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ABSTRACT

THE EFFECT OF MATERIAL SOUND ON MATERIAL PERCEPTION

THROUGH TURKISH SOUND SYMBOLIC WORDS

TUNCEL, Irem
M.S., The Department of Psychology
Supervisor: Assoc. Prof. Dr. Dicle N. DOVENCIOGLU

August 2025, 123 pages
Research has shown that a subset of sound-symbolic words (SSWs), onomatopoeic
words (e.g., splash) that imitate sounds, are strongly associated with perceived material
properties. Moreover, semantic dimensions derived from visual and haptic materials
align with those extracted from SSWs, indicating cross-modal consistency. In this
thesis, natural material sounds and videos of everyday materials were to investigate
material perception through SSWs. To select SSWs, in preliminary Study 1,
participants wrote down their answers mimicking natural sounds. Following a letter
frequency analysis for common phonetic patterns, SSWs including these phonemes
are used in the main experiment. In Study 2, participants identified materials solely by
listening to sounds representing materials, and high agreement responses were chosen.
In the main experiment, materials were presented multiple times: across conditions of
natural sound congruency and SSW congruency, and rated on SSWs. It is hypothesized
that congruency between natural sound and SSWs would more strongly influence

perception than visual congruency, predicting that audiovisual (AV) congruent stimuli

v



would receive higher ratings for matching SSWs than AV incongruent stimuli. As
expected, SSWs in the same dimensions with material videos got higher ratings on the
congruent AV stimuli compared to incongruent AV stimuli. Furthermore, overall
ratings between congruent and incongruent AV stimuli did not differ when SSWs were
incongruent with material videos. However, for incongruent AV stimuli in certain
material dimensions ratings increased for incongruent SSWs. These findings highlight
the role of material sounds in perceived material characteristics and challenge the

widespread notion of visual dominance in multisensory integration.

Keywords: sound-symbolism, onomatopoeic words, material perception, cross-modal

interaction
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TURKCE SES SEMBOLIK KELIMELER ARACILIGIYLA MALZEME SESININ
MALZEME ALGISINA ETKISI

TUNCEL, irem
Yiiksek Lisans, Psikoloji Bolimii

Tez Yoneticisi: Dog. Dr. Dicle N. DOVENCIOGLU

Agustos 2025, 123 sayfa

Ses sembolik kelimeler (SSK) ve dogal seslerin taklidiyle olusan ses yansimali
kelimeler (6rnegin tikar tikir, saril saril) arasindaki giiclii iliski, malzeme algisi lizerine
yapilan onceki ¢alismalarda ortaya konmustur. Malzemelerden elde edilen dokunsal
ve gorsel bilgilerle SSK'lerden ¢ikarilanlar biiylik ol¢lide benzerlik gdosterir, bu da
duyulararasi tutarliliga isaret eder. Bu tezde, dogal malzeme sesleri ve giinliilk malzeme
videolar1 kullanarak malzeme algis1 SSK'ler araciligiyla incelendi. Oncelikle, SSK'leri
segcmek i¢cin dogal malzeme seslerini dinletip katilimcilardan sesleri taklit ederek
yazmalarin istedendi. Seslerdeki ortak fonetik oriintiileri analiz ederek ana deneyde
kullanilacak SSK'leri belirlendi. ikinci bir 6n calismada ise katilimcilar, malzeme
seslerini sadece dinleyerek malzemeyi ve hareketini tahmin etmeye c¢alistilar.
Uzlagmanin sagladigi yanitlara gore ana deneyde kullanacagimiz malzemeler secildi.

Ana deneyde, her malzeme hem dogal ses uyumu hem de SSK uyumu dikkate alinarak
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sunuldu. Dogal malzeme sesleri ile SSK'ler arasindaki uyumun goérsel uyumundan
daha giiclii olacagini ve uyumlu gorsel-isitsel uyaranlarin, uyumsuz olanlara kiyasla
uyumlu SSK'ler {iizerinden degerlendirildiginde daha yiiksek puanlar alacagini
varsayildi. Beklendigi gibi, malzeme videolariyla uyumlu SSK'ler, uyumsuz gorsel-
isitsel uyaranlarla sunulduklarindan daha yiliksek puanlar aldi. Genel puanlarda,
uyumsuz gorsel-isitsel uyaranlarla sunulan uyumsuz SSK'ler i¢in bir fark gézlenmedi.
Ancak, tanecikli veya akigkan gibi belirli malzeme tiirlerinde, uyumsuz SSK'ler
uyumsuz gorsel-isitsel uyaranlarla sunuldugunda puanlari yiikseldi. Ornegin, tanecikli
bir malzeme (kum) uyumsuz bir ses (dokiilen taslar) ve uyumsuz bir SSK (tikir tikir)
ile sunuldugunda daha yiiksek puan aldi. Bu durum metal ve sert malzemelerde
goriilmedi.  Sonuglarimiz, dogal malzeme seslerinin algilanan  malzeme
ozelliklerindeki roliinli vurgularken, ¢oklu duyusal biitiinlesmede yaygin olan gorsel

baskinlig1 goriisiine meydan okumaktadir.

Anahtar Kelimeler: ses sembolizmi, yansimali kelimeler, malzeme algisi,
modaliteler aras1 etkilesim
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CHAPTER 1

INTRODUCTION

1.1 Arbitrariness in Language

In linguistics, although there are differing views and discussions regarding the
structure and function of language, there is a consensus that the relationship between
sound and meaning in language is predominantly arbitrary (de Saussure, 2011;
Hockett, 1960; Sapir, 1921). At the center of the language model developed by de
Saussure (2011), who is considered the founder of modern linguistics, is the concept
of the linguistic sign, which consists of signifier and signified components. The
signifier is the auditory and formal part of the sign, such as sound signals or a sequence
of letters. For instance, the signifier is the letter sequence of the word “sea” seen in a
written text or the sound heard when the word ““sea” is pronounced. On the other hand,
the signified is the mental representation of the sign. Continuing with the “sea”
example, the signified is the concept of the vast, blue, wavy, and salty expanse of water
that comes to mind when the word “sea” is seen or heard. de Saussure (2011) stated
that the connection between the signifier and the signified is arbitrary, and therefore,

the linguistic sign that emerges from these two components is also arbitrary (Figure

1.1).

However, the arbitrary nature of this relationship does not mean it is not fixed; that is,

words usually trigger particular results (Hockett, 1960). For instance, “sea” means



“sea,” and “sea” does not mean “stone” or “soil” in English. Besides this, Hockett
(1960) also stated that the connection between message-elements, such as words in

language, and their meanings is arbitrary.
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Figure 1.1 Non-corraleted relationship between form (F) and meaning (M) This
figure is adapted from Gasser et al. (2005, p.6)

The fact that the word “sea” itself contains no information about saltiness or liquidity,
that “microorganism,” a long word, actually refers to a very small living thing, or that
“whale,” a relatively shorter word, represents one of the largest animals in the world

are some examples of arbitrariness in language (Figure 1.2).

Figure 1.2 Representative image of microorganism and blue whale, the average size
of a large bacterium is 5 pm (micrometers) while the blue whale's is 30 meters,
which means the whale is 6,000,000 times larger.

However, these theories, which state that language is predominantly arbitrary, do not
ignore non-arbitrariness in language, which claims that the relationship between the

signifier (e.g., word) and the signified (meaning) is not random in some cases.
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Interjections and sound-imitative words are examples of the non-arbitrary relationship
between meaning and form in language (de Saussure, 2011; Sapir, 1921). An
interjection is defined as a sudden expression of feeling, and the use of “Aal!” in
Turkish and “Ah!” in English and Spanish as interjections of surprise or pain shows
that these expressions can exhibit similarities across languages. Sound-imitative
words, on the other hand, carry a direct resemblance to the sounds they represent (e.g.,
animal sounds like “meow” or “woof” in English and “miyav” and “hav” in Turkish).
Even though the existence of sound-imitative words and interjections in language and
the fact that language is not entirely based on arbitrary relationships are accepted, it
has been argued that the place of these words in language is insignificant or that their
symbolic origins are debatable (de Saussure, 2011; Sapir, 1921). Sapir (1921)
explained that sound-imitative words are not based entirely on non-arbitrary
relationships through the analogy of painting: Even though a till in a Japanese painting
and a till in a modern European painting are inspired by a real till with the same natural
features, they show similarities and differences. Both of these paintings imitate the till,
but neither is identical to the till; they are merely artistic interpretations. Moreover,
since the representational style, technique, and cultural context of the two paintings
are not the same, they demonstrate differences. Sound-imitative words, just like these
paintings, exhibit differences according to each language’s own phonetic system and

word formation rules (Figure 1.3).

However, an important point in Sapir’s analogy might be that despite different painting
techniques and cultural contexts, a painting of a till can be commonly perceived as a
till. As will be seen later, although signs of non-arbitrariness in language were

considered secondary in importance within the framework of the aforementioned



explanations in the past, studies on non-arbitrariness have increased in the following

years.
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Figure 1.3 Examples of expressions of surprise, imitations of cat and dog sounds
from comic books (Where Monster Dwell #2, Ennis & Braun, 2015; Pizza Dog and
Marvel Meow Infinity Comic #1, Loo & O’Connel, 2023; Pizza Dog and Marvel
Meow Infinity Comic #2, Loo er al., 2023)

1.2. Non-arbitrariness in Language

As previously mentioned, non-arbitrariness in language refers to situations with a
non-random relationship between linguistic elements, such as words or letters, and
their meanings (Dingemanse et al., 2015). This concept challenges the notion of
language being entirely arbitrary, suggesting that a direct link may exist between
linguistic forms and their associated meanings in some instances. Non-arbitrary
relationships in language are categorized into systematicity and iconicity

(Dingemanse et al., 2015).

1.2.1. Systematicity

Systematicity is a statistically observed relationship between the sound patterns of a

group of words and their usage in language rather than a direct resemblance to the

4



meaning of a single word, as can be seen in Figure 1.4 (Dingemanse et al., 2015;
Sidhu, 2019). This statistical relationship between sound patterns and their linguistic
usage may not simply be grammatical rules. Examples of systematic relationships
include the tendency for verbs to have fewer syllables than nouns in English, the
consideration of syllable number when assigning noun or verb status to non-words
(Wright et al., 1991), or the effect of the number of syllables on the distinction
between abstract and concrete words (Reilly et al., 2012). Systematicity is less overt
than iconicity, another example of non-arbitrariness, as it addresses statistical
relationships between the sound patterns of broad word groups and abstract
grammatical and semantic categories rather than the direct meanings of individual

words (Sidhu, 2019).

(A) (B) (€

Arbitrariness

Systematicity

Iconicity

Word meanings Word forms Word classes

Figure 1.4 (A, B) The lines indicate the relationship between word form and
meaning. (C) Different colored word classes exemplify systematicity. The figure is
adapted from Dingemanse et al. (2015, p. 605)

1.2.2. Iconicity

Iconicity is another form of non-arbitrariness, defined as a non-random, motivational
relationship between a linguistic form and its semantic content. As illustrated in Figure
1.4, this relationship arises when the form (e.g., the sound structure of a word) exhibits

a certain degree of similarity or parallelism with its meaning (Diffloth, 1972;



Dingemanse et al., 2015; Perniss et al., 2010). Rather than being a categorical feature,
iconicity possesses a gradient structure (Gasser et al., 2005; Masuda, 2007). This
gradient structure can be examined through distinctions such as absolute and relative
iconicity (Gasser et al., 2005) or direct and indirect iconicity (Masuda, 2007). Absolute
iconicity refers to a similarity-based relationship between a word group’s form and
meaning (entirely or partially). In this type of iconicity, a reciprocal correspondence
exists between one or more form features and meanings. In short, absolute iconicity
involves a one-to-one relationship between form and meaning (Figure 1.5). Linguistic
representation of animal sounds (i.e., “woof woof” for dog) exemplifies absolute
iconicity. Examples of absolute iconicity are present not only in spoken languages but
also in sign languages. An instance of absolute iconicity in sign language is that
temporal reference in sign language is the spatial plane associated with the signer’s
body, where the area in front symbolizes the future and the area behind symbolizes the

past.

Relative iconicity, on the other hand, is defined as a relationship between the formal
similarities and semantic similarities within a group of words. As it seen in Figure 1.5,
unlike absolute iconicity, which features a direct similarity function linking meaning
to form, relative iconicity is characterized by a similarity function that relates forms to

forms and meanings to meanings (Gasser et al., 2005).

Words in English with the “gl-” cluster in the initial position (e.g., glow, gleam, glint,
and glimmer) exemplify this situation. Despite the “gl-” cluster not inherently
possessing a structure associated with light, the fact that there are relatively few
English words beginning with this cluster and that most of these words have meanings

related to light can be aligned with relative iconicity. However, despite resembling the



aforementioned example, there are also instances that can be considered absolute
iconicity rather than relative iconicity. The occurrence of the “sn-" cluster, a nasal
sound, in words related to the nose (sniff, snore, snob) is an example of absolute

iconicity (Schmidtke et al., 2014).
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Figure 1.5 For the absolute iconicity, the arrows illustrate one-to-one association
between form and meaning. For the relative iconicity, the arrows display the
correlation between specific cluster of form and meaning. Adapted from Gasser et al.
(2005, p. 6)

Masuda (2007) distinguishes two primary categories of iconicity: direct and indirect.
These broadly align with Gasser’s (2005) definitions of absolute and relative iconicity,
respectively. There are subtle distinctions that exist between the two frameworks.
Masuda (2007) states that direct iconicity encompasses non-lexical and lexical forms.
Non-lexical iconicity involves the production of imitative sounds using phonetic
characteristics without following established verbal structures. Examples such as
“sshh,” “shhh,” or “sssh,” frequently observed in comic books to represent requesting
silence, exemplify this category (Figure 1.6). These forms are not bound by standard
orthography and can exhibit variations in the number of letters. In contrast, lexical

iconicity involves words that conform to the grammatical rules of a given language.

The word “shush,” used to indicate silence, is an example of lexical iconicity.



Masuda’s (2007) definition of indirect iconicity encompasses non-linguistic and non-
auditory expressions related to sensation, size, or feeling. This category is subdivided
into associative and phonaesthetic iconicity. Phonaesthetic iconicity is defined
identically to relative iconicity. Associative iconicity, on the other hand, refers to a
relationship of association between a linguistic sound (e.g., a vowel or consonant) and
a non-linguistic reality (e.g., the visual or tactile properties of objects). The well-
known example from Sapir’s (1929)work, where “mil” evokes a smaller table and

“mal” a larger one, illustrates this type of associative iconicity.

Figure 1.6 Example of lexical and non-lexical direct iconicity from comic book
(Unlimited Spider-man #13, Bendis et al., 2001).

Iconicity, as a general term for the resemblance-based relationship between form and
meaning (Dingemanse et al., 2015; Gasser et al., 2005; Perniss et al., 2010), is
demonstrated in various aspects of spoken language. This is because iconicity extends
beyond mere imitating sound in spoken language and can lead to comprehending
different facets of speech signals (Masuda, 2007; Sapir, 1929). The capacity of some
iconic words to go beyond simple sound imitation and activate diverse sensory
modalities has been explored within a broader framework and described using
different terms (Akita & Dingemanse, 2019). The term “ideophone,” first introduced

by Doke (1935, p.118), is defined as the “vivid representation of an idea in sound”.
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They characterize a verb, adjective, or adverb in terms of manner, color, sound, smell,
action, state, or intensity. These words, representing the most fundamental and
comprehensive instance of iconicity in spoken language, are also referred to as
expressive or mimetic (Dingemanse, 2012). Later, ideophones are defined as those that
depict vivid sensory scenes through imitation and are prevalent in many languages
(Akita & Dingemanse, 2019; Dingemanse, 2012; Dingemanse et al., 2015). These
words frequently refer to multisensory experiences such as sound, movement, color,
shape, and touch. With their unique sound structures, distinctive grammatical features,
and sensory semantic content, ideophones can also differ syntactically from standard
constructions. In this respect, ideophones constitute not only a semantic but also a
formal special linguistic category and serve as a significant tool supporting descriptive

expression in communication.

PIKA

"sparkle"in Japanese

o+

onomatopoeia,
a squeak sound

PIKACHU!

Figure 1.7 Sparklesqueak is the literal translation of Pikachu in English.
Some examples of ideophones in different languages include “piril piril” (very bright
and shiny) in Turkish, “tsuru tsuru” (smooth and slippery surface) in Japanese, and

“wurufuu” (fluffy) in Siwu. Figure 1.7 illustrates how ideophone and onomatopoeic



words are used to reflect a trait of a cartoon character in its name. According to
Dingemanse (2012), the structure and distribution of ideophones in language exhibit a
hierarchical progression. Initially, the presence of sound-imitative ideophones in the
language is considered universal. Subsequently, a significant number of languages
have ideophones that represent motion and visual patterns. If one language has
ideophones encompassing more abstract, symbolic meanings, this language has
extensive ideophonic inventories. This situation establishes a type of implicational
hierarchy: the existence of sound-imitative ideophones is a prerequisite for any
language; if a language is known to possess ideophones for motion, the presence of

ideophones for sound is a certainty, and so forth.

