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ABSTRACT 

 

THE EFFECT OF MATERIAL SOUND ON MATERIAL PERCEPTION 

THROUGH TURKISH SOUND SYMBOLIC WORDS 

TUNCEL, İrem 

M.S., The Department of Psychology 

Supervisor: Assoc. Prof. Dr. Dicle N. DÖVENCİOĞLU 

 

 

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 
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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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ÖZ 

 

 

TÜRKÇE SES SEMBOLİK KELİMELER ARACILIĞIYLA MALZEME SESİNİN 

MALZEME ALGISINA ETKİSİ 

 

 

TUNCEL, İrem 

Yüksek Lisans, Psikoloji Bölümü 

Tez Yöneticisi: Doç. Dr. Dicle N. DÖVENCİOĞLU 

 

 

Ağustos 2025, 123 sayfa 

 

 

Ses sembolik kelimeler (SSK) ve doğal seslerin taklidiyle oluşan ses yansımalı 

kelimeler (örneğin tıkır tıkır, şarıl şarıl) arasındaki güçlü ilişki, malzeme algısı üzerine 

yapılan önceki çalışmalarda ortaya konmuştur. Malzemelerden elde edilen dokunsal 

ve görsel bilgilerle SSK'lerden çıkarılanlar büyük ölçüde benzerlik gösterir, bu da 

duyulararası tutarlılığa işaret eder. Bu tezde, doğal malzeme sesleri ve günlük malzeme 

videoları kullanarak malzeme algısı SSK'ler aracılığıyla incelendi. Öncelikle, SSK'leri 

seçmek için doğal malzeme seslerini dinletip katılımcılardan sesleri taklit ederek 

yazmalarını istedendi. Seslerdeki ortak fonetik örüntüleri analiz ederek ana deneyde 

kullanılacak SSK'leri belirlendi. İkinci bir ön çalışmada ise katılımcılar, malzeme 

seslerini sadece dinleyerek malzemeyi ve hareketini tahmin etmeye çalıştılar. 

Uzlaşmanın sağladığı yanıtlara göre ana deneyde kullanacağımız malzemeler seçildi. 

Ana deneyde, her malzeme hem doğal ses uyumu hem de SSK uyumu dikkate alınarak 
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sunuldu. Doğal malzeme sesleri ile SSK'ler arasındaki uyumun görsel uyumundan 

daha güçlü olacağını ve uyumlu görsel-işitsel uyaranların, uyumsuz olanlara kıyasla 

uyumlu SSK'ler üzerinden değerlendirildiğinde daha yüksek puanlar alacağını 

varsayıldı. Beklendiği gibi, malzeme videolarıyla uyumlu SSK'ler, uyumsuz görsel-

işitsel uyaranlarla sunulduklarından daha yüksek puanlar aldı. Genel puanlarda, 

uyumsuz görsel-işitsel uyaranlarla sunulan uyumsuz SSK'ler için bir fark gözlenmedi. 

Ancak, tanecikli veya akışkan gibi belirli malzeme türlerinde, uyumsuz SSK'ler 

uyumsuz görsel-işitsel uyaranlarla sunulduğunda puanları yükseldi. Örneğin, tanecikli 

bir malzeme (kum) uyumsuz bir ses (dökülen taşlar) ve uyumsuz bir SSK (tıkır tıkır) 

ile sunulduğunda daha yüksek puan aldı. Bu durum metal ve sert malzemelerde 

görülmedi. Sonuçlarımız, doğal malzeme seslerinin algılanan malzeme 

özelliklerindeki rolünü vurgularken, çoklu duyusal bütünleşmede yaygın olan görsel 

baskınlığı görüşüne meydan okumaktadır. 

 

Anahtar Kelimeler: ses sembolizmi, yansımalı kelimeler, malzeme algısı, 

modaliteler arası etkileşim 
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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 
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“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. 

 

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 µm (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 “Aa!” 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 
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explanations in the past, studies on non-arbitrariness have increased in the following 

years.  

 

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 
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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).  

 

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; 
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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 
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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). 

 

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.  
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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.  

Figure 1.7 Sparklesqueak is the literal translation of Pikachu in English. 

Some examples of ideophones in different languages include “pırıl pırıl” (very bright 

and shiny) in Turkish, “tsuru tsuru” (smooth and slippery surface) in Japanese, and 

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

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 

Köhler (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 

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

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 (Ćwiek 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 

so, 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 /l/ were consistently rated as smooth across both 

languages, whereas /t/, /x/, /t͡ ʃ/, 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 (Ćwiek et al., 2024). Subsequently, they were asked to match 

the presented auditory stimuli, an alveolar trill [r] and an alveolar approximant [l], 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 [l] 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 (Ćwiek et al., 2022). 

While the aforementioned studies (Ćwiek 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., /ʦ/ 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., /ɕ/) was associated with wetness, 

the alveolar affricate (e.g., /t͡ ɕ/) 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 

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

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, Nalbantoğlu 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 Dövencioǧlu 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., şap şap). 
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1.4. Material Perception 

Beyond the mentioned study demonstrating the influence of onomatopoeic words on 

softness perception (Nalbantoğlu 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 Martín 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 Kılıç and Dövencioğlu (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 Dövencioğlu 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”. Kılıç and Dövencioğlu’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; Jousmäki & 

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 & Bülthoff, 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 
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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 (Nalbantoğlu 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; 

Jousmäki & 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 

 

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 “şrrrşrrr”. According to the written code, the letter “ş” 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 

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

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 /ş/. Based on these 

phonotactic patterns, one of the representative sound-symbolic words for this category 

is “fışır fışır”. This pattern is seen as the /ç-k/ pair for the coarse granular category. 

For this reason, one of the sound-symbolic words representing the specified category 

is “çakır çukur”. The only exception occurred in the sticky category. Although the 

predominant consonantal patterns in this category were /c-r/ and /ç-r/, no 

corresponding sound-symbolic word was found in the Turkish Language Association 
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dictionary. Words indicating stickiness, such as “cırt cırt,” 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., gacır 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, θ, s, ʃ, 

h/) were used more frequently. In contrast, voiceless plosives (/p, t, k, ʧ/) 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. 

  

   

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 

Words  

Incongruent Onomatopoeic 

Words 

Fine Granular şıkır şıkır  

fışır fışır        

hışır hışır 
 

tıkır tıkır    

çıngır çıngır 

katır kutur 

Coarse Granular çakır çukur  

kıtır kıtır     

çangır çungur 

hüpür hüpür     

şırıl şırıl          

foşur foşur 

Metals şıngır şıngır  

tangır tungur   

tıkır tıkır 
 

şıkır şıkır           

fışır fışır         

hışır hışır 

Hard Materials tıkır tıkır      

çıngır çıngır   

katır kutur 
 

şıkır şıkır           

fışır fışır          

hışır hışır 

Fluid hüpür hüpür     

şırıl şırıl          

foşur foşur 
 

çakır çukur       

kıtır kıtır       

çangır çungur 

Rough hart hurt             

har har              

kırt kırt 
 

gacır gucur      

gıcır gıcır       

mıcır mıcır 

Sticky gacır gucur     

gıcır gıcır      

mıcır mıcır 

hart hurt             

har har               

kırt kırt 
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Table 2.2 Meaning of onomatopoeic words  

Onomatopoeic Words (TR) 

 

Meaning in English 

Çakır çukur Uneven, bumpy, rough / Making a 

rattling noise 

Çangır çungur Making a loud, jarring, clanging noise 

when falling or colliding 

Çıngır çıngır Making a rattling or jingling sound 

Fışır fışır With a swishing sound 

Foşur foşur Making a loud, splashing or gushing 

sound 

Gacır gucur Producing a rough, ear-scratching, 

creaky noise 

Gıcır gıcır 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 

Hışır hışır With a rustling sound 

Hüpür hüpür Slurping noisily 

Katır kutur Making a harsh, rough sound 

Kırt kırt Crisp, brittle, making a slightly firm 

sound 
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Tablo 2.2 (Continued) 

Kıtır kıtır 

 

Overcooked to the point of being dry 

and crunchy / Making a crisp, crackling 

sound 

Mıcır mıcır Greasy, slimy, sticky, or messy 

Şıkır şıkır Bright, shiny, gleaming 

Şırıl şırıl Water flowing continuously with a 

rhythmic, splashing sound 

Şıngır şıngır With a jingling or ringing sound; when 

small objects hit a surface or collide 

with each other 

Tangır tungur A coarse, clanging sound made by 

empty objects rolling 

Tıkır tıkır A clicking, clattering, or rattling sound 

made by objects hitting each other 
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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 

 

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. 

