan’, seufzen ‘to sigh’, fiepen ‘to whimper’, blitzen ‘to flash’, sausen ‘to
whistle’, or wippen ‘to bob’. An in-depth analysis of those instances, alongside with
the NIC based on those verbs – i.e., kreisch, polter, seufz, and so on – could reveal
whether such verbs are in fact based in sound imitation.

Furthermore, some cases occur where ideophones are embedded in other words,
as can be seen in Figure 4.3. In all three examples given, the authors use differ-
ent strategies to embed sound-symbolic elements in the word, but those cases also
demonstrate different goals such an embedding might have. In Figure 4.3a, the
ideophone huhu is embedded in the word Blumenwiese, ‘a flowery meadow’. Here,
huhu is the sound made by the animal saying the words, a tawny owl. The author
uses the long stressed vowel in the initial syllable to embed the animal sound –
["blu:m@n�vi:z@] becomes [�blu:hu"hu:m@nvi:z@].6 Figure 4.3b, shows a different case.
Here, the sound-symbolic repetition is used to create a rhythmic pattern of the
phrase, possibly also as an emphasis. Flo-Fla-Flieger-Held has three radically differ-
ent vowels and, thanks to the orthographic separation with a dash and the minimal
segmental contrast, all three initial syllables may be realized as prosodically promi-
nent, such as in ["flo: "fla "fli:g@hElt]. The last example, in Figure 4.3c, shows how the
profession of the character may be combined with an ideophone. In this case, it is
not a simple au, an expression of pain, but a Piraten-Au, an expression of pain by a
pirate.

The cases mentioned above serve as a preface to the idiosyncrasy of ideophones
in children’s literature. The most frequent ideophones are given in Table 4.1; how-
ever, there are 307 ideophone lemmas (47% of a total of 650 lemmas) that only occur
once in the whole corpus. This finding motivated a comparison of the ideophone

6The stress pattern here is only a proposal.
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(A) “Blu-hu-humenwiese! Blu-hu-humenwiese!” (Schlatter, 2019).

(B) “Flo-Fla-Flieger-Held!”
(Witzigmann and Bjarke, 2010).

(C) “Piraten-Au!”
(Koenig, 2011).

FIGURE 4.3: Examples of ideophones embedded in other words.

distribution according to Zipf’s law. Zipf’s law is a power law, prevalent in lan-
guages of the world (Calude and Pagel, 2011; Piantadosi, 2014) but also in other
phenomena, like city populations or company sizes (cf. Li, 2002, 16ff.). For natural
languages, it states that the frequency of the word is inversely proportionate to its
rank, i.e., the most frequent word has the rank 1, the second most frequent word the
rank 2, and so on. Figure 4.4 illustrates how the collected data applies to Zipf’s law.
As can be seen, the observed distribution in blue varies slightly from the theoretical
distribution in red. First of all, it can be seen that the proportion between the first
two most frequent words is disturbed – the first most frequent word is less frequent
than expected, and the second most frequent word is more frequent than expected.
Mid-frequent words (with a log frequency rank of approx. 2.5–4) occur more fre-
quently than expected. This all may be caused by the high proportion of words that
occur only once in the corpus. Those instances of hapax legomenon – i.e., unique in-
stances – are visible on the lower blue points of the plot that extend to vertical lines.
The data set also does not quite meet the criteria of another power law, the Pareto
principle, also known as the 80/20 rule. In our data set, 20% of the top-ranked words
(N = 130) account for 73% of use (2651 out of the total of 3631 occurrences), while a
number closer to 80% should be expected.

The unique instances of ideophones signify a high degree of idiosyncratic sym-
bolic forms in children’s books. Some of them are single items, like krrks, tsurum,
or pottepenk. Some of them involve reduplications, like ohwehohwehohweh, redu-
plications with onset variation, like Schnuffel-tuffel-muffel (for more details on this
kind of reduplication, see Kentner, 2017), or reduplications with ideophone combi-
nation, like schwubbelschwabbelschwischwaschworen. Ideophone combinations are not
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FIGURE 4.4: Zipf’s law of the collected ideophones with word count
on the y-axis and frequency rank on the x-axis. Both variables are pre-
sented in the logarithmic scale. The observed data in blue diverges
from Zipf’s theoretical distribution in red. The lower blue points

show that numerous unique instances occur only once.

uncommon, too, and include among the idiosyncratic ideophones, e.g., blatzpadatz,
or bumplatschbong.

An example of ideophone co-occurrence among the more common ideophones is
given in Figure 4.5. The exact sequence there gives the impression of the event – the
two characters crash with bumms, the umbrella hits the crocodile on the head with
knall, and the crocodile falls on the floor with rumms. Also, not only the idiosyncratic
ideophones undergo reduplication, but the more common ones, too. E.g., igitt-igitt-
igitt, blubb! blubb!, zackzackpengpeng, the latter example being both a reduplication
and an ideophone combination.

Having had a glimpse into the richness of the collected data, I will now propose
how the data could be structured for further publication and research. Because the
data set involves a collection of words with their context and possible meanings, I
will outline a potential design of a lexicon of German ideophones.

4.3 Lexicon of German Ideophones

The data set collected as a part of this research project is a rich source for further
analyses. As such, an effort should be made to make the data available to the in-
terested public. The proposal made here is, due to the language of the whole pub-
lication, conceived in English. Nevertheless, a complete lexicon should be written
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FIGURE 4.5: An example of ideophones occurring together from Ku-
lot (2016). The sequence of the ideophones illustrates the event of

being hit and falling down.
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in German, as the primary target group would be German readers. Another argu-
ment for that is the nature of ideophones, which in their sound symbolism may be
hard or even impossible to translate (cf. Chapter 2.5). Among the addressees of such
a collection are primarily researchers and students of linguistics or German philol-
ogy. However, also the general public might appreciate the publication of the first
German ideophone lexicon. Like dictionaries in general, it might also help learn-
ers of German to better comprehend everyday language that they might not find
elsewhere.

However, not only the collected data set should be the basis of the lexicon, but
further sources, too. This expansion is essential, as children’s books do not entail
some ideophones commonly used in daily speech, e.g., futsch ‘gone’, a word com-
monly used even in newspapers (e.g., an article Bezirksamt legt zwei Meter breiten
Radweg an — 300 Parkplätze futsch ‘District office creates a two-meter-wide cycle
path – 300 parking spaces gone’ published by Hildburg Bruns in Berliner Zeitung
on February 4, 20217). Other common ideophones not present in the corpus include,
e.g., ballaballa ‘crazy’, flugs ‘fast’, Hallodri ‘an unreliable man’, Tohuwabohu ‘a chaos’,
Rambazamba ‘a fuss’, ratzfatz ‘fast’, or Remmidemmi ‘a big hustle and bustle’.

On the other hand, not all instances present in the corpus may be useful for the
lexicon. Hereby I mean especially the idiosyncratic ideophones discussed above
and frequent cases of hapax legomenon – i.e., unique occurrences of words. Their
exclusion from the lexicon does not diminish their expressiveness. Nevertheless,
the lexicon should, first of all, include words that are generally used in everyday
language, and it would not be the case with the ad-hoc or idiosyncratic ideophones.
Although, an extensive introduction in the nature of ideophones should accompany
the lexicon, including a description of their possible idiosyncrasy.

The introduction to the lexicon should also discuss the constraints of ideophones,
mostly the sound-imitating ones, such as the phonological system and phonotactic
rules. Those rules govern which sounds are given and permitted in a language and
how they can be composed into syllables and words. Moreover, the phonological im-
age of the word is represented graphemically depending on the grapheme–phoneme
correspondence of the individual language. In turn, the phonetic, real-world sound
of a dog’s bark, becomes filtered into the German wau [vaU<], the English woof [wu:f],
the Polish hau [xaw], and the Japaneseワン wan [îB�a

	
ð].

Lastly, the data collected so far would certainly profit from further annotations.
First and foremost, an annotation of the syllable structure of the ideophone. Such
information would allow for an in-depth analysis of the ideophone phonotactics. As
found by Nuckolls et al. (2016), ideophones in Pastaza Quechua employ mechanisms
that are barely found in other parts of the lexicon. Among the sounds unusual for
Pastaza Quechua that are, however, frequent in ideophones are for example palatal-
ized obstruents /kj, pj, tj/, the affricate /ts/, or the vowel /o/. Some new sounds
also developed in ideophones only, such as palatalized voiced obstruents /bj, gj/,

7The article can be found here; last accessed on March 9, 2021.

https://www.bz-berlin.de/berlin/tempelhof-schoeneberg/bezirksamt-legt-zwei-meter-breiten-radweg-an-300-parkplaetze-futsch
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or expressively aspirated /ph, th, kh/. Moreover, ideophones in Pastaza Quechua
use stress patterns and syllable structure not present anywhere else in the lexicon.
Phonological markedness of ideophones has been noted elsewhere for, e.g., Dagaare
(Bodomo, 2006), Yir-Yoront (Alpher, 1994), and Kisi (Childs, 1988). It is still an open
question, how the phonology and phonotactics of ideophones look like in languages
where ideophone inventories seem less-pronounced at first sight. Further analyses
on that matter would allow establishing the characteristics of sounds that depict a
certain sensory experience, such as abruptness of movement, or a structure of a vi-
sual image. Similar to sound symbolism, sounds with particular acoustic traits may
trigger the denotation of the sensory experience in ideophones.

4.3.1 German Ideophone Dictionary: Design Proposal

The proposal created based on the data set and external research on German ideo-
phones can serve as a basis of a first to date dictionary of German ideophones. As
previously noted, it is crucial to include those ideophones, which native speakers
commonly use. Therefore, the unique instances, i.e., hapax legomenon, from the col-
lected data set should not be incorporated in a dictionary unless they find their way
to the common language. The data set gives an insight primarily into the possibilities
of an open lexical class that ideophones form (Dingemanse, 2019, 15). But because
they are present across different word classes in German, their primary word class,
together with the definition and an example of use, are crucial to disentangle the
meaning for native speakers and language learners.

For German, a similar collection was previously published by Havlik (1981) for
onomatopoeia found in comic books, and for Polish, an onomatopoeia dictionary,
however expanding across other sensory modalities, was written by Bańko (2008).
For languages which are known for their ideophone inventory, such collections,
alongside exhaustive descriptions, are more common; a few examples include Nuck-
olls (1996) for Pastaza Quechua, Dingemanse (2011) for Siwu, or Reiter (2011) for
Awetí.