The specific name for sound ideophones is onomatopoeia, and it is a subcategory of
ideophones. Onomatopoeia are words that imitate natural sounds and reflect the
phonological features of the sound they refer to (Dingemanse et al., 2015; Monaghan
et al., 2014; Perniss et al., 2010). In this type of word, phonology directly imitates
sounds, generally animal sounds (e.g., meow) or sounds associated with moving or
colliding objects (e.g., crash or bang). In this respect, these words are an example of
phonological and absolute iconicity. Although they appear in different forms in every
language, they are used in a language-specific manner as representations of sounds in
nature reflected in language. Additionally, as mentioned before, onomatopoeic words
can be lexical (e.g., buzz as a sound of a bee) or non-lexical (e.g., bzzz) (Masuda,

2007).
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1.3. Sound Symbolism

Although debates regarding the existence of non-arbitrary relationships between words
and meaning have persisted for decades (e.g., de Saussure, 2011; Sapir, 1921), the
emergence of this topic within psychology is comparatively more recent. The
association of the phonology of the words with their meaning through specific
associations is examined within psychology under the scope of sound symbolism
(D’Onofrio, 2014; Shinohara & Kawahara, 2010). Sound symbolism describes how
certain phonemes can be linked to specific sensory qualities or meanings (Lockwood
& Dingemanse, 2015). It diverges from iconicity in that while iconicity can encompass
the direct relationship between word and meaning, the primary emphasis in sound
symbolism lies in the link between phoneme and meaning. It is observed that the
concepts of iconicity and sound symbolism are frequently employed interchangeably
in the literature. As proposed by Sidhu (2019), the distinction between these two
concepts can be established based on the nature of the relationship formed with
meaning; this relationship can be mediated through the word form (e.g., iconicity) or

via phonetic features (e.g., sound symbolism).

To illustrate, in the previously mentioned study by Sapir (1929), the finding that the
word “mil” evokes a small table and the word “mal” evokes a large table is analyzed
from the perspective of sound symbolism, considering the association of the phoneme
/i/ with smallness and the phoneme /a/ with largeness. However, since sound
symbolism is often subsumed under iconicity, the association of smallness and
largeness by the words “mil” and “mal” constitutes an instance of iconicity. To

summarize, sound symbolism represents a category of non-arbitrariness in language,
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challenging the principle of linguistic arbitrariness by positing that linguistic forms are

not randomly assigned but can exhibit a perceptible relationship with their meanings.

Up to this point, I have discussed four fundamental concepts that are frequently used
interchangeably or appear as similar constructs in the literature when citing examples
supporting the notion of non-arbitrariness. To avoid any conceptual ambiguity in the
subsequent sections of this thesis, I aim to summarize the hierarchical structure of these
concepts briefly. Although a complete consensus on the definition of each concept is
lacking in the literature, this thesis establishes a hierarchy based on the definitions
provided by Akita and Dingemanse (2019) and Dingemanse et al. (2015). Firstly,
iconicity, as the most encompassing definition — referring to the non-arbitrary,
similarity-based relationship between linguistic form and meaning, occupies the
highest position as an indicator of non-arbitrariness in language. Secondly, ideophones
are situated below iconicity. These are words with a distinctive structure within a
language that depict vivid and sensory scenes, typically about perceptions such as
sound, movement, light, and shape. It is crucial to note that not all instances of iconicity
are ideophones. For example, the wing-like hand gesture for “bird” in Turkish Sign
Language is iconic but not an ideophone. Thirdly, onomatopoeic words, which
represent the direct imitation of real-world sounds, occupy the fourth level in this
hierarchy, and they are the main focus of this thesis. Finally, sound symbolism
explores the iconic relationship within language, focusing on the connection between
phonemes and sensory qualities or meanings. Therefore, it covers all examples

discussed under the heading of iconicity.
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1.3.1. Shape

One of the initial studies on sound symbolism, which associated the vowel “a” with

73T
1

largeness and the vowel “i” with smallness, has been replicated in subsequent research,
yielding similar findings (Bentley & Varon, 1933; Tarte & Barritt, 1971). Furthermore,

research has indicated that the phoneme “a” is perceived as approximately three times

rounder and twice as soft as the phoneme “i” (Bentley & Varon, 1933).

Figure 1.8 Demonstration of Bouba and Kiki. Adapted from Ramachandran &
Hubbard (2001, p. 19)

Another of the earliest well-known studies on sound symbolism was conducted by
Kohler (1929; 1947), resulting in the observation known as the Maluma/Takete effect.
This study demonstrated a relationship between round and sharp visual forms and
specific phonemes. A similar effect was observed in its adaptation as the Bouba/Kiki
effect by (Ramachandran & Hubbard (2001), where approximately 95% of individuals
when asked to assign names to round and sharp visual stimuli, chose “bouba” for the
round shape and “kiki” for the sharp shape (Figure 1.8). The study conducted by Tarte
and Barritt (1971) paired eight shapes (four ovals of varying roundness and four

(1354

triangles of varying height) and showed them to participants. The vowel “i” was most

(1 3]

often linked to triangles, while “u” was least related to them. Conversely, “u” was most
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often linked to ovals, and “i” was least linked to them. A subsequent study examining
the cross-cultural and cross-linguistic robustness of this phenomenon yielded
comparable results (Cwiek et al., 2022). Across 25 languages, nine language families,
and 10 writing systems, the Bouba/Kiki effect was investigated. Except for Romanian,
Mandarin Chinese, and Turkish, responses in the other 22 languages exceeded the 50%
chance level, indicating a preference for associating “bouba’ with the round shape and
“kiki” with the sharp shape. However, in Turkish, the expected matching response is
that bouba is round and kiki is the sharp shape, remaining at approximately 40%. Even
s0, a significant finding of this study was the provision of evidence suggesting that the
bouba/kiki phenomenon is not solely attributable to the orthographic structure of the
Roman script. In languages using non-Roman alphabets, the average rate of congruent
response production was 63%, which is significantly above chance. This offers
evidence that the effect may stem from a cross-modal interaction between sound and
visual stimuli rather than solely from the interaction between the visual representation

of the word and the visual stimulus.

1.3.2. Texture

Beyond the well-established link between phoneme and shape, Etzi et al. (2016)
demonstrated an association between pseudowords such as “kiki,” “takete,” and “ruki”
and rough materials (e.g., sandpaper) during tactile evaluation. Conversely,
pseudowords like “bouba,” “lula,” and “maluma” were matched with smooth materials
(e.g., satin). While Etzi et al. (2016) investigated the link between specific
phonological forms (pseudowords) and perceived textures, Gnatchuk (2015) explored
the cross-linguistic consistency of this association at the level of individual consonants.

In the study, native speakers of English and German evaluated consonants based on
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six bipolar adjective scales, including rough-smooth. The findings indicated that the
consonants /b/, /d/, /g/, /m/, /n/, and /1/ were consistently rated as smooth across both

languages, whereas /t/, /x/, /tf/, and /ts/ were consistently rated as rough.

Another study conducted by Winter et al. (2022) exploring sound-texture relationships
investigated the potential link between the phoneme /r/ and the haptic perception of
roughness using real lexical items. The association between a trilled /r/ and the
sensation of a rough surface was examined through the analysis of English and
Hungarian adjectives describing the surface texture. The findings revealed a higher
prevalence of /r/ in words expressing roughness compared to those expressing
smoothness. In a study with a similar objective, participants, each a native speaker of
one of 28 different languages from 12 different language families, were presented with
visual representations of sparky and rough lines and instructed to imagine tracing these
lines with their fingers (Cwiek et al., 2024). Subsequently, they were asked to match
the presented auditory stimuli, an alveolar trill [r] and an alveolar approximant [1], to
one of the lines. The experimental results demonstrated a strong tendency among the
majority of participants to consistently associate the [r] sound with the jagged line and
the [1] sound with the straight line. This robust iconic correspondence, with a mean
matching of 88.5%, was found to be even more consistent than that observed in cross-

cultural investigations of the Bouba/Kiki effect (Cwiek et al., 2022).

While the aforementioned studies (Cwiek et al., 2024; Winter et al., 2022; Gnatchuk,
2015) explored cross-linguistic sound-texture associations using isolated phonemes
and pseudowords, Sakamoto and Watanabe (2018) investigated this relationship
within the context of Japanese sound-symbolic (onomatopoeic) words. Despite its

limited prevalence, onomatopoeia inherently demonstrates systematic sound-meaning
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correspondences related to sensory experiences. Their study offers a valuable
perspective on how phonological features within pseudo-onomatopoeic words relate
to tactile perception. In their investigation, participants produced sound-symbolic
words for various touched materials and rated these materialson a seven-point scale
across eight adjective pairs. The findings revealed systematic patterns in the sound-
touch relationship within Japanese: voiced consonants (e.g., /dz/ and /g/) were
associated with roughness, whereas voiceless consonants (e.g., /t/ and /s/) correlated
with smoothness. Furthermore, the manner of articulation also played a significant
role, with the alveolar fricative /s/ linked to sensations of smoothness, non-elasticity,
and dryness. Conversely, the palatal fricative (e.g., /e/) was associated with wetness,
the alveolar affricate (e.g., /te/) with roughness and dryness, plosives (/b/ and /p/) with
soft, elastic, and wet textures, and velar plosives (/k/ and /g/) with rough, hard, non-

elastic, and dry textures.

Further research on Japanese onomatopoeic words indicates that these sound-symbolic
terms convey meaning directly through phonemes. In a related investigation, Hanada
(2016) explored the perceptual dimensions of material properties as conveyed by
onomatopoeic words, utilizing visual stimuli of the materials. The findings indicated
that voiced plosives (e.g., /b/, /g/) and nasals (e.g., /n/) are associated with perceptions
of wetness and stickiness. In contrast, voiceless fricatives (e.g., /f/, /h/) and the voiced
nasal /m/ are linked to softness and fluffiness. Furthermore, the study highlighted a
contrast between the prevalence of voiceless plosives and affricates such as /p/, /ts/,
and /t/ in onomatopoeias for smooth and glossy textures and the use of voiced fricatives
and plosives like /j/, /z/, and /g/ in onomatopoeias describing rough, dull surfaces.

Hanada’s (2019) study similarly demonstrates that Japanese onomatopoeic words
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provide meaningful cues regarding food texture. For instance, the initial syllables of

(193]

words expressing stickiness frequently include the consonants “n” and “b,” while

[YP=2]
S

sounds such as “p,” “t,” and “s” evoke distinct tactile sensations, including the tearing
of'a tensed surface, weak tension, and sliding on a smooth surface, respectively. Words
describing the bendability of a sticky food often start with the consonant “g,” whereas
crispness is associated with the phonemes “sh” or “z.” Furthermore, the action of
snapping rod-like foods is represented by words initiated with the consonant “p.”

These patterns illustrate the systematic use of phonetic features in Japanese sound

symbolism to express the textural properties of food.

In addition to these studies, Nalbantoglu et al. (2024) investigated the association of
Turkish sound symbolic words with materials and their influence on softness
perception. Their study is based on previous research by Dovencioglu et al. (2022),
which showed that softness perception is a multidimensional construct of various
material properties such as deformability, viscosity, granularity, roughness, and
surface softness. In the study, participants completed an adjective rating task,
evaluating material video and spoken onomatopoeic word pairs. These pairs were
matched congruently or incongruently for each adjective according to their perceived
softness dimension. Results revealed significant effects on adjective ratings based on
the congruence of onomatopoeic words and material videos across different softness
dimensions. For instance, pairing materials in the viscosity dimension with low-rated
onomatopoeic words (e.g., tak tak) resulted in lower ratings for viscosity-related

adjectives than high-rated onomatopoeic word pairings (e.g., sap sap).
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1.4. Material Perception

Beyond the mentioned study demonstrating the influence of onomatopoeic words on
softness perception (Nalbantoglu et al., 2024) studies show that sound also affects
material perception. The study conducted by Fujisaki et al. (2014) examined how the
material is perceived when combined with the sound of another material. In the study,
48 stimuli were created by pairing six materials with visual stimuli and eight with
auditory stimuli, along with only visual and auditory stimulus categories. Participants
were then asked to identify the material category to which these audiovisual stimuli
belonged and to describe their perceived material properties, such as smooth or soft.
The results showed that participants attributed the same visual stimulus to different
material categories when combined with different sounds, and the perception of
material properties of the same visual stimulus also varied depending on the combined
auditory stimulus. The study conducted by Martin et al. (2015) showed that sound
plays a significant role, especially in the perception of tactile properties of materials.
In the experiment, participants evaluated different materials with visual, auditory, and
audiovisual stimuli separately. The results showed that auditory stimuli presented
together with visual stimuli significantly enhanced the perception of tactile properties
such as “hard-soft” or “rough-smooth”. While the consistency of evaluations for tactile
properties was low in the visual presentation, this consistency increased with the
addition of sound in the audiovisual presentation. These findings support that sound
augments the perception of tactile properties of materials and leads to more consistent
evaluations. A study conducted by Kili¢ and Dévencioglu (2024) showed that people
can make judgments about a material’s softness properties by observing others’

exploratory procedures (EP) without needing to touch the objects themselves. The key
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point here is that, as explained in the Dovencioglu et al. (2022) study, participants tend
to use hand movements specific to the different softness dimensions of the material
when examining materials of varying softness and hardness. For example, the most
dominant exploratory procedure for sand and poppy seeds is “run through”, while for
sandpaper, it is “rub” and “stroke”. Kilig and Ddvencioglu’s (2024) study
demonstrated that when the EP aligns with the material’s softness dimension, ratings
for adjectives describing that specific dimension are higher compared to when the EP

is incongruent.

Another study examined the effect of white noise on the perception of roughness.
Participants assessed roughness by touching abrasive papers of various particle sizes
while listening to varying intensities of white noise. The results showed that white
noise significantly reduced perceived differences in roughness (Suzuki et al., 2008).
Studies manipulating the high-frequency and dB values of recorded hand rubbing
sounds, as in the parchment skin illusion, have demonstrated that participants perceive
their skin as dry and rough like the parchment paper (Guest et al., 2002; Jousméki &
Hari, 1998). These findings provide important evidence of how perception can be
manipulated when integrated with auditory and tactile stimuli. In another study
investigating the cross-modal association between sound and material perception,
participants were asked to match tactile textures (e.g., sandpaper or sponge) with
natural sounds (e.g., bubbling water or fire in the chimney, Bulusu & Lazar, 2024).
According to the results, the most significant difference was found between liquid and
mechanical sounds. For example, the sound of bubbling water was consistently
associated with materials rated as slippery, smooth, and soft, while sounds like radio

static were matched with hard and rough materials.
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1.5. Multisensory Perception

In everyday life, our perception is shaped by diverse information originating from
various modalities. Thus, the constant stream of information arriving at the brain from
various sources and modalities implies the necessity for integrating or segregating
sensory signals (Ernst, 2007; Ernst & Biilthoff, 2004). However, previous studies have
generally demonstrated that vision is the most dominant modality, and perception is
shaped around visual information (Bertelson & Radeau, 1981; Driver, 1996; Hay et
al., 1965; Soto-Faraco et al., 2002). A study conducted by Hay et al. (1965)
investigated which modality would be dominant when participants’ visual and
proprioceptive information, known as the sense of one’s own body position (e.g., being
able to touch our nose even with our eyes closed), conflicted. In the study, participants
first positioned the index finger of their right hand on a fixed target on a shelf and
viewed it through a 14-degree displacement prism. Subsequently, participants were
asked where they felt their right hand and where they saw their right hand. Participants’
responses were obtained by asking them to move the index finger of their left hand,
which they could not see, to the perceived location of their right index finger (either
seen or felt) on 30 electrical buttons below the same shelf. The results showed no
difference between the location participants felt and the location they saw.
Furthermore, most of them reported that there was no feeling of difference or conflict
regarding their hands. The researchers interpreted these findings as the conflict
between visual and proprioceptive information, causing the failure of the normal

response evoked by proprioceptive stimuli.

Another example demonstrating the dominance of visual information is the

ventriloquism effect, which can be defined as the perceived source of a sound shifting

20



toward the location of a visual stimulus. For instance, even if the sound source is
distributed at various points in a movie theater, viewers perceive the sound as coming
from the speaker on the screen. In one study on the ventriloquism effect, participants
perceived simultaneously presented auditory (300 Hz tone) and visual (LED lamp)
signals originating from different locations as having the same origin, and they
indicated this origin as the location of the visual signal (Bertelson & Radeau, 1981).
This effect has been shown to work not only with static stimuli but also with dynamic
stimuli. In a study conducted by Soto-Faraco et al. (2002), LED lights were placed on
the front of two loudspeaker cones positioned 30 centimeters apart. These sound and
light stimuli are arranged to display auditory and visual apparent motions. They were
displayed synchronously in the same direction (left to right or right to left) in one
condition, while in other conditions, they were displayed in opposite directions.
Participants were instructed to ignore the light and lift the pedal under their right or
left foot, depending on whether the sound was perceived as moving leftward or
rightward. The results showed that when the stimuli conflicted, participants’ accuracy
rates dropped by almost 50%, and the direction of the sound’s movement was

perceived according to the direction of the visual movement (Soto-Faraco et al., 2002).

