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ABSTRACT

THE EFFECTS OF LANGUAGE ON PERCIEVED SOFTNESS

HAZIR, Beyza Melis
M.S., The Department of Psychology
Supervisor: Assist. Prof. Dr. Nahide Dicle DOVENCIOGLU

December 2022, 192 pages

Perceived haptic softness of materials has been studied as a single dimension;
however, it has recently been shown that it has multiple dimensions. Research on
bimodal perception demonstrated the effect of sound frequency on perceived shapes,
where people associate higher frequency sounds with angular shapes and lower
frequency sounds with round shapes, known as the Bouba/Kiki effect. In this thesis
the effects of onomatopoeic words, the words that mimic the sound they describe
(e.g., siril siril, ¢atir gutur, etc.), were investigated on perceived material softness to
test whether similar associations between onomatopoeic words and perceived
softness also exist. Experiments were carried out using the onomatopoeic words in
the written and the spoken form, and the materials in the video form. The two
experiments using written and spoken onomatopoeic words report four softness
related dimensions. The online experiment using written onomatopoeic words and
material videos showed no significant results for the interaction effect of
onomatopoeic words and materials. However, using spoken onomatopoeic words,
the interaction effect was found to be significant for most of the pairings. Experiment
with written onomatopoeic words conducted in a laboratory environment showed
significant results for the effects of onomatopoeic words on perceived softness. There
was no significant difference observed between the written and spoken modalities of

onomatopoeic words, except for the main adjective Gelatinous. Hence, the obtained



results are in line with previously reported findings, and support the hypothesis that

onomatopoeic words have an effect on the perceived softness of materials.

Keywords: Softness Perception, Haptic Perception, Material Perception,

Onomatopoeia, Sound-Symbolism
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DILIN YUMUSAKLIK ALGISINA ETKISI

HAZIR, Beyza Melis
Yuksek Lisans, Psikoloji BOIumu
Tez Yéneticisi: Dr. Ogr. Uyesi Nahide Dicle DOVENCIOGLU

Aralik 2022, 192 sayfa

Malzemelerin algilanan dokunsal yumusakligi cogunlukla tek bir boyut olarak
incelenmistir ancak son zamanlarda algilanan yumusakhdin ¢ok boyutlu oldugu
g6sterilmistir. Onceki arastirmalar, ses frekansinin, insanlarin daha yiksek frekansli
sesleri acisal (koseli) sekillerle ve daha dusilk frekansh sesleri yuvarlak sekillerle
iliskilendirdigini gostermigtir, bu etki literatlirde Kiki-Bouba etkisi olarak bilinir. Bu
tezde, tarif ettikleri sesi taklit eden kelimeler olan yansima kelimelerin (6rnegin siril
sinil, ¢catir gutur, vb.) algilanan materyal yumusakligi Gzerindeki etkileri aragtirilarak
yansimali kelimeler ile algilanan yumusaklik arasinda da benzer ¢agrigimlar olup
olmadigi test edilmistir. Yansima kelimeler yazili ve sdzli formda, materyaller ise
video formunda kullaniimigtir. Yazili ve so6zli yansima soézcikleri kullanan iki
deneyde yumusaklikla ilgili ortak dort boyut raporlanmistir. Yazili yansima sézcuikleri
ve materyallerin videolarini kullanan online deney, yansima sdzcuklerin ve
materyallerin  etkilesimine iliskin anlamh sonuglarin  bulundugu hipotezini
desteklememistir. Bununla birlikte, s6zli yansima sdzcuklerin kullanildidi farkl bir
deneyde, etkilesim etkisinin ¢odu kosul i¢in anlamh oldugu bulunmustur. Yazih
yansima kelimelerin kullanildigi deney laboratuvar ortaminda tekrarlandiginda,
arastirilan kosullarin ¢gogu igin anlamli etki elde edilmistir. Ayrica, yansima kelimelerin
yazili veya s6zlU olarak sunulmasi arasinda ana sifat grubu olan Jélemsi haricinde

anlamli bir fark bulunamamigtir. Dolayisiyla, elde edilen sonuclar daha 6nce bildirilen

Vi



bulgularla uyumludur ve yansima sézclklerin malzemelerin algilanan yumusakhgi
Uzerinde bir etkisi oldugu hipotezini desteklemektedir.

Anahtar Kelimeler: Yumusaklik Algisi, Dokunsal Algi, Materyal Algisi, Yansima
Kelime, Ses Sembolizmi

vii



To my beloved grandparents, who have been my greatest supporters ever. I wish

you could see this day. This one is for you.
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CHAPTER 1

INTRODUCTION

Perception is one of the most widely researched areas in cognitive psychology. The
field has improved immensely with the advancements in physiological measuring
tools as well as visualization devices. A popular area of research, the literature in
visual perception has always been more prevalent than any other sensory modality,
such as touch (Katz, 1925/1989). A previously less popular topic of research, haptic
perception has recently gained growing interest with more studies being conducted
in the field with novel methods. However, as much as these advancements have
contributed to the field, the basics and the fundamentals of haptic perception, and
its relation with other perceptual and cognitive components are still open to

exploratory inquiries.

Haptic perception is defined as the active exploration of objects by touch. As one of
the pioneers in the field, Gibson (1962) emphasized the difference between active
and passive touch, stating that active touch involves exploratory action, which are
the movements performed to explore certain qualities of the object in question, where
passive touch involves performatory action, which are the movements performed
when an object is being relocated or lifted. This distinction between different ways
of touching has led the literature on haptic perception to improve significantly, where
many studies were beginning to be conducted. Until recently, however, most of the
studies have focused on the haptic perception of stiff materials such as wood, stone,
glass, and alike (DiFranco et al. 1997; Avanzini and Crosato 2006), and included soft
materials in studies for texture perception such as fabrics (e.g., velvet and cotton),
and in some cases liquids (e.g., water and oils) (Picard et al., 2003; Soufflet,
Calonnier, & Dacremont 2004; Tanaka, Tanaka, & Chonan, 2006; Guest et al., 2011).



However, the inclusion of soft materials was not in order to study softness on its own,

but rather to be able to contrast the ‘hard’” materials with a single category.

When studying softness perception, softness has been considered as a single
dimension and as an equivalent of compliance (Lederman & Klatzky, 1987; Drewing
et al., 2017), and was defined as the degree of a material’s deformability, meaning
how likely a material is to change its form when applied pressure ranging from mild
to harsh (Di Luca, 2014). One of the most extensive studies in textile material
dimensions was conducted by Okamoto et al. (2013). In a review of 18 studies using
a variety of materials including fabrics, papers, fluids, car seats, and hard materials,
they reported five general dimensions for tactile texture perception:
Hardness/Softness, Warmness, Fine Roughness, Macro Roughness, and Friction.
Similarly, in a review of tactual perception of material properties, Tiest (2010)
reported four categories based on the commonalities found in several studies:
Roughness, Compliance, Coldness, and Slipperiness. Their distinction between
categories again included the softness, but only as a contrast to hardness in a single
category. However, this description remains too vague to include all the objects that
are currently only identified in the ‘soft’ category. If we imagine running our fingers
through sand, or squeezing a rubber ball, or stroking our hands over fur, we would
experience all these materials as being soft. However, it is detectable when we
explore these materials that there are certain characteristics that differentiate them
from each other, e.g., the experience of touching sand is very different than touching
a soft rabbit fur; and this can theoretically suggest the existence of subcategories

under the general dimension of ‘softness’.

This thesis explores the effects of language on softness perception of materials. It is
therefore important to understand some central concepts. First, exploratory
procedures will be introduced as they are used in the material videos in three of the
experiments. Second, studying haptic perception with the use of visual materials will
be discussed. Third, perception of sound generating materials will be discussed as it
will relate to the other type of stimuli, onomatopoeic words, that is used in the

experiments. And lastly, these should be considered within the domain of language



since language is an important factor in how we perceive the world around us. The
concepts of sound-symbolism and the studies conducted using onomatopoeic words

will therefore be subsequently discussed.

1.1. Perception of Materials

This section will focus on the perception of materials and specifically discuss the

studies focusing on softness perception.

1.1.1. Exploratory Procedures (EPs)

An important term to explain here is what is called ‘exploratory procedures’ (EPs) in
haptic perception literature. Exploratory procedures are the stereotyped hand
movement patterns that have certain defining characteristics (Lederman & Klatzky,
1987). EPs are not defined by the area of the hand involved in the exploratory action,
but rather the action itself. If we consider estimating the roughness of an object,
regardless of using either palm or fingertips, a certain amount of pressure will be
applied. There are several predefined EPs when it comes to studying material
perception, these are useful in determining certain characteristics about the object
such as their shape and weight. The main EPs that are detailly described by Lederman
and Klatzky (1987) are lateral motion, pressure, static contact, unsupported holding,
enclosure, contour following, function test, part motion test (Figure 1.1). However,
this is not a comprehensive list of EPs that are used to explore objects, and the type
of EP used changes based on which information is needed about the material. For
instance, applying pressure could be used to determine how rough the object is,
static contact provides information about the temperature of the object, unsupported
holding could inform about the weight, and contour following provides information
about the shape of the object. The EPs that are relevant when studying soft materials
are applying pressure, rubbing, rotating, stirring, running through fingers (e.g., with

sand), pulling, tapping, and stroking.