A creation of a complete dictionary is outside the scope of this thesis. However,
I would like to present a proposed structure for a compact dictionary of German
ideophones. The following example consists of 30 entries of ideophones, which
are also used in the subsequent analysis. The number of ideophones chosen for
this example is arbitrary and should only serve as a diverse example containing
ideophones with variable spelling, different meanings, and of diverse word classes.
The items were chosen on the basis of the collected data set, however, taking into
account their presence in everyday language. This way, idiosyncratic cases were
ommitted. Every entry presented below comprises of six blocks. The first block is
the ideophone itself (with alternative spelling, if necessary), followed by the IPA
transcription in the second block. Further, the part of speech is given, alternatively,
different possible parts of speech known in the use. This is necessary to distinguish,
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because, as noted before, German ideophones are scattered across the lexicon and
do not belong to one part of speech only. The next block consists of the type of the
ideophone (as revealed in the following Chapter 4.4, based on Dingemanse, 2012).
This is followed by the meaning of the ideophone and, finally, by an example of its
use. All examples stem from the corpus.

ach /ax/

interjection • inner feelings and cognitive states
1. positive exclamation: excitement, surprise
2. negative exclamation: indignation, despair
Example:
1. Ach, wie ist das Leben schön
Eng. Ach, how nice life is
2. Ach du meine Güte!
Eng. Ach my goodness

aha /a"ha/

interjection • inner feelings and cognitive states
exclamation of understanding, insight
Example:
“Aha”, sagte Großmutter. “Du warst also die Babysitterin (...)”
Eng. “Aha”, said grandmother. “So you were the babysitter (...)”

aua /"au<a/

interjection • other sensory perceptions
exclamation of pain
Example:
Aua, das tut weh!
Eng. Aua, it hurts!

auweia /au< "vaI<a/

interjection • inner feelings and cognitive states
exclamation of worry, despair
Example:
Auweia, das sieht nicht gut aus!
Eng. Auweia, it’s not looking good!

bums /bUms/

interjection • sound
sound of an impact
Example:
und bums! liegt sie auf dem Boden
Eng. and bums! she’s laying on the floor

dingdong | ding-dong /dINdON/

interjection • sound
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sound of a bell
Example:
Ding-dong, klingelte der Wolf am Gartentor
Eng. Ding-dong, the wolf rang at the garden gate

hä /hE/

interjection • cognitive state
exclamation of confusion, despair
Example:
Hä? Wo willst du denn hin?
Eng. Hä? Where are you going?

hm | hmm /hm
"
/

interjection • inner feelings and cognitive states
1. exclamation of thinking (with a falling tone)
2. exclamation of delight (with a high or raising-falling tone)
Example:
1. Hmm, ich sehe das Problem.
Eng. Hmm, I see the problem.
2. Hmm, lecker!
Eng. Hmm, tasty!

hoppla /"hOpla/

interjection • inner feelings and cognitive states
exclamation of surprise
Example:
Hoppla! Mama tritt auf die Bremse.
Eng. Hoppla! Mama hits the brakes.

hurra /"hUKa/

interjection • inner feelings and cognitive states
exclamation of excitement
Example:
Hurra, gleich ist Ida da!
Eng. Hurra, Ida will be here soon!

husch /hUS/

interjection • movement
1. exclamation of chasing someone or something away
2. creeping, silent movement
Example:
1. “Husch, husch, hau bloß ab!”
Eng. “Husch, husch, just go away!”
2. wie er leise, husch, husch, husch, schleicht durch Wiese, Feld und Busch
Eng. how he quietly, husch, husch, husch, creeps through meadow, field, and bush
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klackerdiklack /�klak5di:"klak/

interjection • sound
clicking sound of a machine
Example:
Klackerdiklack (above hands typing on a machine)

Krimskrams | Krimsenkrams, m /"kKIms�kKams/ | /"kKIms@n�kKams/

noun • visual
things, stuff
Example:
Dann noch Krimsenkrams für die Haare
Eng. Then also Krimsenkrams for the hair

Kuddelmuddel, m | n /"kUdl
"
�mUdl

"
/

noun • inner feelings and cognitive states
mess, confusion
Example:
Das große Jahreszeiten-Kuddelmuddel
Eng. The big season-Kuddelmuddel

Mischmasch, m /"mISmaS/

noun • visual
a mix of everything, hotchpotch
Example:
Mischmaschzeit.
Eng. Mischmasch-time.

naja | na ja /na"ja:/

interjection • inner feelings and cognitive states
exclamation of conceding, admitting
Example:
“Na jaaa”, meinte Hagen schließlich. “Eigentlich haben die Jungs recht.”
Eng. “Na jaaa”, Hagen said finally. “Actually the boys are right.”

nanu /na"nu:/

interjection • inner feelings and cognitive states
1. exclamation of surprise, amazement
2. exclamation of confusion
Example:
1. Nanu! Plötzlich kommt das weiße Pony angetrabt!
Eng. Nanu! Suddenly the white pony comes trotting!
2. Anton scheint mich kaum zu bemerken. Nanu?
Eng. Anton hardly seems to notice me. Nanu?

oh /o:/

interjection • inner feelings and cognitive states
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general accentuation of the context, e.g.,
1. exclamation of surprise (both positive and negative)
2. exclamation of despair
3. exclamation of joy
Example:
1. positive: Oh! Ernest als Baby!, Eng. Oh, Ernest as a baby!; negative: Oh, Mist!, Eng.
Oh, crap!
2. Oh, ich weine täglich
Eng. Oh, I cry every day
3. Oh, wie toll, wie toll
Eng. Oh, how great, how great

oje | ohje /o"je:/

interjection • inner feelings and cognitive states
exclamation of worry, despair
Example:
Oje, das passt nie und nimmer alles ins Auto
Eng. Oje, all of this will never fit into the car

papperlapapp | Papperlapapp, m /�pap5la"pap/

interjection | Noun • inner feelings and cognitive states
condescending on speech that is deemed worthless; nonsense, rubbish
Example:
Papperlapapp! Ich bin schon mit der mächtigen Hexe Priska durch die Gegend geflogen
Eng. Papperlapapp! I’ve already flown around with the mighty witch Priska

pardauz /paK"dau<ts</

interjection • sound
sound of an impact
Example:
Das Päckchen fällt heraus. Pardauz!
Eng. The package falls out. Pardauz!

pfui /pf
<
UI</

interjection • other sensory perception
expression of disgust
Example:
Pfui, ist wohl gar nicht lecker.
Eng. Pfui, it’s not tasty at all.

platsch /platS
<
/

interjection • sound
sound of an impact with water
Example:
Und dann – platsch! – landet er im Teich.
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Eng. And then – platsch! – he ends up in the pond.

potzblitz | potz Blitz (obsolete) /�pOts<"blIts</

interjection • inner feelings and cognitive states
exclamation of surprise; cursing
Example:
Potz Blitz, ich hab doch tatsächlich verschlafen!
Eng. Potz Blitz, I actually overslept!

pst | psst /ps
"
t/

interjection • sound
silencing expression
Example:
Psst, sei still!
Eng. Psst, be quiet!

ratsch /KatS
<
/

interjection • sound
tearing sound
Example:
Plötzlich macht es RATSCH, und das Trampolin ist kaputt.
Eng. Suddenly it goes RATSCH, and the trampoline is broken.

ruckzuck | ruck zuck /�rUk"ts<Uk/

adverb • movement
fast
Example:
Wenn ihr uns leuchtet, finden wir mein Kissen ruckzuck!
Eng. If you light us up, we’ll find my pillow ruckzuck!

schwups | schwupps /SvUps/

interjection • movement
expression of a fast movement
Example:
Schwups! Schon steckt es im Beutel.
Eng. Schwups! It’s already in the bag.

ups /Ups/

interjection • inner feelings and cognitive states
expression of (an unpleasant) surprise, a failure
Example:
Ups. Jetzt habe ich das Geheimnis verraten
Eng. Ups. Now I’ve revealed the secret

Zickzack | Zick-Zack, m /"ts<Ik�ts<ak/

noun • visual
a recurring pattern from one side to another
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Example:
Im Zickzack und so wild, dass sie dabei fast eine alte Dame umgehüpft hätte (...)
Eng. In Zickzack and so wild that she almost knocked over an old lady (...)

4.3.2 Repository

The underlying data of the corpus is available in the OSF repository under the fol-
lowing address: https://osf.io/6udxz/. It includes the CSV file with the main
corpus, the R script for the descriptive analyses (partly described in Chapter 4.5),
the table with the list of books, and the table with the frequency of the lemmas. As
mentioned earlier, the pictures of the ideophones in children’s books are an essential
part of the corpus. They are, however, copyrighted and will, therefore, not be made
available in the repository. They can be made accessible upon request and quoted
only accompanied by a proper reference.

4.4 Classification of German Ideophones

So far, we have been talking about the data set of German ideophones that we man-
aged to collect through children’s books. In the following, I would like to present
the first experimental analysis conducted using the collected data. We have (a lot of)
German ideophones at hand, and now we want to see how they are.

As Kilian-Hatz (1999, after Dingemanse, 2012, 662) notices, there are differences
between languages when it comes to the semantic breadth of ideophones. While
sound-imitating ideophones seem to be widespread, other domains are less fre-
quent. Thus far, there exists little work on the semantic typology of ideophones. One
notable example is the implicational hierarchy proposed by Dingemanse (2012). It
serves primarily as a guideline to structure the semantic categories of ideophones
in a given language, but it also allows to make predictions on how the ideophone
inventory of a language may develop.

In 2012, Dingemanse proposed that the ideophone inventory within a language
develops along an implicational hierarchy. The hierarchy follows the pattern (Dinge-
manse, 2012, 663):
“SOUND < MOVEMENT < VISUAL PATTERNS < OTHER SENSORY PERCEPTIONS <
INNER FEELINGS AND COGNITIVE STATES”.
It implies that if there are ideophones in a language, they will first belong to the
sound category – these could be, for example, onomatopoeia. Therefore, if there
are ideophones for movement in a language, some sound ideophones have to ex-
ist there, too. Further, the existence of visual ideophones in a language implies that
there are as well some ideophones for sound and movement. The hierarchy rules out
the possibility of finding a language with ideophones for other sensory perceptions
if there exist no sound, movement, and visual patterns ideophones in this language.

https://osf.io/6udxz/
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Dingemanse (2012, 662ff.) does not specify the number of ideophones that must be-
long to the category, i.e., that the primary categories must be the richest ones, but
simply states the implicational order of the ideophone inventory.