The influence of visual stimuli on auditory stimuli is not limited to instances where
vision becomes the sole dominant source of information. It is also known to cause
conflicting visual and auditory stimuli to create a fused perception. McGurk &
MacDonald (1976) explored visual information’s impact on speech perception — a
process considered solely auditory until then — and is one of the most well-known
examples of a fused response. In the study, participants across various age groups were

presented with a video of the /ba/ sound dubbed over the /ga/ lip movement and were
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subsequently asked to repeat the sound they heard. The majority of responses reported
the /da/ sound, which is a fused response. The McGurk effect demonstrates that the
conflict of stimuli from two different modalities does not necessarily result in the
dominance of one over the other but rather that a new fused perception can emerge

from the integration of these modalities.

In addition to these examples involving visual stimuli altering other modalities, there
are also instances where auditory stimuli shape visual perception. The perception of a
single flash presented with multiple auditory signals as multiple flashes is one of the
most well-known examples (Shams et al., 2000, 2002). In the experiment, participants
were asked to report how many flashes they saw on the screen. In the single-flash trial,
a single flash was accompanied by zero to four beep sounds, while in the multiple-
flash trial, flashes were accompanied by either no beep sound or one beep sound. The
results showed that participants reported seeing multiple flashes when a single flash
was accompanied by more than one beep sound. This demonstrates that multiple beep
sounds altered the perception of a single flash as multiple flashes. However, a single
beep sound did not change the number of perceived flashes in the multiple-flash trials.
Participants were able to report the different number of flashes they saw on the screen
independently of the beep sound. When these results are compared, it is seen that the
direction of cross-modal interaction should be evaluated not only through the

dominance of one modality but also through the characteristics of the stimuli.

Furthermore, various studies on multisensory perception have demonstrated that
auditory information is critical in shaping visual information, indicating that sensory
modalities are not invariably processed in isolation. Sekuler et al. (1997) demonstrated

that an auditory stimulus presented at the point of visual coincidence of two moving
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disks altered participants’ perceptual judgment, shifting their interpretation from
streaming to bouncing, showing a clear instance of cross-modal interaction. In a study
examining the effect of sound properties on the perception of elastic impact events
(e.g., bouncing), it was observed that impact-similar sounds (with an abrupt amplitude
attack and gradual decay) increased the perception of bouncing, whereas impact-
dissimilar sounds (with a gradual amplitude attack and abrupt decay) did not (Grassi
& Casco, 2009). Begey et al. (2023) investigated the role of auditory cues in perceiving
the vanishing ball illusion, in which observers were shown a ball to go up and
disappear during a pretended throw. The researchers replaced the ball with a coin, and
the fake throw was paired with an auditory cue: either a congruent metallic clink or an
incongruent explosion or water drop sound. The results showed that participants were

more sensitive to the illusion when the sound was congruent than incongruent.

When these findings are evaluated in general, it can be seen that the participants
matched certain textures with certain sounds (Etzi et al., 2016), and they showed the
same tendency in onomatopoeic words and the pseudo-onomatopoeic words they
produced (Hanada, 2016; Sakamoto &Watanabe, 2018). It was observed that the
spoken onomatopoeic words presented with the materials affected the participants’
perception of softness (Nalbantoglu et al., 2024). Studies have also revealed that the
simultaneous presentation of auditory stimuli with materials is an additional factor
affecting material properties such as roughness perception (Suzuki et al., 2008;
Jousmidki & Hari, 1998; Guest et al., 2002). Additionally, studies have shown that
presenting various auditory stimuli together with various materials leads to differences
in perceived material properties (Fujisaki et al., 2014). These studies suggest that there

is a relationship between auditory stimuli, onomatopoeic words, and perceived
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material qualities. However, they do not provide a detailed explanation of the basis
underlying this relationship, particularly the connection between the phonetic

properties of a word and its material sound.

1.6. Aim and Hypothesis

The aim of this thesis is, firstly, to examine the association between sound symbolic
words (SSWs) and natural material sounds, and, subsequently, to explore the effect of
this association on material perception through SSWs. To this end, in the first
preliminary study, the sound-phoneme relationship was revealed using the method of
written imitation of natural material sounds. Following this, SSWs, which are specific
to each material category, were selected based on this relationship. The second
preliminary study determined the distinctiveness of material sounds with a sound
identification questionnaire. The materials to be used for the main experiment were
selected according to the results of the second preliminary study. The main research
question of the experiment is whether the congruency between the natural material
sound and the SSW affects this evaluation about material perception. In this context,
hypotheses for the main experiment are as follows: Congruency between natural
material sound and SSWs will have a stronger influence than visual and SSW
congruency, predicting that audiovisual (AV) congruent stimuli will receive higher
ratings for matching congruent SSWs than AV incongruent stimuli, and that in
incongruent SSW pairings, ratings will be higher in incongruent AV stimuli, where
there is a congruency between sound and SSW in this condition, compared to

congruent AV stimuli.
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CHAPTER 2

PRELIMINARY STUDY 1

2.1. Preliminary Study 1: Transcribing Natural Material Sound

2.1.1. Method

Participants were asked to write down what they heard by imitating each natural
material sound they listened. In this way, the aim was to determine the relationship
between natural material sounds and phonemes based on the frequency of the letters

written.

2.1.2. Participants

Thirty-four (31 female) undergraduate and graduate Middle East Technical University
students, aged between 18 and 30 and native Turkish speakers, participated in the
study. Students who registered through the SONA research sign-up system received
course credit at the end of the experiment. Before participating in the experiment,
participants signed an informed consent form. They were briefed about the experiment,
and information was provided that they could terminate the experiment if they felt any
discomfort. Participants had no hearing impairment or hearing-related conditions. The
study lasted approximately 30 minutes. The Human Studies Ethical Committee of

Middle East Technical University approved the study.
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2.1.3. Experimental Setup

The experiment was coded with Python (Psychopy v2023.2.3) software. The
presentation of stimuli was provided through an HP 24f (2XN60AA) monitor, the
research question was the only visual on the experiment screen. Material sounds were
presented to participants via Sennheiser SK-507364 HD 206 headphones. Responses
were collected using a keyboard. The entire experiment was conducted in a sound-
proof laboratory environment to restrict participants from hearing environmental

sounds other than the material sounds coming from the headphones.

2.1.4. Stimuli

In the study, the sounds produced by 30 materials through various movements (e.g.,
shaking, pouring, or squeezing) were used. The material sounds were recorded with a
RODE noise-canceling microphone. The length of the sounds varied between 1 and 3
seconds depending on how the sound was produced (from cutting duct tape to shaking
the glass marble). To ensure that each recording was heard at the same level, a decibel
adjustment ranging from -9.5 to +7.1 was applied. In addition to the 60 natural material

sounds, four animal sounds (cat, dog, bird, and rooster) were used in catch trials.

2.1.5. Procedure

Before starting the study, participants were informed about the experiment and told
that they would be asked to write down the sounds they heard by imitating them. They
were also reminded that they did not have to adhere to grammar rules during the
writing phase and that the primary purpose was to transcribe the sound. Although this

information was provided before the experiment, a reminder appeared on the screen
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when the study began: “What is asked of you in the experiment is to write down the
sounds you hear during the experiment.” After listening to each sound, participants
were shown the prompt “Please write your answer” on the screen and proceeded to the
next sound after responding. The sounds were presented to the participants in a random

order. Figure 2.1 presents an overview of the design.Figure 2.1

Write down what

you hear

Shaking Rice

Write down what
you hear

Pouring Sand

Trial 60

Figure 2.1 The experimental procedure of the Preliminary Study 1

2.1.6. Result

The results were analyzed using R Studio. First, the 34 responses given for each
material were loaded into the program. Then, code was written to obtain a file output
containing the frequency and positions of the letters used in these responses. In the
analysis code, if a letter was written consecutively without any other letter in between,
it was counted as being used once. For example, to imitate the sound of shaking sugar,

a participant answered “srrrsrrr”. According to the written code, the letter “s” was used

2 times, and the letter “r”” was used 2 times in this answer. The reason for writing the
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code in this way is the assumption that consecutively used letters originate from a
temporal emphasis rather than a characteristic of the sound itself. According to the

[IP=2]

same example, the letter “s” is in the first and third positions of the writing, while the

7
T

letter “r” is in the second and fourth positions. Following this logic, the frequency and
letter positions were determined for all responses. Subsequently, vowel letters were

removed from the obtained data, and the letter frequency and position graphs were

created (Figure 2.2).

Eight categories were created by considering letter frequencies and material properties:
coarse granular, fine granular, fluid, hard materials, metals, rough, sticky and
deformable. However, the deformable category was not included in the main study
following the second preliminary study. Therefore, no SSW selection was made for
this category. A representative material letter frequency graph for each category is

shown in Figure 2.2

Three Turkish sound symbolic words were selected for each category following the
letter order and position. For example, in the fine granular category, one of the most
frequently used consonants in the first position of the imitative words is /f/, while one
of the most frequently used consonants in the third position is /g/. Based on these
phonotactic patterns, one of the representative sound-symbolic words for this category
is “fisir fisir”. This pattern is seen as the /¢-k/ pair for the coarse granular category.
For this reason, one of the sound-symbolic words representing the specified category
is “cakir ¢ukur”. The only exception occurred in the sticky category. Although the
predominant consonantal patterns in this category were /c-r/ and /¢-r/, no

corresponding sound-symbolic word was found in the Turkish Language Association
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dictionary. Words indicating stickiness, such as “cirt cirt,” were categorized as nouns

rather than adjectives or adverbs in the dictionary.

For the main experiment, a word describing the material was not chosen to belong to
the noun category since this was grammatically illogical and had the potential to
influence participants’ responses. Consequently, instead of selecting words in the first-
third positional pattern, sound-symbolic words in which these consonants appear in
the third and fifth positions were chosen (e.g., gacir gucur). Using this method, a total
of twenty sound-symbolic words were selected, and one word was shared between two
categories. With these selections, we determined the sound symbolic words that are
congruent for the material categories. To determine incongruent sound symbolic
words, the consonants were classified. This classification revealed that the
distinguishing feature among the categories was the manner of articulation. For three
categories — fine granular, fluids, and rough materials — voiceless fricatives (/f, 6, s, [,
h/) were used more frequently. In contrast, voiceless plosives (/p, t, k, §f/) were more
prevalent for the other four categories. Based on this distinction, incongruent pairings
were determined. Table 2.1presents the selected congruent and incongruent SSW

pairings for each material category.
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Figure 2.2 Letter frequency and position graphs. The X-axis represent frequency of
letter usage, and the Y-axis represent position of the letters.
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Table 2.1 List of congruent and incongruent onomatopoeic words for each material

types

Material Type Congruent Onomatopoeic Incongruent Onomatopoeic
Words Words

Fine Granular sikir sikir tikir tikar
fisir fisir ¢ingir ¢ingir
hisir hisir katir kutur

Coarse Granular cakir cukur hiipiir hiipiir
katir kitir siril siril

¢angir cungur

fosur fosur

Metals sIngir singir sikar sikir
tangir tungur figir fisir
tikar tikir hisir hagir

Hard Materials tikar tikir sikir sikir
¢ingir ¢ingir figir fisir
katir kutur higir hisir

Fluid hiipiir hiipiir cakir cukur
sir1l sir1l katir katir
fosur fosur cangir gungur

Rough hart hurt gacir gucur
har har gicIr gicir
kart kart micir micir

Sticky gacir gucur hart hurt
gicIr gicir har har
micir micir kart kart
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Table 2.2 Meaning of onomatopoeic words

Cakar gukur m
rattling noise

Cangir gungur Making a loud, jarring, clanging noise
when falling or colliding

Cingir ¢ingir Making a rattling or jingling sound

Fisir fisir With a swishing sound

Fosur fosur

Making a loud, splashing or gushing

sound

Gacir gucur

Producing a rough, ear-scratching,

creaky noise

Gicrr gieir

To creak or make a squeaking noise /

Spotless, sparkling clean

Har har With a raspy, wheezing sound

Hart hurt Taking a big bite while making a
noticeable sound

Hisir hisir With a rustling sound

Hiipiir hiiptir Slurping noisily

Katir kutur Making a harsh, rough sound

Kirt kart Crisp, brittle, making a slightly firm

sound
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Tablo 2.2 (Continued)

Kutir katir

Maicir micir
Sikir sikir

Siril sir1l

Singir singir

Tangir tungur

Tikar tikar

33

Overcooked to the point of being dry
and crunchy / Making a crisp, crackling
sound

Greasy, slimy, sticky, or messy

Bright, shiny, gleaming

Water flowing continuously with a
rhythmic, splashing sound

With a jingling or ringing sound; when
small objects hit a surface or collide
with each other

A coarse, clanging sound made by
empty objects rolling

A clicking, clattering, or rattling sound

made by objects hitting each other



CHAPTER 3

PRELIMINARY STUDY 2

3.1. Preliminary Study 2: Sound Identification Task

3.1.1. Method

Preliminary Study 2 was presented as an online survey. The study aimed to examine
participants’ performance in identifying natural material sounds based solely on
auditory information and to select the materials to be used in the main experiment
according to this performance data. The survey was prepared in 3 parts. The first two
parts contained 33 sound recordings each, and the last part contained 34 sound

recordings.

3.1.2. Participants

Ninety-four individuals (71 female) aged between 18 and 59 (M = 25) participated in
the study. Participants who were Middle East Technical University students and
registered through the SONA research sign-up system received course credit for their
participation. Before starting the survey, participants were presented with written
information about the study. Those who read the instructions completed the consent
form before participating. None of the participants reported experiencing hearing loss
or any hearing-related issues. The necessary permission to conduct the study was
obtained from the Human Studies Ethical Committee of Middle East Technical

University.
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3.1.3. Experimental Setup

The survey was carried out through the METU Survey Service. Forty-two participants
completed the survey using their personal computers and headphones, while the
remaining 52 participants completed it in a laboratory setting using a Huawei

MateBook 14s computer and Sennheiser SK-507364 HD 206 headphones.

3.1.4. Stimuli

This study included 100 natural sound recordings generated from 35 different
materials through various movements such as pouring, shaking, and stirring. The
sound recordings of the materials were made using a Behringer C1 Studio Condenser
microphone. The researcher conducted all recordings, and the editing process was
performed using Adobe Premiere Pro software. In the program, the razor function was
first used to trim the sound recordings to ensure that each recording was of equal length
(approximately 3 seconds). Subsequently, the Audio Effects > Noise
Reduction/Restoration » DeNoise function was employed to minimize background
noise in the recordings. The exact process was applied once more for recordings with
higher background noise levels. During this process, for recordings where the sound
level decreased, the Audio Options > Audio Gain function was used to increase the
sound level by up to +10 dB. To enable the sound recordings to be uploaded to the
METU Survey Service, which requires them to be available on an online video

platform, all sound recordings were uploaded to the Vimeo platform in mp4 format.

3.1.5. Procedure

Before starting the survey, participants were informed that they needed to use
headphones during the study and that the volume should be adjusted to the best audible

level. A test sound was provided before the survey began to allow for this adjustment.
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Participants were also instructed to be in a quiet environment throughout the study.
The sound recording started automatically for each question and was presented on a
black screen. Participants could listen to the sound for as long as they wished and then
stop it. Below the video screen were two fields where they could write their answers:
“material” and “movement”. Participants were asked to write their guess about which
material the sound they heard might belong to in the “material” field, and their guess
about which movement produced that sound in the “movement” field. Each survey
lasted approximately 25 minutes. The sound recordings were presented randomly in
the surveys. There was no limitation on which survey participants could take.
Participants who wished could participate in all three surveys. The survey screen is

seen in Figure 3.1

", DRTA DOGU TEKNIK UNIVERSITESI Daha Sonra Siirdiirmek Ozere Kayde Cik ve anketi temizl
/ MIDDLE EAST TECHNICAL UNIVERSITY

Q54

Liitfen duydugunuz sesin hangi malzer cegini ve bu malzemeye hangi hareketin uygulanmis olabilecegini yaziniz.

©

Sound of pouring rice

Malzeme

Hareket

Figure 3.1 The questionnaire screen of Preliminary study 2.

3.1.6. Result

Based on the analysis of participants’ responses, a total of 38 stimuli derived from

various movements of 21 different materials were selected for the main experiment.
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The survey results were evaluated based on the commonality of responses. The
primary criterion for selecting materials for the main experiment was the correct
response rate. In a study conducted by Houix et al. (2012), participants were asked to
listen to and classify 56 sounds of solid materials. According to the results, the sound

of “walking on gravel” was placed in the same cluster as “dropping screws into a box,”

9 <6 99 ¢

and “hollow object falling,” “coins falling,” “stone falling,” and “ball turning.” were
places in the same category. In a similar study involving liquids, “filling bottle,”
“pouring liquid,” “beer poured into glass,” and “spray into glass” were categorized
together by the participants (Guyot et al., 2017). Based on these results, since it is not
expected that participants can identify materials exactly by only listening to the
sounds, close answers were also accepted as correct. For example, writing “water” or
any fluid as a response to the sound of pouring coffee was considered an acceptable
answer. The same applied to writing legumes such as rice instead of lentils. Another
point of focus was the incorrect responses that were shared. If there was a commonly
agreed-upon incorrect answer for a question, that material was also selected for the

main experiment. The correct answers and shared incorrect responses given for the

selected materials are provided in Table 3.1.