Sound of pouring rice 
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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,” 

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 rate 

Response examples 

Blue Poppy Seed-Shaking 58% (SIR) 

12.9% (CR) 

Scribble with a pencil 

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) 

32.3% (SIR) 

Fine granular material 

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) 

19.3% (CR) 

Scribble with a pencil 

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 38.7 (CR) Coarse granular materials 

such as bead 

Chichkpea-Pouring 48.4% (CR) Coarse granular materials 

such as chickpeas, bead 

Red Lentil-Shaking 48.4 (CR) Coarse granular materials 

such as beads, lentil 

Red Lentil-Pouring 54.8% (CR) Coarse granular materials 

such as beads, rice 

Green Lentil-Shaking 51.6% (CR) Coarse granular materials 

such as bead 

Green Lentil-Pouring 70.9% (CR) Coarse granular materials 

such as bead 

Rice-Shaking 87% (CR) Coarse granular materials 

such as beads, rice 

Rice-Pouring 67.7% (CR) Coarse granular materials 

such as beads, rice 

Screwnut-Shaking 71.8% (CR) Metals such as coin or 

granular materials 

Screwnut-Pouring 90.6% (CR) Metals such as coin or 

granular materials 

Screwnut(small)-Shaking 81.2% (CR) Metals such as coins, 

paperclips, or granular 

materials 

Screwnut(small)-Pouring 81.2% (CR) Metals such as coin or 

granular materials 

Needle-Shaking 56.25% (CR) Metals such as needles or 

granular material 

Needle-Pouring 87.5% (CR) Metals such as coin or 

granular materials 

Paperclips-Shaking 68.7% (CR) Metals such as coin or 

granular materials 
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Table 3.1 (Continued) 

Paperclips-Pouring 90.6% (CR) Metals such as coin or 

granular materials 

 

Stone-Shaking 71% (CR) Hard materials such as 

stone 

Stone-Pouring 83.9% (CR) Hard materials such as 

stone 

Glass Marble-Shaking 54.8% (CR) Hard materials such as 

stone 

Glass Marble-Pouring 38.7% (CR) Hard materials such as 

stone 

Wood Cube-Shaking 54.8% (CR) Hard materials such as 

wood pieces, stone 

Wood Cube-Pouring 77.4% (CR) Hard materials such as 

wood pieces, stone 

Water-Shaking 58% (CR) Fluid such as water, oil 

Water-Pouring 80.6% (CR) Fluid such as water, oil 

Coffee-Shaking 35.4% (SIR) 

 

 

9.4% (CR) 

Granular material such as 

chewing gum 

 

Fluid such as water 

Coffee-Pouring 90.3% (CR) Fluid such as water, tea 

Mineral Water-Shaking 87% (CR) Fluid such as water 

Mineral Water-Pouring 90.3% (CR) Fluid such as water 

Sandpaper-Stroking 56.2 % (CR) Stroking 

Jute-Stroking 50% (CR) Stroking 

Dough-Tapping 31.2% (SIR) 

6.2% (CR) 

Lighter 

Sticky materials such as 

glue 

Duct Tape-Tapping 31.2% (SIR) 

31.2% (CR) 

Lighter 

Duct Tape 
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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 α = .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 

Audio 

Congruent 

Onomatopoeic 

Words  

Incongruent 

Audio 

Incongruent 

Onomatopoeic 

Words 

Fine 

Granular 

Sugar 

B.PoppySeed 

Sand 

Shake 

Pour 

Fine 

Granular 

Materials 

şıkır şıkır 

fışır fışır 

hışır hışır 

Hard  

Materials  

tıkır tıkır 

çıngır çıngır 

katır kutur 

Coarse 

Granular 

Chickpea 

Red Lentil, 

Green Lentil 

Rice 

Shake 

Pour 

Coarse 

Granular 

Materials  

çakır çukur 

kıtır kıtır 

çangır çungur 

Fluid 

Materials 

hüpür hüpür 

şırıl şırıl 

foşur foşur 
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Table 4.1 (Continued) 

Metals Screwnut, 

Screwnut(small) 

Needle 

Paper Clip 

Shake 

Pour 

Metal 

Materials  

şıngır şıngır  

tangır tungur 

tıkır tıkır 

Fine 

Granular 

Materials 

şıkır şıkır 

fışır fışır 

hışır hışır 

Hard 

Materials 

Stone, 

GlassMarble 

WoodCube 

Shake 

Pour 

Hard 

Materials 

tıkır tıkır 

çıngır çıngır 

katır kutur 

Fine 

Granular 

Materials 

şıkır şıkır 

fışır fışır 

hışır hışır 

Fluid Water 

Coffee 

Mineral Water 

Shake 

Pour 

Fluid 

Materials 

hüpür hüpür 

şırıl şırıl 

foşur foşur 

Coarse 

Granular 

Materials  

çakır çukur 

kıtır kıtır 

çangır çungur 

Rough Sandpaper 

Jute 

Stroke Rough 

Materials 

hart hurt 

har har 

kırt kırt 

Sticky 

Materials 

gacır gucur 

gıcır gıcır 

mıcır mıcır 

Sticky Dough 

Duct Tape 

Tap Sticky 

Materials 

gacır gucur 

gıcır gıcır 

mıcır mıcır 

Rough 

Materials 

hart hurt 

har har 

kırt kırt 

 

4.1.5. Experimental Procedure 

As seen in 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 “şırıl şırıl”, there is a 

congruency between the water sound and the “şırıl şırıl”. 

 

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 tıkır tıkır 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, η𝑝
2  = .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, η𝑝
2  = .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, η𝑝
2  = .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 (Δm = 1.69, p < 

.001), no significant difference was found between the Sound_Inc-SSW_Inc condition 

and Sound_Con-SSW_Inc (Δm = 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’ “foşur foşur” ratings decreased 

significantly when the auditory stimulus was switched from the sound of water to the 

sound of lentils. 
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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’ ‘fışır fışır’ 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 (Δm = 2.14, p <.001, Δm = 1.28, p <.001, and Δm 

= 1.60, p <.001, respectively) and the Sound_Inc–SSW_Inc vs. Sound_Con–SSW_Inc 

comparison (Δm = 0.90, p =.004, Δm = 0.60, p =.01, and Δm = 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). 