In a recent stimulus-based elicitation study, McLean (2020) found that two fur-
ther categories are prevalent in Japanese ideophones – FORM and TEXTURE. This
adaptation seems to go beyond the scope of Japonic languages. An investigation on
ideophone inventories of 22 languages shows that the revised hierarchy holds true
for a multitude of language families. It also suggests that the two novel categories
should be included after SOUND and MOVEMENT in the original hierarchy by Dinge-
manse (2012). The revised hierarchy looks as follows:
“SOUND < MOVEMENT < FORM < TEXTURE < VISUAL PATTERNS < OTHER SENSORY

PERCEPTIONS < INNER FEELINGS AND COGNITIVE STATES”
However, it has to be kept in mind that a classification of ideophones or other

sound-symbolic words into a single sensory domain is questionable (Akita, 2009;
Nuckolls, 2019). Perception is generally multisensory (cf. Calvert et al., 2004; Ghaz-
anfar and Schroeder, 2006) and a percept of seemingly one domain may implicate
a multitude of other information (Nuckolls, 2019, 171). Similarly, when thinking
of semantic features to decompose the meaning of a lexical item, those features are
based on various sensory domains. We cannot say that coffee that we drink in the
morning is based on taste only. It is also its profound smell, color, and even the tac-
tile feeling of the cup and the fluid itself wandering through the mouth that create
its sense. All of the sensory cues are integrated into the concept (cf. Spence, 2018),
and the integration occurs even beyond the neocortex (Ghazanfar and Schroeder,
2006, 282). As studies show, even sensory, non-ideophone, words, like ‘barbecued’
or ‘fishy’, are highly multisensory (Winter, 2019, 141; also see Lynott and Connell,
2009). In Winter (2019, 143), ‘harsh’ is classified across all sensory domains, most
strongly connected to the auditory and the visual domain. Therefore, a classification
of ideophones as belonging to a single domain may not be possible. Only seven from
among 500 ideophones tested by Nuckolls (2019, 193) are, in fact, monosensory.

Findings such as those reported by Nuckolls (2019) challenge the categorization
to a single sensory domain. It has also been previously noted by Rácová (2014, 22)
that many of the Bengali ideophones are polysemous, as they denote various se-
mantic concepts, e.g., gargar may represent a feeling, a sound, or something visual
(cf. Rácová, 2014, 22). The implicational hierarchy does not mention that an ideo-
phone may belong to multiple categories. Nevertheless, as Dingemanse (2012, 663)
states explaining the order of the hierarchy, “[M]OVEMENT frequently comes pack-
aged together with sound in sensory input (...)”. Hence, an ideophone related to
movement may also express the sound that this movement involves. The categories
put forth intertwine. As multisensory as perception is, a clear-cut categorization of
words as expressive as ideophones is, thus, questionable.
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The purpose of the current investigation is to classify some of the German ideo-
phones into sensory domains. Based on native speakers’ judgments, the study em-
pirically evaluates the implicational hierarchy proposed by Dingemanse (2012) and
its revision by McLean (2020). Further, it aims to test whether German ideophones
can be multisensory in nature, as shown by Nuckolls (2019). Finally, we perform
exploratory analyses, which group the ideophones together.

4.4.1 Method

Experimental Design

An online experiment was designed to gather native speakers’ judgments on the
sensory domains of German ideophones. Participants were asked to indicate the
domain they associate the ideophone with. There was a total of seven possible
answers, which were based on Dingemanse’s hierarchy (2012) and its revision by
McLean (2020). They included: ein Geräusch ‘a sound’, eine Art von Bewegung ‘a type
of movement’, etwas Visuelles ‘something visual’, ein Gefühl oder Zustand ‘a feeling or
state’, eine Oberflächenstruktur ‘a surface texture’, eine Gestalt ‘a form’, and eine andere
Wahrnehmung. Welche? ‘a different perception. Which one?’. The latter possibility
was an open question and participants could type their feeling into a box. For each
item, only one option could be chosen.

Each stimulus was embedded in a carrier sentence Was verbinden Sie mit ...?
‘What do you associate with ...?’. There were a total of 70 ideophones. Those in-
cluded 56 ideophones from the collected data set (cf. Chapter 4.2), some of which
were among the most frequent ones, and some with only a few instances of occur-
rence. Fourteen remaining ideophones were not found in our data set, however, they
are commonly used in everyday language and were selected by a native speaker. The
choice of the ideophones was motivated by the judgment of the same native speaker
to represent a whole semantic and sensory breadth of German ideophones. The
number of ideophones was motivated by the total length of the experiment. Along-
side the ideophones, 15 control items were implemented into the experiment. These
included words that most likely belong to a single sensory domain, such as Dreieck
‘triangle’, rot ‘red’, or joggen ‘to jog’. Thus, the task comprised 85 items in total. Both
the items, i.e., questions, and the possible answers within a question were random-
ized. All ideophones and control items were presented in lowercase, regardless of
their lexical class.

Table 4.2 shows the complete list of items, both ideophones and control items,
and their translations. The list, as well as other files regarding the project, are avail-
able in an OSF repository: https://osf.io/syw8k/.

An online questionnaire was generated using SoSci Survey (Leiner, 2019), and
the participants were recruited via a commercial platform Clickworker. The whole
procedure took about 10 minutes. The participants were monetarily compensated
for their time.

https://osf.io/syw8k/
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TABLE 4.2: The list of ideophones and control items used in the ex-
periment, with translations, where appropriate, sorted alphabetically.

Regardless of the lexical class, all items were written in lowercase.

Ideophones Control items

ach nanu ‘well’ bunt ‘colorful’
aha oh Dreieck ‘triangle’
aua ‘ouch’ oje ‘oh dear’ fruchtig ‘fruity’
auweia ‘ouch’ pah ‘huh’ joggen ‘to jog’
bäh ‘ugh’ papperlapapp ‘rubbish’ kariert ‘checked’
ballaballa ‘whacko’ pardauz ‘whoops’ krank ‘sick’
brumm ‘buzz’ pfui ‘ugh’ kriechen ‘to crawl’
bums ‘bang’ platsch ‘splash’ laut ‘loud’
dallidalli ’chop-chop’ plemplem ‘cuckoo’ leise ‘quiet’
dingdong plopp ‘plop’ Liebe ‘love’
flapp ‘flap’ plums ‘plop’ rau ‘rough’
flugs ‘in a flash’ potzblitz ‘goodness gracious’ rot ‘red’
flutsch ‘slip’ pst ‘psst’ salzig ‘salty’
hä ‘eh’ puff schleimig ‘slimy’
hallodri ‘playboy’ puh ‘phew’ stinkt ‘stinks’
hauruck ‘heave-ho’ quack
hicks ‘hic’ rabatz ‘fuss’
hmm rambazamba ‘fuss’
holterdiepolter ‘helter-skelter’ ratsch ‘rip’
hoppla ‘whoops’ ratz fatz ‘lickety-split’
huhu ‘hey’ remmidemmi ‘(to make a) racket’
hui ‘whoosh’ rickeracke ‘scritch-scratch’
hurra ‘hurray’ ruck zuck ‘chop-chop’
husch ‘shoo’ rülps ‘burp’
igitt ‘yuck’ schickimicki ‘posh’
klackerdiklack ‘click-clack’ schnipp schnapp ‘snap-snap’
klatsch ‘clap’ schwups ‘whoosh’
knurr ‘growl’ singsang ‘ditty’
krächz ‘croak’ tatütata ‘nee-naw’
kracks ‘crack’ tohuwabohu ‘chaos’
krimskrams ‘junk’ ups ‘oops’
kuckuck ‘cuckoo’ wirrwarr ‘chaos’
kuddelmuddel ‘chaos’ wumms ‘oomph’
mischmasch ‘hotchpotch’ wusch ‘swoop’
naja ‘well’ zickzack ‘zigzag’
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A total of 135 participants took part in the online questionnaire. It was crucial
that all participants are German native speakers, as ideophones exploit language-
specific behavior (Akita, 2015; Iwasaki et al., 2007a,b). After excluding non-native
speakers and incomplete cases, there were 121 valid cases left. Among them, there
were 60 female and 61 male participants. The age of those 121 participants ranged
from 18 to 69 years (mean = 38.41, SD = 12.05).

Data Analysis

All analyses were carried out in R (R Core Team, 2019). We used tidyverse package
for data processing (Wickham, 2017), and ggplot2 for data visualization (Wickham,
2016).

All items were controlled for the frequency of response across participants. In
case of an open answer (eine andere Wahrnehmung. Welche? ‘a different perception.
Which one?’), the typed answers were inspected and grouped into possible sub-
categories. Subsequently, ideophones were categorized according to the top-picked
category. The percent value of the total number of votes was calculated to evaluate
whether the choice of a category was straightforward. If the difference between the
first two categories was less than 5%, we saw both categories as applicable for the
given ideophone.

We also performed an exploratory k-means clustering (Likas et al., 2003) us-
ing the package cluster (Maechler et al., 2021), and factoextra (Kassambara and
Mundt, 2020) for visualization. Clustering is a mathematical procedure of sorting
things together according to different parameters given for those things. It is looking
for similarities and dissimilarities across the data and grouping the data accordingly.
As Romesburg (1984, 2) puts it, “if we gathered a set of pebbles from a stream shore,
noted their attributes of size, shape, and color, and sorted similar pebbles into the
same piles, we would be physically performing a cluster analysis”. The number of
piles would then represent the number of clusters.

The clustering was performed for all ideophones based on the percentage of par-
ticipants who chose a given category (N = 7). Hence, we used percentages of all cat-
egories for every ideophone, similarly to the attributes size, shape, and color used
for pebbles in the example above. Using this approach, we wanted to see which
ideophones will be grouped based on votes for all categories. The data was scaled
prior to clustering. First, we computed k-means for k = 2 : 5, i.e., 2–5 clusters, in
order to visually determine the optimal number of clusters. The estimation of the
optimal number of clusters was done using the elbow, silhouettes, and gap statistics
method (Milligan and Cooper, 1985; Tibshirani et al., 2001). While the latter method
returned that one cluster is optimal, the two first methods indicated that four are op-
timal; therefore, the results will refer to clustering where k = 4. Finally, a χ2-test was
performed to examine how the clusters correlate with the first-choice categories.
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FIGURE 4.6: Ideophone categories, which were identified for the sub-
set of the corpus ideophones. The categories are presented in the or-

der proposed in the implicational hierarchy (Dingemanse, 2012).

4.4.2 Results

Implicational Hierarchy (Dingemanse, 2012; McLean, 2020)

The results of the analysis are shown in Figure 4.6. The categories in the plots are
given in the order of the implicational hierarchy. The results for the first three cat-
egories – SOUND, MOVEMENT, and VISUAL PATTERNS – are in line with the hierar-
chy (Dingemanse, 2012). These results, however, question the revised hierarchy by
McLean (2020), who suggested that SOUND and MOVEMENT should be followed by
FORM and TEXTURE categories. These two categories did not receive any resonance
in our experiment. We found that 30 ideophones from the data set were associated
with SOUND, 12 with MOVEMENT, and three with VISUAL PATTERNS. No ideophone
was identified for the category that follows VISUAL PATTERNS, i.e., OTHER SENSORY

PERCEPTIONS. However, we found that 27 ideophones were classified among IN-
NER FEELINGS AND COGNITIVE STATES. This finding challenges the implicational
hierarchy, which forsees that, in a given language, ideophones relating to OTHER

SENSORY PERCEPTIONS are a prerequsite for those expressing INNER FEELINGS AND

COGNITIVE STATES (Dingemanse, 2012, 662ff.).