Recently, there have been studies conducted using EPs to study whether there are
distinct softness categories that are more descriptive to be found within the materials
generally classified only as ‘soft’. Dévencioglu et al. (2018, 2019, 2022) has shown
that softness perception consists of multiple dimensions. Their study (Dévencioglu et
al., 2022) was conducted with 50 materials corresponding to 5 different categories
(elastic, textile, deformable, granulate, and non-soft). They used a list of 31
adjectives that relate to softness and roughness aspects of touch, which was adapted
to Turkish from a comprehensive haptic lexicon from Guest et al. (2011). The results
showed the existence of five dimensions for material perception: Compliance,
Viscosity, Surface Softness, Granularity, and Roughness (control). This was one of
the first studies to identify such a distinction between the formerly known soft
objects. One of the reasons for this is arguably the fact that their study included a
wider range of materials which could be labeled as ‘soft’ but which differ from each
other in certain aspects. Another interesting result for this study was related to EPs
that the participants used when exploring the materials haptically. They were able to
successfully predict the perceptual dimension a material likely belongs to using the
EP patterns that were performed, suggesting that the EP patterns change based on

the material properties as well as the task at hand.

In a subsequent study, Cavdan, Doerschner, & Drewing (2019) investigated how
different perceptual dimensions of softness affect the haptic exploration procedures
and found five dimensions as a result: Granularity, Furriness, Visco-Elasticity,
Deformability and Roughness. Their results showed that participants tended to adapt
their EPs both to the material being explored and to the softness dimension. They
found when participants were asked to make judgements about a material’s
roughness, a common EP was rubbing; and when they were asked about material’s
deformability, applying pressure was the most frequently used EP. The results of
these studies taken together provide support for the multidimensionality of softness,

as opposed to the approach of previous studies.
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Figure 1.1. An illustration of exploratory procedures adapted from Lederman & Klatzky (1987).

1.1.2. Studying Haptic Perception with Visual Stimuli

Where some studies used visual stimuli to explore tactile perception dimensions
(Dévencioglu et al., 2019, 2022; Cavdan et al., 2019; Picada, 2006; Yoshida, 1968),
Okamoto et al. (2013) examined whether there were particular differences between
haptic and visual modalities for tactile texture perception. They found that the two
modalities were similar on surface properties, with the exception of some distinct
dimensions such as glossiness to exist only for visual perception, and such as
temperature to exist only for tactile perception. Similarly, in a study conducted with
the same set of 84 materials for both visual and haptic judgement, Baumgartner et
al. (2013) showed that visual space was similar to haptic space for material

perception. Therefore, it is common to use visual stimuli to study haptic perception,



and we could expect to see similar dimensions extracted through one modality to be
observed in the other modality. Moreover, a study by Drewing (2009) found that
vision alone was sufficient enough for participants to determine the softness of the
stimuli being presented. In this study, they found that when participants watched
another person’s fingers exploring the object in front of them, they were able to infer

the deformability of the object successfully.

When studying visual perception of materials, it is also important to select the stimuli
in a way that would convey the most amount of information about the material to
the perceiver. There are studies that use images to achieve this, however there has
also been a discussion about whether videos would be more informative about
material properties. Wijntjes et al. (2019) tackled this question by using fabrics as
stimuli that were either visually perceived in the image or video form, or were tactilely
explored. In the visual similarity task, they were unable to find a significant
correspondence of the videos or images to haptic judgements. However, in an
additional study, where a group of participants explored the material haptically and
another group was tasked to observe this process and made evaluations about their
haptic similarity, they found that the two groups were significantly different. They
conclude that as much closer to reality the videos have, as much similarity to the
haptic judgements can be observed. Cavdan et al. (2021) carried out a study where
they investigated whether material properties would be assessed similarly in haptic
and visual conditions, whether they would correspond to similar perceptual spaces.
They had 19 materials to be explored either visually and haptically and collected
ratings about material properties on adjectives. They also differentiated between two
visual conditions: images and videos of materials. They reported three dimensions
for the visual condition with images: surface softness/deformability, granularity, and
viscosity. For the visual condition with videos, they reported four dimensions: surface
softness, granularity, viscosity, and deformability. Finally, the haptic condition
resulted with five dimensions, including the dimensions that were gathered for the
video condition and an additional dimension of roughness. Conducting a correlation
between these three modularities revealed that the haptic space was more similar to

visual space with videos, suggesting they correspond to similar information with



regards to material properties. These studies taken together suggest the feasibility
of using visual stimuli to study haptic perception, and that using material videos

instead of material images could be more informative about the material properties.

1.1.3. Perception of Sound Generating Materials

Although the present study does not specifically focus on sound perception, it is
important to introduce some key aspects of the area before discussing topics related
to language. An important aspect of material perception has to do with perceiving
sound generating objects. There are many studies in how we perceive the mechanical
properties of sound-generating objects, as listeners are able to estimate the
properties of everyday non-vocal, non-musical sound sources based solely on
acoustic information (Vanderveer, 1979). Gaver (1993) outlined a taxonomy of
everyday sound events and categorized the non-vocal sounds into three categories
which depended on the state of matter of the sound generating material: (I) solid
sound sources (e.g., knocking, clapping, tapping), (II) liquid sound sources (e.g.,
flowing water, (III) gaseous/aero-dynamic sound sources (wind blowing, explosions).
Similar to haptic perception, the field of sound perception has been dominated with
studies focusing on the sound perception of stiff solid materials, generally using
impact sounds (e.g., objects being hit by a hammer). When studying material
properties of stiff sounding objects, it was found that participant responses were
influenced by both the sound decay and the frequency (Wildes and Richards, 1988).
Overall, the studies on identifying the materials based on impact sounds reveal a
nearly perfect distinction between gross categorical differences, e.g., identifying
metal or glass (McAdams et al., 2004; McAdams et al., 2010). Moreover, when asked
to determine the hardness/softness of the objects based on sounds, Giordano et al.
(2010) found that listeners were able to estimate the hardness of sounding objects

independently of the size of the objects.

There are also studies focusing on the auditory perception of deformable materials
(textiles) and liquids. There is a lack of studies investigating the auditory perception

of material properties of textiles, the existing studies focus on hand-feel of textiles



and the pleasantness ratings. Cho et al. (2005), by using frictional sounds of warp-
knitted fabrics, found that measures of roughness were strongly correlated with the
perceived pleasantness of sounds made by fabrics. For the studies conducted with
liquids, Jansson (1993) found that participants were able to estimate the amount of
liquid in a container in the haptic, auditory, and visual modalities. Additionally,
Jansson (2006) used a trimodal setting with auditory-haptic-visual condition and
found that participants were able to estimate the amount of liquid, especially in the
condition where they were able to shake the container and not just lift it.
Interestingly, in a study conducted by Velasco et al. (2014), they found that
participants were able to identify whether the temperature of the poured water was
hot or cold for each of the four containers (glass, plastic, ceramic, and paper). These
studies together show that listeners are able to differentiate between material types,
identify the roughness of stiff materials, give pleasantness ratings for textiles, and
estimate the amount and temperature of liquids using the sound perception. The
ability to identify all these material properties based on sounds relates to this study
as we will further introduce the onomatopoeic words, which are words representing

the sound that an object makes.

1.2. Sound-Symbolism

Since the materials and the methods that were used in this thesis involve linguistic
components, which are later linked to the haptic perception of various objects,
understanding the literature on sound symbolism is of utmost importance. For
example; a review by Lupyan et al. (2020) on the effects of language on visual
perception found that language has incremental effect on recognition, discrimination,
and detection of objects, colors, and other visual stimuli we encounter daily. A related
area of research includes the studies with sound symbolism. Sound symbolism refers
to the concept that phonetic properties of speech sounds carry semantic information
(Hinton, Nichols, & Ohala, 2006). Within the framework of linguistics, sound
symbolism has been studied with phonemes, and results show that vowels and
consonants such as /i/ and /k/ with higher frequency relate to small and sharp

referents, whereas vowels and consonant such as /u/ and /b/ with lower frequency



relate to large and heavy referents (Hinton et al., 1994). There are many studies for
the perception of material properties within the context of sound-shape or sound-
size associations. Literature shows that higher frequency sounds are generally
associated with angular shapes and lower frequency sounds with round shapes
(Klatzky et al., 2000; Avanzini and Rocchesso, 2001; Giordano and McAdams, 2006).

There are a number of studies on sound-symbolism, which start with the early work
of Sapir (1929) and Kdhler (1929). Sapir conducted a study where 500 participants
tested across multiple experiments associated pseudowords containing the vowel ‘a’
(as in ‘mal’) with larger shapes and pseudowords containing the vowel ‘i’ (as in ‘mil’)
with smaller objects. This result was replicated in a later study conducted by Tarte
and Barritt (1971). Kdéhler conducted a similar study where the pseudoword ‘maluma’
was associated with round shapes, and ‘takete’ was associated with angular shapes.
Later, the same idea found its name as the ‘Bouba/Kiki Effect’, deriving from the
study of Ramachandran and Hubbard (2001). In their experiment, they used two
shapes; a round shape and a spiky shape, to be associated with the pseudowords
‘bouba’ or ‘kiki’. Their result showed that participants more often than not associated
the pseudoword ‘bouba’ with round shapes and *kiki” with spiky shapes. Their results
have been demonstrated with other studies across cultures and with different stimuli
used for words and/or shapes (Westbury, 2005; Parise & Spence, 2012), and the

overall results suggest this effect to be universal.