Considering the average of correct responses for materials regardless of the movement
type, participants showed the highest correct response rate of 88.65% for the sound of
mineral water. This was followed by screw-nut and small screw-nut, with rates of
81.2%. The sound of paperclips was correctly identified at a rate of 79.65%, while the
sounds of rice and stone reached accuracy rates of approximately 77.4% and 77.45%,
respectively. Participants correctly recognized the sound of a needle 71.88% of the

time, while the sounds of water and wood cubes received correct response rates of
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69.30% and 66.10%, respectively. The correct response rate for the sound of green
lentils was 61.25%; for sandpaper, it was 56.20%. It was 51.60% for red lentils, and
for the sounds of sugar, it was approximately 51.55%. The sound of jute was correctly
identified by 50% of the participants. In the middle range were glass marble (46.75%),
coffee (49.80%), and chickpeas (43.55%). Materials with lower recognition rates
included blue poppy seed at 37.60%, sand at 30.70%, duct tape at 31.20%, and dough
with the lowest rate of 6.20%.

Table 3.1 The list of materials used in the main experiment. CR stands for correct
response, and SIR stands for shared incorrect response.

Materials The most frequent Response examples

response rate

Blue Poppy Seed-Shaking  58% (SIR) Scribble with a pencil
12.9% (CR) Fine granular materials
such as sand
Blue Poppy Seed-Pouring  61.2% (CR) Fine granular material
such as sand, sugar
Sugar-Shaking 32.2% (CR) Fine granular material
32.3% (SIR) such as sand, sugar
Scribble with a pencil
and brush
Sugar-Pouring 70.9% (CR) Fine granular material
such as salt, sugar
Sand-Shaking 54.8% (SIR) Scribble with a pencil
19.3% (CR) and brush

Fine granular materials
such as sand
Sand-Pouring 45.2% (CR) Fine granular material

such as salt, sand
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Table 3.1 (Continued)

Chickpea-Shaking

Chichkpea-Pouring

Red Lentil-Shaking

Red Lentil-Pouring

Green Lentil-Shaking

Green Lentil-Pouring

Rice-Shaking

Rice-Pouring

Screwnut-Shaking

Screwnut-Pouring

Screwnut(small)-Shaking

Screwnut(small)-Pouring

Needle-Shaking

Needle-Pouring

Paperclips-Shaking

38.7 (CR)

48.4% (CR)

48.4 (CR)

54.8% (CR)

51.6% (CR)

70.9% (CR)

87% (CR)

67.7% (CR)

71.8% (CR)

90.6% (CR)

81.2% (CR)

81.2% (CR)

56.25% (CR)

87.5% (CR)

68.7% (CR)

Coarse granular materials
such as bead

Coarse granular materials
such as chickpeas, bead
Coarse granular materials
such as beads, lentil
Coarse granular materials
such as beads, rice

Coarse granular materials
such as bead

Coarse granular materials
such as bead

Coarse granular materials
such as beads, rice

Coarse granular materials
such as beads, rice

Metals such as coin or
granular materials

Metals such as coin or
granular materials

Metals such as coins,
paperclips, or granular
materials

Metals such as coin or
granular materials

Metals such as needles or
granular material

Metals such as coin or
granular materials

Metals such as coin or

granular materials
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Table 3.1 (Continued)

Paperclips-Pouring

Stone-Shaking

Stone-Pouring

Glass Marble-Shaking

Glass Marble-Pouring

Wood Cube-Shaking

Wood Cube-Pouring

Water-Shaking

Water-Pouring

Coffee-Shaking

Coffee-Pouring
Mineral Water-Shaking
Mineral Water-Pouring
Sandpaper-Stroking
Jute-Stroking
Dough-Tapping

Duct Tape-Tapping

90.6% (CR)

71% (CR)

83.9% (CR)

54.8% (CR)

38.7% (CR)

54.8% (CR)

77.4% (CR)

58% (CR)
80.6% (CR)
35.4% (SIR)

9.4% (CR)
90.3% (CR)
87% (CR)
90.3% (CR)
56.2 % (CR)
50% (CR)
31.2% (SIR)
6.2% (CR)

31.2% (SIR)
31.2% (CR)

Metals such as coin

granular materials

Hard materials such
stone

Hard materials such
stone

Hard materials such
stone

Hard materials such
stone

Hard materials such
wood pieces, stone
Hard materials such
wood pieces, stone
Fluid such as water, oil
Fluid such as water, oil
Granular material such

chewing gum

Fluid such as water
Fluid such as water, tea
Fluid such as water
Fluid such as water
Stroking

Stroking

Lighter

Sticky materials such
glue

Lighter

Duct Tape

or

as

as

as

as

as

as

as

as
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CHAPTER 4

MAIN EXPERIMENT

4.1. Main Experiment: Audiovisual Material Perception

4.1.1. Method

In the main experiment, participants rated the materials in the auditory-visual video
clips they watched according to the presented SSWs. The presented videos contained
various levels of congruency and incongruency regarding sounds and SSWs. At the
end of the study, the effect of congruency between SSWs and sounds on participants’

perception of the materials was investigated.

4.1.2. Participants

To determine the necessary minimum number of participants for testing the hypothesis,
a power analysis was performed using version 3.1.9.7 of G*Power software (Faul et
al., 2007). This analysis revealed that a sample size of 36 participants would be
sufficient to achieve a statistical power of 95% for detecting a 0.25 effect size at a
significance criterion of o = .05. In the study, there were 37 participants (31 female)
aged 18-30 years who were students at Middle East Technical University. The students
who participated in the study by signing up through the SONA research sign-up system
received course credit for their participation. All participants were native Turkish

speakers with no hearing impairments or related health issues and normal or corrected
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vision. Before starting the study, participants were informed about the research and
signed an informed consent form. The Human Studies Ethical Committee of Middle

East Technical University approved the study.

4.1.3. Experimental Setup

The experiment was programmed using PsychoPy version 2024.2.4. Visual stimuli
were presented to participants on an HP 24f (2XN60AA) monitor, while auditory
stimuli were delivered via Sennheiser SK-507364 HD 206 headphones. Participants’
responses were collected using a mouse. The study was conducted in a sound-proof
laboratory to minimize the influence of external sounds. Throughout the experiment,

the lab was illuminated by ceiling lamp.

4.1.4 Stimuli

The congruent and incongruent SSWs used in the study were determined in
Preliminary Study 1, while the materials were selected in Preliminary Study 2. I
recorded the video clips of the materials using a lighting setup of ring light and natural
light. A Canon EOS M50 camera was used for the recordings, and a tripod was used
to ensure a consistent shooting angle. The material videos were recorded using a direct
front view. The ISO speed was automatically adjusted during video shooting. Each of
the materials was filmed in Full HD resolution (1920 pixels x 1080 pixels) at a frame
rate of 50 frames per second. The razor tool in Adobe Premiere Pro was used to ensure

that each video had an equal duration of 3 seconds.

Before combining the video clips and the sound recordings as congruent and
incongruent in Adobe Premiere Pro, sound intensity (dB) adjustments were made to

ensure that the sound recordings were perceived at an equal loudness. Decibel is an
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objective unit that measures sound intensity and is represented on a logarithmic scale.
However, sounds with different frequencies but the same decibel value can be
perceived at different loudness levels (Kinsler et al., 2006). On the other hand, phon is
a subjective unit that expresses the perceived loudness of sound. Therefore, the phon
unit better reflects how sound is heard by humans. In this study, the dB level was
adjusted according to the Equal Loudness Curve (ISO 226:2023) to ensure that the
material sounds were perceived at an average of 50 phons. Because the frequency
values in The International Organization for Standardization (ISO) document were
determined for pure tones, direct application to material sound recordings was
challenging. However, dB adjustments (from -32.5 to 19.64) were made based on the
average frequencies of the sound recordings, which were calculated with Praat. After
the sound editing was completed, the video clips and material sounds were combined,
ensuring synchronization. The congruent-incongruent sound and SSW pairings used
in the experiments are shown in Table 4.1.

Table 4.1 List of congruent and incongruent sound and onomatopoeic words paired
with the materials used in the experiment.

Type Materials EP Congruent Congruent Incongruent Incongruent
Audio Onomatopoeic | Audio Onomatopoeic
Words Words

Fine Sugar Shake | Fine sikir sikir Hard tikar tikir

Granular B.PoppySeed Pour Granular fisir fisir Materials ¢Ingir ¢ingir
Sand Materials higir higir katir kutur

Coarse Chickpea Shake | Coarse cakir ¢ukur Fluid hiiptiir hiiptir

Granular Red Lentil, Pour Granular katir katir Materials siril siril
Green Lentil Materials cangir cungur fosur fosur
Rice
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Table 4.1 (Continued)

Metals Screwnut, Shake | Metal sIngir singir Fine sikir sikir
Screwnut(small) | Pour Materials tangir tungur Granular figir fisir
Needle tikir tikar Materials hisir higir
Paper Clip
Hard Stone, Shake | Hard tikar tikir Fine sikir sikir
Materials | GlassMarble Pour Materials ¢Ingir ¢ingir Granular figir figir
WoodCube katir kutur Materials hisir higir
Fluid Water Shake | Fluid hiipiir hiiptir Coarse cakir cukur
Coffee Pour Materials sirl sirl Granular katir kitir
Mineral Water fosur fosur Materials cangir cungur
Rough Sandpaper Stroke | Rough hart hurt Sticky gacir gucur
Jute Materials har har Materials gicir gieir
kart kirt miCir micir
Sticky Dough Tap Sticky gacir gucur Rough hart hurt
Duct Tape Materials gicir gicir Materials har har
micir micir kart kirt

4.1.5. Experimental Procedure

As seen 1n the table, the experiment has four different conditions created by presenting

the material videos with congruent and incongruent sounds and SSWs. These are:

congruent audiovisual stimulus with congruent SSW, congruent audiovisual stimuli

with incongruent SSW, incongruent audiovisual stimuli with congruent SSW, and

incongruent audiovisual stimuli with incongruent SSW. It is important to note that the

incongruent and congruent labels are based on the material videos. That is, in an

incongruent audiovisual stimulus, the sound is not the sound of the material in the

silent video (visual), or an incongruent SSW is always an SSW unrelated to the video.
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Because of this situation, in the incongruent audiovisual stimuli with incongruent SSW
conditions, both the sound and the SSW are incongruent with the visual but congruent
with each other. For example, in a condition where the sound of water is presented
with chickpeas and material was evaluated with the SSW “siril siril”, there is a

congruency between the water sound and the “sir1l siril”.

Bu malzeme ne kadar hisir hisgir? Bu malzeme ne kadar higir hisir?

-

7(Gok)

Figure 4.1. Sample screenshot from the main experiment. Participants first viewed
3-second videos (left), and then provided their ratings (right).

The experiment consists of a total of 456 trials, resulting from presenting each of the
38 material videos 12 times in a 2 (congruency of sound) x 2 (congruency of SSW) x
3 (number of SSW) design. In the Experiment, a 3-second video clip aligned in the
center of the screen and a question containing a congruent or incongruent SSW with
the material video located above it were presented (e.g., ‘How tikur tikir is this
material?’). A slider bar, ranging from 1 (not at all) to 7 (very much), appeared on the
screen after the video ended to ensure that each participant watched the video clips for
an equal amount of time (Figure 4.1). For the first 4 participants, each video clip was
repeated twice (each clip was presented for 6 seconds). However, due to feedback from
the participants and the experiment duration extending up to 90 minutes because of the

repetition process, the remaining participants watched each video only once. The
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videos and questions are presented in a randomized order in the experiment.

4.1.6. Result

A 2 (SSW-congruency) x 2 (Sound-congruency) repeated measures ANOVA was
conducted to analyze the effect of congruency of SSW and sound on response in R
Studio. A two-way ANOVA revealed that there was a significant main effect of SSW,

F(1, 36) = 86.012, p < .001, n; = .704. This means whether the SSW was congruent
or incongruent with the material affected participants’ responses. Additionally, the
main effects analysis also showed that sound had a statistically significant effect on
participants’ ratings (F(1, 36) = 85.042, p < .001, n,z) = .702), meaning that the
congruency of the sound with the material affected how participants perceived the
material. Apart from the main effects, there was a statistically significant interaction

between SSW and sound, F(1, 36) =99.874, p <.001, nf, =735, which indicates that

the effect of sound on participants’ responses depends on the congruency of the SSW

with the material, or vice versa, as can be seen in Figure 4.2.

Post hoc analysis was performed to see the effect of congruency between SSW and
sound on the rating. Although the Sound Con-SSW_Con condition was significantly
different compared to Sound Inc-SSW_Con for the overall outcome (Am = 1.69, p <
.001), no significant difference was found between the Sound Inc-SSW _Inc condition
and Sound Con-SSW_Inc (Am =0.32, p=.07). This means that congruent audiovisual
stimuli received higher ratings compared to incongruent audiovisual stimuli in
congruent SSW pairings condition. These results can be exemplified as follows: when
watching a pouring water clip, participants’ “fosur fosur” ratings decreased
significantly when the auditory stimulus was switched from the sound of water to the

sound of lentils.
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Overall Result
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Figure 4.2. Mean rating of SSWs for all type of materials. The X-axis represents
sound type (Sound CON means congruent sound, and Sound INC means
incongruent sound). The Y-axis illustrate mean rating for SSWs. Red bars display
congruent SSW, and blue bars displays incongruent SSW. ***p < 0.001

However, there was no difference between congruent and incongruent audiovisual
stimuli when rated with incongruent SSWs. This means there was no difference in
participants’ ‘fisir fisir’ ratings of a pouring wood cube clip when the sound was

switched from wood cube to sugar.

In order to investigate if this result was valid within individual material categories, a
two-way ANOVA was conducted separately for each of the seven categories.
According to the results, coarse granular, fine granular, and fluid categories, were
found to have significant differences in both the Sound Con—-SSW Con vs.
Sound Inc—-SSW_Con comparison (Am = 2.14, p <.001, Am = 1.28, p <.001, and Am
=1.60, p <.001, respectively) and the Sound Inc—SSW _Inc vs. Sound Con—-SSW _Inc
comparison (Am = 0.90, p =004, Am = 0.60, p =01, and Am = 0.66, p =.002,

respectively). This indicates that in these three categories, the congruency between
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sound and SSW is more dominant than the congruency between the visual information

and SSW (Figure 4.3).
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Figure 4.3. Mean rating of SSWs for each material types. The X-axis represents
sound type (Sound CON means congruent sound, and Sound INC means
incongruent sound). The Y-axis illustrate mean rating for SSWs. Red bars display
congruent SSW, and blue bars displays incongruent SSW. *p < 0.05; **p < 0.01; and
**%*p <0.001
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In addition to the first analysis, a 2 (SSW-congruency) x 2 (Sound-congruency) x 2
(EP) repeated measures ANOVA was conducted to see the effect of EP on material
perception. Sticky and rough categories were excluded from the analysis due to their
distinct movement types (tapping and stroking, respectively). This analysis was
conducted for the remaining five categories because both shaking and pouring
movements were applied to all the materials. Results indicated a significant main effect
of both SSW (F(1, 36) = 85.630, p <.001, n; =.704) and sound (£(1, 36) = 85.174, p
<.001, ny = .703), consistent with previous analyses. In addition, the main effect of
EP (F(1, 36) = 39.019, p < .001, nf, = .520) was significant, indicating that
manipulating EP in the video affected participants’ material ratings. Significant two-
way interactions were also found between SSW and sound (F(1, 36) = 99.207, p <
001, 3 =.734), SSW and EP (F(1, 36) = 17.261, p <.001, n2 = .324), and sound and
EP (F(1,36)=23.358, p <.001, nf, =.393). Moreover, the finding indicated that there
was a significant three-way interaction between SSW, sound and EP, F(1, 36) =9, p
.004, ny = .206. A similar pattern as two-way ANOVA was observed for pouring when
examining this effect compared to EP. Specifically, the difference between the
Sound Con—SSW_Con and Sound Inc—SSW _Con conditions is statistically
significant (Am = 1.76, p < .001), whereas the difference between the Sound Inc—
SSW_Inc and Sound Con—-SSW _Inc conditions is not statistically significant (Am =
0.19, p=.81). However, in the shaking condition, the means of Sound Con—SSW_Con
and Sound Inc—SSW Con, as well as Sound Inc—SSW Inc and Sound Con—
SSW _Inc, differ significantly in both comparisons (Am = 1.70, p < .001 and Am =

0.61, p =.001, respectively, as shown in Figure 4.4).
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Three-way Interaction: SSW, Sound, and EP
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Figure 4.4. Mean rating of SSWs for each material movement. The X-axis represents
sound type (Sound CON means congruent sound, and Sound INC means
incongruent sound). The Y-axis illustrate mean rating for SSWs. Red bars display
congruent SSW, and blue bars displays incongruent SSW. **p < 0.01; and ***p <
0.001
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CHAPTER 5

DISCUSSION

5.1. Overview

The current thesis has two objectives: first, to explore the relationship between natural
material sounds and Turkish phonemes, and second, to examine whether the sound-
SSW relationship is more dominant than the visual-SSW relationship. I intended to
find the answer to the sound-phoneme relationship through the question of how sounds
are transcribed into writing. For the second objective, the question that needs to be
answered is how the sound-SSW relationship affects the perception of materials. The
first preliminary study I conducted to address these questions involved generating
letter frequency graphs for the materials. The view that onomatopoeic words display a
one-to-one resemblance between elements of linguistic form and their intended
meanings is supported by studies finding a relationship between phonemes and
meaning (Sakamoto & Watanabe, 2018; Hanada, 2016; Nalbantoglu et al., 2024).
However, as far as I know, studies on the relationship between sound and
onomatopoeic words have been conducted based on adjective ratings. Here, I showed
the direct association between material sound and onomatopoeic words for the first
time. The first preliminary analysis revealed the association between specific Turkish
phonemes and the material sound, establishing unique phoneme-material category
patterns. For the main experiment, I discovered that audiovisual congruency affected
the SSW in the same dimension as the material but did not affect the SSW in different

dimensions for each category.
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5.1.2. Preliminary Study 1

To investigate how language reflects sensory experiences through sound symbolism,
previous studies examined the relationship between material perception and the
phonemes in onomatopoeic words. Onomatopoeic words have been shown to reflect
perceptual dimensions of materials based on visual stimuli (Hanada, 2016; 2019),
while the initial syllables of these words have been found to represent fundamental
tactile properties (Sakamoto & Watanabe, 2018). Although previous studies have
established a relationship between phonemes in existing or pseudo-onomatopoeic
words (non words) and material properties or dimensions, this relationship is not
direct, as linguistic constraints, such as the need for grammatical compliance, might
influence letter choosing. In this thesis, I explored the relationship between phonemes
and material sounds by transcribing, without adhering to any grammatical rule, the
sounds produced due to material movements. Thus, I revealed the relationship between

natural sounds of material and Turkish phonemes for the first time.