Multisensory Perception of Ideophones (Nuckolls, 2019)

Two of 70 ideophones could not be assigned to one category only, as the difference
between the two top-picked categories amounted to less than 5%. This was the case
for ideophones holterdiepolter and schnipp schnapp. Holterdiepolter ‘hurried uneven
noisy movement’ was primarily assigned to the category MOVEMENT with 40.50% of
the total votes; however, it also received 39.67% of the votes in the category SOUND.
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FIGURE 4.7: Category counts for (a) holtediepolter and (b) schnipp
schnapp. Two categories MOVEMENT and SOUND are dominating, Im-

portantly, they differ from one another only minimally.

For schnipp schnapp ‘the sound of cutting’, while 38.02% of the participants chose the
category SOUND, 37.19% favored the category MOVEMENT.

Because the participants could only choose one category, we disabled the possi-
bility of a within-participant multisensory rating. The multisensory rating is, how-
ever, visible in a between-participants manner. Figure 4.7 illustrates the vote counts
across all categories for the two multisensory ideophones mentioned in the above
paragraph – (a) holterdiepolter and (b) schnipp schnapp. It can be seen that the cate-
gories MOVEMENT and SOUND are almost equal. Hence, those ideophones show the
tendency to be associated with both categories.

Exploratory Analyses

Even though we initially accepted the threshold of 5% between the first two cat-
egories, we also examined further inconsistencies in the category assignment. The
primary goal was to gain a better picture of the sensory breadth of ideophones. Nev-
ertheless, the following results are exploratory.

As mentioned above, two ideophones were clearly identified in two different
categories. Extending the threshold of 5% difference between the first and the other
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category assignment, we saw a disagreement in 12 further ideophones. Within 10%
range from the first-choice category, there are three further instances. Most notably,
wusch ‘faster than expected’, which 47.93% of the participants assigned to the cate-
gory MOVEMENT and 42.15% to the category SOUND (difference = 5.78%). Interest-
ingly, for rambazamba ‘hustle and bustle’, INNER FEELINGS AND COGNITIVE STATES

was the first-choice category with 32.23%, but was closely followed by two other cat-
egories: SOUND, with 25.63%, and MOVEMENT, with 23.97% (difference to the previ-
ous category = 6.60% and = 1.66%, respectively). Lastly, pardauz (cf. Chapter 4.3.1)
was primarily assigned to SOUND, with 33.06% of the votes, and followed by INNER

FEELINGS AND COGNITIVE STATES with 23.97% (difference = 9.09%). Looking for-
ward into the following extension steps, we also found that pardauz was assigned to
MOVEMENT with 14.88% (difference to previous category = 9.09%).

Four additional cases of divergence, alsongside those mentioned in the previ-
ous paragraph, were found when we extended the threshold to 15% difference from
the first-choice category. Remmidemmi ‘hustle and bustle’ was assigned to sound by
40.50% of the participants, however 27.27% categorized it as INNER FEELINGS AND

COGNITIVE STATES (difference = 13.23%). The relative difference between the first
and the second choice for the remaining three ideophones is equal and amounts to
14.05%. For plums ‘dull clapping sound of falling’ 51.24% of the participants de-
cided for SOUND and 37.19% for MOVEMENT. Kuddelmuddel (cf. Chapter 4.3.1) was
assigned to INNER FEELINGS AND COGNITIVE STATES by 41.32% of the participants
and to VISUAL PATTERNS by 27.27%. And zickzack was primarily seen as MOVEMENT

by 39.67% of the participants, followed by FORM with 25.62%.
The last threshold we adapted for the exploratory analysis is 20% range from

the first-choice category. Here, we found five further divergent cases, in addition
to the previously mentioned ones. With the smallest difference in this group, hop-
pla (cf. Chapter 4.3.1) was assigned to INNER FEELINGS AND COGNITIVE STATES

with 47.11% of the votes, and to MOVEMENT with 30.58% (difference = 16.53%).
For Mischmasch (cf. Chapter 4.3.1) three categories were identified within the range,
as it yielded 37.19% of the votes for VISUAL PATTERNS, then 20.66% for TEXTURE,
and 19.00% for INNER FEELINGS AND COGNITIVE STATES (difference to the previous
category = 16.53% and = 1.66%, respectively). Similarly, three categories were re-
vealed for hui ‘exclamation of surprise; fast movement’, primarily INNER FEELINGS

AND COGNITIVE STATES with 42.98%, followed by SOUND with 25.62%, and MOVE-
MENT with 23.14% (difference to the previous category = 17.36% and = 2.48%, re-
spectively). For rickeracke ‘sound of crushing’, 44.63% of the participants chose the
category SOUND and 25.62% the category MOVEMENT (difference = 19.01%). Lastly,
wirrwarr was identified as INNER FEELINGS AND COGNITIVE STATES by 45.45% of
the participants, and as VISUAL PATTERNS by 25.62% (difference = 19.83%).

In light of those results, we performed a cluster analysis on all ideophones based
on the percentage of votes for all seven categories. Four clusters were determined
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Together, those dimensions explain 65.7% of variance in the data.

to be optimal. Interestingly, ideophones were assigned to four from the seven cate-
gories (cf. Figure 4.6). The results of the clustering can be seen in Figure 4.8.

The first cluster contains N = 12 ideophones and has a within-cluster sum of
squares (WCSS) of 18.11. The WCSS shows the variability of the observations within
a cluster – the smaller the value, the more compact the cluster. The second cluster
contains N = 6 ideophones and has a WCSS of 52.63, which can be seen by the
spread of the blue cluster in Figure 4.8. The third cluster includes N = 24 items and
has a WCSS = 23.39, and the fourth cluster comprises N = 28 ideophones and has a
WCSS of 61.47. The list of ideophones by clusters is given in Table 4.3.

As Figure 4.8 reveals, there is an overlap between clusters 1 and 3. The over-
lapping clusters are the ones with the smallest variation, as shown by the WCSS.
The overlap is a problem for interpretation and calls the appropriateness of the al-
gorithm into question. However, for the sake of the exploratory analyses, we calcu-
lated whether the clusters correlate with the first-choice categories, as picked by the
participants.

The results of a chi-squared test show that there is a significant relationship be-
tween cluster and the first-choice category, χ2(9, N = 70) = 142.31, p < .001. The
corrected effect size, Cramer’s V, was strong, V = 0.81. As Figure 4.9 shows, only
one cluster (3) contains ideophones, which were initially assigned to the same cate-
gory SOUND. However, four further SOUND ideophones are scattered across clusters
1 and 4, with two SOUND ideophones in each cluster. Apart from those, cluster
1 contains only MOVEMENT ideophones, and cluster 4 only INNER FEELINGS AND

COGNITIVE STATES ideophones. Cluster 2 shows the most variance when compared
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TABLE 4.3: The list of ideophones by clusters, sorted alphabetically.
The numbers and symbols of the clusters correspond to the clusters
from Figure 4.8. Within the cluster, some ideophones are colored to
signify the first-choice category, corresponding to the color scheme
in Figure 4.9. If the ideophone within the cluster is not colored, it
corresponds to the main category of a given cluster from Figure 4.9.

Cluster 1 ■ Cluster 2 ◆ Cluster 3 ▲ Cluster 4 ▼

dallidalli krimskrams brumm ach
flugs kuddelmuddel bums aha
flutsch mischmasch dingdong aua
hauruck schickimicki flapp auweia
holterdiepolter wirrwarr hicks bäh
husch zickzack huhu ballaballa
plums klackerdiklack hä
ratz fatz klatsch hallodri
ruck zuck knurr hmm
schnipp schnapp krächz hoppla
schwups kracks hui
wusch kuckuck hurra

platsch igitt
plopp naja
pst nanu
puff oh
quack oje
rabatz pah
ratsch papperlapapp
remmidemmi pardauz
rülps pfui
singsang plem plem
tatütata potzblitz
wumms puh

rambazamba
rickeracke
tohuwabohu
ups
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FIGURE 4.9: A stacked barplot of first-choice ideophone categories
by clusters. Each cluster is represented as one bar on the x-axis. The
y-axis shows the number of ideophones. Within a cluster, different

colors represent different ideophone categories.

to the ideophone category preference by the participants. It is the smallest cluster
with only six items, three of which belong to the category VISUAL, two to INNER

FEELINGS AND COGNITIVE STATES, and a single item to MOVEMENT. Overall, we see
a tendency for clustering to follow the pattern of the participants’ category prefer-
ence; there are, however, cases that seem to be contested.

4.4.3 Discussion

The purpose of the current study was to categorize German ideophones into do-
mains put forth by the ideophone implicational hierarchy (Dingemanse, 2012), as
revised by McLean (2020). The results reveal that, in the current data set consisting
of 70 German ideophones, the hierarchy holds for the first three categories: SOUND,
MOVEMENT, and VISUAL PATTERNS. And, while several ideophones were classi-
fied as the fifth category INNER FEELINGS AND COGNITIVE STATES, there were no
ideophones in the fourth category OTHER SENSORY PERCEPTIONS. No evidence was
found for the revised hierarchy adduced by McLean (2020).

Apart from that, we found evidence corroborating Nuckolls’s (2019) assumption
that ideophones do not necessarily belong to a single sensory domain. In our data
set, two ideophones were assigned to two different categories, at a threshold less
than 5% between those categories. However, further exploratory analyses revealed
that by increasing the threshold, the number of divergent ideophones increased,
some of which circulated not only among two but among three sensory domains.

Additionally, we performed an exploratory k-means cluster analysis that
grouped the ideophones into four clusters based on the percentage of assignments
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across all categories. We found a strong correlation between the selected cluster
and the participants’ first-choice category. Nevertheless, we treat those results with
precaution, primarily because of the overlap found between two clusters but also
because of the exploratory nature of this analysis.

The surprising result for the INNER FEELINGS AND COGNITIVE STATES category
led us to inspect the character of the ideophones which were assigned to this cate-
gory. We found that 74% of those ideophones were interjections according to Duden
online (Dudenredaktion, n.d.). In the category VISUAL, all ideophones are nouns,
and in the category MOVEMENT the best-represented part of speech with 50% are
adverbs. Even though there is a substantial number of interjections in the category
SOUND, i.e., 56%, it is worth noting that 26% of the ideophones in that group were
not included in the Duden online at all. Therefore we remark striking domination of
interjections, especially among the INNER FEELINGS AND COGNITIVE STATES ideo-
phones.