One study conducted with 25 languages to test the bouba/kiki effect showed this
effect to be robust across cultures and different writing systems, however failed to
report a significant effect within the speakers of Turkish language (Cwiek et al.,
2021). Their results show that Romanian, Mandarin Chinese, and Turkish speakers
had lower than %50 matches for the expected matching of pseudoword bouba with
round shapes and the pseudoword kiki with spiky shapes. The authors provide
possible reasons for this, suggesting it might be due to a lack of specific phonemes
in these languages. In the case of Romanian, they argue that these pseudowords
might have stronger associations for sound-alike words. Specifically, the word for

‘wound’ in Romanian is buba, possibly having a strong existing association with sharp



pain. Nevertheless, although the effect needs more evidence for specific languages,
it remains as robust across multiple languages. Furthermore, a study by Ozturk,
Krehm, and Vouloumanos (2013) demonstrated the said effect with 4-month-old
infants, where they were able to distinguish between congruent and incongruent
sound-shape mappings. Their results further show that neither vowels nor
consonants alone were sufficient enough for the mappings for 4-month-old infants,
whereas either vowels or consonants alone sufficed for the adult sample. Their results
suggest that sound-shape associations may precede language learning, and might
also be helpful in assisting with language learning by the existence of an already

established sound-shape mappings.

Establishing the universality of the effect was a great turning point for the studies in
sound-symbolism, however it is still important to understand how this effect occurs.
There have been controversial arguments on whether this effect is observable only
on an explicit decisional level, questioning whether it arises as a result of a decision-
making process or whether the effect can be found in a lower perceptual level.
Pieffer-Smadja & Cohen (2019) were able to demonstrate the said effect with an
Implicit Association Task (IAT), where participants are asked to make quick
judgements about the presented stimuli, suggesting the effect occurs on a perceptual
level rather than a decisional level. This distinction is important, if the effect occurs
on a perceptual level, then it might indicate further support for the idea of sound-
symbolism and the phonetic properties of speech sounds carrying information about

how we perceive the world around us.

The discussion between whether this effect is resulted by the phonetic properties of
speech sounds or the visual characteristics of letters has led researchers to study this
in greater depth. There are strong arguments for both these views. Cuskley, Simner,
and Kirby (2015) studied effects of sound symbolism with both written and spoken
pseudowords and reported the effect for both modalities to be significant. One
explanation for this is that hearing a pseudoword automatically activates the mental
representations of its written form, therefore relying more on the visual

characteristics of the letters. However, there are also arguments on the contrary. It
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is argued that curvy letters such as /d/, /g/, /s/ and /f/ may be associated with round
shapes as their similarities with the voiced plosives and voiceless fricatives. On the
other hand, angular letters such as /k/, /t/ and /z/ might be associated with angular
shapes as their similarities to voiceless plosives and voiced fricatives. These suggest
that these associations are a reflection of an intrinsic phonetic properties of the
corresponding sounds. Aiming to identify the differences between these modalities,
Carolis et al. (2018) conducted a study comparing phonetic forms, visual shapes, and
the letter fonts within the Bouba/Kiki paradigm. Their results showed that when spiky
frames and angular fonts were displayed together, the participant responses were
faster, suggesting the influence of visual interaction effects. In another study, Graven
& Desebrock (2019) investigated the effects of visual imagery on Bouba/Kiki effect.
In their experiment they presented the words in the auditory modality, and asked
participants to match with the corresponding images with blind, blindfold, and visual
conditions. Their results suggested that all experimental groups created mental
images of the most characteristic shape features of bouba and kiki. This study is also

an example for using auditory words to collect visual related judgements.

The majority of the studies investigating this focused on the visual modality in term
of material perception, and there is very little research on the associations between
tactile and other sensory stimuli. A recent example for such studies is by Fryer et al.
(2014). In their study, they successfully demonstrated the Bouba/Kiki effect in haptic
and auditory modalities, where participants associated the name ‘Bouba’ with
rounded shapes and ‘Kiki" with spiky shapes after they were asked to touch the
objects. Moreover, Etzi et al. (2016) studied the relationship between pseudowords
and the tactile attributes of everyday materials. Their results showed that participants
matched the words *Kiki’, ‘Ruki’ and ‘Takete’ with materials that were rated rougher
(i.e., sandpaper, abrasive sponge), compared to smoother materials (i.e., satin,

cotton, tinfoil) which were matched with ‘Bouba’ and ‘Lula’.

The studies mentioned so far have studied the Bouba/Kiki effect using pseudowords
that do not have any specified meaning. These studies could be summarized as letters

such as /b/ and /o/ are often associated with round shapes, and letters as /k/ and
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/t/ are often associated with angular shapes. However, this is not the extent of the
studies in the subject of sound-symbolism. A great portion of the studies in this area
use onomatopoeic words, which unlike other words in languages, are non-arbitrary

words.

1.2.1. Onomatopoeic Words

Languages are considered to be arbitrary, which means that the meanings associated
to the words in language systems derive from cultural conventions. Most words do
not facilitate any semantic meaning by solely examining their form. However, there
is a specific exception to the arbitrariness of language: a subset of words that display
iconic characteristics. These words are referred to as ‘onomatopoeias’, which are the
words that mimic the sound they describe (e.g., bang, oink, chirp in English, and siril,
patir, catir in Turkish). These words are formed with direct iconic associations with
the sounds the meaning of the words refer to. For example; ‘siril siril” means ‘water
flowing continuously and by noisily’ in Turkish, and the word is formed by the

reflection of the actual sound of a water flow.

The concept of sound-symbolism has been studied in many different frameworks,
and an important and a relevant one here is the early language learning. To test
whether sound symbolism hypothesis extends to onomatopoeia, a study by Laing
(2017) investigated the effects of sound symbolism on early language learning with
the use of non-arbitrary words that are onomatopoeias with 10-month-old infants.
Their result showed that on a picture-mapping task, infants were better able to match
the target images to their labels in the onomatopoeic word condition as compared to
in the conventional word condition. This result reveals the influences of sound-
symbolism in language learning, as was previously seen with studies using

pseudowords.

In order to understand the extent of sound-symbolism to our perception of materials,
there have been a number of studies investigating the relationship between

onomatopoeic words and material perception properties. A considerable portion of
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these studies are within the Japanese language, since Japanese has the highest
number of onomatopoeic words as compared to other languages (a dictionary by
Yamaguchi (2015) lists 2000 Japanese onomatopoeias). Doizaki, Watanabe and
Sakamoto (2017) conducted a study to propose a system to automatically estimate
multidimensional ratings of touch from a Japanese sound-symbolic word. Three
experiments they conducted show that several material ratings can be estimated
using sound-symbolic words. Later on, Sakamoto and Watanabe (2017) conducted a
study using materials associated with Japanese onomatopoeia to study tactile
perception dimensions. They collected a list of sound-symbolic onomatopoeia, and
selected the materials to be included in the study based on these onomatopoeic
words. Using 26 adjective pairings with the semantic differentiation method, where
the adjectives on either side of the scale are exact opposites, they collected ratings
while participants could actively run their fingers on the surface of the materials that
were presented in a closed box. Their results show six dimensions: Affective
evaluation and Friction, Compliance, Surface, Volume, Temperature, and

Naturalness.

Hanada (2016) used Japanese onomatopoeias to explore perceptual dimensions of
visual material properties by using the free-calling method, where participants were
asked to name an onomatopoeia that they feel is suitable to describe the material
that is presented to them, and obtained three meaningful perceptual dimensions:
wetness/stickiness, fluffiness/softness, and smoothness-roughness/gloss-dullness.
Their dimensions include three of the main five that was described by Okamoto
(2013) earlier in this chapter. Furthermore, Hanada (2019) used the same free-calling
method for studying food/texture dimensions and obtained 15 meaningful
dimensions. Wakamatsu et al. (2017) investigated the texture-sound symbolism with
1,946 material images where participants depicted their impression with
onomatopoeias and found a correlation between certain textures and IPA
(International Phonetic Alphabet) formations of onomatopoeias. To test the
universality of the effect, they conducted another experiment with Japanese, Korean,
and English participants, where they had to judge texture-sound pairings. Their

results provided examples for a universal texture-sound symbolism for word and
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sound pairs. In a study investigating the recognition mechanism of a certain Japanese
onomatopoeia (sara-sara) related to cosmetic powders showed that sara-sara was

strongly correlated with a slippery feel of a material (Kato et al., 2021).