According to letter frequency graphs, I discovered that the most frequently used
consonants for fine granular materials are “s, f, h, k. The fact that “higir hisir” and
“hasir husur” are among the SSWs that received high ratings for adjectives in previous
granularity dimension in the studies (Hazir, 2022.; Nalbantoglu et al., 2023) supports

the result we found in this study.

A similar pattern was observed in fluid-like materials, except for a higher prevalence
of “p” instead of “k”. The high rating of SSWs such as “siril sir1l” or “sipir sipir” in
the viscosity dimension (Hazir, 2022.; Nalbantoglu et al., 2023), and the association
of the letters “s” and “p” with wetness (Sakamoto & Watanabe, 2018) can be

interpreted as a source of cross-linguistic similarity.
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In contrast, coarse granular and hard materials exhibited a higher frequency of the
consonants “t, ¢, k, n”. Sakamoto & Watanabe (2018) observed that Japanese,
onomatopoeic words describing hard, dry, and non-elastic materials tend to begin with

the letter ’k”, and those used for rough and dry materials tend to include the letter “¢”.

This finding constitures another example of cross-linguistic convergence.

The most used letters for metals are “s, n, t, g, k. While previous research (Hanada,
2016) indicates an association between the letter ‘t” and materials characterized by
luster or glossiness, the predominantly visual nature of these adjectives, and in the

“t”

preliminary study, the use of “t” is shown across various material necessitate a more
cautious interpretation of this finding. Furthermore, I found that rough materials
exhibited one of the most divergent letter usages with the prominent consonants “h, k,
r”’, while sticky materials followed this divergence with the frequent use of “c, ¢, r”.

These categories similarly demonstrated minimal overlap in letter usage with findings

from earlier studies

However, I also found that beyond the mere frequency of letter usage, the positions in
which these letters appear constitute a differentiating factor between the materials. For
instance, while the letter “t” is frequently used in coarse granular and hard materials,
its prevalence as the initial letter of non-words was more dominant in hard materials.
Overall, I established seven categories based on the relationship between natural
sounds of material and Turkish phonemes, considering material dimensions and
properties: Coarse granular, fine granular, fluid, hard materials, metals, rough and
sticky. The findings give insight into the category-phoneme relationship,
demonstrating generalizability, as evidenced by the consistent patterns found across

diverse materials within each defined category. Considering all these factors, I selected
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three SSWs from the Turkish dictionary for each material category to be used in the
main experiment. A potential limitation at this stage of the thesis was that the spray
and shaving foam used in the preliminary experiment might not have provided an ideal
representation of fluids, potentially leading to negative effects on the SSWs selected
for the fluid materials in the main experiment. However, the fact that the average rating
of congruent SSWs selected within fluids at the end of the main experiment was

approximately 6 out of 7 eliminated this concern.

In the main experiment I aimed to determine whether visual or auditory information
has a more dominant effect on participants’ responses when rating the materials using

SSW as the assessment criterion, which is the central question of this thesis.

5.1.3. Preliminary Study 2

Since visual stimuli would be manipulated with material sounds in the experiment, one
of the key points in the study is the recognizability of the recorded material sounds on
their own. Therefore, in the second preliminary study, we investigated the
distinguishability of material sounds. For example, if participants who heard the sound
of lentils gave equally distributed incorrect responses, such as identifying it as metal
or liquid, this sound could not be used in the experiment. The uncertainty in responses
would make it unclear how the material would be evaluated through sound-symbolic
words. Although the consensus response rate varied by material, I did not use these
rates as variables in my analysis. This is because the complexity and familiarity of the
sound also influenced responses when naming environmental sounds(Marcell et al.,
2000), and the correct response rate was consistent with similar materials that are used
in the mentioned study (e.g., water pouring had high accuracy, while sticky ones had

lower accuracy).
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5.1.4. Main Experiment

The purpose of this experiment was to address the primary research question of the
thesis: Do visual or auditory information have a more dominant influence on the
perception of the materials when they are evaluated through SSWs? Based on letter
frequency findings, I generated sets of congruent and incongruent SSW stimuli for
each material category, and manipulated the material sounds per the SSWs. In my
findings, I observed that when the material and SSW were in the same dimension, the
material sound affected the material perception. However, when SSW lay in a different
dimension from the material, the effect of material’s sound on perception was only
observed in specific categories. Here, I will first review the results that align with our
hypothesis, and then I will discuss why the relationship between SSW and sound is not

consistent across all conditions.

If needed, revisit the example of the influence of sound congruency on SSWs that share
the same dimensional characteristics with the material. For instance the visual stimulus
of pouring chickpeas was matched with the pouring chickpeas sound, ratings of “cakir
cukur” were increased. Conversely, simultaneusly exposure the incongruent sound of
pouring water with the same visual information resulted in diminished ratings for the
same SSW. | attribute the consistent effect across all categories to the sound-phoneme
relationship observed in Preliminary Study 1.To continue with the same example,
when trying to imitate the sound of chickpeas, the tendency to use letters containing
“c and k” influenced the perception of the material during the evaluation phase via the

“cakir ¢ukur”.

Furthermore, as shown in previous work (Fujisaki et al., 2014; Martin et al., 2015),

auditory stimuli presented along side visual stimuli influence adjective ratings related
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to materials, such as softness versus hardness, roughness versus smoothness. When we
examine SSWs linguistically, they are, in their broadest sense, adjectives or adverbs in
Turkish. In this thesis, even though the ratings are done with SSWs rather than non-
SSW adjectives, the fact that SSWs also carry semantic information raises the
possibility that the SSW ratings of materials presented with congruent sounds may
increase. Consequently, evaluating “How ¢akir gukuris the material?” also reflects the
roughness and unevenness, which is the dictionary definition of the given SSW, cakir
cukur. However, the role of the sound-phoneme relationship should not be
underestimated because the decrease observed in ratings when a sound unrelated to the
material accompanies it (in this case, a fluid material sound for a coarse-grained
material) may stem from the incompatibility between the acoustic properties of the “¢”
and “k” phonemes and fluid sounds. Another reason why the sound-phoneme
relationship should not be disregarded is that, in the Nalbantoglu et al. (2023) study,
the auditory presentations of SSW that are of the same dimension as the material alter
the perceived material properties. To summarize, I can say that for this point of the
thesis, the sound-SSW relationship is more dominant than the image-SSW relationship

when SSW lies in the same dimension with the material.

In addition, to the abovementioned trend, in specific categories (fine granular, coarse
granular, and fluids) the SSWs that did not align with the material dimensions were
rated higher when presented with sounds incongruent with the material. This
phenomenon is not straightforward to explain partly because of the meanings of SSWs.
For example, when a video of poured chickpeas is paired with the sound of pouring
chickpeas, the rating for the SSW “sir1l sir1il”, which means continuous and loud

flowing of water with a pleasant noise, is relatively low because the dictionary
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meaning of “siril sir1l” is unrelated to the material shown in the video. However,
unsurprisingly, when the same video is paired with the sound of water, the rating for
“sir1l sir1l” increases. This suggests that the sound-SSW relationship outweighs the
image-SSW relationship for these specific categories, even when the SSW and
material are not in the same dimension. Following this, I will begin to discuss why the

sound-SSW relationship fails to dominate the image in the other four categories.

When we observed how changes in material sounds affected SSW ratings by pairing
material video clips with congruent and incongruent material sounds and SSWs, the
general finding was that changes in material sounds only influenced SSW ratings when
the SSW was congruent with the material. However, in the overall result, when the
SSW was incongruent, changes in sound did not affect the ratings. Interestingly, when
I examined this result in detailed by analyizng the effect of material motion on

responses, I observed a difference between pouring and shaking.

While the congruence of the material with the SSW yielded similar results, I found
that incongruent SSW ratings were also affected by changing the sound for shaking.
That is, if the presented material video involved shaking, the incongruent sound
increased the SSW rating even if the SSW was not in the same dimension as the
material. I did not observ this effect in pouring, which may be due to the dominance
of salient visual information. In the study by Fujisaki et al. (2014), it was considered
possible that since the visual stimuli were computer-generated, participants might have
given more weight to auditory stimuli, which were real material sounds, in some cases
more than visual information. In my thesis, the slight blurring that occurs during
shaking may have caused a greater reliance on the sound. Here, without the blurring

caused by shaking, the clear visual information accompanying the pouring might have
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dominated the perception of the event, reducing the impact of the incongruent sound

on incongruent SSWs.

Contrary to my expectations, the hard materials, metals, rough, and sticky categories
did not exhibit the same effect. For materials in these categories (e.g., screw-nut),
congruent SSWs (e.g., ‘tangir tungur) received higher ratings when paired with
congruent sounds (e.g., the sound of a screw-nut) compared to incongruent sounds
(e.g., the sound of poppy seeds). However, when evaluating through incongruent
SSWs (e.g., ‘hisir higir”), ratings were unaffected by whether the sound was congruent
(e.g., the sound of a screw-nut) or incongruent (e.g., the sound of poppy seeds) with

the visual stimulus.

The EPs are a potential factor in the absence of anticipated effects in the sticky and
rough categories. In the experiment, I selected sounds and SSWs categorized as
incongruent for the “sticky” from the “rough” category, and we selected incongruent
stimuli for the “rough” from the “sticky” category. Preliminary study 1, which
analyzed phoneme usage, revealed sound differences that led us to classify this pairing
as incongruent. However, the EP differed between categories in the video clips:
tapping for sticky and stroking for rough. Thus, we ensured audio synchronization
during material interaction moments to minimize the potential influence of EP
differences when adding incongruent sound to material videos. Evidence suggests that
when an EP is incongruent with the material dimension, it reduces adjective ratings
related to that dimension (Kili¢ & Dovencioglu, 2024). Although I used SSWs instead
of adjectives, both function similarly in Turkish by preceding a noun and specifying
its quality or quantity. While I predicted higher SSW ratings with sound-SSW

congruence, our findings indicate that sound-EP incompatibility may be a confounding
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factor in the SSW rating. These findings highlight the necessity for future studies to
investigate how congruence between material sound and exploratory procedure

impacts material perception.

Furthermore, an unexpected situation was observed in the ratings of the SSWs selected
for the sticky category (Figure D.7 Sticky). For instance, the “gacir gucur” (a Turkish
onomatopoeia for a squeak, making an ugly and scratchy sound) rating for the
congruent duct tape audiovisual stimulus was high, as expected. However, this rating
was also unexpectedly high for the congruent jute audiovisual stimulus, even though
the SSW lies in different material dimensions from the jute. Interestingly, the ratings
of the incongruent audiovisual stimuli (duct tape visual with jute audio or jute visual
with duct tape audio) were lower for both materials. That is, when the jute visual was
presented with the duct tape sound, it received a lower rating than when presented with
the jute sound. However, we cannot attribute this to a problem caused by the duct tape
sound because its rating was high in the audiovisual version of the congruent duct tape.
Moreover, we cannot explain this by suggesting that the duct tape visual, rather than
its sound, influenced the rating because it also received a lower rating when presented
with the jute sound. At this point, it is possible that conflicting visual and auditory
stimuli created a fused response, as observed in the study by McGurk and MacDonald,

(1976).

The incongruent sounds and SSW stimuli were selected from the fine granular
category for the metal and hard materials categories. This selection may explain the
observed lack of effect in the pairings. The white-noise-like sound of poured fine
granular materials may not have provided sufficient interaction between visual and

auditory stimuli. Synchronization of visuals and sound is critical for interaction;
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however, impact-dissimilar sounds negatively affect perception (Grassi & Casco,
2009). Another factor that may contribute to this result is the choice of SSW. The SSWs
which are “fisir fisir” and “hisir hisir”, incongruent with the sounds of metal and hard
materials, received lower ratings, as anticipated, while ‘sikir sikir’ received high
ratings. At this point, semantic association appears to be the primary factor influencing
ratings. In our first preliminary study, participants were asked to imitate sounds
without visual stimuli, and the SSWs were selected based on these results. For
instance, while participants most frequently used the phoneme pair “s-k” for poppy
seed, this was not the case for glass marble. The “sikir sikir” rating was higher when
the congruent poppy seed sound accompanied poppy seed videos than when the
incongruent glass marble sound did. This suggests that the sound of the glass marble s
alone does not increase the “sikir sikir” rating. However, the “sikir sikir” rating is quite
high when the congruent glass marble sound accompanies the glass marble video
(Figure D.1 Fine Granular). Since the meaning of “sikir sikir” means shiny and
sparkling, the appearance of the metals and hard materials (e.g., glass marble) is likely

to affect the rating.

5.1.6. Limitation

The first limitation of this study is that we cannot fully determine the effect of the
semantic information carried by the SSWs used in the experiment on the ratings.
Although semantic information did not appear to affect the responses in some cases, it
seems to have had an influence in specific cases, such as with the “sikir sikir” example.
Furthermore, I did not conduct an evaluation regarding familiarity with the SSWs used,
which is a factor that could alter the impact of semantic information on the responses.

The second limitation was the uncertainty regarding which modality would dominate
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in cases of conflicting visual and auditory stimuli. If the visual stimuli were dominant,
their influence on the auditory stimuli could have weakened the sound-phoneme
relationship I established. Additionally, although I categorized the materials in this
study, there is a notable difference between the material groups. For instance, sugar
has the largest particles among the fine granular materials, while rice is the smallest
material in the coarse granular category. Phoneme clusters between these two sizes

might be overlooked.