 

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, η𝑝
2  = .704) and sound (F(1, 36) = 85.174, p 

< .001, η𝑝
2  = .703), consistent with previous analyses. In addition, the main effect of 

EP (F(1, 36) = 39.019, p < .001, η𝑝
2  = .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, η𝑝
2  = .734), SSW and EP (F(1, 36) = 17.261, p < .001, η𝑝

2  = .324), and sound and 

EP (F(1, 36) = 23.358, p < .001, η𝑝
2  = .393). Moreover, the finding indicated that there 

was a significant three-way interaction between SSW, sound and EP, F(1, 36) = 9, p 

.004, η𝑝
2  = .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 (Δm = 1.76, p < .001), whereas the difference between the Sound_Inc–

SSW_Inc and Sound_Con–SSW_Inc conditions is not statistically significant (Δm = 

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 (Δm = 1.70, p < .001 and Δm = 

0.61, p =.001, respectively, as shown in Figure 4.4).  
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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; Nalbantoğlu 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 “ş, f, h, k”. The fact that “hışır hışır” and 

“haşır huşur” are among the SSWs that received high ratings for adjectives in previous 

granularity dimension in the studies (Hazir, 2022.; Nalbantoğlu 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 “şırıl şırıl” or “şıpır şıpır” in 

the viscosity dimension (Hazir, 2022.; Nalbantoğlu et al., 2023), and the association 

of the letters “ş” 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, ç, 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 “ç”. 

This finding constitures another example of cross-linguistic convergence. 

The most used letters for metals are “ş, 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 

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, ç, 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 “çakır 

çukur” were increased. Conversely, simultaneusly exposure the incongruent sound  of 

pouring water with the same visual information resulted in diminished ratings for the 

same SSW. I 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 

“ç and k” influenced the perception of the material during the evaluation phase via the 

“çakır çukur”.   

Furthermore, as shown in previous work (Fujisaki et al., 2014; Martín 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 çakır çukuris the material?” also reflects the 

roughness and unevenness, which is the dictionary definition of the given SSW, çakır 

çukur. 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 “ç” 

and “k” phonemes and fluid sounds. Another reason why the sound-phoneme 

relationship should not be disregarded is that, in the Nalbantoğlu 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 “şırıl şırıl”, which means continuous and loud 

flowing of water with a pleasant noise, is relatively low because the dictionary  
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meaning of “şırıl şırıl” 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 

“şırıl şırıl” 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., ‘tangır 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., ‘hışır hışır’), 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 (Kılıç & Dövencioğlu, 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 “gacır 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 “fışır fışır” and “hışır hışır”, incongruent with the sounds of metal and hard 

materials, received lower ratings, as anticipated, while ‘şıkır şıkır’ 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 “ş-k” for poppy 

seed, this was not the case for glass marble. The “şıkır şıkır” 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 “şıkır şıkır” rating. However, the “şıkır şıkır” rating is quite 

high when the congruent glass marble sound accompanies the glass marble video 

(Figure D.1 Fine Granular). Since the meaning of “şıkır şıkır” 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 “şıkır şıkır” 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 is 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. 



62 

 

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  
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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 
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D.MAIN EXPERİMENT GRAPHS FOR EACH SSW 

 

Figure D.1 Fine Granular  
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Figure D.2 Coarse Granular  
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Figure D.3 Metals 
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Figure D.4 Hard Materials 
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Figure D.5 Fluids 
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Figure D.6 Rough 
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Figure D.7 Sticky 
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E.LETTER FREQUENCY AND POSITION GRAPHS FOR PRELIMINARY 

STUDY 1 

 

Figure E.1 Letter frequency and position graphs for preliminary  
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Figure E.1 (contunied) Letter frequency and position graphs for preliminary 
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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 Type

Sugar Shake

Sugar Pouring

Red Lentil Shake

Red Lentil Pouring

Chichpea Shake

Chichpea Pouring

Green Lentil Shake

Green Lentil Pouring

Screw Nut Shake

Screw Nut Pouring

Screw Nut Pouring

Stone Shake

Stone Pouring

Stone Pouring

Blue Poppy Seed Shake

Blue Poppy Seed Pouring

Rice Shake

Rice Shake

Rice Pouring

Sand Shake

Sand Pouring

Sand Pressure

Ping Pong Shake

Ping Pong Hit with pencil

Ping Pong Shake on hand

Glass Marble Shake

Glass Marble Shake on hand

Glass Marble Pouring to glass plate

Needle Shake

Needle Pouring to glass plate

Sandpaper Rubbing Each Other

Wood Marble Hitting each other on hand

Sandpaper- wood cube Linear friction

Sandpaper-wood cube Circular Friction

Sandpaper Fan

Scissors Open-close

Sandpaper- paper Cutting

Paper cutting

Paper Creasing

Screw Shake on hand

Keys Shake

Water bottle Creasing

Toothpick Shake

Toothpick Turning around

Bath Fiber Squezing

Tootbrush Squeezing

Steel Wool Squeezing

Sponge Squeezing

Spray Push

Spray Shake

Latex glove Squeezing

Chalk Shake

Chalk Friction

Chalk Write on wood

Glass tape Pulling

Duct tape Pulling

Duct tape Cutting

Hammer Hitting each other

Shaving Foam Shake

Shaving Foam Squeezing
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G.LIST OF MATERIAL USED IN 

PRELIMINARY STUDY 2 

Table G 1 List of the Material Used in 

Preliminary Study 1 

1 chichpea-pouring 

2 chichpea-shake 

3 chichpea-stir 

4 chichpea-tapping 

5 coffee bean-pouring 

6 coffee bean-shake 

7 coffee bean-stir 

8 coffee bean-tapping 

9 green lentil-pouring 

10 green lentil-shake 

11 green lentil-stir 

12 green lentil-tapping 

13 red lentil-pouring 

14 red lentil-shake 

15 red lentil-stir 

16 red lentil-tapping 

17 rice-pouring 

18 rice-shake 

19 rice-stir 

 

 

 

 

 

 

20 rice-tapping 

21 bath fiber-pressing 

22 pompom-pressing 

23 sponge-pressing 

24 steel wool-pressing 

25 bluepoppyseed -pouring 

26 bluepoppyseed -shake 

27 bluepoppyseed stir 

28 bluepoppyseed-tapping 

29 flour-pouring 

30 flour-shake 

31 sand stir 

32 sand-pouring 

33 sand-pressing 

34 sand-shake 

35 sugar-pouring 

36 sugar-shake 

37 sugar-stir 

38 sugar-tapping 
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39 coffee- shake 

40 coffee-pouring 

41 coffee-stir 

42 coffee-tapping 

43 liquid soap- tapping 

44 liquid soap-pouring      

45 liquid soap-shake 

46 mineral water-pouring 

47 mineral water-shake 

48 mineral water-tapping 

49 olive oil-pouring 

50 olive oil-shake 

51 olive oil-stir 

52 olive oil-tapping 

53 peach juice-pouring 

54 peach juice-shake 

55 peach juice-stir 

56 peach juice-tapping 

57 water-pouring 

58 water-shake 

59 water-stir 

60 water-tapping 

61 glass marble-pouring 

62 glass marble-shake 

63 glass marble-stir 

64 glass marble-tapping 

65 stone-pouring 

66 stone-shake 

67 stone-stir 

68 stone-tapping 

69 wood cube-pouring 

70 wood cube-shake 

71 wood cube-stir 

72 wood cube-tapping 

73 wood marble-pouring 

74 wood marble-shake 

75 wood marble-stir 

76 wood marble-tapping 

77 needle-pouring 

78 needle-shake 

79 needle-stir 

80 needle-tapping 

81 paperclip-pouring 

82 paperclip-shake 

83 paperclip-stir 

84 paperclip-tapping 

85 screwnut(small)-pouring 

86 screwnut(small)-shake 
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87 screwnut(small)-stir 