Ideophones are often found as a subclass of one or more parts of speech (Kilian-
Hatz, 2006). As noted by Ameka (2006, 743), interjections “conventionally constitute
utterances by themselves and express a speaker’s current mental state or reaction to-
ward an element in the linguistic or extralinguistic context”. Among them, there is
a subgroup of iconic words, such as ideophones (cf. Ameka, 2006, 743). What char-
acterizes both ideophones and interjections is the syntactic independence (Dinge-
manse, 2017b) and a bizarre phonological and morphological behavior (cf. Ameka,
2006; Kilian-Hatz, 2006). Therefore, we may observe that the two notions overlap –
not only in their structural aspects but also in their expressive character.

Dingemanse (2017b, 15) argues that ideophones enrich our view on language
by noticing the variety of modes of representation, and interjections help us reach
“beyond sentence level, and remind us that language is social-interactive at core”.
However, ideophones might be register-dependent, thus, serve as a similar social-
interactive instrument, too (cf. D’Onofrio and Eckert, 2020). As Akita (2017, 326)
shows, there is a difference in the morphosyntactic integration of ideophones be-
tween registers (i.e., normal and colloquial). In colloquial Japanese, ideophones are
morphosyntactically integrated to a greater extent in comparison with plain speech.
To the best of my knowledge, there exist no studies on the ideophone use in differ-
ent registers of German. However, ideophones are rarely, if at all, used in formal
contexts. Recently, primarily young companies use them in advertisements to ap-
proach young customers (e.g., Durstexpress, cf. Figure 4.10). Ideophones are used
in less formal registers with friends and family, creating an atmosphere of close-
ness. The alternation between Standard German and a dialectal or more colloquial
speech resembles code-switching (Blom and Gumperz, 2000; Woolard, 2005), which
in monolinguals, who switch in the dialect use, has also been labeled as style-shifting
(Ervin-Tripp, 2002, 47). As put by Irvine (2002, 21), “‘style’ crucially concerns dis-
tinctiveness (...).” In German, ideophones may as well serve as a marker that signals
meaning beyond the sentence level and carries not only its iconic, sensory meaning
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FIGURE 4.10: Durstexpress advertisement using ideophones. The text
translates to ‘You’re like: Rämälääm! We’re like: Ding dong!’. Ding
dong imitates the sound of a bell (cf. Chapter 4.3.1), rämälääm is a
no word that should most likely imitate the notion of partying with

music.

but, as a function of style, also a kind of a social meaning.
Consequently, there may be a need to characterize closer what ideophones and

interjections are in language systems such as German. As noted before, many of the
ideophones tested here are defined as interjections. Nevertheless, just like not every
quadrangle is a square, not every interjection is an ideophone (Ameka, 2006, 743). In
German, also not every ideophone is an interjection (cf. Chapter 4.3.1). Ideophones
in German, thus, seem to be a category overarching the parts of speech. The point
is not to deny it or postulate for a separate word class of ideophones. It is to look
deeper into what makes a certain member of a given word class an ideophone with
special attention to the interjections.

As Dingemanse and Akita (2016) show that the more grammatically integrated
a segment is, the less expressive it is. Then, the depictive character of ideophones
becomes descriptive. And, as the process of deideophonisation occurs with time
(Dingemanse, 2017a; Dingemanse and Akita, 2016), ideophones become more and
more integrated and less and less expressive. Undoubtedly, we may see traces of
such a process in German. As mentioned in Chapter 4.2.4, there exist verbs with
sound-symbolic character, e.g., poltern ‘to crash’, or fiepen ‘to whimper’. Among the
ideophones we find holterdiepolter ‘hurried uneven noisy movement’, fiep ‘sound of
a bird’. An interesting question would be what is the origin of those words, as de-
bated in Chapter 4.2.1. In turn, it would be possible to see whether we are dealing
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with deideophonisation or ideophonisation – whether the ideophone is becoming
more integrated or whether the verb is losing its status and becoming more expres-
sive. The iconic treadmill hypothesis by Flaksman (2017) suggests that the coinage
of new iconic words in a language is motivated by the deiconization of old words.
Through sound change and sense development, words lose their iconicity over time
(Flaksman, 2017, 17f.) and this process stimulates the addition of new iconic words
to the lexicon. It seems that the level of iconicity remains the same, and the shifts are
best visible in the diachronic perspective.

The exploratory analysis with an extended threshold reveals a far greater sensory
breadth and speaks for the strong coupling of sensory cues within an ideophone
concept. Even though the task disabled a within-participant multicategorization,
our data shows that in a between-participant manner. And when “[m]ost of our
everyday experiences (...) are multisensory” (Spence, 2012, 37), why would not the
“marked words that depict sensory imagery” (Dingemanse, 2012, 655) be multisen-
sory, too? Importantly, previous studies show that words more linked to sensory
experience are more iconic in their form (Perlman et al., 2018, for signed and spokes
languages; and Winter et al., 2017, for English).

The pattern revealed by the explorative clustering analysis reveals some simi-
larities to the categorization as shown by the global participants’ judgments. Par-
ticipants assigned the ideophones to four categories; similarly, four clusters were
optimal for this data set. Three out of four clusters have a dominating category
– MOVEMENT, SOUND, or INNER FEELINGS AND COGNITIVE STATES – and there is
much variance in one of the clusters. This may again signal the multisensory charac-
ter of some ideophones. Combining these careful assumptions with the results of the
hierarchy testing, where two ideophones were assigned to two different categories
by an almost equal number of participants, we can put forth a hypothesis that there
exist monosensory and multisensory ideophones in German.

The results of the multisensory nature of ideophones (cf. Chapter 4.4.2) point
to the intertwining of the two first categories: SOUND and MOVEMENT. As noted
before, “[M]OVEMENT frequently comes packaged together with sound in sensory
input (...)” (Dingemanse, 2012, 663). The reason why we found those two categories
frequently coinciding in ideophones may be the existence of sound emission verbs
in German (Goldberg, 1995; Levin and Rappaport Hovav, 1991, 1992). This, in turn,
is dependent on a typological distinction between verb-framed and satellite-framed
languages (Talmy, 1985; Talmy, 1991). In a verb-framed language, like Spanish or
French, the verb focuses on a path of motion, i.e., enter, exit, ascend, descend, pass,
etc. (Talmy, 1991, 489). In a satellite-framed language, the focus of a verb lies on
the manner of motion. Both English and German serve as an example. “The bottle
floated into the cave” (Talmy, 1991, 488) is a perfectly understandable sentence and
can be translated to German as Die Flasche trieb in die Höhle hinein. In Spanish, the
manner of floating cannot be incorporated into the verb, i.e., La botella entró flotando a
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la cueva ‘The bottle entered (MOVED-in) floating to the cave’ (Talmy, 1991, 488). Sim-
ilarly, verbs expressing sounds, i.e., sound emission verbs, may be used to express
movement relating to the sound. A sentence The train screeched into the station (Gold-
berg, 1995, 62) can be easily translated into German: Der Zug quietschte in den Bahnhof
hinein. The link between movement and sound within a verb in satellite-framed lan-
guages may have implications on the nature of ideophones in those languages, such
that they are more prone to be multisensory than in verb-framed languages. Studies
reveal that while in English, verbs receive high iconicity ratings, in Spanish, iconicity
in verbs is perceived as low (Perlman et al., 2018; Perry et al., 2015). Therefore, future
research investigating the multisensory nature of ideophones, especially regarding
SOUND and MOVEMENT ideophones, should take into consideration whether there
exist sound emission verbs in the given language.

Lastly, the results of the ideophone categorization by native speakers show that
clustering may be a powerful tool to group the highly multisensory character of
ideophones. Even though hierarchical clusters are preferred for smaller data sets,
and their results are more robust than k-means, I decided to use k-means for the
exploratory analyses because of their simplicity. I refrain from drawing any conclu-
sions from these results. I nevertheless hope that the findings reported here may
serve as a basis for further research. I want to stress that future work should fo-
cus on using more robust methods, such as hierarchical clustering, with a possibly
more extensive data set to uncover the complexity and entanglement of ideophone
meaning.

In sum, then, I showed that a subset of the ideophones from the collected data
set partly aligns with the implicational hierarchy by Dingemanse (2012). Further,
I demonstrated that German ideophones have multisensory potential (Nuckolls,
2019). All in all, I believe that, in order to investigate ideophones in German, we
first need to establish more concise guidelines on how to deal with words classified
as interjections. Simply put, we need an answer to the question, when does an inter-
jection have an ideophone character and when it does not. Armed with that, we will
be able to better understand the interplay of sensory experiences hidden between
the lines.

4.5 Age Hypothesis for the Use of Ideophones

Now I would like to move to the second experimental analysis based on the col-
lected data. At the beginning of the last chapter, I used the adverb how to introduce
my intentions in the investigation of ideophones. And I believe that the problem
tackled in this chapter also refers to how the ideophones are, more specifically, how
they are within books for different groups of children. But, also, though somehow
philosophical, this chapter may help answer the question why ideophones are.

Iconicity is “a powerful vehicle for bridging between language and human sen-
sori-motor experience” (Perniss and Vigliocco, 2014, 1) and it can serve as a base for
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establishing novel vocal symbols (Perlman et al., 2015b; Perlman and Lupyan, 2018).
It has been shown that iconicity aids word learning in adults (Jones and Vigliocco,
2017; Nygaard et al., 2009a). Lockwood et al. (2016a) conducted two experiments
to see how iconicity can boost word learning. In the first experiment, participants
learned Japanese ideophones with their real meanings or with opposite meanings.
After the main task, the participants were told that half of the words they learned
had incorrect meanings. Subsequently, they were asked to perform a forced-choice
task on the same set of ideophones in which they had to choose the meaning they
felt was correct. The results revealed that participants learned better in the match-
ing category and that they were also able to guess the real meaning above chance.
In the second experiment, participants similarly learned Japanese adjectives – either
with matching or opposite meanings. Here, no difference was shown between the
matching and opposite conditions. Overall, Lockwood et al. (2016a) demonstrated
that Dutch native speakers learn Japanese ideophones better than Japanese adjec-
tives and that they can guess the ideophone meaning well above chance.

However, not only adult populations are prone to the effect iconicity has on word
learning. Already preverbal infants are sensitive to sound-symbolic cross-modal
correspondences (Asano et al., 2015). Studies with three-year-olds reveal that sound
symbolism facilitates verb learning in both Japanese- (Imai et al., 2008) and English-
speaking children (Kantartzis et al., 2019, 2011). Based on these and similar results,
Imai and Kita (2014) put forth a “sound symbolism bootstrapping hypothesis”. Ac-
cording to the hypothesis, sound symbolism, and iconicity in general, helps children
learn the language and distinguish the reference of the word. Iconicity is able to do
so, because it shaped the protolanguage at its origin (Imai and Kita, 2014, 9) – it is an
innate need, “a general property of language” (Perniss et al., 2010, 1).