Although the studies that focus on the effects of onomatopoeia in material perception
are important, a significant part of this area is to understand how this effect occurs.
Since onomatopoeic words are sound-symbolic words, a number of studies have
tackled this by focusing on the phonetic properties of the words and by understanding
how they play a role. A study by Fujisawa, Iwamiya & Takada (2004) researched the
auditory imageries that were associated with Japanese onomatopoeic words that
were presented auditorily. Using the semantic differential method, they asked the
participants to rate the expressions of auditory imagery evoked by the typical and
non-typical onomatopoeic words. The distinction between typical and non-typical
onomatopoeic words were that typical onomatopoeic words followed certain
phonological and morphological rules, where the non-typical words did not. They
conducted a principal component analysis on the collected ratings and ended up with
three components: beauty, potency, and sharpness. However, a more interesting
result of this study was the relationship between phonetic properties of the
onomatopoeic words and the gathered components. Using rank order correlation
coefficients and calculating the correlations between phonetic parameters of
language and the principal component scores of typical and non-typical
onomatopoeic words, they found that onomatopoeic words with voiced consonants
were more likely associated with a ‘dirty’ impression. Similar to the research on
sound-symbolism, they reported that onomatopoeic words that included the vowel
/i/ were associated with a ‘sharp’ impression, and words that included the vowel /u/
or /o/ were associated with a ‘dull” impression. This result provides further support

for sound-symbolism by using onomatopoeias as the stimuli.

The literature in sound-symbolism yields very important results in terms of aiding our
understanding of multisensory material perception. However, the majority of these
studies do not create a distinction between material types, and/or use the

hardness/softness contrast as mentioned before. Therefore, it is a promising area of
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research to understand how these phenomena explain the perception of soft

materials specifically.

As the written language and spoken language have clear distinctions from one
another, one being a visual modality and the other an auditory modality, it is
therefore important to understand the similarities and dissimilarities of the two
modalities in terms of material perception. Previous research on sound-symbolism
mentioned above use both these forms of words. Exploring the effects of language,
and specifically of onomatopoeic words, on perception of soft materials is crucial and

will cover a significant gap in existing literature.

Finally, a phonetic analysis will be carried out on the onomatopoeic words as part of
the thesis; therefore, it is crucial to briefly discuss the linguistic properties of Turkish
phonemes. A phoneme refers to the smallest class of sound in any language. For
Turkish, each individual letter constitutes a phoneme. Turkish alphabet consists of 29
letters, and there are 8 vowels in it: /a/, /e/, /\/, /i/, /o/, /6/, /u/, and [u/. The
remaining 21 letters are consonants and they can be classified into separate
categories with criteria based on phonetic properties of these phonemes. There are
3 common categories that will be discussed here: 1) the positioning of the vocal

cords; 2) place of articulation; and 3) manners of articulation (Dursunoglu, 2017).

For their positioning of the vocal cords, the consonants have been separated into two
categories as i) hard (voiceless) consonants, and ii) soft (voiced) consonants.
Voiceless consonants are:  /¢/f/h/k/p/s/s/t/. Voiced consonants are:
/b/c/d/g/d/i/\/m/n/r/v]y/z/. For the place of articulation, there are seven
subcategories: labial, labio-dental, post-alveolar, alveo-palatal, prevelar, velar,
glottal. And finally, for the manners of articulation, there are two subcategories:
continuous and discontinuous (plosive). Continuous consonants are further divided

into two categories as fluid and fricative.
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Taken together, there are 20 parameters in Turkish to be considered when moving
forward with a phonological analysis. These are: 8 vowels, 2 positioning of vocal

cords, 7 places of articulation, and 3 manners of articulation.

1.3. Aim and Hypothesis

There are no studies to date that examine the effect of Turkish onomatopoeic words
on tactile material perception of softness. The onomatopoeic words constitute a
valuable portion of the Turkish language, similar to the Japanese language (Zulfikar,
1995). This similarity in terms of the frequency of the use of such words presents a
promising gap for an initial study on the effect of language on haptic perception.
Hence, it is plausible to suggest similar associations between sound-symbolic words
and the tactile perceptual space. Another ground on which the current study has
been proposed is the opportunity to use a previously formed adjective list that was
originally designed to study clusters within soft materials. This allowed the
combination of a previously defined set of words and perceived softness to be
systematically studied. This adjective list was adapted to Turkish by Dévencioglu et
al. (2019 & 2022) from Guest et al. (2011)’s comprehensive list of 262 touch-related
adjectives. The adjectives were first eliminated based on being emotional and non-
sensual, and then the adjectives that were too similar to each other were eliminated.
The resulting list consisted of 31 adjectives that were specific to studying softness
and roughness aspects of touch. Therefore, this adjective list is highly suitable when

studying clusters of dimensions within soft materials.

In this study, the relationship between Turkish onomatopoeic words and materials
were investigated in terms of their correspondent pairing in five experiments. The
research question that the thesis aims to answer is whether there is an effect of
language, specifically onomatopoeic words, on the perceived softness of materials.
The two main hypotheses regarding the set of experiments were as follows: (1)
Onomatopoeic words will display a similar softness dimension distribution to that

observed with materials. (2) Onomatopoeic words will have an effect on material
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softness perception. The studies will incorporate onomatopoeic words in two different
forms: Written (Study 1, Experiment 1, and Experiment 3) and spoken (Study 3 and
Experiment 2). The hypotheses were investigated using both the written and the

spoken forms of onomatopoeic words.

In line with the previous research, the following results are hypothesized: First, the
dimensions collected from using the onomatopoeic words in Study 1 and Study 3 will
be similar to that of previously obtained softness dimensions. This hypothesis is based
on the works of Hanada (2016), who reported three distinct dimensions using
Japanese onomatopoeic words, that were: wetness/stickiness, fluffiness/softness,
and smoothness-roughness/gloss-dullness. The same logic applies to the current
study in that similar dimensions are hypothesized to be obtained for the Turkish
onomatopoeic words. Study 1 (with written onomatopoeic words) and Study 3 (with
spoken onomatopoeic words) will serve to test this hypothesis. Second, in line with
the previous studies within haptic perception (Dévencioglu et al., 2018, 2019, 2022;
Cavdan et al., 2019), the number of dimensions gathered from using material videos
in Study 2 are expected to be at least five, which are as follows: Deformability,
Viscosity, Hairiness, Granularity, Roughness (control). Study 2 will be conducted to
test this hypothesis. Study 1, 2, and 3 are critical in order to conduct the experiments
1,2 and 3 and to test the second hypothesis. These studies will be evaluated on their
own, and the results gathered from these studies will create the basis and the
manipulation conditions for the experiments. Third, regarding the second hypothesis,
the onomatopoeic words and materials are hypothesized to be matched on the basis
of congruency. Here, congruency refers to having received similar scores within the
same softness dimension, whereas incongruency refers to having received opposite
scores (e.g., an onomatopoeic word that receives a high score matched with a
material that receives a low score within the same softness dimension). It is further
hypothesized that the congruent condition will receive higher scores for the
respective adjectives, and that the incongruent condition will receive lower scores for
the respective adjectives. The confirmation of these hypotheses will provide support
for the idea that onomatopoeic words have an effect on perceived softness of

materials. Contrarily, the lack of a significant relation between onomatopoeic words
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and materials will suggest that the two processes are independent of each other, and
that their contribution to softness perception occurs in different ways. Experiment 1,
2, and 3 will be conducted to test this hypothesis. All studies in this thesis are

approved by the METU Human Subjects Ethics Committee (Appendix A).
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CHAPTER 2

EFFECTS OF WRITTEN ONOMATOPOEIC WORDS ON PERCEIVED
SOFTNESS

This chapter will focus on the experiments using written onomatopoeic words, where
Chapter 3 contains a relevant study done with spoken onomatopoeic words. First in
Study 1 and 2, softness dimensions for written Turkish onomatopoeic words and
material videos as stimuli, respectively, were extracted from the ratings of softness
related adjectives. Then, Experiment 1 was conducted to investigate whether written

onomatopoeic words have an effect on how material softness is perceived.

Study 1 and Study 2, as well as Experiment 1 were originally designed to be
conducted in a laboratory environment. However, due to the timeline coinciding with
the global COVID-19 pandemic, the experiments were adapted to be conducted

online on Qualtrics, which is a widely used software for behavioral experiments.

For Study 1, it is hypothesized that onomatopoeic words will display a similar softness
dimension distribution to that previously observed with materials. Meaning, softness
dimensions that relate to a material’'s stickiness, softness/fluffiness, and
smoothness/roughness, as reported by Hanada (2016), is expected to be extracted
using the Principal Component Analysis.

For Study 2, it is hypothesized that the softness dimensions will be at least five, and
they will be similar to those previously reported (Dévencioglu et al., 2019; 2022;
Cavdan et al., 2019). In line with the findings of these studies, it is expected to extract
the following dimensions from the Principal Component Analysis: Deformability,

viscosity, granularity, surface softness, and roughness.
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For Experiment 1, it is hypothesized that the onomatopoeic words will have an effect
on the perceived softness of materials. To test this hypothesis, the results of Study 1
and Study 2 will be used, and stimuli will be selected according to obtained softness
dimensions. Experiment 1 will use both the written onomatopoeic words and the
material videos, where the two will be matched to be either in a congruent condition
(both high or low rated), a control condition (both rated in mid-levels), or in an
incongruent condition (one rated high while the other is low). ANOVA will be used to
test the collected data, where a significant interaction between onomatopoeic words
and materials will constitute the “congruency” that is explained, and this result will

be in support of our hypothesis.