88 screwnut(small)-tapping 

89 screwnut-pouring 

90 screwnut-shake 

91 screwnut-stir 

92 screwnut-tapping 

93 sandpaper-rubbing 

94 sawdust-rubbing 

95 wicker-rubbing 

96 dough-finger tapping 

97 duct tape-tapping 

98 glue-finger tapping 

99 honey-finger tapping 

100 silicon-tapping 
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H.ANOVA TABLE 

 

 

Table H.1 Repated Measure ANOVA of Overall Data 

 

Table H.2 Repated Measure ANOVA of Coarse Granular 

 

Table H.3 Repated Measure ANOVA of Fine Granular 
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Table H.4.Repated Measure ANOVA of Fluid 

 

Table H.5.Repated Measure ANOVA of Hard Materials 

 

Table H.6. Repated Measure ANOVA of Metals 

 

Table H.7.Repated Measure ANOVA of Rough 
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Table H.8.Repated Measure ANOVA of Sticky 

 

Table H.9.Three Way Repated Measure ANOVA 
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I.TURKISH SUMMARY/ TÜRKÇE ÖZET 

 

 

BÖLÜM 1 

 

 

GİRİŞ 

 

1.1 Dilde Nedensizlik 

 

Modern dilbilimde, dilin ses ve anlam arasındaki ilişkisinin çoğunlukla nedensiz 

(arbitrary) olduğu konusunda bir fikir birliği bulunur (Hockett, 1960; de Saussure, 

1916; Sapir, 1921). De Saussure'un (1916) ortaya koyduğu modelde, bir kelimenin ses 

ya da yazılı biçimi olan gösteren (signifier) ile zihindeki kavramsal karşılığı olan 

gösterilen (signified) arasında doğrudan bir bağ yoktur. Bu durum, kelimelerin kendi 

başına bir anlam taşımadığını gösterir (Hockett, 1960). Ancak, dilde yansıma kelimeler 

(ör. miyav) ve nidalar (ör. Ah!) gibi nedenli (non-arbitrary) yapılar da mevcuttur. 

Bunlar, biçim ile anlam arasında doğrudan bir ilişki kurarsa da genel olarak dildeki 

yerinin önemsiz olduğu belirtilmiştir (Saussure, 1916; Sapir, 1921). 

1.2. Dilde Nedenlilik 

Daha önce bahsedildiği gibi, dilde nedenlilik, kelimeler veya harfler gibi dilsel öğeler 

ile anlamları arasında rastgele olmayan bir ilişki olduğu durumları ifade eder 

(Dingemanse et al., 2015). Bu kavram, dilin tamamiyle keyfi olma durumuna meydan 

okur ve bazı durumlarda dilsel biçimler ile anlamlar arasında doğrudan bağlantı 
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olabileceğini öne sürer. Nedenlilik temel olarak sistematiklik ve ikoniklik şeklinde 

ikiye ayrılır (Dingemanse et al., 2015). 

1.2.1. Sistematiklik  

Sistematiklik, tek bir kelimenin anlamıyla doğrudan benzerliği yerine, bir kelime 

grubunun ses örüntüleri ile bu kelimelerin dildeki kullanımları arasında saptanan 

istatistiksel bir ilişki olarak tanımlanmaktadır (Dingemanse et al., 2015; Sidhu, 2019). 

Ses örüntüleri ve dildeki kullanımları arasındaki bu istatistiksel ilişki basitçe gramatik 

kurallar olarak tanımlamak doğru bir yaklaşım değildir. İngilizcede fiilerin isimlere 

göre daha az hece içermesi veya aynı şekilde somut kelimelerin soyut olanlara kıyasla 

daha az hece içermesi dildeki sistematikliğe örnek olarka gösterilebilir (Wright et al., 

1991; Reilly et al., 2012).   

1.2.2. İkoniklik  

Nedenliliğin bir diğer önemli formu, dilsel biçim ile anlamsal içerik arasındaki 

motivasyonel ilişkiyi ifade eden ikonikliktir (Diffloth, 1972; Dingemanse et al., 2015; 

Perniss et al., 2010). İkoniklik, dereceli bir yapıya sahiptir. Mutlak ikoniklik (absolute 

iconicity) ile göreceli ikoniklik (relative iconicity) (Gasser et al., 2005) ya da doğrudan 

ikoniklik (direct iconicity) ve dolaylı ikoniklik (indirect iconicity) (Masuda, 2007) 

olarak incelenir. 

Mutlak ikoniklik, biçim ve anlam arasında birebir benzerlik tabanlı bir ilişkiyi ifade 

eder. Hayvan seslerinin taklidi (ör. hav hav) veya işaret dilinde zaman referansının 

vücutla uzamsal ilişkisi (ör. geçmişin işaretçinin arkasında veya gerisinde 

konumlandırılması) dildeki ikonikliğin temsilleridir. Göreceli ikoniklik ise, biçimsel 

benzerliklerle anlamsal benzerlikler arasındaki ilişkiye odaklanır. İngilizcede "gl-" ile  
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başlayan kelimelerin (ör. glow, gleam) ortak olarak ışıkla ilgili durumları tanımlaması, 

göreceli ikonikliğe bir örnektir. Ancak burunla ilgili "sniff, snore" kelimelerindeki "sn-

" sesinin nazal oluşu, mutlak ikonikliğe daha yakın bir örnek olarak değerlendirilir 

(Schmidtke et al., 2014). 

İkoniklik, sadece ses taklidinden ibaret olmayıp konuşma sinyallerinin farklı yönlerini 

anlama yönlendirebilir (Masuda, 2007; Sapir, 1929). İkonikliğin en temel ve kapsamlı 

örneği olan ideofonlar, bir düşüncenin sesle canlı betimlenmesi olarak tanımlanır 

(Doke, 1935). Bu kelimeler, ses, hareket, renk, biçim, dokunma gibi çoklu duyusal 

deneyimlere gönderme yapar (Dingemanse, 2012; Akita & Dingemanse, 2019). 

Türkçede “pırıl pırıl”ın çok parlak ve ışıklı anlamına gelmesi ya da Japoncada “zara 

zara” kelimesinin pürüzlü yüzeyleri belirtmek için kullanılması ideofon örnekleridir. 

Dingemanse'ye (2012) göre, ideofonların yaygınlığı ses taklidinden daha soyut 

anlamlara doğru hiyerarşik bir ilerleme izler. Onomatopoeia (yansıma sözcükler) ise 

ideofonların bir alt başlığı olup, doğal sesleri doğrudan taklit eden ve fonolojik 

özelliklerini yansıtan kelimelerdir (Dingemanse et al., 2015; Monaghan et al., 2014; 

Perniss et al., 2010). 

1.3. Ses Sembolizmi 

Kelime ve anlam arasındaki nedenli (non-arbitrary) ilişkilerin varlığı üzerine 

tartışmalar süregelse de (Saussure, 2011; Sapir, 1921), bu konu psikolojide görece 

daha yakın tarihte ilgi görmeye başlamıştır. Bir sözcüğün fonolojisinin, anlamıyla 

belirli çağrışımlar yoluyla ilişkilendirilmesi durumu, psikolojide ses sembolizmi 

(sound symbolism) başlığı altında incelenmektedir (D’Onofrio, 2014; Shinohara & 

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

2015). 

1.3.1. Şekil 

Ses sembolizminin en bilinen çalışması Köhler'in Maluma/Takete etkisidir (1929; 

1947), yuvarlak ve köşeli şekillerle belirli sesler arasında ilişki kurar. Bu etkiyi tekrar 

eden bir diğer çalışmada ise (Ramachandran ve Hubbard, 2001)  insanların %95'i 

yuvarlak şekle "bouba", köşeli şekle "kiki" demiştir. Tarte ve Barritt (1971) 

çalışmasında ise "i" sesini köşeli, "u" sesini yuvarlak biçimlerle ilişkilendirmiştir. 