We see that children’s perception is sensitive to iconicity – but the language of
their caretakers is also full of it. This “feedback loop” yet again signifies the strength
of iconicity in language development. Yoshida (2012) demonstrated that children of
both Japanese- and English-speaking parents benefit from sound symbolism during
verb learning, even though the two parent groups used different strategies to con-
vey sound symbolism. While Japanese speakers relied on conventionalized sound-
symbolic forms, English speakers invented new idiosyncratic ones. It shows that,
regardless of the available iconic means in a language, caretakers still make use
of iconicity (Yoshida, 2012, 13). In addition, a recent study by Perry et al. (2021)
shows that iconicity does aid children to retain the novel word and helps them over-
come the Quine’s problem (as suggested by Imai and Kita 2014, 1, and Perniss and
Vigliocco 2014; also see Quine 1960, 33).

An interesting question is what happens in the course of the development. How
does the use of iconic words change over time? Perlman et al. (2017) conducted a
longitudinal study with 35 children and their caretakers to examine this question.
Both in child-produced and child-directed speech, iconicity decreased over time. In
children’s speech, the effect was caused by an escalated use of arbitrary words; the
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children maintained, however, the frequency of iconic words. The effect was the
opposite in the caretakers’ speech behavior. While they sustained the frequency of
arbitrary words, they significantly decreased the use of iconic words. The change
in parent’s behavior was driven by the cognitive ability of children, which suggests
that parents adapt their language to children’s skills (Perlman et al., 2017, 917).

The prominent role of iconicity in language acquisition is endorsed by a grow-
ing body of research. Studies show that children acquire sound symbolic and iconic
words earlier (Laing, 2019; Perry et al., 2015). In addition, sound-symbolic words are
more frequent in children’s speech, as well as in the child-directed speech of caretak-
ers (Perry et al., 2018). Perry et al. (2018) also corroborate the findings by Perlman
et al. (2017) that the effect of iconicity is most pronounced in younger children. Sim-
ilarly, Massaro and Perlman (2017) report that iconicity is more widespread in early
language acquisition, and they pinpoint the general vocabulary increase as a fac-
tor that decreases the proportion of iconicity in children’s productive and receptive
vocabulary. Recent evidence suggests that the effect goes beyond infancy and that
children further profit from iconicity at later ages (Sidhu et al., 2021a, 22, for ages
7–10 years).

So far, the studies have focused on spoken language. However, as our data set
shows, children’s books are a unique source of iconic words (cf. Chapter 4.2). We
were interested whether the sound symbolism bootstrapping hypothesis (Imai and
Kita, 2014), and its role in different stages of the development (e.g., Perlman et al.,
2017; Perry et al., 2018), is present in written language. The main question is if we
will observe a decrease in the use of iconic words over time, similarly to Perlman et
al. (2017) and Perry et al. (2018). If the frequency of ideophones in books for younger
children is higher than in books for older children, this may be yet another point of
evidence for the bootstrapping effect that sound symbolism and iconicity, in general,
have on language development.

4.5.1 Method and Analysis

The data set of German ideophones collected from children’s books was used to
examine whether the ideophone use in written language changes over time. The
details on the data set can be found in Chapter 4.2.4. Most importantly, as described
in Chapter 4.2.4, the books used to compile the data set can be divided into two
groups accordingly to the age recommendation. The first group – up to 6 years of
age – includes data from 342 books, and the second group – for children between
7–9 years of age – 89 books. While the total corpus includes 1,020 word forms (i.e.,
ideophones as they were written in the book) and 650 lemmas (i.e., ideophones in a
unified spelling), the counts for two age groups vary. In the first group, there are 856
word forms and 572 lemmas; in the second group, there are 333 word forms, and 239
lemmas.
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We started the analysis by inspecting the mean number of pages, as well as the
mean number of words per page in each age group. This descriptive analysis was
done to see the fundamental differences there may be between the two categories.
Because the data was not normally distributed, we additionally computed the me-
dians to compare the two age groups with a Wilcoxon signed-rank test.

In order to compare the frequency of ideophones in both groups, we calculated
the proportion of ideophones as compared to the number of all words on a book
page. Thus, the number of words occurring on each page that was available through
corpus collection was calculated. This was done semi-automatically (cf. Chapter
4.2.3) – we used a picture-to-text function in Microsoft OneNote (Microsoft Corpo-
ration, 2018) for the initial estimation, however we checked the recognition by hand
for every page. The picture-to-text function did not work when the text was hand-
written or arranged in other than the left-to-right dimension. In those cases, the
words were counted by hand. Subsequently, we calculated the proportion of the
ideophones to all words.

Apart from frequency, we were also interested in whether the variability of ideo-
phones differs between the books for different age groups. Two calculations were
used to check that. The first one summarized the total number of different lemmas
– and the total number of word forms for comparison – in both age groups. The
second proofed the repetitions of the same lemma – and the same word form for
comparison – within a single book for both age groups.

Neither the proportion data nor the data on ideophone variability was normally
distributed. Therefore, to check the effect strength statistically, we computed one-
sided Wilcoxon signed-rank tests to compare both age groups in all conditions. It
should be noted that this is a type of non-parametric test, and it does not rely on
the comparison of the means but rather on the comparison of the medians. The tests
were unpaired because the data stemmed from different sets of books, and one-sided
because we assumed that the use of ideophones decreases over time. All p-values
obtained from the Wilcoxon signed-rank tests were Bonferroni adjusted.

All analyses mentioned above were carried out in R (R Core Team, 2019).
Tidyverse was used for data processing (Wickham, 2017), and ggplot2 for data vi-
sualiztion (Wickham, 2016).

4.5.2 Results

Figure 4.11(a) shows the number of pages in books for the two age groups under con-
sideration: up to 6 years, and between 7–9 years. The median for the first group is
= 32, and the mean = 33.2, with SD = 8.31. For the second group, the median num-
ber of pages is = 64, the mean = 89.8, with SD = 60. The descriptive analysis points
to a difference in the number of pages between age groups. Books for younger chil-
dren have significantly fewer pages, as per a one-sided Wilcoxon signed-rank test
(Z = −47.32, p < .001, r = 0.78). As for Figure 4.11(b), which shows the number
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FIGURE 4.11: (a) The number of pages and (b) the number of words
per page in books for the two age groups. The red bar on the left
shows books for children up to 6 years old, and the blue bar on the
right for children between 7 and 9 years old. The solid horizontal
line on each bar signifies the median, and the dashed horizontal line

shows the mean.

of words per page, the median is = 44, and the mean = 52.5, with SD = 40.1, for
the first age group. In the second group, the median is = 57, and the mean number
of words per page = 72.6, with SD = 47.2. The difference between groups is signifi-
cant per a one-sided Wilcoxon signed-rank test, Z = −12.79, p < .001, r = 0.21.
The effect size for the number of words per page is small, especially compared to a
large effect found for the difference in the number of pages.

The proportion of ideophones across all words on a page differs significantly
between the two age groups, as shown by a one-sided Wilcoxon signed-rank test,
Z = 11.61, p < .001, r = 0.26. The median proportion of ideophones on a page
for the first age group is = 3.70, with a mean = 11.7 and an SD = 22.9. As for the
second group, the median proportion of ideophones per page is = 2.36, the mean is
= 3.42, with SD = 5.66. The data is illustrated in Figure 4.12, with the proportion
in the logarithmic scale for better interpretability. The small effect (r = 0.26) found
in our data set shows that the proportion of ideophones across all words is greater
in books for younger children.

Finally, we compared the variability of ideophones between groups. Across
the board, there were 572 different ideophone lemmas in books for younger chil-
dren and 239 in books for older children. As for word forms, there were 856 word
forms in books for younger children and 333 in books for older children. We were
specifically interested in the repetitions of the same ideophone within a book be-
tween the two age groups. First, we compared the lemma repetitions. In books
for younger children, the median amounted to = 1, and the mean = 4.30, with
SD = 9.41. In books for older children, the median was the same, thus = 1, but the
mean number of repetitions of the same ideophone lemma in a book was = 2.28,
with SD = 2.03. The result was not significant as per Wilcoxon signed-rank test,
Z = −0.17, p = 0.43, r = 0. For comparison, we also looked at the repetitions of
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FIGURE 4.12: The proportion of ideophones per page by age group.
The proportion on the y-axis is on a logarithmic scale for easier com-
parability. The violin plot shows the density of the data, i.e., the give
log ratio in each of the groups (left/red for children up to 6 years,
right/blue for 7–9 year-olds). The boxplot within the violin illustrates
the median and interquartile ranges, and the diamond symbol shows

the group mean proportion.

a word form within a book between the two age groups. Here, the medians for both
groups were equal = 1 as well. However, other descriptive values differed. The
mean in books for younger children was = 4.04, with SD = 9.39, and in books for
older children, the mean was = 2.12, with SD = 1.96. Nevertheless, the Wilcoxon
signed-rank test showed no effect, Z = −0.56, p = 0.28, r = 0. Overall, the differ-
ence in the variability is visible by looking at the total number of ideophone lemmas
or word forms and the mean values of their repetition within a book. However, the
statistical tests do not confirm this effect. It may thus be the case that ideophones are
not generally more variable in books for younger children, but there are rather only
a few ideophones that are repeated over and over again.

4.5.3 Discussion

The goal of the current study was to investigate the use of ideophones in books for
children of two different age groups – up to 6 years and between 7–9 years of age.
The results of a one-sided Wilcoxon signed-rank test show that the proportion of
ideophones in books for younger children is significantly higher than in books for
older children (x̃ = 3.70 vs. x̃ = 2.36, respectively). This finding corroborates the
decline in the use of ideophones during language development reported by Perl-
man et al. (2017) and Perry et al. (2018). Furthermore, it extends this effect onto the
domain of written language. Our result provides additional evidence for the sound
symbolism bootstrapping hypothesis (Imai and Kita, 2014).
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The first group in our study included books for children up to 6 years of age.
This undoubtedly invites much within-group variation considering that Perlman
et al. (2017) reported the decline throughout the time frame of two years, with an
approximate mean age of children between 1;8–3;8 years, and Perry et al. (2018) over
the course of roughly a year (1;2–2;6 years). Books for children, who are learning to
speak, may differ drastically from those intended for children learning to read. The
second group included books recommended for children between 7–9 years, thus
the age span is two times smaller. Despite this within-group difference in the first
group, we found an effect in the proportion of ideophones between the first and
the second group. It can be the case that, when the age groups were divided more
evenly, the effect would be more robust. In our case, the effect is small (r = 0.26),
and the cause of this effect size may be the uneven age distribution between groups
(6 years vs. 3 years, respectively). A more structured approach with evenly divided
age groups remains a possibility for future research.