2.1. Study 1: Softness Dimensions from Written Onomatopoeic Words

In this experiment we wanted to extract softness dimensions from written

onomatopoeic words, using 47 Turkish onomatopoeic words and 31 material-related

adjectives.
2.1.1, Method
2.1.1.1. Participants

Participants were recruited through SONA, the research participation system of
Middle East Technical University. Participants gave consent to participate by signing

the informed consent form (Appendix B) and received course credits for participating.

59 participants were recruited for this experiment. 12 of those did not complete the
experiment in time, and their partial data were removed from the analysis. From the
remaining 47, 8 responses were removed from the analysis based on the duration it
took for them to complete the experiment. The duration to complete the experiment
was estimated to be around 60 minutes prior to data collection. The average time to

complete the experiment, with the 47 participants, was 3.05 hours. The eight
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removed participants had the completion times of 53.89 hours, 13.82 hours, 3.36
hours, 3.46 hours, 10.45 hours, 0.3 hours, 2.64 hours, and 5.31 hours respectively.
When these responses were removed, the average time to complete the experiment
was 1.28 hours, which is close to our estimation based on the number of stimuli. The
seven of these responses were removed as they completed the experiment in a long
amount of time, suggesting they did not follow the instruction to complete the
experiment in a single session. Since the study is conducted online, there is no real
way of measuring participants’ attention to the stimuli. Taking an unsolicited break
between trials might suggest the use of distractors in between the sessions, which
renders these responses unreliable. On the contrary, one of these responses was
removed because the time to complete the experiment was too short, suggesting the
participant might not have given their entire attention to the onomatopoeic words
and adjectives that were displayed on screen. Resulting number of participants is 39
(6 Male, M = 21.1, SD = 1.44), all but one was students at Middle East Technical

University, and all were native Turkish speakers.

2.1.1.2. Stimuli

2.1.1.2,1. Onomatopoeic Words

There is not a single depository to search for all the onomatopoeic words in Turkish
language. Hence, the onomatopoeic words were collected through a literature search
of Turkish linguistics books and reviews (Zulfikar, 1995; Ozkan, 2010). The resulting
list of words was 51. After we gathered a suitable list of onomatopoeic words, each
word was checked for their meaning in Turkish in the official Turkish Language
Society (TDK) dictionary, and only words with a meaning related to materials that we
had in the laboratory were included as experimental stimuli, along with a few words
not related to materials being included for control. Then, each word was checked for
frequency in TS Corpus, the largest Turkish corpora available (Sezer & Sezer, 2013;
Sezer, 2016; Sezer, 2017). This statistic provided the commonality information for
the onomatopoeic words. The words that resulted in a frequency of 0 were excluded

from the study as for not being common in the language, and for being a potentially
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Table 2.1

List of 47 onomatopoeic words used in the study

Onomatopoeic Word (TR)

Meaning in English

cart curt
Gat pat
catir gatir

cit git
efil efil

fikir fikir
fisir fisir
fokur fokur
gacir gucur
gicir gicir
gurul gurul
glim giim
glrdl garal
hasir husur
hisir higir
horul horul
kikir kikir
kipir kipir
kitir kitir
kos kos

kit kiit
kitdr kitdr
hkir likir
lime lime

IGp lGp

miril miril
migil migil
paldir kilddr
patir patir
pitir pitir
sapir sapir
sakir sakir
sakir sukur
$ap sap
sapur supur
saril saril

SIp SIp

siril sinl

tak tak
tangir tungur
tikir tikir

tin tin

tiril tiril

vicik vicik
zangir zangir
zir zir

ziril zinl

Brag, throw one’s mouth off

Pop, a little

The sound of breaking, burning, ripping or squeezing a hard thing
crackle

Snap fastener, gripper

Gently, intermittently and slowly (blowing wind, snowing, hair
waving)

With a gagging sound

Whisper about someone or something, murmur

Bubbling noisily, boiling up

Squeak, making an ugly and scratchy sound

Crips, brand new

Rumbling sound

With repeated booms

In a loud, rich voice, with a gurgling sound

Hard and dry things wring, wheezing, rumbling

With a rustling sound

Sound of loud snoring

Gigglingly

Wriggly, humming, restless, fidgety

Crispy, brittle, crusty

Head ahead, in a tired, sad, thoughtful state without looking left
or right, pensively

With several knocks, thuddingly

Crisp, fresh, with a crunching sound

With a gurgling sound

In small pieces, rags and tatters

A voice describing the sudden swallowing of something large,
gulping

Murmuring

Sleeping peacefully and soundly, with a quiet and deep breath
Making a rough noise, pell-mell, hasty, herky-jerky

By making a strong, loud sound, pitter-patter

With a patter

In great quantities and continuously

Pouring, pelting, rattling

By making a lot of clattery noise

Kissing with a screed sound, alum alum

The sound of "smack-whisk" when kissing or eating
Flowing splashingly, with a splashing sound

Making a 'flashing' sound, plop

Continuous and loud flowing of water with a pleasant noise
The sound that is made during hitting, impact, rat-tat
Crash bang wallop, bone-shaking, clack

At a rattling pace, tickety-boo

Rattlebrained, timbre

Crisp and clean, gauzy, floaty

Ropy, sludgy, gooey, slushy

Rattling, trembling

Making a weary and continuous sound, knick-knack
Shrieking
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unfamiliar word for participants. The words that resulted with a frequency score of 0
and therefore removed from the list were as follows: ‘*hatir hutur’, I6mbdr 16mbir’,
‘tingir tingir’, ‘vin vin’, resulting in @ remaining list consisting of 47 onomatopoeic

words.

Table 2.1 shows the complete list of onomatopoeic words used in the study, along
with their translations in English. Some of the Turkish onomatopoeic words have
English sound-symbolic counterparts (e.g., ‘murmur’ for ‘fisir fisir) however the
majority of the onomatopoeic words in the list do not. For this reason, most of the

words are explained with their meaning.

2.1.1.2.2. Adjective List

The adjectives used in this study were gathered from a previous study (Dovencioglu
et al., 2019; 2022) that studied the haptic perception of soft materials. The list
included 31 adjectives in Turkish that relate to a material’s softness/hardness and
was specifically adapted to study softness perception. Two of the adjectives on the
list have been modified due to them being onomatopoeic words, which were included
in the study as main stimuli. The first modified adjective was originally tiril tiril” (airy)
and modified into ‘havadar’. The second adjective was ‘vicik vicik’ (gooey) and was
modified into ‘cavik’. The modifications were made so that the adjectives would not
lose their meaning in Turkish. The complete list of adjectives and their translations

to English can be seen in Table 2.2.

2.1.1.3. Design and Procedure

The experiment included 47 onomatopoeic words and 31 adjectives, resulting in 1457
trials for each participant. The online research platform Qualtrics was used to collect
participant responses. The experiment used a block design, where the adjectives
were presented to the participants in a single list, allowing them to see all the
adjectives for the respective onomatopoeic word. Instructions were added in the

beginning for participants to complete the entire experiment in a single session. The
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Table 2.2

List of 31 adjectives with their meanings in English

Adjective (TR)

Adjective (ENG)

Adjective (TR)

Adjective (ENG)

1 bicimlenebilir malleable 17 nemli moisturous
2 derimsyf leathery 18 odunsu woody

3 dokulu textured 19  parlak glossy

4 esnek flexible 20  pul pul scaly

5 esnemez inflexible 21 pdrdzli roughened
6 et gibi meaty 22  sert hard/firm

7 glic uygulanabilir  compliant 23 sdmliksd slimy

8 hamursu doughy 24 slingerimsi spongy

9 hassas delicate 25  tanecikli granular
10  jpeksi silky 26  havadar airy

11 jolemsi gelatinous 27 toz gibi powdery
12 kabarik fluffy 28  tiyli hairy

13 kabukiu scabby 29 avik gooey/sludgy
14  kadlifemsi velvety 30 yapiskan sticky

15 kaygan slippery 31 yumusak soft

16  kum gibi sandy

onomatopoeic word without completing all adjective ratings for the current
onomatopoeic word. The order of the onomatopoeic words was randomized for each
participant. Moreover, the order of adjectives for each onomatopoeic word was also
randomized. This was included as a measure of ensuring the participant responses
do not become automatic over time, and each adjective is read before a rating is
given. Participants were asked to rate each adjective based on how well they think
the match is between the adjective and the onomatopoeic word on a 0 (not at all) to

100 (very) scale. Entire experiment session lasted around 60 minutes.
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Soruda verilen sifatiann belirtilen kelimeye ne kadar uygun oldug disuniy
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Figure 2.1 Sample screenshot from Study 1 as was on Qualtrics.
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2.1.2. Results

2.1.2.1, Principal Component Analysis (PCA)

The experiment data was analyzed using the JAMOVI software (R Core Team 2018;
The jamovi project, 2019) and JASP (JASP Team, 2022). The Principal Component
Analysis (PCA) was chosen to analyze this data. PCA is a technique that is commonly
used for dimensionality reduction (Abdi & Williams, 2010). It aims to create
dimensions that maximize interpretability and minimize possible information loss. This
study initially had 31 dimensions (corresponding to the 31 adjectives) that were used
to explain the data at hand. PCA was selected as the analysis method for this study
to see whether the same data could be explained with a reduced number of
dimensions, ones that are clusters of adjectives forming distinct dimensions that
explain a certain characteristic of softness. Instead of 31 dimensions, it was expected
to see the five dimensions reported in the literature (Dévencioglu et al., 2019; 2022):

viscosity, deformability, surface softness, granularity, and roughness (control).