Ćwiek ve arkadaşları (2022) 25 dil ve 10 yazı sistemi üzerinde yaptığı çalışmada, bu 

etkinin kültürler arası dayanıklı olduğunu buldu. Latin alfabesi dışındaki dillerde bile 

benzer sonuçlar (%63 uyumlu yanıt) elde edilmesi, etkinin görsel-kelime 

etkileşiminden ziyade, ses ve görsel arasındaki çapraz modal etkileşimden 

kaynaklandığını göstermiştir. 

1.3.2. Doku 

Ses ve şekil arasındaki bilinen bağlantının ötesinde, araştırmalar uydurma kelimelerle 

dokunsal algı arasında da ilişkiler bulmuştur: "kiki" pürüzlü, "bouba" pürüzsüz 

materyallerle eşleşirken (Etzi vd., 2016), belirli ünsüzler İngilizce ve Almancada 

tutarlı olarak pürüzlü (/t/, /x/) veya pürüzsüz (/b/, /m/) olarak algılanmıştır (Gnatchuk, 

2015). Gerçek kelimeler üzerinde yapılan çalışmalarda ise, /r/ foneminin pürüzlülükle 

ilişkisi (Winter vd., 2022) ve [r] sesinin tırtıklı, [l] sesinin düz çizgiyle çapraz kültürel 

eşleşmesi (%88.5 tutarlılık) dikkat çekmiştir (Ćwiek vd., 2024). Japonca onomatopeik 

kelimeler üzerinde yapılan çalışmalar, sesli ünsüzlerin pürüzlülükle, sessiz ünsüzlerin 

pürüzsüzlükle ilişkili olduğunu (Sakamoto & Watanabe, 2018). Ayrıca fonetik  
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özelliklerin ıslaklık, yapışkanlık, yumuşaklık ve çıtırlık gibi yiyecek dokularını ifade 

etmede kullanıldığını göstermiştir (Hanada, 2016; 2019). Türkçe ses sembolik 

kelimelerin malzeme ve yumuşaklık algısıyla ilişkisini inceleyen Nalbantoğlu vd. 

(2024) de, yansıma kelimelerin sesli olarak sunumunun malzeme ile aynı boyutta olan 

sıfat derecelendirmesini etkilediği görülmüş ve sözlü SSK’lerin malzemelerin 

yumuşaklık algısını seçici bir şekilde değiştirdiği gözlemlenmişitr. 

1.4. Malzeme Algısı 

Yansıma kelimelerin sözlü ve yazılı sunumlarının yumuşaklık algısı üzerindeki 

etkilerinin yanı sıra, sesin malzeme algısını etkilediği bilimsel çalışmalarla 

kanıtlanmıştır. Fujisaki ve ark. (2014), görsel ve işitsel uyaranlar birleştiğinde 

malzeme kategorisi ve malzeme özelliği üzerine olan algının değiştiğini 

gözlemlemişlerdir. Martín ve ark. (2015) ise sesin, "sert-yumuşak" veya "pürüzlü-

pürüzsüz" gibi dokunsal niteliklerin algısını güçlendirdiğini ve tutarlılığı artırdığını 

belirtmiştir. Beyaz gürültünün farklı boyutlardaki pürüzlü malzemeler arasında 

algılana pürüzlülük farkını azalttığı (Suzuki ve ark., 2008) ve sürtünme seslerinin 

manipülasyonuyla dokunsal algının değişebileceği (Jousmäki & Hari, 1998; Guest ve 

ark., 2002) de ortaya konmuştur. Son olarak, Bulusu ve Lazar (2024), sıvı seslerin 

kaygan/yumuşak, cızırtı seslerinin ise sert/pürüzlü malzemelerle ilişkilendirildiğini 

bularak, sesin malzeme algısı üzerindeki çapraz modal etkileşimini vurgulamıştır. 

1.5. Çoklu Duyusal Algı 

Günlük yaşamda algımız, farklı duyusal modalitelerden gelen bilgilerin sürekli 

birleşimiyle oluşur (Ernst, 2007; Ernst & Bülthoff, 2004). Genellikle görsel algı baskın 

olsa da (Driver, 1996; Hay et al., 1965), diğer duyular da algıyı etkileyebilir veya 

birleşmiş (fused) algılar yaratabilir. 
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Hay ve arkadaşları (1965), görsel ve propriyoseptif (vücudun uzaydaki poziyonu veya 

hareketi üzerinde olan farkındalığı ile ilgili duyu) bilgilerin çeliştiği durumlarda görsel 

bilginin baskın geldiğini gösterdi. Benzer şekilde, ventrilokluk etkisinde (Bertelson & 

Radeau, 1981), sesin kaynağı görsel uyaranın konumuna kaydığı gösterilmiştir. Ayrıca 

bu durumun dinamik uyaranlarda da geçer olduğu görülmüştür (Soto-Faraco et al., 

2002). 

Görsel algının işitsel uyaranlardan etkilenmesi, McGurk etkisinde (McGurk & 

MacDonald, 1976) olduğu gibi, bazen yeni, birleşmiş algılar yaratır. Öte yandan, ses 

uyaranları da görsel algıyı şekillendirebilir. Shams ve arkadaşları (2000, 2002), tek bir 

flaşa eşlik eden birden fazla bip sesinin, flaşın çoklu olarak algılanmasına neden 

olduğunu bulmuştur. Bu bulgular, duyusal modalitelerin her zaman bağımsız 

işlenmediğini ve çapraz modal etkileşimin karmaşık doğasını ortaya koyar. 

1.6. Amaç ve Hipotezler 

Bu tezin amacı, ilk olarak SSK’ler ile malzeme sesleri arasındaki ilişkiyi 

derinlemesine incelemek ve ardından bu ilişkinin materyal algısı üzerine etkisini 

SSK’ler aracılığı ile keşfetmektir. Bunun için, ilk ön çalışmada doğal malzeme 

seslerinin yazılı olarak taklit edilmesi yöntemi ile ses-fonem ilişkisi ortaya çıkarıldı. 

Daha sonra, bu ilişki baz alınarak her malzeme kategorisine özgü SSK’ler seçildi. 

Ana deney için kullanılacak olan malzemeler ise ikinci ön çalışma sonuçlarına göre 

seçildi. Deneyin ana araştırma sorusu, katılımcıların malzemeleri değerlendirirken, 

malzeme sesi ve SSK arasındaki uyumun bu değerlendirmeyi ve malzeme algısını 

etkileyip etkilemeyeceğidir. Bu bağlamda ana deney için hipotezi şu şekildedir: 

Doğal malzeme sesi ve SSK'ler arasındaki uyumun görsel ve SSK uyumdan daha 

güçlü bir etkiye sahip olacağı ve bu nedenle görsel-işitsel (Gİ) uyumlu uyaranların, 
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Gİ uyumsuz uyaranlara göre uyumlu SSK'lerle eşleşme konusunda daha yüksek 

puanlar alacağı yönündedir ve uyumsuz SSK eşleşmelerinde ise uyumsuz Gİ 

uyaranlarında,ki bu koşulda ses ve SSK arasında bir uyum vardır, uyumlu Gİ 

uyaranlarına kıyasla puanların daha yüksek olacağıdır.  

BÖLÜM 2 

 

 

ÖN ÇALIŞMA 1 

2.1. Ön Çalışma 1: Doğal Malzeme Seslerinin Yazıya Dökümü 

2.1.1. Yöntem  

Ön Çalışma 1'de katılımcılardan dinledikleri her doğal malzeme sesini taklit etme 

yoluyla yazmaları istenmiştir. Bu sayede, doğal malzeme sesleri ve fonemler 

arasındaki ilişkinin, yazılan harflerin sıklığına göre belirlenmesi amaçlanmıştır. 