Globally, we also found significant differences in the format of the books recom-
mended for children from different age groups. Books for younger children have sig-
nificantly fewer pages and also fewer words per page. Combined with the increased
proportion of ideophones per page, these results suggest that the ideophones are
more pronounced in books for younger audiences. Compared with the books for
older children, there are overall fewer words on a page in books for younger chil-
dren, and a larger proportion of them are ideophones. Ideophones are syntactically,
morphologically, and phonologically salient (cf. Ameka, 2006; Dingemanse, 2017b;
Kilian-Hatz, 2006). It seems that the structural environment present in books for
younger children is ideal for ideophones to show their full potential. With fewer
“competing” words surrounding an ideophone, its salient character flourishes and
may play a crucial role in transmitting the meaning (cf. Imai and Kita, 2014, 3).

We were also interested in comparing the ideophone repetitions within a book
between both groups because repetitions may improve learning (cf. Cuddy and Ja-
coby, 1982; Endress et al., 2009). We found no difference in ideophone repetitions
between the two groups. We did find that, cumulatively, there is more variability
across ideophones in books for younger children than for older children, i.e., there
are more different ideophones. However, this result should not be taken for granted
as the number of books was not equal for both groups, and the sum of the different
ideophones is cumulative across all books.

Altogether, our results contribute to the existing body of research on the role
of iconicity in language acquisition (Laing, 2019; Massaro and Perlman, 2017; Mo-
tamedi et al., 2020; Perlman et al., 2017; Perry et al., 2015, 2018; Sidhu et al., 2021a).
We showed that ideophones constitute a more significant portion of the linguistic
input present in books for younger children, as compared to books for older chil-
dren. Children’s books are written by adult authors and are directed towards chil-
dren. Whether knowingly or intuitively, the authors follow the pattern similar to the
caretakers’ speech behavior (Perlman et al., 2017) – they use fewer ideophones with
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increasing age of the audience.

4.6 Chapter Conclusion

This chapter focused on ideophones – also called expressives, or mimetics –,
“marked words that depict sensory imagery” and that belong to an open lexical class
(Dingemanse, 2019, 16). Through several studies and on the example of German, I
showed that (1) ideophones are widely present in Western languages (cf. Chapter
4.2), (2) they can express and refer to a multisensory experience (cf. Chapter 4.4), and
(3) they are a bootstrapping mechanism for language acquisition used in a written
domain (cf. Chapter 4.5).

The process of collecting the ideophone corpus through children’s literature en-
abled us to grasp the scope of ideophones in German. In total, we found 1,022 word
forms, therein 657 ideophone lemmas (i.e., with unified writing). While some ideo-
phones are used repeatedly, and undergo an only slight modification of their form,
some are idiosyncratic and created ad hoc. This very first attempt to assemble a sys-
tematic collection of ideophones in the form of a dictionary (cf. Chapter 4.3.1) aims
to lead the way to fill the present research gap. Currently, there exist no guidelines
for languages such as German to ascertain what makes a member of a given word
class an ideophone (cf. Chapter 4.4.3). We rely on works by Dingemanse (2012, 2019)
and Kilian-Hatz (1999), or Nuckolls (1996), to name a few, and those undoubtedly
paved the way into the world of ideophones. However, it seems that for languages,
that are thought to be “idiophonically impoverished” (Nuckolls, 2004, 132), a more
thorough differentiation is needed. Among the mentioned examples are cases of
ideophones and verbs alike, i.e., holterdipolter and poltern, or interjections that widely
behave like ideophones, i.e., na. Regardless, we observe that ideophones are present
and important even in languages, in which they are scattered among the lexicon.

In Chapter 4.4, we showed that ideophones in German to some extent follow
the implicational hierarchy by Dingemanse (2012), however not the proposal made
by McLean (2020). No ideophones were classified as neither FORM nor TEXTURE

(McLean, 2020). Also, in our data, there was a gap of the category OTHER SEN-
SORY PERCEPTIONS posited by Dingemanse (2012). Moreover, we showed that ideo-
phones exhibit a multisensory potential. Two ideophones could not be assigned to
one category only. Further exploratory analyses exposed this multisensory nature
even deeper. Ideophones are performative in that they connect the linguistic form
to the meaning in the real world (cf. Nuckolls, 2004, 133). They can, through their
iconic form, transmit a sensory experience. Seemingly an imitation of a sound may
bear much more – as in our example of schnipp schnapp, which is not only a sound of
cutting but also an act, a movement of cutting. The effect reported here was obtained
on a between-participants basis; however, a within-participant experiment would be
a valuable point of reference in the future.
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Based on the initially collected data set, in Chapter 4.5 we provided evidence that
younger children are exposed to more ideophones in books than older children. This
result is interpreted in line with the sound symbolism bootstrapping hypothesis by
Imai and Kita (2014). Numerous studies to date reported a possible beneficial effect
of iconicity, sound symbolism, and/or ideophone use on language acquisition (e.g.,
Imai et al., 2008; Kantartzis et al., 2019, 2011; Massaro and Perlman, 2017; Perlman et
al., 2017; Perry et al., 2021, 2015; Yoshida, 2012). Our study is the first that showed an
enhanced use of ideophones towards younger children in the orthographic domain.
Thus, children’s books – written by adults and often, at least until a certain age, read
by adults to their children – mirror the mechanisms found in child-directed speech
(Perlman et al., 2017; Perry et al., 2018).

Nuckolls (2004, 133) notes that westernization and globalization deprive lan-
guages of ideophones, literacy being one of the many material conditions enhanc-
ing this effect. Literacy drastically influences human cognition (Huettig and Mishra,
2014). It is a form of “socialization into mainstream ways of using language in speech
and print, mainstream ways of taking meaning, of making sense of experience” (Gee,
1986, 742). Are then ideophones made for written language? At this point, I recall
what Sabine Reiter reminisced about the data collection on Awetí (Reiter, 2011) – a
native speaker with whom she worked, said to her about an ideophone “this isn’t im-
portant, we do not write that.” (cf. Chapter 4.1). This story echoes what many works
suggest, namely that ideophones lose their expressive character with increased inte-
gration into the language (Akita, 2017; Dingemanse, 2017a; Dingemanse and Akita,
2016).

In books for younger children, literary constraints, which may have a deleteri-
ous effect on ideophony (Nuckolls, 2004, 133), seem less potent than in books for
older children. After all, children, to whom books are read, rely on oral commu-
nication. For German, children’s literature presented itself as an optimal source of
ideophone data. It includes instances of ideophones far beyond onomatopoeia. It
may be the case that such a methodology lends itself to the initial data collection in
other languages, in which ideophones seem to be “conspicuously underdeveloped
and poorly structured” (Diffloth 1972, after Dingemanse 2019, 14).

Acquiring a language is a complex and challenging process. But with ideophones
it goes a little bit more ruckzuck, ‘fast’, and it is not all such a Wirrwarr, ‘chaos’.
Ideophones provide a broad sensory experience, and maybe by doing so, they aid
children – and us – to truly feel what we hear from others and what we want to say
ourselves.
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Chapter 5

General Discussion

5.1 Summary of the Findings

This thesis has explored the iconic potential of expression on various linguistic lev-
els. In Chapter 1, I discussed the role of iconicity in the evolution of language. I
concluded that not only iconic gestures but also iconic vocalizations are powerful
enough to ground symbols, therefore, pinpointing the importance of multimodality.
The studies in Chapters 2 to 4 of this dissertation sought to answer various questions
regarding iconicity as an umbrella term, summarized in the following paragraphs.

Chapter 2 investigated the sound symbolism of German Pokémon names. The
analysis showed little overlap with previous findings on other languages – only in
the negative correlation between the Pokémon weight and the number of labial con-
sonants. Nevertheless, a couple of other reliable mappings were found – a positive
correlation between Pokémon defense and the number of back vowels, and a nega-
tive correlation between special defense and the number of high vowels. Based on
these results, I conclude that German Pokémon names are sound-symbolic, how-
ever, in their own way. I suggest that phonology and phonotactics may govern the
specific sound-symbolic expression in the language to a larger extent than it has
been anticipated. Alternatively, with Pokémon names, the translation route may
constrain sound symbolism.

In Chapter 3, I tested two novel hypotheses, both of which investigated the pos-
sible physiological roots of iconic prosody in pitch–elevation and pitch–size cross-
modal correspondences. The first hypothesis proposed that fundamental frequency
(F0) is influenced by head position. The second hypothesis suggested that the de-
gree of jaw opening is affected by the size of an object being named. The experiment
results showed no evidence for the second hypothesis and inconclusive evidence for
the first hypothesis. I suggest that there is something more than physiology that
drives the effect. That physiology might have been responsible at first but, through-
out thousands of years, the correspondence might have been transferred into cogni-
tion. Therefore, the role of physiology might have shifted towards the role of sensory
perception.

Finally, Chapter 4 was devoted to German ideophones. After collecting a data set
of German ideophones from children’s books and proposing a German ideophone



144 Chapter 5. General Discussion

dictionary design, I conducted two experiments with the data. The first experiment
tested how German native speakers categorize ideophones. It showed that a pre-
viously proposed implicational hierarchy holds to some extent (Dingemanse, 2012),
however, that its revised version finds no confirmation in German data (McLean,
2020). Furthermore, the results imply that ideophones in German are multisensory.
The second experiment explored the use of ideophones in books for children of dif-
ferent age groups. It displayed that there are more ideophones in books for younger
children, echoing the sound symbolism bootstrapping hypothesis by Imai and Kita
(2014) on the example of ideophones in a written medium in German.

All of the results presented in this thesis explored the notion of iconicity, and
they show that iconicity is prevalent and “pluripotential” (Abralin, 2021) due to its
vast expression of different linguistic levels. Through a set of experiments, I showed
evidence of iconicity on the phonetic/phonological level (Chapter 2), prosodic level
(Chapter 3), and word level (Chapter 4). I also introduced how iconicity occurs in
pre-linguistic signals and how it can serve to establish linguistic symbols (Chapter
1). Iconicity truly is “a general property of language” (Perniss et al., 2010) in all its
facets.

5.2 Implications of the Findings

The general implication of the findings presented in this thesis is the abundance
of iconicity. Iconicity, as a powerful cross-cultural tool that humans can use to
ground meaning (e.g., Ćwiek et al., 2021; Nölle et al., 2020; Perlman et al., 2015b),
is widespread not only in signed, but also in spoken language. And while some
aspects of iconicity can be regarded as cross-linguistic (cf. Chapters 1.4, 3, and 4.4),
others should be regarded within a language (cf. Chapters 2, 4.2, and 4.5). Below, I
discuss the implications of each experimental chapter separately.