PCA achieves this by first standardizing the data. This step is to ensure that all scales
contribute equally to the analysis. This is achieved by subtracting the mean and
dividing by the standard deviation for each value in each variable. Then a covariance
matrix is computed in order to identify any correlations between variables of the data.
Then, eigenvectors and eigenvalues of the covariance matrix are computed to identify
the principal component. From a mathematical view, principal components are the
ones that represent the direction of data that explain the maximum amount of
variance. In other words, these are the lines that would capture the most of the
information. Once the first principal component is established, the second principal
component is calculated in a similar manner, assuming it remains uncorrelated with
the first principal component and represents the next highest variance. The data has
the same number of eigenvalues and eigenvectors to that of initial variables (or
dimensions; here it is 31) in the data. Eigenvectors are the directions of the axis that
carry the most information, and eigenvalues are the coefficients that explain the

amount of variance that is carried by each eigenvector. In order to obtain principal
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components, eigenvalues are ranked from highest to lowest to get the principal
components in the order of significance. The next step is to decide which principal
components are important and which ones can be discarded. There are different
approaches to this based on the goals of particular studies, however, for Study 1, the
criteria selected for PCA was eigenvalue = 1. Meaning, any dimension that resulted
in an eigenvalue of less than 1 was discarded, and the remaining dimensions were

the principal components.

In total, 1457 ratings were collected from each participant (47 onomatopoeic words
x 31 adjectives). To check the suitability of items in the data for PCA, there are several
steps that need to be checked. First, Cronbach’s alpha levels were calculated for each
adjective in order to check for internal consistency. Of the total 31 adjectives, 18
yielded a Cronbach’s alpha value over .90, which is considered “excellent”, and 13
yielded a value over .80, which is “good” (Gliem & Gliem, 2003). This shows that
onomatopoeic words as items had relatively high internal consistency as a group (see
Table 2.3 for the complete list of Cronbach alpha levels), and that all the items could
be included in PCA.

To move forward with the analysis, the responses were averaged over participants
and calculated separately for each adjective and onomatopoeic word. This step is
necessary as the PCA requires data to be averaged in order to make the calculations.
The resulting data consisted of 47 rows (onomatopoeic words) and 31 columns
(adjectives). The averaged responses were entered into PCA. The suitability of the
data for PCA was checked using Bartlett’s test of sphericity and Keiser-Meyer-Olkin
(KMO) criterion. The KMO measure of sampling adequacy yielded a score of .658

which is above the required criteria of .5 for PCA. Bartlett’s test of sphericity yielded
a significant result, x> (465) = 2070,27, p = .000, which suggests that observed
correlations are meaningful. Principal components were extracted using Kaiser
normalization and varimax rotation. Seven principal components were extracted

from the analysis, explaining 88.06% of total variance in the data (Figure 2.3).
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Table 2.3

Cronbach alpha values for adjectives used in Study 1

Adjective Cronbach Adjective Cronbach Adjective Cronbach
Alpha Alpha Alpha
airy 0.928 hard 0.923 silky 0.879
compliant 0.949 inflexible 0.949 slimy 0.853
delicate 0.923 leathery 0.900 slippery 0.903
doughy 0.877 malleable 0.952 soft 0.892
flexible 0.940 meaty 0.890 spongy 0.916
fluffy 0.899 moisturous 0.911 sticky 0.880
gelatinous 0.907 powdery 0.867 textured 0.954
glossy 0.936 roughened 0.881 velvety 0.910
gooey 0.839 sandy 0.918 woody 0.900
granular 0.895 scabby 0.885
hairy 0.843 scaly 0.904

Table 2.4 shows the rotated factor loadings of each adjective in the seven-factor
solution. Factor 1 explained 23.01% of variance. Adjectives gelatinous, slimy, sticky,
doughy, gooey, soft, elastic and slippery loaded in this factor. This factor was labeled
‘Viscosity’. Factor 2 explained 19.2% of variance. Adjectives scabby, compliant,
woody, inflexible, hard and roughened were loaded in this factor. The second factor
was therefore labeled ‘Roughness’. Factor 3 explained 14.51% of variance. Adjectives
that loaded on this factor were velvety, silky, hairy, and delicate. This factor seemed
to be related to the texture of a material and was labeled ‘Surface Softness’. Factor4
explained 10.47% of variance. Adjectives sandy, granular, scaly, and powdery were
loaded on this factor. This factor was labeled ‘Granularity’. Factor 5 explained 9.45%
of variance. Adjectives leathery, meaty, textured, and malleable were loaded on this
factor. This factor was labeled ‘Texture’. Factor 6 explained 6.45% of the variance.
Adjectives slippery, moisturous and glossy loaded in this factor. This factor was
labeled ‘Glossiness’. Finally Factor 7 explained 4.97% of the variance. This factor was
labeled ‘Fluffiness’ as adjectives fluffy and airy were loaded in this factor. Figure 2.3
shows the percentage explained variance for 7 factors.
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Figure 2.2 Scree plot for PCA of adjectives for Study 1. The x-axis shows all
components that could possibly be extracted from the design (31). The y-axis shows the
eigenvalues for the components. The dotted line is for eigenvalue = 1, which was the criterion
used to extract components.

The adjective ratings of the onomatopoeic words were in correlation with the
meanings of the words. For instance, the adjective moisturous had the highest ratings
on words ‘vicik viclk’ (very loose, softened, watery consistency), ‘saril saril’ (water or
rain, abundantly and loudly flowing, falling), ‘sinil sinl” (water, continuous and loud
flowing). Similarly, the adjective woody had high ratings on ‘tak tak’ (the sound that
is made during hitting, impact), ‘catir catir’ (the sound of breaking, burning, ripping
or squeezing a hard thing crackles), and ‘kit kit’ (by making a 'thud' sound over and
over) (Appendix C).
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Table 2.4

Component Loadings from PCA for Study 1

Component
1 2 4 7 Uniqueness
gelatinous 0.947 0.0574
slimy 0.942 0.0554
sticky 0.911 0.1262
doughy 0.901 0.333 0.0282
gooey 0.898 0.0277
soft 0.660 -0.322 0.570 0.0735
flexible 0.631 -0.362 0.438 0.0954
slippery 0.625 -0.397 0.614 0.0469
spongy 0.588 -0.331 0.456 0.378 0.1558
moisturous 0.552 -0.469 0.438 0.1481
scabby 0.887 0.0506
compliant 0.877 0.389 0.0582
woody 0.852 0.0668
inflexible -0.338 0.841 0.326 0.0472
hard -0.351 0.834 0.304 0.0592
roughened 0.767 0.388 0.1197
velvety 0.881 0.0858
silky 0.865 0.0534
hairy 0.792 0.2448
delicate 0.781 0.2935
sandy 0.929 0.0902
granular 0.880 0.1508
scaly 0.860 0.1660
powdery 0.392 0.642 0.2846
leathery 0.872 0.1301
meaty 0.370 0.759 0.2232
textured 0.545 0.642 0.0927
malleable 0.427 0.372 0.605 0.1950
glossy 0.893 0.1172
fluffy 0.860 0.2246
airy 0.556 0.582 0.1366

Note. 'varimax' rotation was used. Loadings below 0.3 were hidden from the table.
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Figure 2.3 % Variance Explained by Each Component for Study 1. X-axis shows the
components extracted from the analysis. The y-axis shows the % variance. Exact numbers

for percentage are noted at the bar tips.

2.1.2.2. Multidimensional Scaling (MDS) Analysis

Multidimensional scaling can be described as a visual representation of distances
between objects or sets of objects. ‘Objects’ can be anything, depending on what the
study is focused on (Kruskal and Wish, 1978). For Study 1, since the point of interest
was the onomatopoeic words, the ‘objects’ here are the onomatopoeic words. MDS
creates a plot that visualizes the distance between these words, which tells us about
their spatial organization. Words that are more similar are located closer to each
other on the graph than the words that are less similar. This is achieved by mapping
the pairwise distances among a set of objects into a configuration of points on the
abstract cartesian space.
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The steps to follow to conduct the MDS is to first assigning a number of points to
coordinates in an n-dimensional space, ‘n’ referring to the number of objects. Then,
the next step is calculating the Euclidean distances for all of the pairs of points
created. Euclidian distance is the straight-line distance between two points in the
Euclidian space and is calculated by using the Pythagorean theorem. This calculation
results with a similarity matrix. The next step is to compare the similarity matrix with
the original input matrix using the stress function. Stress function here is a measure
based on the differences between predicted and actual distances of points. The final

step is to adjust to coordinates, when it is necessary, to minimize the stress.
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Figure 2.4 MDS plot. The onomatopoeic words that are located closer to each other for

clusters.

In order to conduct MDS, the JAMOVI software (R Core Team 2018; The jamovi
project, 2019) was used. The MDS solution for Study 1 (Figure 2.4) shows the
onomatopoeic word space for written onomatopoeic words. As can be seen in the

figure, the written onomatopoeic words do not form clear and distinct clusters. This
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finding is contrary to the previous results of PCA where 7 dimensions were extracted

for the onomatopoeic word space.