2.1.2. Katılımcılar 

Çalışmaya, ana dili Türkçe olan 18-30 yaş arası 34 (31 kadın), işitme engeli olmayan 

ODTÜ lisans ve lisansüstü öğrencileri katıldı. 

2.1.3. Deney Düzeneği 

Deney, PsychoPy programında kodlandı. Uyaranlar bilgisayar ekranında, malzeme 

sesleri Sennheiser kulaklıklarla sunulup, yanıtlar klavyeyle alındı. Çalışma ses 

yalıtımlı bir laboratuvarda yürütüldü. 

2.1.4. Uyaranlar 
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Çalışmada, 30 farklı malzemenin (1-3 saniye arası değişen) sesleri RODE mikrofonla 

kaydedildi ve desibel ayarları eşitlendi. 60 doğal malzeme sesine ek olarak 4 hayvan  

sesi, katılımcıların taklit yazma eğilimlerini kontrol etmek amacıyla kullanıldı. 

2.1.5. Prosedür 

Katılımcılara deney öncesinde, duydukları sesleri dil bilgisi kurallarına uymadan, 

tamamen taklit ederek yazıya dökmeleri gerektiği açıklandı. Her sesin ardından yanıt 

vermeleri istenen katılımcılar, sesleri rastgele sırada dinlediler. 

2.1.6. Sonuç 

Çalışma sonuçları R Stüdyo'da analiz edildi; her malzeme için verilen 34 yanıttaki 

harf sıklığı ve pozisyonları belirlenirken, art arda tekrar eden harfler bir kez sayıldı. 

Ünsüz harflerin kullanım sıklığına göre yedi malzeme kategorisi (kaba taneli, ince 

taneli, akışkan, sert malzemeler, metaller, pürüzlü ve yapışkan) oluşturuldu. Her 

kategori için, "fışır fışır" gibi fonotaktik örüntülere (ör. ince taneli için /f-ş/) dayalı üç 

Türkçe SSK seçildi. Ancak yapışkan kategorisinde bulunan c-r harf örüntüsünü içer 

SSK bulunmadığından bu örüntünün farklı bir poziyonda var olan karşılıkları (ör. 

gacır gucur) kullanıldı. Toplamda yirmi uyumlu SSK belirlenirken, uyumsuz 

eşleştirmeler için ünsüzlerin artikülasyon biçimleri (ör. üç grup için ötümsüz 

sürtünmeliler, diğerlerinde ötümsüz patlayıcılar) arasındaki ayrımlar temel alındı.  
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BÖLÜM 3 

 

 

ÖN ÇALIŞMA 2 

3.1. Ön Çalışma 2: Ses Tanıma Görevi 

3.1.1. Yöntem  

Ön çalışma 2, katılımcıların doğal malzeme seslerini yalnızca işitsel bilgiye dayanarak 

tanıma performanslarını ölçmek ve ana deney için malzeme seçmek amacıyla 

çevrimiçi anket olarak sunulmuştur. Anket, 3 bölümden oluşup toplamda 100 ses kaydı 

içermektedir. 

3.1.2. Katılımcılar 

İşitme sorunu bulunmayan 18-59 yaş arası 94 (71 kadın) kişi bu anketlere katılım 

sağlamıştır. 

3.1.3. Deney Düzeneği 

Anket, ODTÜ Anket Servisi aracılığıyla sunuldu; 42 katılımcı kendi cihazlarıyla, 52 

katılımcı ise laboratuvarda belirlenen bilgisayar ve kulaklıklarla yanıt verdi. 

3.1.4. Uyaranlar  

Bu çalışmada, 35 farklı malzemenin dökme, çalkalama ve karıştırma gibi çeşitli 

sesleri (toplam 100 kayıt) RODE mikrofonla kaydedildi. Düzenlemeler Adobe 

Premiere Pro kullanılarak yapıldı. Her ses 3 saniyeye kırpıldı. Ardından seslerin arka 

plan gürültüsü azaltıldı. Bu düzenlemelerin ardından gerektiği durumlarda ses 



114 

 

seviyesi artırıldı. ODTÜ Anket Servisine yüklenmesi amacıyla Vimeo platformuna 

yüklendi. 

3.1.5. Prosedür 

Katılımcılara ankete başlamadan önce kulaklık kullanımı, ses ayarı ve sessiz ortamda 

olma yönergeleri yazılı olarak verildi. Ankette katılımcılardan, her ses kaydı sonrası 

"malzeme" ve "hareket" alanlarına duyulan sesin hangi malzemeye ve hangi hareket 

doğrultusunda bu sesin ortaya çıktığı yönündeki tahminlerinin yazılması istendi. 

Yaklaşık 25 dakika süren anketlerde sesler rastgele sunuldu ve dileyen katılımcılar 

birden fazla ankete katılabildi. 

3.1.6. Sonuç  

Anket sonuçları, katılımcıların doğal malzeme seslerini tanıma performanslarını 

değerlendirerek belirlendi. Ana deney için malzeme seçiminde ortak doğru ve yanlış 

yanıtlar esas aldı. Houix ve arkadaşları (2012) ile Guyot ve arkadaşları (2017) 

çalışmalarına benzer şekilde, birebir tanıma beklenmediğinden yakın cevaplar da 

doğru kabul edildi ve fikir birliğine varılan yanlış cevaplar da dikkate alındı. 

Ortalama doğru yanıt oranlarına göre, maden suyu sesi %88.65 ile en yüksek tanıma 

oranına sahipken, onu screwnut (%81.2) ve ataş sesi (%79.65) takip etti; pirinç, taş, 

iğne, su, ahşap küp, yeşil mercimek, zımpara kağıdı, kırmızı mercimek ve şeker 

sesleri ise orta sıralarda yer aldı. Tanıma oranları düşük olan malzemeler ise mavi 

haşhaş tohumu (%37.6), kum (%30.7), koli bandı (%31.2) ve en düşük oranla hamur 

(%6.2) oldu. 
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BÖLÜM 4 

 

 

ANA DENEY 

4.1. Ana Deney: Görsel-İşitsel Malzeme Algısı 

4.1.1. Yöntem  

Ana deneyde katılımcılar, izledikleri sesli video kliplerindeki malzemeleri sunulan ses 

sembolik kelimelere göre derecelendirdi. Video kliplerindeki malzemeler, sesler ve 

SSK'ler ile uyumlu (congruent) ve uyumsuz (incongruent) durumlar içeriyordu. 

Çalışma sonunda, SSK ve ses arasındaki  uyumluluğun katılımcıların malzeme algısı 

üzerindeki etkisi araştırıldı. 

4.1.2. Katılımcılar 

G*Power analiziyle belirlenen minimum 36 kişilik örneklem büyüklüğünü 

karşılamak üzere, çalışmaya 18-30 yaşları arasında, işitme veya görme engeli 

bulunmayan 37 (31 kadın) katılımcı dahil edildi. 

4.1.3. Deney Düzeneği 

Deney, PsychoPy 2024.2.4'te kodlanmış, görsel ve işitsel uyaranlar sırasıyla HP 

monitör ve Sennheiser kulaklıklarla ses yalıtımlı bir laboratuvarda sunulmuş, yanıtlar 

fareyle toplanmıştır. 