5.1.7. Future Research

Firstly, pseudo-SSWs could be used in future studies. A stimulus list could be prepared
after examining the relationship between material sounds and phonemes, as in this
study, or by using the findings of this study to generate pseudo-SSWs for the
discovered phoneme clusters. This would eliminate the semantic information of the
SSW that is carried while highlighting the sound-phoneme relationship. Another
alternative 1s to administer the same experimental setup used in this study to
participants who do not understand Turkish. Similarly, this would allow examining
the relationship between phonemes and sounds without considering the meaning of the
words. In another future study, trials where the visual dominates the auditory could be
identified by conducting a study similar to Preliminary Study 1 after combining
incongruent sounds and video clips. Alternatively, materials that showed differences
in letter usage between audio and audiovisual stimuli could be excluded from the
Experiment. In future research, if materials with the same size diversity are selected
for each material category, and the sizes of these materials are measured and included
in the study, differences both between and within categories can be compared more

easily.
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5.1.8. Conclusion

To summarize, phoneme-sound relationships were first determined, and then the
discriminability of the sound of the material was observed through a sound
identification task. To our knowledge, this is one of the few studies that demonstrate a
direct link between material sound and its corresponding phonemes. These two
preliminary studies facilitated the selection of the stimuli we used for the main
experiment. It was hypothesized that the congruence between natural material sounds
and SSWs would have a stronger effect than the visual-SSW congruence. Congruent
audiovisual (AV) stimuli were expected to receive higher ratings when matched with
SSWs in the same dimension compared to incongruent AV stimuli. Additionally, I
hypothesized that in evaluating incongruent SSWs, incongruent AV stimuli, where
there is a congruence between sound and SSW, would receive higher ratings compared
to congruent AV stimuli. The result revealed that the hypothesis was partially
supported. The difference between congruent and incongruent audiovisual ratings was
only significant when the SSW was congruent with the material. If the material and
SSW were incongruent, no significant difference was found in the overall results
between congruent and incongruent audiovisual stimuli. However, when examined
separately based on the materials’ motion, the findings for pouring aligned with the
overall results, while the hypothesis was fully supported for shaking. Furthermore,
when the categories were analyzed individually, the hypothesis was fully supported
for fine granular, coarse granular, and fluids. However, for the other categories, the
results were the same as the overall result. With this thesis, I have contributed to the
literature by finding that material sounds can enhance the perception of materials and

that some properties, which are not in the same dimension as the material, can be

62



altered under specific conditions with sound. Understanding the dominant role of
auditory information in material perception offers various potential applications. In
virtual and augmented reality, integrating realistic material sounds can enhance user
experience by improving the perceived realism of virtual objects. This thesis may
provide a foundation for future research to examine cross-cultural variations in the
relationship between material sounds and onomatopoeic words. In addition, future
investigations could also explore the potential for these findings to extend to the

relationship between vowels and material sounds.
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B. THE INFORMED CONSENT PRELIMINARY EXPERIMENT 1

ARASTIRMAYA GONULLU KATILIM FORMU

Bu arastirma, Doc. Dr. Dicle Diivencioglu danismanhginda yiiksek lisans §grencisi frem
Tuncel tarafindan yiiriitilmektedir. Bu form sizi arastwma kosullan baklanda bilgilendirmek igin
hazulanmistr,

Cahsmamin Amaci Nedir?

Aragtirmanin amaci, Tirkce ses sembolik kelimelerin malzeme tanimlamadaki etkisini

incelemektir.
Bize Nasil Yardime1 Olmamz: Isteyecesiz?

Aragtirmava katilmayi kabul ederseniz, sizden beklenen, ¢aligmada ver alan sesli videolars
Tiirkge ses sembolik kelimeler tizerinden derecelendirme Slgegi ile vamtlamamezdir. Bu ¢aligmaya

katilim ortalama olarak 50 dakika sirmektedir.
Sizden Topladigimz Bilgileri Nasil Kullanacagiz?

Aragtirmava katiliminiz tamamen goniilliilitk temelinde olmalidir. Calismada, sizden kimlik
veva kurum belirleyici higbir bilgi istenmemektedir. Cevaplariniz tamamavla gizli tutulacak, sadece
aragtirmacilar tarafindan degerlendirilecektir. Katilimcilardan elde edilecek bilgiler toplu halde
degerlendirilecek ve bilimsel yvayimlarda kullanilacaktir. Sagladigimz veriler géniilli katilim
formlarmnda toplanan kimlik bilgiler: ile eslestinlmeyecektir.

Katihmimzla ilgili bilmeniz gerekenler:

Calisma. genel olarak kigisel rahatsizlik verecek sorular icermemektedir. Ancak, katilim
sirasinda sorulardan ya da herhangi baska bir nedenden &tiirii kendinizi rahatsiz hissederseniz
cevaplama 1sini vanida birakip gikmakta serbestsiniz. Bayle bir durumda anketi uygulavan kisiyve,
caligmay1 tamamlamadigimizi sévlemek yeterli olacaktir.

Arastirmayla ilgili daha fazla bilgi almak isterseniz:

Deney sonunda, bu galismavla ilgili sorularimiz cevaplanacaktir. Bu galismaya katildigimz
i¢in simdiden tegekkiir ederiz. Calisma haklkinda daha fazla bilgi almak igin

ile 1letisim kurabilirsiniz.

Yukaridaki bilgileri okudum ve bu ¢alismaya tamamen génitllii olarak kanhyorum.

(Formu doldurup imzaladiktan sonra uvgulayiciva geri veriniz).

Isim Soyad Tarih Imza
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C. THE INFORMED CONSENT MAIN EXPERIMENT

WRASTIRMAYA GONULLU KATILIM FORMU

Bu calisma ODTU Psikoloji Bslimii dgretim tivelerinden Dicle Davenciogln tarafindan
yiiriitiilmektedir. Bu form siz1 aragtirma kosullan hakkinda bilgilendirmek 1¢in hazsrlanmigtir.

Calismanin Amaci Nedir?

Bu ¢alismada ses sembolik kelimelerin olusumunu daha 1y1 anlamak adina ses ve harf
iligkisinin incelenmesi amaglanmaktadir.

Bize Nasil Yardime: Olmamzi Isteyecegiz?

Arastirma psikoloj1 béliim laboratuarinda vapilacaktir. Deneyde sizden istenilen duydugunuz
sesler1 kelime olarak ifade etmenizdir. Deneyin vaklasik 30 dakika siirmesi beklenmektedir.

Sizden Topladigimiz Bilgileri Nasil Kullanacagiz?

Aragtirmaya katilmimz tamamen goniilliiliik temelinde olmalidir. Caligmada sizden kimlik
veya kurum belirleyict highir bilgi 1stenmemektedir. Cevaplanniz tamamsiyla gizli tutulacak ve sadece
aragtirmacilar tarafindan degerlendirilecektir. Sagladigimz vernler goniilli katilim formlarinda
toplanan kimlik bilgileri ile eslestirilmeyecektir. Katilimcilardan elde edilecek bilgiler toplu halde
degerlendinlecek ve arastirma kapsaminda kullanilacaktar.

Katihmimzla ilgili bilmeniz gerekenler:

Calisma, genel olarak kisisel rahatsizlik verecek sorular veya uygulamalar icermemektedir.
Ancak, katilm swasinda sorulardan ya da herhangi bagka bir nedenden &tiiri kendimzi rahatsiz

hissederseniz caligmay: varida birakmakta serbestsiniz.

Calismaya katilanlar bu duyurunun vapildig: ders i¢in bonus puan alacaklardir. Alinacak puan dersin
Ggretim vesi tarafindan belirlenecektir.

Arastirmayla ilgili daha fazla bilgi almak isterseniz:

Caligmayla ilgili soru ve vorumlarimz: arastirmaciva adresinden
iletebilirsiniz.

Yukaridaki bilgileri okudum ve bu caliymaya tamamen gonidlii olarak kattlyorum.
(Formu doldurup imzaladiktan sonra uvgulayiciya geri veriniz).

Isim Soyad Tarih Imza
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D.MAIN EXPERIMENT GRAPHS FOR EACH SSW
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E.LETTER FREQUENCY AND POSITION GRAPHS FOR PRELIMINARY
STUDY 1
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F.LIST OF MATERIALS USED IN PRELIMINARY STUDY 1

Table F.1.List of Materials Used in Preliminary Study 1

Object
Sugar
Sugar
Red Lentil
Red Lentil
Chichpea
Chichpea
Green Lentil
Green Lentil
Screw Nut
Screw Nut
Screw Nut
Stone
Stone
Stone
Blue Poppy Seed
Blue Poppy Seed
Rice
Rice
Rice
Sand
Sand
Sand
Ping Pong
Ping Pong
Ping Pong
Glass Marble
Glass Marble
Glass Marble
Needle
Needle
Sandpaper
Wood Marble
Sandpaper- wood cube
Sandpaper-wood cube
Sandpaper
Scissors
Sandpaper- paper
Paper
Paper
Screw
Keys
Water bottle
Toothpick
Toothpick
Bath Fiber
Tootbrush
Steel Wool
Sponge
Spray
Spray
Latex glove
Chalk
Chalk
Chalk
Glass tape
Duct tape
Duct tape
Hammer
Shaving Foam
Shaving Foam
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Type

Shake

Pouring

Shake

Pouring

Shake

Pouring

Shake

Pouring

Shake

Pouring
Pouring

Shake

Pouring
Pouring

Shake

Pouring

Shake

Shake

Pouring

Shake

Pouring
Pressure
Shake

Hit with pencil
Shake on hand
Shake

Shake on hand
Pouring to glass plate
Shake

Pouring to glass plate
Rubbing Each Other
Hitting each other on hand
Linear friction
Circular Friction
Fan
Open-close
Cutting

cutting
Creasing
Shake on hand
Shake
Creasing
Shake

Turning around
Squezing
Squeezing
Squeezing
Squeezing
Push

Shake
Squeezing
Shake

Friction

Write on wood
Pulling

Pulling

Cutting

Hitting each other
Shake
Squeezing



G.LIST OF MATERIAL USED IN

PRELIMINARY STUDY 2

Table G 1 List of the Material Used in

Preliminary Study 1

10

11

12

13

14

15

16

17

18

19

chichpea-pouring
chichpea-shake
chichpea-stir
chichpea-tapping
coffee bean-pouring
coffee bean-shake
coffee bean-stir
coffee bean-tapping
green lentil-pouring
green lentil-shake
green lentil-stir
green lentil-tapping
red lentil-pouring
red lentil-shake

red lentil-stir

red lentil-tapping
rice-pouring
rice-shake

rice-stir
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20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

rice-tapping

bath fiber-pressing
pompom-pressing
sponge-pressing

steel wool-pressing
bluepoppyseed -pouring
bluepoppyseed -shake
bluepoppyseed stir
bluepoppyseed-tapping
flour-pouring
flour-shake

sand stir

sand-pouring
sand-pressing
sand-shake
sugar-pouring
sugar-shake

sugar-stir

sugar-tapping



39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

coffee- shake
coffee-pouring
coffee-stir
coffee-tapping
liquid soap- tapping
liquid soap-pouring
liquid soap-shake
mineral water-pouring
mineral water-shake
mineral water-tapping
olive oil-pouring
olive oil-shake

olive oil-stir

olive oil-tapping
peach juice-pouring
peach juice-shake
peach juice-stir
peach juice-tapping
water-pouring
water-shake
water-stir
water-tapping

glass marble-pouring

glass marble-shake

100

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

&3

84

&5

86

glass marble-stir
glass marble-tapping
stone-pouring
stone-shake
stone-stir
stone-tapping

wood cube-pouring
wood cube-shake
wood cube-stir

wood cube-tapping
wood marble-pouring
wood marble-shake
wood marble-stir
wood marble-tapping
needle-pouring
needle-shake
needle-stir
needle-tapping
paperclip-pouring
paperclip-shake
paperclip-stir
paperclip-tapping
screwnut(small)-pouring

screwnut(small)-shake



87

88

&9

90

91

92

93

screwnut(small)-stir
screwnut(small)-tapping
screwnut-pouring
screwnut-shake
screwnut-stir
screwnut-tapping

sandpaper-rubbing
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94

96

97

98

99

100

sawdust-rubbing
wicker-rubbing
dough-finger tapping
duct tape-tapping
glue-finger tapping
honey-finger tapping

silicon-tapping



H.ANOVA TABLE

Table H.1 Repated Measure ANOVA of Overall Data

term num.Df den.Df MSE statistic ges p.value Significance
SSW 1 36 0.7422087 | 86.01227 | 0.3888219 | 4.469008e-11 o
sound 1 36 0.2053061 | 85.04204 | 0.1482062 | 5.167732e-11 o
ssw:sound 1 36 0.3751331 | 99.87488 | 0.2718635 | 6.317181e-12 e

Table H.2 Repated Measure ANOVA of Coarse Granular

term num.Df den.Df MSE statistic ges p.value Significance
ssw 1 36 2.3589703 | 36.62798 | 0.30018615 | 5.920717e-07 x
sound 1 36 0.6229661 | 22.78436 | 0.06582658 | 2.997539e-05 b
ssw:sound 1 36 1.0183458 | 84.47298 | 0.29925710 | 5.630435e-11 rx

Table H.3 Repated Measure ANOVA of Fine Granular

term num.Df den.Df MSE statistic ges p.value Significance
sswW 1 36 0.5772960 | 3.886354 | 0.01401977 | 5.640380e-02
sound 1 36 0.6123334 | 6.896526 | 0.02606630 | 1.260266e-02 *
ssw:sound 1 36 0.4333906 | 75.185457 | 0.17116437 | 2.426571e-10 xx
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Table H.4.Repated Measure ANOVA of Fluid

term num.Df den.Df MSE statistic ges p.value Significance
SSW 1 36 2.5070082 | 118.54178 | 0.57372731 | 6.103394e-13 e
sound 1 36 0.4768739 | 16.97328 [ 0.03536104 | 2.121712e-04 bl
ssw:sound 1 36 0.8955055 | 52.60693 | 0.17583864 | 1.532844e-08 o

Table H.5.Repated Measure ANOVA of Hard Materials

term num.Df den.Df MSE statistic ges p.value Significance
SswW 1 36 0.9210878 | 87.77760 | 0.4071230 | 3.441254e-11 x
sound 1 36 0.4224363 | 80.25136 | 0.2235615 | 1.077792e-10 hx
ssw:sound 1 36 0.3600336 | 112.71938 | 0.2563295 | 1.225197e-12 i

Table H.6. Repated Measure ANOVA of Metals

term num.Df den.Df MSE statistic ges p.value Significance
SsSwW 1 36 0.9744758 | 64.56867 | 0.3306873 | 1.513367e-09 o
sound 1 36 0.3344412 | 84.48497 | 0.1815810 | 5.620252e-11 b
ssw:sound 1 36 0.3274942 | 52.78975 | 0.1195267 | 1.476064e-08 b

Table H.7.Repated Measure ANOVA of Rough

term num.Df den.Df MSE statistic ges p-value Significance
SSW 1 36 2.1911495 | 6.763577 | 0.04714199 | 1.341307e-02 *
sound 1 36 1.0787246 | 42.288186 | 0.13216015 | 1.486493e-07 x
ssw:sound 1 36 0.5719678 | 19.376563 | 0.03567810 | 9.186935e-05 o
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Table H.8.Repated Measure ANOVA of Sticky

term num.Df den.Df MSE statistic ges p.value Significance
SSW 1 36 1.4847764 | 15.84095 | 0.10254421 | 3.195297e-04 o
sound 1 36 0.7289790 | 23.48198 | 0.07677389 | 2.404401e-05 o
ssw:sound 1 36 0.5483817 | 10.60176 | 0.02746762 | 2.464287e-03 b

Table H.9.Three Way Repated Measure ANOVA

term num.Df den.Df MSE statistic ges p.value Significance
SSW 1 36 1.65495236 | 85.629116 | 0.390306453 | 4.732218e-11 Hax
sound 1 36 0.38139746 | 85.174002 | 0.127968788 | 5.066281e-11 ax
EP 1 36 0.15951873 | 39.019248 | 0.027348593 | 3.258797e-07 i
ssw:sound 1 36 0.85280989 | 99.206873 | 0.276511314 | 6.908934e-12 o
ssw:EP 1 36 0.04504607 | 17.261092 | 0.003500174 | 1.915052e-04 o
sound:EP 1 36 0.04434966 | 23.359144 | 0.004658077 | 2.499071e-05 i
ssw:sound:EP 1 36 0.06236657 | 9.340941 | 0.002624752 | 4.206222e-03 **
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I.TURKISH SUMMARY/ TURKCE OZET

BOLUM 1

GIRIS

1.1 Dilde Nedensizlik

Modern dilbilimde, dilin ses ve anlam arasindaki iligskisinin ¢ogunlukla nedensiz
(arbitrary) oldugu konusunda bir fikir birligi bulunur (Hockett, 1960; de Saussure,
1916; Sapir, 1921). De Saussure'un (1916) ortaya koydugu modelde, bir kelimenin ses
ya da yazili bi¢imi olan gdsteren (signifier) ile zihindeki kavramsal karsilig1 olan
gosterilen (signified) arasinda dogrudan bir bag yoktur. Bu durum, kelimelerin kendi
basina bir anlam tasimadigini gosterir (Hockett, 1960). Ancak, dilde yansima kelimeler
(6r. miyav) ve nidalar (6r. Ah!) gibi nedenli (non-arbitrary) yapilar da mevcuttur.
Bunlar, bi¢im ile anlam arasinda dogrudan bir iligki kurarsa da genel olarak dildeki

yerinin 6nemsiz oldugu belirtilmistir (Saussure, 1916; Sapir, 1921).
1.2. Dilde Nedenlilik

Daha 6nce bahsedildigi gibi, dilde nedenlilik, kelimeler veya harfler gibi dilsel 6geler
ile anlamlar1 arasinda rastgele olmayan bir iliski oldugu durumlar ifade eder
(Dingemanse et al., 2015). Bu kavram, dilin tamamiyle keyfi olma durumuna meydan

okur ve bazi durumlarda dilsel bigimler ile anlamlar arasinda dogrudan baglanti
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olabilecegini one siirer. Nedenlilik temel olarak sistematiklik ve ikoniklik seklinde

ikiye ayrilir (Dingemanse et al., 2015).
1.2.1. Sistematiklik

Sistematiklik, tek bir kelimenin anlamiyla dogrudan benzerligi yerine, bir kelime
grubunun ses Oriintiileri ile bu kelimelerin dildeki kullanimlar1 arasinda saptanan
istatistiksel bir iligki olarak tanimlanmaktadir (Dingemanse et al., 2015; Sidhu, 2019).
Ses oriintiileri ve dildeki kullanimlar1 arasindaki bu istatistiksel iliski basitce gramatik
kurallar olarak tanimlamak dogru bir yaklasim degildir. Ingilizcede fiilerin isimlere
gore daha az hece igermesi veya ayni sekilde somut kelimelerin soyut olanlara kiyasla
daha az hece igermesi dildeki sistematiklige 6rnek olarka gosterilebilir (Wright et al.,

1991; Reilly et al., 2012).
1.2.2. ikoniklik

Nedenliligin bir diger 6nemli formu, dilsel bigim ile anlamsal icerik arasindaki
motivasyonel iliskiyi ifade eden ikonikliktir (Diffloth, 1972; Dingemanse et al., 2015;
Perniss et al., 2010). Tkoniklik, dereceli bir yapiya sahiptir. Mutlak ikoniklik (absolute
iconicity) ile goreceli ikoniklik (relative iconicity) (Gasser et al., 2005) ya da dogrudan
ikoniklik (direct iconicity) ve dolayli ikoniklik (indirect iconicity) (Masuda, 2007)

olarak incelenir.