2.1.2.3. Relationship Between PCA Results and the Phonetic Features
of Onomatopoeic Words

To investigate the relationship between PCA results of written onomatopoeic words
and the phonetic features, Spearman’s rank order correlation coefficient scores were
obtained between the frequencies of phonetic parameters and the principal
component scores of written onomatopoeic words. In order to do this analysis, 20
phonetic parameters were identified based on the 8 vowels in Turkish (/a/, /e/, /\/,
/i/, 1o/, 18/, /u/, /i[), 2 positioning of vocal cords (voiced and voiceless), 7 places of
articulation, and 3 manners of articulation (Table 2.5).

Table 2.5
Categorization of Turkish consonants
Categorization of | Subcategories Consonants
Phonemes
Positioning of Voiced /b/c/d/g/8/i/\/m/n/r/v]y/z/
Vocal Cords Voiceless [s/fIh/k/p/s/s/t/
Places of Labial /bl, Im/, [p/
Articulation Labio-dental /51, v/
Post-alveolar /df, In/, [s], It], [z]
Alveo-palatal el Il il Is/
Prevelar 19/, Ixl, I\, Irl, Iyl
Velar 18/
Glottal /h/
Manners of Continuous - Fluid /I/, Im/, In/, [t], Iy]
Articulation Continuous - Fricative | /f/, /&/, /0, i/, Isl, I/, IN/, Iz/
Discontinuous - Plosive | /b/, /c/, [¢/, /d/, /a/, /K/, Ip/, It/

This analysis was adapted from Fujisawa, Iwamiya & Takada (2004) by including the
phonetic parameters of Turkish instead of Japanese. Analysis was started by a PCA
with onomatopoeic words to obtain the component loading scores. The procedure for
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the PCA was the same as detailed above, but this time including onomatopoeic words
as the dimensions instead of the adjectives. The results for the PCA can be seen in
Table 2.6. The PCA resulted with 7 dimensions.

Next, frequencies of phonetic parameters were calculated for each onomatopoeic
word. For example: The onomatopoeic word ‘kiit kiit" has four voiced consonants
(two /k/ and two /t/ sounds), and two of the vowel /{i/. Then rank order correlation
coefficients were obtained between principal component scores of onomatopoeic
words and the frequencies of phonetic parameters for each principal component. The

tables for the correlation coefficients of each component can be found in Appendix J.

Table 2.6
Example frequency scoring table for onomatopoeic word kit kiit'
Onomatopoeic
Word Frequencies
kat kit Vowel /a/ Vowel /e/ Vowel /i/ | Vowel /i/ | Vowel jo/
0 0 0 0 0
Vowel /6/ Vowel /u/ Vowel /i/ | Voiceless | Voiced
0 0 2 4 0
Fluid Fricative Plosive Labial Labio-dental
0 0 4 0 0
Post-alveolar | Alveo-palatal | Prevelar Velar Glottal
2 0 2 0 0

There was a significant negative correlation between Component 1 loadings of
onomatopoeic words and the frequency of the phonetic parameter fricative (/(39) = -
.57, p=.003). There was a positive correlation between the Component 1 loadings
of onomatopoeic words and the phonetic parameters of plosive (/(39) = .45, p =
.023), and post-alveolar (/(39) = .58, p = .002) phonetic parameters. The
onomatopoeic words that loaded under Component 1 make up the ‘roughness’
dimension. These results can be interpreted to state that the onomatopoeic words
that contained the consonants /f/, /d/, /h/, /i/, s/, Is/, /V/, /z/ had a less ‘rough’
impression since this parameter was negatively correlated. Example words for this
are ‘vick’, ‘siril’, and ‘hisir’. However, onomatopoeic words that contained plosive
consonants /b/, /c/, /¢/, /d/, /a/, /K[, |p/, /t/, such as ‘tikir’, and ‘kitir" and the post-
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Table 2.7

Principal component loadings for the onomatopoeic words

Component
1 2 3 4 5 6 7 Uniqueness
kit 0.971 0.037
cat 0.965 0.033
tangir 0.965 0.018
Gatir 0.962 0.036
kitir 0.960 0.038
tikir 0.955 0.029
tak 0.955 0.037
kiitar 0.953 0.043
gim 0.952 0.056
gt 0.950 0.042
paldir 0.943 0.044
kos 0.932 0.084
zangir 0.918 0.083
tin 0.869 0.141
zIr 0.862 0.127
patir 0.861 0.058
cart 0.759 0.434 0.157
kikir 0.717 0.260
horul 0.712 0.459 0.133
gacair 0.665 0.611 0.059
saril 0.969 0.037
sinl 0.956 0.039
sip 0.932 0.022
lkir 0.907 0.095
zirl 0.872 0.112
sakir 0.830 0.337 0.092
gurdl 0.802 0.408 0.087
fokur 0.780 0.445 0.120
sapur 0.745 0.480 0.054
fikir 0.737 0.427 0.107
sukur 0.590 0.649 0.332 0.096
Iip 0.343 0.848 0.125
sap 0.564 0.726 0.069
lime 0.712 0.337
gurul 0.521 0.659 0.177
viclk -0.326 0.515 0.645 0.147
kipir 0.615 0.444 0.254
migil 0.880 0.065
efil 0.818 0.317 0.132
tiril 0.809 0.404 0.077
miril 0.807 0.150
fisir 0.330 -0.330 0.688 0.335 0.150
gicir 0.357 0.780 0.122
higir 0.413 0.746 0.312 0.109
hasir 0.528 0.306 0.548 0.308 0.149
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Table 2.7 continued

Principal component loadings for the onomatopoeic words

Component

1 2 3 4 5 6 7 Uniqueness
sapir 0.921 0.088
pitir 0.408 0.852 0.053

Note. 'varimax' rotation was used

alveolar consonants /d/, /n/, /s/, /t/, /z/, such as ‘zangir’, and ‘zir’ were associated

with a ‘rough’ impression.

For Component 3, the correlation between the component loadings of onomatopoeic
words and the phonetic parameter of fricative was significant, (39) = - .68, p = .041.
The onomatopoeic words that loaded under Component 3 can be described as making
up ‘visco-elasticity’ dimension. This result suggests that onomatopoeic words that
contained the consonants /f/, /d/, /b/, /i, Is/, IS/, IV/, /z/, such as *fisir’, and “hasir’

had a less ‘viscous’ or ‘elastic” impression.

Lastly, two significant correlations were observed for the Component 7 between the
loadings of onomatopoeic words and the phonetic parameters of vowel /o/ ((39)=
0.82, p = .04) and prevelar ((39) = .82, p = .04). This result indicates that
onomatopoeic words that contained the vowel /o/ and the consonants /g/, /k/, /I/,

/r/, ly/, such as ‘girll’ and ‘fokur’, had a more ‘dynamic’ impression.

2.1.3. Discussion

Here the association of onomatopoeic words to perceived softness dimensions were
investigated. A PCA was carried out which confirmed the existence of 7 dimensions
that explain 88.06% of the variance in the data. The main result of the main study is
that 31 adjectives could be described by 7 dimensions. Three of these dimensions
were Fluffiness, Texture, and Glossiness. These dimensions, however, did not have

many unique adjective loadings for them. Meaning, the adjectives that loaded for
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these dimensions were also loaded in for other dimensions, and most of the
adjectives had higher loadings for the other dimensions than these. Nevertheless,
this finding is new and provide further information about the onomatopoeic word
related softness dimensions. The remaining 4 major dimensions were as follows:
Viscosity, Surface Softness, Granularity, and Roughness (control). Our results are in
parallel with the dimensions shown before (Dévencioglu et al., 2019;2022; Cavdan
et al., 2019) except from Deformability dimension. This dimension was not obtained
in the PCA and I believe this is likely due to the lack of Turkish onomatopoeic words

that sound like a deforming material.

The results support the hypothesis that onomatopoeic words have a similar
dimensional distribution in comparison to previously shown softness material
dimensions. These findings constitute the earliest empirical evidence for such effect
to be observed with Turkish onomatopoeic words. Further research is conducted to
investigate the degree to which this effect can be observed with perceived softness

of materials in Experiment 1.

2.2. Study 2 — Softness Dimensions from Material Videos

In Study 2, softness dimensions were extracted from videos of materials, using 40

materials and 29 adjectives related to material qualities.

2.2.1. Method

2.2.1.1. Participants

Participants signed up for the experiment on SONA, the research participation
system, and completed the experiment on Qualtrics. Total of 15 participants (2 Male,
M= 23.8, SD = 4.5) participated in the experiment. One participant was left-handed,
and all participants had normal or corrected to normal visual acuity. All participants
gave consent to participate in the study before they started the experiment, and upon

completion they received course credit as compensation. None of the participants
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exceeded the average completion time predicted for the experiment, which was
estimated to be 50 minutes, therefore data from all 15 participants were included in

all analyses.

2.2.1.2. Stimuli

2.2.1.2.1. Materials

A total of 40 materials were used in this study. 32 soft materials were selected to be
the main stimuli and 8 hard materials to be were selected to be included as control.

For a comprehensive list of all the materials, see Figure 2.5.