4.1.4 Uyaranlar 

Çalışma için gerekli ses sembolik kelimeler ve malzemeler ön çalışmalarla belirlendi 

(bkz. ön çalışma 1 ve 2). Malzeme videoları, doğal ışık ve ring light kullanılarak 
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Canon EOS M50 kamerayla standart bir açıdan Full HD kalitede çekildi. Her video 3 

saniye olarak kırpıldı. Videolar ve ses kayıtları birleştirilirken, insan kulağının farklı 

frekanslardaki sesleri farklı algılaması göz önüne alınarak, tüm sesler ortalama 50 

phon şiddetinde duyulacak şekilde düzenlendi. Böylece, uyumlu ve uyumsuz ses ve 

kelime eşleşmeleriyle deney hazırlandı.  

4.1.5. Prosedür 

Deneyde malzeme videoları uyumlu ses-uyumlu SSK, uyumlu ses-uyumsuz SSK, 

uyumsuz ses-uyumlu SSK ve uyumsuz ses-uyumsuz SSK olmakn üzere 4 farklı 

koşulda sunudu. Her koşulda 3 farklı SSK üzerinden değerlendirmeler yapılması 

planlandı. Böylece 38 malzeme videosunun her birinin 12'şer kez sunulmasıyla toplam 

456 denemeden oluşturuldu. Her denemede 3 saniyelik video klibi ve ilgili SSK sorusu 

sunuldu. Yanıtlar video bitiminden sonra ekrana gelen 1-7 arası bir ölçekle toplandı. 

4.1.6. Sonuç 

R Studio'da yapılan 2 (SSK-uyumluluğu) x 2 (Ses-uyumluluğu) tekrarlı ölçümler 

ANOVA analizi, hem SSK uyumluluğunun (F(1, 36) = 86.012, p < .001, η𝑝
2  = .704) 

hem de ses uyumluluğunun (F(1, 36) = 85.042, p < .001, η𝑝
2  = .702) yanıtlar üzerinde 

anlamlı ana etkileri olduğunu ortaya koymuştur. Bu, SSK'nin ve sesin malzemeyle olan 

uyumunun katılımcıların algısını etkilediği anlamına gelir. Ayrıca, SSK ve ses arasında 

anlamlı bir etkileşim bulunmuştur, F(1, 36) = 99.874, p < .001, η𝑝
2  = .735. Böylece, 

sesin algı üzerindeki etkisi SSK'nin uyumuna bağlıdır ve bunun tersi de geçerli olduğu 

çıkarımı yapılmıştır. 

Post-hoc analizler, uyumlu görsel-işitsel uyaranların, uyumlu SSK eşleşmeleriyle 

birlikte sunulduğunda, uyumsuz görsel-işitsel uyaranlara göre daha yüksek 
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derecelendirmeler aldığını göstermiştir (Δm = 1.69, p < .001). Ancak, 

derecelendirmeler uyumsuz SSK'ler aracılığıyla yapıldığında, uyumlu ve uyumsuz 

görsel-işitsel uyaranlar arasında anlamlı bir fark bulunamamıştır (Δm = 0.32, p = .07). 

Bu durum, uyumlu seslerin, SSK malzeme ile aynı boyuttaysa algıyı güçlendirmede 

kritik bir rol oynadığını düşündürmektedir. 

Bu bulguların malzeme kategorileri bazında da aynı olup olmadığını incelemek adına 

yedi kategori için ayrı ayrı 2 x 2 tekrarlı ölçümler ANOVA analizi gerçekleştirildi. 

Kaba taneli, ince taneli ve sıvı kategorilerinde, malzeme kategorisine göre analiz 

edildiğinde hem uyumlu ses–uyumlu SSK ile uyumsuz ses–uyumlu SSK 

karşılaştırmasında (sırasıyla Δm = 2.14, p < .001, Δm = 1.28, p < .001 ve Δm = 1.60, 

p < .001) hem de uyumsuz ses–uyumsuz SSK ile uyumlu ses–uyumsuz SSK 

karşılaştırmasında (sırasıyla Δm = 0.90, p = .004, Δm = 0.60, p = .01 ve Δm = 0.66, p 

= .002) anlamlı farklar bulunmuştur. Bu bulgular, bu kategorilerde ses ve SSK 

arasındaki uyumun, görüntü ve SSK arasındaki uyumdan daha baskın olduğunu 

göstermektedir. 

Ek olarak malzeme hareketlerinin malzeme algısı üzerinde etkisini  görebilmek için 

2(SSK-uyumluluğu) x 2(Ses-uyumluluğu) x 2 (malzeme hareketi) tekrarlı ölçümler 

ANOVA analizi gerçekleştirilmiştir. Sonuçlara göre dökülme hareketi sırasında 

bulunan sonuçlar genel sonuçlarla benzerlik gösterse de çalkalanma hareketi 

uygulanması sırasında hem uyumlu SSK’ler hem de uyumsuz SSK’ler için verilen 

yanıtların değişen sesten anlamlı bir şekilde etkilendiği görülmüştür (Δm = 1.70, p < 

.001 and Δm = 0.61, p =.001).  
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BÖLÜM 5 

 

 

TARTIŞMA 

5.1. Genel Bakış 

Mevcut tezin amacı ilk olarak doğal malzeme sesleri ile Türkçe fonemler arasındaki 

ilişkiyi keşfetmek, sonrasında ise bulunan sonuçlar baz alınarak ses-SSK ilişkisinin 

görüntü-SSK ilişkisinden baskın olup olmayacağını incelemektir. Duyulan seslerin 

yazıya nasıl döküldüğü sorusu ile ses-fonem ilişkisinin cevabını bulmayı hedefledim. 

Tezin ana hedefi için cevaplanması gereken soru ise ses-SSK ilişkisinin malzeme 

algısını nasıl etkilediğidir. Bu soruların cevabı için yürütülen ön çalışmada 

malzemelerin harf sıklığı grafiklerini çıkartıldı ve böylece fonemler ve ses arasındaki 

ilişki ortaya çıkarıldı. Ayrıca ana deneyde, ses-SSK ilişkisinin malzeme algısında 

görüntü-SSK ilişkisinden daha baskın olduğu ve görsel-işitsel uyumluluğun SSK'yi 

malzemenin aynı boyutunda etkilediği gösterildi. 

5.1.2. Ön Çalışma 1  

Bu ön çalışma, malzeme sesleri ve Türkçe fonemler arasındaki ilişkiyi, dil bilgisi 

kısıtlaması olmadan sesleri yazıya dökerek doğrudan incelemiştir. İnce taneli ve sıvı 

malzemelerde "ş, f, h, p" gibi fonemlerin sıklığı (örn. "fışır fışır", "şırıl şırıl") önceki 

çalışmalarla uyumlu bulunurken, kaba ve sert malzemelerde "t, ç, k, n" görülmüştür. 

Metallerde "ş, n, t, g, k" gibi farklı örüntüler, pürüzlü ve yapışkan malzemelerde ise 

"h, k, r" ve "c, ç, r" gibi daha özgün kullanımlar tespit edilmiştir. Ayrıca, harflerin 

kullanım sıklığının yanı sıra pozisyonlarının da ayırt edici olduğu (örn. 't' harfinin ilk 

pozisyonda sert malzemelerde daha baskın olması) belirlenmiştir. Bu bulgularla yedi 
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malzeme kategorisi (kaba/ince taneli, akışkan, sert, metal, pürüzlü, yapışkan) 

oluşturulmuş ve ana deney için uygun SSK'ler seçilmiştir. Ana deney, görsel veya 

işitsel bilginin malzeme değerlendirmesinde SSK aracılığıyla daha baskın olup 

olmadığını araştırmıştır. 