Mutlak ikoniklik, bicim ve anlam arasinda birebir benzerlik tabanl bir iligkiyi ifade
eder. Hayvan seslerinin taklidi (6r. hav hav) veya isaret dilinde zaman referansinin
viicutla uzamsal iliskisi (0r. gecmisin isaretcinin arkasinda veya gerisinde
konumlandirilmasi) dildeki ikonikligin temsilleridir. Goreceli ikoniklik ise, bigimsel

benzerliklerle anlamsal benzerlikler arasindaki iliskiye odaklanir. ingilizcede "gl-" ile
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baslayan kelimelerin (6r. glow, gleam) ortak olarak 1sikla ilgili durumlar1 tanimlamast,
goreceli ikoniklige bir 6rnektir. Ancak burunla ilgili "sniff, snore" kelimelerindeki "sn-
" sesinin nazal olusu, mutlak ikoniklige daha yakin bir 6rnek olarak degerlendirilir

(Schmidtke et al., 2014).

Ikoniklik, sadece ses taklidinden ibaret olmay1p konusma sinyallerinin farkl1 yonlerini
anlama yénlendirebilir (Masuda, 2007; Sapir, 1929). Ikonikligin en temel ve kapsamli
ornegi olan ideofonlar, bir diisiincenin sesle canli betimlenmesi olarak tanimlanir
(Doke, 1935). Bu kelimeler, ses, hareket, renk, bicim, dokunma gibi ¢oklu duyusal
deneyimlere gonderme yapar (Dingemanse, 2012; Akita & Dingemanse, 2019).
Tiirk¢ede “piril piril”in ¢ok parlak ve 1s1klt anlamina gelmesi ya da Japoncada “zara
zara” kelimesinin piiriizlii ylizeyleri belirtmek i¢in kullanilmasi ideofon 6rnekleridir.
Dingemanse'ye (2012) gore, ideofonlarin yayginligi ses taklidinden daha soyut
anlamlara dogru hiyerarsik bir ilerleme izler. Onomatopoeia (yansima sozciikler) ise
ideofonlarin bir alt bashigi olup, dogal sesleri dogrudan taklit eden ve fonolojik
ozelliklerini yansitan kelimelerdir (Dingemanse et al., 2015; Monaghan et al., 2014;

Perniss et al., 2010).
1.3. Ses Sembolizmi

Kelime ve anlam arasindaki nedenli (non-arbitrary) iligkilerin varligi {zerine
tartismalar siiregelse de (Saussure, 2011; Sapir, 1921), bu konu psikolojide gorece
daha yakin tarihte ilgi gérmeye baslamistir. Bir sdzciliglin fonolojisinin, anlamiyla
belirli cagrisimlar yoluyla iligkilendirilmesi durumu, psikolojide ses sembolizmi
(sound symbolism) baslig1 altinda incelenmektedir (D’Onoftrio, 2014; Shinohara &

Kawahara, 2010). Ses sembolizmi, belirli fonemler (ses birimleri) ile spesifik duyusal
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nitelikler veya anlamlar arasindaki iliskiyi ifade eder (Lockwood & Dingemanse,

2015).
1.3.1. Sekil

Ses sembolizminin en bilinen c¢aligmas1 Kdohler'in Maluma/Takete etkisidir (1929;
1947), yuvarlak ve koseli sekillerle belirli sesler arasinda iligki kurar. Bu etkiyi tekrar
eden bir diger calismada ise (Ramachandran ve Hubbard, 2001) insanlarin %95'i
yuvarlak sekle "bouba", koseli sekle "kiki" demistir. Tarte ve Barritt (1971)
calismasinda ise "i" sesini koseli, "u" sesini yuvarlak bicimlerle iligkilendirmistir.
Cwiek ve arkadaslar1 (2022) 25 dil ve 10 yaz: sistemi iizerinde yaptig1 ¢alismada, bu
etkinin kiiltiirler aras1 dayanikli oldugunu buldu. Latin alfabesi disindaki dillerde bile
benzer sonuglar (%63 uyumlu yanit) elde edilmesi, etkinin gorsel-kelime

etkilesiminden ziyade, ses ve gorsel arasindaki c¢apraz modal etkilesimden

kaynaklandigini gostermistir.
1.3.2. Doku

Ses ve sekil arasindaki bilinen baglantinin 6tesinde, arastirmalar uydurma kelimelerle
dokunsal alg1 arasinda da iliskiler bulmustur: "kiki" piiriizli, "bouba" piiriizsiiz
materyallerle eslesirken (Etzi vd., 2016), belirli iinsiizler Ingilizce ve Almancada
tutarli olarak piirtizlii (/t/, /x/) veya piiriizsiiz (/b/, /m/) olarak algilanmistir (Gnatchuk,
2015). Gergek kelimeler tizerinde yapilan ¢alismalarda ise, /r/ foneminin puriizliliikle
iliskisi (Winter vd., 2022) ve [r] sesinin tirtikli, [1] sesinin diiz ¢izgiyle ¢apraz kiiltiirel
eslesmesi (%88.5 tutarlilik) dikkat ¢ekmistir (Cwiek vd., 2024). Japonca onomatopeik
kelimeler {izerinde yapilan ¢aligsmalar, sesli iinsiizlerin piiriizliiliikle, sessiz {insiizlerin

puriizsiizliikle iliskili oldugunu (Sakamoto & Watanabe, 2018). Ayrica fonetik
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ozelliklerin 1slaklik, yapiskanlik, yumusaklik ve ¢itirlik gibi yiyecek dokularimi ifade
etmede kullanildigin1 gostermistir (Hanada, 2016; 2019). Tiirkge ses sembolik
kelimelerin malzeme ve yumusaklik algisiyla iligkisini inceleyen Nalbantoglu vd.
(2024) de, yansima kelimelerin sesli olarak sunumunun malzeme ile ayni boyutta olan
sifat derecelendirmesini etkiledigi goriilmiis ve sozlii SSK’lerin malzemelerin

yumusaklik algisini segici bir sekilde degistirdigi gozlemlenmisitr.

1.4. Malzeme Algis1

Yansima kelimelerin sozlii ve yazili sunumlarinin yumusaklik algis1 tizerindeki
etkilerinin yami sira, sesin malzeme algisim1 etkiledigi bilimsel c¢alismalarla
kanitlanmistir. Fujisaki ve ark. (2014), gorsel ve isitsel uyaranlar birlestiginde
malzeme kategorisi ve malzeme oOzelligi Tlizerine olan algmin degistigini

n

gbzlemlemislerdir. Martin ve ark. (2015) ise sesin, "sert-yumusak" veya "piiriizlii-
plirlizsiiz" gibi dokunsal niteliklerin algisin1 giiglendirdigini ve tutarliligi artirdigin
belirtmistir. Beyaz giiriiltiiniin farkli boyutlardaki piiriizlii malzemeler arasinda
algilana piiriizlilik farkini azalttigi (Suzuki ve ark., 2008) ve siirtlinme seslerinin
manipiilasyonuyla dokunsal alginin degisebilecegi (Jousméki & Hari, 1998; Guest ve
ark., 2002) de ortaya konmustur. Son olarak, Bulusu ve Lazar (2024), siv1 seslerin

kaygan/yumusak, cizirt1 seslerinin ise sert/piiriizlii malzemelerle iligkilendirildigini

bularak, sesin malzeme algisi iizerindeki ¢apraz modal etkilesimini vurgulamistir.

1.5. Coklu Duyusal Alg1

Giinlik yasamda algimiz, farkli duyusal modalitelerden gelen bilgilerin siirekli
birlesimiyle olusur (Ernst, 2007; Ernst & Biilthoff, 2004). Genellikle gorsel alg1 baskin
olsa da (Driver, 1996; Hay et al., 1965), diger duyular da algiy1 etkileyebilir veya

birlesmis (fused) algilar yaratabilir.
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Hay ve arkadaglar1 (1965), gorsel ve propriyoseptif (viicudun uzaydaki poziyonu veya
hareketi iizerinde olan farkindalig1 ile ilgili duyu) bilgilerin ¢elistigi durumlarda gorsel
bilginin baskin geldigini gosterdi. Benzer sekilde, ventrilokluk etkisinde (Bertelson &
Radeau, 1981), sesin kaynagi gorsel uyaranin konumuna kaydigi gosterilmistir. Ayrica
bu durumun dinamik uyaranlarda da gecer oldugu goriilmiistiir (Soto-Faraco et al.,

2002).

Gorsel algmin isitsel uyaranlardan etkilenmesi, McGurk etkisinde (McGurk &
MacDonald, 1976) oldugu gibi, bazen yeni, birlesmis algilar yaratir. Ote yandan, ses
uyaranlar1 da gorsel algiyi sekillendirebilir. Shams ve arkadaslart (2000, 2002), tek bir
flasa eslik eden birden fazla bip sesinin, flasin ¢oklu olarak algilanmasina neden
oldugunu bulmustur. Bu bulgular, duyusal modalitelerin her zaman bagimsiz

islenmedigini ve ¢apraz modal etkilesimin karmasik dogasini ortaya koyar.

1.6. Amac ve Hipotezler

Bu tezin amaci, ilk olarak SSK’ler ile malzeme sesleri arasindaki iliskiyi
derinlemesine incelemek ve ardindan bu iliskinin materyal algis1 lizerine etkisini
SSK’ler aracilig ile kesfetmektir. Bunun i¢in, ilk 6n ¢calismada dogal malzeme
seslerinin yazil1 olarak taklit edilmesi yontemi ile ses-fonem iligkisi ortaya ¢ikarild.
Daha sonra, bu iligki baz alinarak her malzeme kategorisine 6zgii SSK’ler se¢ildi.
Ana deney icin kullanilacak olan malzemeler ise ikinci 6n ¢alisma sonuglarina gore
secildi. Deneyin ana arastirma sorusu, katilimcilarin malzemeleri degerlendirirken,
malzeme sesi ve SSK arasindaki uyumun bu degerlendirmeyi ve malzeme algisini
etkileyip etkilemeyecegidir. Bu baglamda ana deney i¢in hipotezi su sekildedir:
Dogal malzeme sesi ve SSK'ler arasindaki uyumun gorsel ve SSK uyumdan daha

giiclii bir etkiye sahip olacag1 ve bu nedenle gérsel-isitsel (GI) uyumlu uyaranlarin,
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GI uyumsuz uyaranlara gore uyumlu SSK'lerle eslesme konusunda daha yiiksek
puanlar alacagi yoniindedir ve uyumsuz SSK eslesmelerinde ise uyumsuz Gi
uyaranlarinda,ki bu kosulda ses ve SSK arasinda bir uyum vardir, uyumlu Gi

uyaranlaria kiyasla puanlarin daha yiiksek olacagidir.

BOLUM 2

ON CALISMA 1

2.1. On Cahisma 1: Dogal Malzeme Seslerinin Yaziya Dokiimii

2.1.1. Yontem

On Calisma 1'de katilimcilardan dinledikleri her dogal malzeme sesini taklit etme
yoluyla yazmalar1 istenmistir. Bu sayede, dogal malzeme sesleri ve fonemler

arasindaki iligkinin, yazilan harflerin sikligina gore belirlenmesi amaclanmistir.

2.1.2. Katilimcilar

Calismaya, ana dili Tiirk¢e olan 18-30 yas aras1 34 (31 kadin), isitme engeli olmayan

ODTU lisans ve lisansiistii dgrencileri katildi.
2.1.3. Deney Diizenegi

Deney, PsychoPy programinda kodlandi. Uyaranlar bilgisayar ekraninda, malzeme
sesleri Sennheiser kulakliklarla sunulup, yanitlar klavyeyle alindi. Calisma ses

yalitiml1 bir laboratuvarda yiirtitiildi.

2.1.4. Uyaranlar
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Calismada, 30 farkli malzemenin (1-3 saniye arasi degisen) sesleri RODE mikrofonla

kaydedildi ve desibel ayarlari esitlendi. 60 dogal malzeme sesine ek olarak 4 hayvan

sesi, katilimeilarin taklit yazma egilimlerini kontrol etmek amaciyla kullanildi.

2.1.5. Prosediir

Katilimcilara deney Oncesinde, duyduklar sesleri dil bilgisi kurallarina uymadan,
tamamen taklit ederek yaziya dokmeleri gerektigi agiklandi. Her sesin ardindan yanit

vermeleri istenen katilimcilar, sesleri rastgele sirada dinlediler.

2.1.6. Sonug

Calisma sonuglar1 R Stiidyo'da analiz edildi; her malzeme icin verilen 34 yanittaki
harf siklig1 ve pozisyonlari belirlenirken, art arda tekrar eden harfler bir kez sayildi.
Unsiiz harflerin kullanim siklifma gére yedi malzeme kategorisi (kaba taneli, ince
taneli, akiskan, sert malzemeler, metaller, piiriizlii ve yapiskan) olusturuldu. Her
kategori i¢in, "fisir fisir" gibi fonotaktik Griintiilere (6r. ince taneli i¢in /f-g/) dayali {i¢
Tiirkge SSK seg¢ildi. Ancak yapiskan kategorisinde bulunan c-r harf Griintiisiinii iger
SSK bulunmadigindan bu oriintiiniin farkl1 bir poziyonda var olan karsiliklar (6r.
gacir gucur) kullanildi. Toplamda yirmi uyumlu SSK belirlenirken, uyumsuz
eslestirmeler i¢in iinsiizlerin artikiilasyon bi¢imleri (6r. ii¢ grup i¢in 6tlimsiiz

stirtlinmeliler, digerlerinde 6tiimsiiz patlayicilar) arasindaki ayrimlar temel alindi.
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BOLUM 3

ON CALISMA 2
3.1. On Cahisma 2: Ses Tamima Gorevi
3.1.1. Yontem

On calisma 2, katilimcilarin dogal malzeme seslerini yalnizca isitsel bilgiye dayanarak
tanima performanslarint 6lgmek ve ana deney i¢in malzeme se¢mek amaciyla
cevrimici anket olarak sunulmustur. Anket, 3 boliimden olusup toplamda 100 ses kaydi

icermektedir.
3.1.2. Katilimcilar

Isitme sorunu bulunmayan 18-59 yas aras1 94 (71 kadin) kisi bu anketlere katilim

saglamigtir.

3.1.3. Deney Diizenegi

Anket, ODTU Anket Servisi araciligiyla sunuldu; 42 katilimci kendi cihazlariyla, 52

katilime ise laboratuvarda belirlenen bilgisayar ve kulakliklarla yanit verdi.

3.1.4. Uyaranlar

Bu calismada, 35 farkli malzemenin dokme, ¢alkalama ve karistirma gibi gesitli
sesleri (toplam 100 kayit) RODE mikrofonla kaydedildi. Diizenlemeler Adobe
Premiere Pro kullanilarak yapildi. Her ses 3 saniyeye kirpildi. Ardindan seslerin arka

plan giiriiltiisii azaltildi. Bu diizenlemelerin ardindan gerektigi durumlarda ses
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seviyesi artirildi. ODTU Anket Servisine yiiklenmesi amaciyla Vimeo platformuna

yiiklendi.

3.1.5. Prosediir

Katilimcilara ankete baslamadan 6nce kulaklik kullanimi, ses ayar1 ve sessiz ortamda
olma yoOnergeleri yazili olarak verildi. Ankette katilimcilardan, her ses kaydi sonrasi
"malzeme" ve "hareket" alanlarina duyulan sesin hangi malzemeye ve hangi hareket
dogrultusunda bu sesin ortaya ¢iktig1 yoniindeki tahminlerinin yazilmasi istendi.
Yaklasik 25 dakika siiren anketlerde sesler rastgele sunuldu ve dileyen katilimeilar

birden fazla ankete katilabildi.