The experiment on sound symbolism of German Pokémon names in Chapter 2
revealed that the majority of previously established patterns did not hold for the
German data (cf. Shih et al., 2019). The determined relationships, however, implied
that similar traits could be encoded with different means. The expression of sound
symbolism may, thus, be dependent on the phonology and phonotactics of a given
system and the functional load that given characteristics carry in this language. Es-
sentially, these results point towards a sound-symbolic functional load hypothesis,
where a specific iconically prominent feature, such as size or strength, is more likely
to be expressed by sound symbolism cross-linguistically. However, the expression
itself underlies the phonological system – ergo, the phonemic load, as seen within
a language. As demonstrated by Diffloth (1994, 112f.), there are exact oppositions
to the most robust sound-symbolic relationships found thus far – /i/ = small, /a/
= big is the opposite in the case of Bahnar. This, however, as Diffloth (1994, 113)
suggests, only shows how similar acoustic, articulatory, but also proprioceptive sen-
sations (i.e., the form of the tongue vs. the amount of space left in the mouth) may
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produce opposite outcomes. Therefore, to seek robust sound-symbolic expressions,
we should first look from a within-language perspective to later extrapolate onto
cross-linguistic correspondences.

The findings in Chapter 3 signal no reliable physiological basis of iconic prosody.
There was no evidence for a correspondence between the jaw opening and the size
of the object, and the evidence for the influence of head position on fundamental
frequency was inconclusive, given the discrepancy between the posterior probabil-
ity and the 95% credible interval. There may be two possible implications from the
latter. Either, there simply is no physiological ground for the pitch–elevation corre-
spondence; but then, why would head position show an inconclusive effect and not
a lack of effect? Alternatively, and what seems plausible, the effect caused by head
position alone might be too subtle, for which the reasons are twofold. Firstly, in the
task presented here, participants did not reach radical lowered and elevated head
positions. Thus, the elicited range of movement might not have been enough to ex-
hibit a reliable effect, as shown by the data, the priors, and the model. And, secondly,
the effect might have become perceptualized throughout hundreds of thousands of
years due to frequent co-occurrence (Parise et al., 2014; Spence, 2011), even though
it was primordially driven by physiology.

Finally, Chapter 4 yields multiple implications. First and foremost, it shows that
Indo-European languages, too, can be ideophone-rich (cf. Diffloth, 1972; Nuckolls,
1999, 2004). This is testified alone by the amount of data we were able to collect
in children’s books. The first experimental analysis, carried out with the collected
dataset to test the implicational hierarchy by Dingemanse (2012) and McLean (2020),
has two main indications. On the one hand, German ideophones exhibit multisen-
sory characteristics as their categorization was not uniform across the participants.
On the other hand, the distinction between ideophones and interjections in German
proved to be difficult, which might have had an effect on the results of the first ex-
periment. Assuming that an interjection is a reaction to an event and an ideophone
a depiction of an event (cf. Dingemanse, 2021), the question emerges how to treat
such cases like the German aua ‘ow!’, which can be used both as a reaction and as
a depiction. Therefore, the concept of an ideophone, contrasted with the concept of
interjection, may need further specification for languages such as German.

As for the second experiment in Chapter 4, the results suggest that ideophones
do play a significant role in language acquisition, in line with Imai and Kita (2014).
Generally, books for older children are considerably more lengthy, both in the num-
ber of pages and the number of words per page. However, the proportion of sound-
symbolic words per page, i.e., ideophones, is greater in books for younger children.
The effect was found despite the age span difference within the groups. The first
group included books for children up to 6 years, and the second group only for
children from 7–9 years. This study enriches current results on the role of iconic-
ity in language acquisition with the dimension of written language. It signifies that
children’s books’ authors adjust the use of iconic means depending on the age of
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addressees.

5.3 Future Directions

Given the scope of this work, there are multiple directions to pursue in the future. I
will draft these separately for each of the areas tackled in the thesis.

First, an implication of Chapter 1, based on previous research by other authors,
was that both multimodality and iconicity played a crucial role at the dawn of lan-
guage. Unfortunately, there exist no time machines yet – to deliver unquestion-
able evidence – and I do not intend to propose inventing one as a future research
goal. Instead, I suggest that future research should encourage projects to emphasize
the expression of iconicity across modalities, i.e., how the visual and the oral–aural
channels influence this expression between one another. A possible research ques-
tion would be whether the modalities have an additive effect in reaching a commu-
nicative goal without an established communication system. Furthermore, in which
cases may communication fail despite both channels? Is there a limit to the semantic
breadth of iconicity in one or the other modality, or even when both are employed?
Experimental methods which would help answer these questions include large-scale
production and perception experiments comparable to Ćwiek et al. (2021), however
integrating multimodal signals (similarly to Macuch Silva et al., 2020). Another pos-
sible route are iterated learning experiments (e.g., Edmiston et al., 2018; Erben Jo-
hansson et al., 2021; Kirby et al., 2014; Kirby and Hurford, 2002), which I have not
discussed in this thesis, but which have been widely used in the context of symbol
grounding, ergo, the evolution of communicative systems. Future studies with such
methodology should nevertheless incorporate the role of multimodality for ground-
ing linguistic symbols.

As mentioned in Chapter 2, a subset of German Pokémon names were analyzed
here. Therefore, the next step would be to annotate a complete set of Pokémon
names, not only the first generation. However, given the results, any future anal-
ysis should also include features that were not considered here. As I mentioned, a
sound-symbolic functional load hypothesis crystallized in the course of the analysis,
which proposes that there exist language-specific linguistic features that carry the
sound-symbolic expression of certain attributes. Therefore, another possible avenue
would be to compare the expression of robust correspondences (such as size–sound)
across languages. It may be the case that where one language uses vowels, another
language employs syllable structure.

The experiments in Chapter 3 yielded no direct answer whether iconicity was
rooted in the body. One of the possible grounds for an inconclusive effect between
head position and fundamental frequency might have been the insufficient differ-
ence between the highest and lowest object placement, which did not enforce a
radical-enough head position. Hence, one possibility would be to introduce more
radical vertical positions in the follow-up study to explore whether the effect is more
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pronounced in such conditions. However, another way would be to constrain the
head movement and explore the effect in such a scenario. If the effect would still be
present with constrained movements, we would find evidence for a robust percep-
tualization of this iconic relationship. Finally, I proposed in the chapter discussion
that not only physiology, but also sensory perception should be considered by fu-
ture studies investigating the roots of iconicity. Therefore, future research should be
encouraged to seek for sensory bases of various cross-modal and iconic phenomena.

Undoubtedly, Chapter 4 encourages numerous future projects. First and fore-
most, as already suggested in the chapter itself, a publication of a German ideophone
dictionary would fill a current research gap. For that, however, a deeper understand-
ing of the ideophone category in German is needed. The present project exposed
an overlap between ideophones and interjections that should be investigated and
discussed more closely in the future. In this context, I also proposed that the use
of ideophones in German might be register-dependent and that it might carry so-
cial meaning besides the sensory meaning. Thus far, no such experimental analyses
exist for German. Research to come could also inspect the multisensory nature of
ideophones, especially considering typological differences between languages, such
as the previously mentioned satellite- and verb-framed languages. German, as a
satellite-framed language, promotes the association of sound and movement; how-
ever, to the best of my knowledge, no experiments exist, which examine a multisen-
sory nature of ideophones in a verb-framed language. The last experimental project
in this thesis, regarding the use of ideophones in children’s books, would greatly
benefit from a more even age group distinction. By dividing the books into, e.g.,
two-year stretches, we could see whether the decline is gradual or whether there is
a specific moment in the development that discourages the use of ideophones.

Finally, the ultimate goal of future research that I see is simply to explore the
breadth of iconic expression. This thesis brings light to parts of iconicity, which, in
fact, spans across all linguistic subfields and even further. As researchers examining
iconicity, we should seek to exceed the boundaries that previous theories might have
forced upon us.

5.4 Conclusion

The studies in this dissertation sought to expose the widespread nature of iconic-
ity. Rather than exploring a single research question, this thesis tackled a few de-
tailed issues, all of which concern linguistic iconicity. As an umbrella term for the
subjects discussed here, iconicity was shown to be an incredibly prevalent force,
anchored somewhere between language and cognition (cf. Abralin, 2021; Perlman,
2017; Perniss et al., 2010).

As humans, having this complex communication system that we call language,
we may take pride in its form. “Speech perforce is largely arbitrary” (Hockett, 1978,
275), “[t]he word ‘salt’ is not salty nor granular; ‘dog’ is not ‘canine’ (...)” (Hockett,
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1960, 90). It is easy to be proud of the seeming superiority because we, as a species,
can discuss abstraction. However, it is also easy to forget how we got here. And,
while there is little doubt that iconicity is crucial for symbol grounding at the heart
of language (e.g., Everett, 2017; Peirce, 1955), we might be tempted to think that it is
not useful anymore; that it contradicts arbitrariness, which we encounter constantly.

Nevertheless, mounting evidence, including the work in this dissertation, shows
that iconicity is still doing well nowadays. It may be less evident in our vocabulary
because not all words are equally iconic (Winter et al., 2017) and this tendency can
differ across languages (Perlman et al., 2018). However, we do find ideophones even
in languages, which are thought to be ideophone-poor (Diffloth, 1972; Nuckolls,
1999, 2004), such as the case of German (cf. Chapter 4). Moreover, as I have shown,
ideophones in German have multisensory tendencies (Nuckolls, 2019) and can aid
children in acquiring the language (Imai and Kita, 2014).

Crucially, to resonate with the goals for writing this thesis, I have also shown
that iconicity wears different gowns. We can find form–meaning correspondences
in the written language, and on the sound- and the prosodic level as well. Thus,
iconic expressions come in all shapes and colors; they can be language-specific (e.g.,
Shih et al., 2019, or Chapter 2 of this thesis), but also cross-linguistic (e.g., Ćwiek
et al., 2021). However, most importantly, we still find them in the language today.
Iconicity is needed; therefore, it perseveres in us and our communication despite the
changes that our communication undergoes (Flaksman, 2017).

The results of this thesis indicate that iconicity is an important property of lan-
guage not only from the diachronic but also from the synchronic perspective. Iconic-
ity may seem obscured; however, it employs a multitude of communicative channels
to come to light. It is extensively used and perceived – without a convention but in-
stead based on an inherent mechanism that we share. Iconicity mirrors parts of the
sensory perception and benefits our development. Rather than being an outside
discipline, iconicity constitutes the core of communication.
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