5.1.3. Tartışma: Ön Çalışma 2  

Deneyde görsel uyaranların malzeme sesleriyle manipülasyonu planlandığı için, 

kaydedilen seslerin tek başına tanınabilirliği önemsenmiştir. Bu sebeple, ikinci ön 

çalışmada malzeme seslerinin ayırt edilebilirliği incelenmiş ve bu tanınabilirlik 

oranları, sesin karmaşıklığı ve tanıdıklığı gibi faktörlerle uyumlu bulunmuştur. 

5.1.4. Tartışma: Ana Deney 

Yürüttüğüm bu deney, tezin temel sorusu olan, malzemeleri algılarken değerlendirme 

ölçütü olarak SSW kullanıldığında, katılımcıların yanıtlarında görüntünün mü yoksa 

sesin mi daha baskın bir etkiye sahip olduğunu belirlemeyi amaçlamaktadır. Harf 

frekansı bulgularına dayanarak, her malzeme kategorisi için uyumlu ve uyumsuz SSK 

setleri oluşturuldu ve malzeme seslerini de ayrıca uyumlu ve uyumsuz ses olmak üzere 

manipüle edildi. 

SSK'ler malzeme ile aynı boyutta olduğunda, malzeme sesinin algıyı şekillendirdiği 

gözlemlendi. Örneğin, nohut videosunun kendi sesiyle izlenmesi "çakır çukur" 

SSK'sine yüksek puan verirken, su sesiyle izlenmesi puanı düşürdü. Bu, ses-fonem 

ilişkisi ile açıklanıyor; yani sesin içeriği SSK algısını etkiliyor. Literatür de işitsel 

uyaranların malzeme sıfat derecelendirmelerini etkilediğini gösteriyor. SSK'lerin 

semantik bilgi taşıması da uyumlu seslerle sunulan malzemelerin puanlarını artırıyor. 
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Tüm bunlar, ses-SSK ilişkisinin görüntü-SSK ilişkisinden daha baskın olduğunu 

ortaya koyuyor. 

Ek olarak, spesifik kategorilerde (ince taneli, kaba taneli, akışkan) SSK malzeme ile 

aynı boyutta olmasa bile, uyumsuz seslerle sunulduğunda dahi SSK puanları artış 

gösterdi. Bu durum, SSK'nin sözlük anlamlarıyla açıklanamıyor ve yine ses-SSK 

ilişkisinin görselden ağır bastığını gösteriyor. Ancak genel olarak, SSK uyumsuz 

olduğunda ses değişiklikleri derecelendirmeleri etkilemediği görülüyor. 

Malzeme hareketinin incelenmesi, çalkalama eyleminde farklı bir sonuç ortaya koydu: 

Çalkalama içeren videolarda, SSK malzeme ile aynı boyutta olmasa bile, uyumsuz ses 

puanı artırdı. Bunun nedeni, sallanma sırasındaki bulanıklığın sese odaklanmayı 

sağlaması olabilirken, net görsel bilginin olduğu dökme hareketinde bu etki 

gözlenmedi. 

Yapışkan ve pürüzlü kategorisindeki beklenmedik bir durum olarak uyumlu jüt görsel-

işitsel uyaranın "gacır gucur" puanının beklenmedik şekilde yüksek çıkmasıydı. 

Uyumsuz görsel-işitsel uyaranlarda ise (örn. jüt görseli bant sesi) daha düşük puanlar 

alması dikkat çekti. Bu durum, çatışan görsel ve işitsel uyaranların birleşik bir yanıt 

yaratması (McGurk etkisi benzeri) ihtimalini düşündürüyor. 

5.1.6. Kısıtlamalar 

Çalışmanın ilk kısıtlaması, kullanılan SSK'lerin anlamsal bilgisinin ve aşinalığının 

derecelendirmeler üzerindeki etkisinin tam olarak bilinememesidir. İkinci kısıtlama 

ise, çakışan görsel ve işitsel uyaranlar arasında hangi modalitenin baskın 

olacağındaki belirsizliktir, zira görsel baskınlık ses-fonem ilişkisini zayıflatabilir. Son  
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olarak, malzeme kategorileri arasındaki belirgin farklılıklar (ör. Küçük tanecikli 

malzemeler arasında en büyük partiküle sahip olan malzeme şekerken iri 

taneciklilere geçildiğinde en küçük malzeme pirinçtir.) bu iki boyut arasında gözden 

kaçan fonem kümelerine sebep olmuş olabilir. 

5.1.7. Gelecek Araştırmalar  

İlk olarak gelecek çalışmalarda sözde-SSK’ler kullanılabilir. Bu çalışmada olduğu 

gibi malzeme sesleri ve fonemler arasındaki ilişki incelendikten sonra ya da bu 

çalışmanın bulguları kullanılarak keşfedilen fonem kümeleri için sözde-SSK’ler 

oluşturacak bir kod ile uyaran listesi hazırlanabilir. Bu sayade SSK’lerin taşıdığı 

semantik bilgiler ortadan kaldırılarak ses-fonem ilişkisi ön plana çıkarılabilir. Diğer 

bir alternatif ise bu çalışmada kullanılan düzeneği hiç değiştirmeden Türkçe 

bilmeyen katılımcılara uygulamaktır. Benzer bir şekilde bu sayede kelimenin 

anlamına bakmaksızın fonemlerin ses ile ilişkisi incelenebilir. İleriki çalışmalarda  

her malzeme kategorisi için aynı boyut çeşitliliğinde malzemeler seçilirse ve bu 

malzemelerin boyutları nicel olarak hesaplanıp çalışmaya dahil edilirse hem 

kategoriler arası hem de kategori içindeki farklılıklar daha kolay karşılaştırılabililir. 

5.1.8. Sonuç  

Özetlemek gerekirse, ilk olarak fonem-ses ilişkileri tespit edildi ve ardından ses 

tanıma görevi ile sesin malzemeyi tanımadaki etkisi görüldü. Bu iki ön çalışma ana 

deney için kullanılan uyaranların seçilmesini sağladı. Doğal malzeme sesi ve SSK'ler 

arasındaki uyumun görsel ve SSK uyumdan daha güçlü bir etkiye sahip olacağı 

varsayıldı. Buna bağlı olarak beklenti Gİ uyumlu uyaranların, Gİ uyumsuz 

uyaranlara göre aynı boyuttaki SSK'lerle eşleşmede daha yüksek puanlar alacağı  
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yönündeydi. Ek olarak uyumsuz SSK eşleşmelerinde ise uyumsuz Gİ 

uyaranlarında,ki bu koşulda ses ve SSK arasında bir uyum vardır, uyumlu Gİ 

uyaranlarına kıyasla puanların daha yüksek olacağıdır. Hipotez kısmi bir şekilde 

desteklendi. Uyumlu ve uyumsuz Gİ uyaranlar arasında puan farkı yalnızca SSK 

malzeme ile uyumlu ise görüldü. Malzeme ve SSK uyumsuz ise, genel sonuçlarda 

uyumlu ve uyumsuz uyaranlar arasındaki anlamlı bir fark bulunmadı. Fakat, 

malzemelerin hareketine göre ayrı olarak incelendiğinde dökülme için sonuçlar genel 

sonuçlarla aynı çıkarken çalkalama için hipotez tamamen desteklendi. Ayrıca, 

kategoriler ayrı ayrı analiz edildiğinde, küçük tanecikliler, kaba tanecikliler ve sıvılar 

için de hipotez tamamen desteklendi. Ama diğer kategoriler için sonuç genel 

sonuçlar ile aynıydı. Bu tezle birlikte, malzeme seslerinin malzeme algısını 

değiştirebileceği ve hatta belirli koşullarda malzemenin özellikleriyle birebir 

örtüşmeyen niteliklerin bile algısal olarak güçlendirilebileceği alanyazına 

kazandırılmıştır. 
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