3.1.6. Sonug

Anket sonuglari, katilimcilarin dogal malzeme seslerini tanima performanslarini
degerlendirerek belirlendi. Ana deney i¢in malzeme se¢iminde ortak dogru ve yanlis
yanitlar esas ald1. Houix ve arkadaglar1 (2012) ile Guyot ve arkadaslar1 (2017)
caligmalarina benzer sekilde, birebir tanima beklenmediginden yakin cevaplar da
dogru kabul edildi ve fikir birligine varilan yanlis cevaplar da dikkate alinda.
Ortalama dogru yanit oranlarina gore, maden suyu sesi %88.65 ile en yliksek tanima
oranina sahipken, onu screwnut (%81.2) ve atas sesi (%79.65) takip etti; piring, tas,
igne, su, ahsap kiip, yesil mercimek, zimpara kagidi, kirmiz1 mercimek ve seker
sesleri ise orta siralarda yer aldi. Tanima oranlar1 diisiik olan malzemeler ise mavi
hashas tohumu (%37.6), kum (%30.7), koli band1 (%31.2) ve en diisiik oranla hamur

(%6.2) oldu.
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BOLUM 4

ANA DENEY
4.1. Ana Deney: Gorsel-Isitsel Malzeme Algisi
4.1.1. Yontem

Ana deneyde katilimcilar, izledikleri sesli video kliplerindeki malzemeleri sunulan ses
sembolik kelimelere gore derecelendirdi. Video kliplerindeki malzemeler, sesler ve
SSK'ler ile uyumlu (congruent) ve uyumsuz (incongruent) durumlar igeriyordu.
Caligsma sonunda, SSK ve ses arasindaki uyumlulugun katilimcilarin malzeme algisi

tizerindeki etkisi arastirildi.
4.1.2. Katihmcilar
G*Power analiziyle belirlenen minimum 36 kisilik 6rneklem biiyikliglinii

karsilamak iizere, caligmaya 18-30 yaslar1 arasinda, isitme veya gérme engeli

bulunmayan 37 (31 kadin) katilimc1 dahil edildi.

4.1.3. Deney Diizenegi

Deney, PsychoPy 2024.2 4'te kodlanms, gorsel ve isitsel uyaranlar sirastyla HP
monitdr ve Sennheiser kulakliklarla ses yalitimli bir laboratuvarda sunulmus, yanitlar

fareyle toplanmistir.

4.1.4 Uyaranlar

Calisma i¢in gerekli ses sembolik kelimeler ve malzemeler 6n ¢alismalarla belirlendi
(bkz. 6n ¢alisma 1 ve 2). Malzeme videolar1, dogal 151k ve ring light kullanilarak
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Canon EOS M50 kamerayla standart bir acidan Full HD kalitede ¢ekildi. Her video 3
saniye olarak kirpildi. Videolar ve ses kayitlar birlestirilirken, insan kulaginin farkl
frekanslardaki sesleri farkli algilamasi goz oniine alinarak, tiim sesler ortalama 50
phon siddetinde duyulacak sekilde diizenlendi. Boylece, uyumlu ve uyumsuz ses ve

kelime eslesmeleriyle deney hazirlandi.

4.1.5. Prosediir

Deneyde malzeme videolart uyumlu ses-uyumlu SSK, uyumlu ses-uyumsuz SSK,
uyumsuz ses-uyumlu SSK ve uyumsuz ses-uyumsuz SSK olmakn iizere 4 farkl
kosulda sunudu. Her kosulda 3 farkli SSK iizerinden degerlendirmeler yapilmasi
planlandi. Boylece 38 malzeme videosunun her birinin 12'ser kez sunulmasiyla toplam
456 denemeden olusturuldu. Her denemede 3 saniyelik video klibi ve ilgili SSK sorusu

sunuldu. Yanitlar video bitiminden sonra ekrana gelen 1-7 aras1 bir 6l¢ekle toplandi.
4.1.6. Sonug¢

R Studio'da yapilan 2 (SSK-uyumlulugu) x 2 (Ses-uyumlulugu) tekrarli 6l¢timler
ANOVA analizi, hem SSK uyumlulugunun (F(1, 36) = 86.012, p < .001, 11;27 =.704)
hem de ses uyumlulugunun (£(1, 36) = 85.042, p <.001, nzz, =.702) yanitlar iizerinde
anlamli ana etkileri oldugunu ortaya koymustur. Bu, SSK'nin ve sesin malzemeyle olan
uyumunun katilimeilarin algisini etkiledigi anlamina gelir. Ayrica, SSK ve ses arasinda
anlaml bir etkilesim bulunmustur, F(1, 36) = 99.874, p < .001, n; = .735. Boylece,
sesin alg1 iizerindeki etkisi SSK'nin uyumuna baglidir ve bunun tersi de gegerli oldugu

cikarimi yapilmistir.

Post-hoc analizler, uyumlu gorsel-isitsel uyaranlarin, uyumlu SSK eslesmeleriyle

birlikte sunuldugunda, uyumsuz gorsel-isitsel uyaranlara goére daha yiiksek
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derecelendirmeler aldigmi gostermistir (Am = 1.69, p < .001). Ancak,
derecelendirmeler uyumsuz SSK'ler araciligiyla yapildiginda, uyumlu ve uyumsuz
gorsel-igitsel uyaranlar arasinda anlamli bir fark bulunamamistir (Am = 0.32, p =.07).
Bu durum, uyumlu seslerin, SSK malzeme ile ayni boyuttaysa algiy1 giiclendirmede

kritik bir rol oynadigini diistindiirmektedir.

Bu bulgularin malzeme kategorileri bazinda da ayni olup olmadigini incelemek adina
yedi kategori i¢in ayr1 ayr1 2 x 2 tekrarl 6lgiimler ANOVA analizi gergeklestirildi.
Kaba taneli, ince taneli ve sivi kategorilerinde, malzeme kategorisine gore analiz
edildiginde hem uyumlu ses—uyumlu SSK ile uyumsuz ses—uyumlu SSK
karsilagtirmasinda (sirastyla Am = 2.14, p <.001, Am = 1.28, p <.001 ve Am = 1.60,
p < .001) hem de uyumsuz ses—uyumsuz SSK ile uyumlu ses—uyumsuz SSK
karsilastirmasinda (sirastyla Am = 0.90, p = .004, Am = 0.60, p = .01 ve Am = 0.66, p
= .002) anlamli farklar bulunmustur. Bu bulgular, bu kategorilerde ses ve SSK
arasindaki uyumun, goriintii ve SSK arasindaki uyumdan daha baskin oldugunu

gostermektedir.

Ek olarak malzeme hareketlerinin malzeme algis1 tizerinde etkisini gorebilmek igin
2(SSK-uyumlulugu) x 2(Ses-uyumlulugu) x 2 (malzeme hareketi) tekrarl 6l¢iimler
ANOVA analizi gerceklestirilmistir. Sonuglara goére dokiilme hareketi sirasinda
bulunan sonuclar genel sonuglarla benzerlik gosterse de ¢alkalanma hareketi
uygulanmasi sirasinda hem uyumlu SSK’ler hem de uyumsuz SSK’ler i¢in verilen
yanitlarin degisen sesten anlamli bir sekilde etkilendigi goriilmiistiir (Am = 1.70, p <

.001 and Am =0.61, p =.001).
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BOLUM 5

TARTISMA

5.1. Genel Bakis

Mevcut tezin amaci ilk olarak dogal malzeme sesleri ile Tiirk¢e fonemler arasindaki
iliskiyi kesfetmek, sonrasinda ise bulunan sonuglar baz alinarak ses-SSK iligkisinin
goriintii-SSK iliskisinden baskin olup olmayacagini incelemektir. Duyulan seslerin
yaziya nasil dokiildiigii sorusu ile ses-fonem iligkisinin cevabini bulmay1 hedefledim.
Tezin ana hedefi i¢in cevaplanmasi gereken soru ise ses-SSK iligkisinin malzeme
algisini nasil etkiledigidir. Bu sorularin cevabi i¢in yiiriitiilen 6n ¢alismada
malzemelerin harf siklig1 grafiklerini ¢ikartildi ve boylece fonemler ve ses arasindaki
iligki ortaya ¢ikarildi. Ayrica ana deneyde, ses-SSK iligkisinin malzeme algisinda
goriintii-SSK iligskisinden daha baskin oldugu ve gorsel-isitsel uyumlulugun SSK'yi

malzemenin ayni boyutunda etkiledigi gosterildi.

5.1.2. On Cahsma 1

Bu 6n ¢alisma, malzeme sesleri ve Tiirk¢e fonemler arasindaki iligkiyi, dil bilgisi
kisitlamasi olmadan sesleri yaziya dokerek dogrudan incelemistir. ince taneli ve sivi
malzemelerde "s, f, h, p" gibi fonemlerin siklig1 (6rn. "fisir fisir", "sir1l sir1l") dnceki
caligmalarla uyumlu bulunurken, kaba ve sert malzemelerde "t, ¢, k, n" gorilmiistiir.
Metallerde "s, n, t, g, k" gibi farkl1 oriintiiler, piiriizlii ve yapiskan malzemelerde ise
"h, k, 1" ve "c, ¢, r" gibi daha 6zgiin kullanimlar tespit edilmistir. Ayrica, harflerin

kullanim sikliginin yani sira pozisyonlariin da ayirt edici oldugu (6rn. 't' harfinin ilk

pozisyonda sert malzemelerde daha baskin olmasi) belirlenmistir. Bu bulgularla yedi
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malzeme kategorisi (kaba/ince taneli, akiskan, sert, metal, piiriizlii, yapiskan)
olusturulmus ve ana deney i¢in uygun SSK'ler se¢ilmistir. Ana deney, gorsel veya
isitsel bilginin malzeme degerlendirmesinde SSK araciligiyla daha baskin olup

olmadigini arastirmistir.

5.1.3. Tartisma: On Calisma 2

Deneyde gorsel uyaranlarin malzeme sesleriyle manipiilasyonu planlandigi igin,
kaydedilen seslerin tek basina taninabilirligi 6nemsenmistir. Bu sebeple, ikinci 6n
calismada malzeme seslerinin ayirt edilebilirligi incelenmis ve bu taninabilirlik

oranlari, sesin karmasiklig1 ve tanidiklig1 gibi faktorlerle uyumlu bulunmustur.

5.1.4. Tartisma: Ana Deney

Yiriittigiim bu deney, tezin temel sorusu olan, malzemeleri algilarken degerlendirme
olgiiti olarak SSW kullanildiginda, katilimcilarin yanitlarinda goriintiiniin mii yoksa
sesin mi daha baskin bir etkiye sahip oldugunu belirlemeyi amaglamaktadir. Harf
frekansi bulgularina dayanarak, her malzeme kategorisi i¢in uyumlu ve uyumsuz SSK
setleri olusturuldu ve malzeme seslerini de ayrica uyumlu ve uyumsuz ses olmak iizere

manipiile edildi.

SSK'ler malzeme ile ayni boyutta oldugunda, malzeme sesinin algiy1 sekillendirdigi
gozlemlendi. Ornegin, nohut videosunun kendi sesiyle izlenmesi "cakir cukur"
SSK'sine yiiksek puan verirken, su sesiyle izlenmesi puani diisiirdii. Bu, ses-fonem
iligkisi ile agiklantyor; yani sesin igerigi SSK algisint etkiliyor. Literatiir de isitsel
uyaranlarin malzeme sifat derecelendirmelerini etkiledigini gdsteriyor. SSK'lerin

semantik bilgi tagimas1 da uyumlu seslerle sunulan malzemelerin puanlarin artiriyor.
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Tiim bunlar, ses-SSK iliskisinin goriintii-SSK iliskisinden daha baskin oldugunu

ortaya koyuyor.

Ek olarak, spesifik kategorilerde (ince taneli, kaba taneli, akiskan) SSK malzeme ile
ayni boyutta olmasa bile, uyumsuz seslerle sunuldugunda dahi SSK puanlar1 artig
gosterdi. Bu durum, SSK'nin sozliik anlamlariyla agiklanamiyor ve yine ses-SSK
iligkisinin gorselden agir bastigin1 gosteriyor. Ancak genel olarak, SSK uyumsuz

oldugunda ses degisiklikleri derecelendirmeleri etkilemedigi goriiliiyor.

Malzeme hareketinin incelenmesi, calkalama eyleminde farkli bir sonug ortaya koydu:
Calkalama iceren videolarda, SSK malzeme ile ayn1 boyutta olmasa bile, uyumsuz ses
puani artirdi. Bunun nedeni, sallanma sirasindaki bulanikligin sese odaklanmay1
saglamas1 olabilirken, net gorsel bilginin oldugu dokme hareketinde bu etki

gbzlenmedi.

Yapiskan ve piirtizlii kategorisindeki beklenmedik bir durum olarak uyumlu jiit gorsel-
isitsel uyaranin "gacir gucur" puanimnin beklenmedik sekilde yiiksek c¢ikmasiydi.
Uyumsuz gorsel-isitsel uyaranlarda ise (0rn. jiit gorseli bant sesi) daha diisiik puanlar
almasi1 dikkat ¢ekti. Bu durum, catisan gorsel ve isitsel uyaranlarin birlesik bir yanit

yaratmasi (McGurk etkisi benzeri) ihtimalini diisiindiiriiyor.

5.1.6. Kasitlamalar

Calismanin ilk kisitlamasi, kullanilan SSK'lerin anlamsal bilgisinin ve asinaliginin
derecelendirmeler iizerindeki etkisinin tam olarak bilinememesidir. Tkinci kisitlama
ise, ¢akisan gorsel ve isitsel uyaranlar arasinda hangi modalitenin baskin

olacagindaki belirsizliktir, zira gorsel baskinlik ses-fonem iliskisini zayiflatabilir. Son
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olarak, malzeme kategorileri arasindaki belirgin farkliliklar (6r. Kiigiik tanecikli
malzemeler arasinda en biiyiik partikiile sahip olan malzeme sekerken iri
taneciklilere gegildiginde en kiiciik malzeme piringtir.) bu iki boyut arasinda gdzden

kagan fonem kiimelerine sebep olmus olabilir.
5.1.7. Gelecek Arastirmalar

Ik olarak gelecek calismalarda sozde-SSK’ler kullanilabilir. Bu ¢alismada oldugu
gibi malzeme sesleri ve fonemler arasindaki iliski incelendikten sonra ya da bu
calismanin bulgular kullanilarak kesfedilen fonem kiimeleri i¢in s6zde-SSK’ler
olusturacak bir kod ile uyaran listesi hazirlanabilir. Bu sayade SSK’lerin tasidigi
semantik bilgiler ortadan kaldirilarak ses-fonem iliskisi 6n plana ¢ikarilabilir. Diger
bir alternatif ise bu ¢calismada kullanilan diizenegi hi¢ degistirmeden Tiirkce
bilmeyen katilimcilara uygulamaktir. Benzer bir sekilde bu sayede kelimenin
anlamina bakmaksizin fonemlerin ses ile iliskisi incelenebilir. Ileriki calismalarda
her malzeme kategorisi i¢in ayn1 boyut ¢esitliliginde malzemeler segilirse ve bu
malzemelerin boyutlar1 nicel olarak hesaplanip ¢aligmaya dahil edilirse hem

kategoriler aras1 hem de kategori i¢indeki farkliliklar daha kolay karsilastirilabililir.

5.1.8. Sonu¢

Ozetlemek gerekirse, ilk olarak fonem-ses iliskileri tespit edildi ve ardindan ses
tanima gorevi ile sesin malzemeyi tanimadaki etkisi goriildii. Bu iki 6n ¢aligma ana
deney i¢in kullanilan uyaranlarin se¢ilmesini sagladi. Dogal malzeme sesi ve SSK'ler
arasindaki uyumun gorsel ve SSK uyumdan daha gii¢lii bir etkiye sahip olacagi
varsayildi. Buna bagli olarak beklenti GI uyumlu uyaranlarin, GI uyumsuz

uyaranlara gore ayn1 boyuttaki SSK'lerle eslesmede daha yiiksek puanlar alacagi
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yoniindeydi. Ek olarak uyumsuz SSK eslesmelerinde ise uyumsuz GI
uyaranlarinda,ki bu kosulda ses ve SSK arasinda bir uyum vardir, uyumlu Gi
uyaranlarina kiyasla puanlarin daha yiiksek olacagidir. Hipotez kismi bir sekilde
desteklendi. Uyumlu ve uyumsuz GI uyaranlar arasinda puan farki yalnizca SSK
malzeme ile uyumlu ise goriildii. Malzeme ve SSK uyumsuz ise, genel sonuglarda
uyumlu ve uyumsuz uyaranlar arasindaki anlamli bir fark bulunmadi. Fakat,
malzemelerin hareketine gore ayr1 olarak incelendiginde dokiilme i¢in sonuglar genel
sonugclarla ayn1 ¢ikarken ¢alkalama i¢in hipotez tamamen desteklendi. Ayrica,
kategoriler ayr1 ayr1 analiz edildiginde, kii¢lik tanecikliler, kaba tanecikliler ve sivilar
icin de hipotez tamamen desteklendi. Ama diger kategoriler i¢in sonug genel
sonugclar ile ayntydi. Bu tezle birlikte, malzeme seslerinin malzeme algisini
degistirebilecegi ve hatta belirli kosullarda malzemenin 6zellikleriyle birebir
ortlismeyen niteliklerin bile algisal olarak giiclendirilebilecegi alanyazina

kazandirilmstir.
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