In line with the results of previous research material videos were selected as the
means to present the materials to participants, since they reveal more information
about the materials are more closely correlated with the haptic perceptual space
(Cavdan et al., 2021). The videos were recorded on a laboratory setting with a black
background. Only the material, the container for the material, and the hand
displaying the exploratory movements were visible in the videos. Videos were
recorded without sound using Canon EOS M50 situated on a tripod approximately 50
cm away from the material. The ISO setting was set to automatic and natural light
was used during the photoshoot. The videos were shot at 50 frames per second on
Full HD mode with a resolution of 1920 x 1080 pixels. During the video recording,
the researcher displayed each of the 8 EPs that were previously mentioned for 5
seconds. These were pressure, rubbing, rotation, run through, stirring, pulling,
tapping, and stroking. Then, the best EPs for each material were selected and 5
second versions of the exploratory videos were recorded using the selected EPs. The
best EPs here are defined as the EPs that would present the most salient feature of
each material; such as applying pressure for sponge (deformable), rotating for tennis
balls (rough), rubbing for velvet (textile), stirring for hand cream (viscous), and
running through the fingers for green lentils (granular) (Figure2.6). The final 5 second

videos were then compressed to reduce in size while keeping the quality at HD.
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balloon

felt flour foam

hair conditioner honey kinetic sand

leather

rubberband sand

paper

sandpaper sawdust scourer shaving cream shower gel

wood blocks

Figure 2.5 A complete list of all materials used in Study 2, listed alphabetically.
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Figure 2.6 Sample video screenshots displaying the exploratory procedures used in Study 2.

From the top the materials are hand cream, sponge, velvet, chickpeas, and tennis balls.

2.2.1.2,2. Adjective List

The adjectives used in this study were the same as of Study 1, except for the removal
of two adjectives, resulting in 29 total adjectives. Adjective ‘meaty’ was removed from
this experiment as it more closely relates to food, and specifically to meat, which was
not included in the material list for this experiment. Adjective ‘leathery’ was removed
because the Turkish translation of the adjective (derimsi) is not commonly used in
daily language and was therefore not a good indicator to be included in the

experiment.

2.2,1.3. Design and Procedure
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The experiment consisted of 40 materials and 29 adjectives, resulting in 1160 trials.
The experiment was carried out online using the platform Qualtrics. Before the start
of the experiment, participants were instructed to first play the video, and then to
complete the adjective ratings. They were also informed that they will only be able
to play the video once. Similar to Study 1, block design was used where participants
had to complete all adjective ratings for one material before moving on to another
material. Duration for the experiment was around 50 minutes. Ratings were on a 7-
point Likert scale where 1 is None at all and 7 is Very appropriate to the video in trial.

Figure 2.7 displays a direct screenshot from the experiment.

One difference that was made for this experiment, and for the following experiments,
was the change of the scale that was previously used for Study 1. The scale in Study
1 was between 0 to 100, whereas we changed it to a seven-point Likert scale between
1 and 7. This change was made after receiving feedback about the scale from several
professionals in the area. The main point of the argument was that a 101-point scale
(0 to 100) could remain too vague for the participants. When the data is examined,
it can be seen that participants were lenient towards giving ratings that were very
close to either end (0 or 100), but there was not much variability of the ratings
observed for the middle sections of the scale. This might relate to the hardness of
conceptualization for such a large range, the difference between a rating of 60 and
61 becomes less identified than that between 3 and 4 in a 7-point scale. Similarly,
Preston and Colman (2000) showed that given a choice of multiple-point scales,
respondents preferred the 101-point scale least commonly, and the 7-, and 9-point
scales were generally preferred. Based on this reason, all remaining studies and

experiments were conducted with the 1-7 Likert scale.

2.2.2. Results

The principal component analysis was conducted using the software JAMOVI software
(R Core Team 2018; The jamovi project, 2019) and JASP (JASP Team, 2022). The
same steps as Study 1 were followed: Cronbach’s alpha levels were calculated for

each adjective to check for internal consistency, this time 9 adjectives yielded an
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“excellent” Cronbach’s alpha value over .90, and 13 yielded a “good” value over .80
(Gliem & Gliem, 2003). These values suggest that material videos had high internal
consistency. However, two of the adjectives yielded values lower than 0.60 indicating
low internal consistency. These were the adjectives airy and spongy (see Table 2.5

for the complete list of Cronbach alpha levels for Study 2).

Table 2.8

Cronbach alpha values for adjectives used in Study 2

Adjective Cronbach |Adjective Cronbach | Adjective Cronbach
Alpha Alpha Alpha

airy 0.260 hairy 0.815 silky 0.884
compliant  0.938 hard 0.808 slimy 0.800
delicate 0.934 inflexible 0.899 slippery 0.908
doughy 0.882 malleable 0.920 soft 0.871
flexible 0.900 moisturous  0.900 spongy 0.565
fluffy 0.873 powdery 0.693 sticky 0.862
gelatinous 0.652 roughened  0.852 textured 0.946
glossy 0.848 sandy 0.656 velvety 0.904
gooey 0.860 scabby 0.946 woody 0.687
granular  0.723 scaly 0.889

The analysis was continued by averaging the responses across participants and taking
into account the ratings for each adjective and onomatopoeic word
separately. The average rating table resulted in 40 rows (materials) and 29 columns

(adjectives).
The average responses were used to conduct a PCA. Before starting the analysis, the

suitability of the data for PCA was checked with Bartlett’s test of sphericity and Keiser-
Meyer-Olkin (KMO) criterion. Bartlett’s test of sphericity yielded a significant result,
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Figure 2.7 Sample screenshot from Study 2 on Qualtrics. All 29 adjectives were presented in

a single list.
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Figure 2.9. Scree plot for Study 2. The x-axis shows all components that could possibly be
extracted from the design (31). The y-axis shows the eigenvalues for the components. The

dotted line is for eigenvalue = 1, which was the criterion used to extract components.
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Table 2.9
Component Loadings of PCA for Study 2

Component
1 2 3 4 5 6 7 Uniqueness
gooey 0.933 0.041
gelatinous 0.917 0.068
slimy 0.905 0.081
sticky 0.890 0.364 0.054
moisturous 0.870 0.115
slippery 0.800 -0.378 -0.341 0.071
malleable 0.926 0.065
compliant 0.896 0.073
flexible 0.826 0.122
inflexible -0.819 0.089
doughy 0.347 0.800 0.224
delicate 0.698 0.426 0.136
soft 0.427 0.680 0.379 0.348 0.050
hard -0.399 -0.631 -0.349 -0.334 0.117
sandy 0.966 0.058
powdery 0.932 0.105
granular 0.890 0.099
scaly 0.726 0.414 0.180
silky 0.897 0.122
velvety 0.883 0.168
hairy 0.678 0.330 0.225
airy 0.835 0.171
fluffy 0.806 0.145
spongy 0.354 0.656 0.308
roughened 0.852 0.098
textured -0.307 0.851 0.103
woody 0.824 0.152
scabby 0.322 0.736 0.166
glossy 0.578 -0.579 0.180

Note. 'varimax' rotation was used. Loadings below 0.3 were hidden from the table.

X2 (1546) = 406, p < .001. The KMO measure of sampling adequacy resulted in an
overall score of 0.584 which is above the required criteria of .5 to use PCA. These

results suggest that the observed correlations were meaningful and the data was
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suitable to be used for PCA. Using the same settings as Study 1, principal components
were extracted with Kaiser normalization and varimax rotation. Seven principal
components were extracted from the analysis that explain % 87,58 of total variance

observed in the data.

Table 2.6 depicts the rotated factor loadings of each adjective in the seven-factor
solution. Factor I explained 21.03% of variance. Adjectives gooey, gelatinous, slimy,
sticky, moisturous, slippery, doughy, soft, glossy, hard (-), and textured (-) were
loaded in this factor. This factor was therefore labeled Viscosity. The second factor
explained 20.32% of variance. Adjectives sticky, malleable, compliant flexible,
inflexible (-), doughy, delicate, soft, hard (-), and spongy were loaded in this factor.
The second factor was labeled as Deformability. The third factor explained 12.43%
of variance. Adjectives sandy, granular, scaly, and powdery were loaded on this

factor. This factor was labeled Granularity.

The fourth factor explained 9.17% of the variance. Adjectives that loaded on this
factor were silky, velvety, hairy, soft, and hard (-). This factor was labeled Surface
Softness. The fifth factor explained 8.93% of variance. Adjectives delicate, soft, hard
(=), airy, fluffy, and spongy were loaded on this factor. This factor was labeled
Fluffiness. The sixth factor explained 8.4% of the variance. Adjectives slippery (-),
scaly, hairy, roughened, textured, and scabby loaded in this factor. This factor was
labeled Roughness. The seventh and the final factor explained 7.3% of the variance.
Adjectives slippery (-), woody, scabby, and glossy (-) were loaded in this factor. This
factor was labeled Scabbiness. Figure 2.8 shows the percentage explained variance

for 7 scales and Figure 2.9 shows the scree plot.

Appendix D displays the ratings collected for each material across all the adjectives
used in Study 2.

2.2.3. Discussion

In Study 2 the categorization of materials for softness dimensions were investigated.
The PCA revealed 7 perceptual softness dimensions which explain 87.58% of the

variance in the data. Five of the dimensions were in line with previous research
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(Dévencioglu et al., 2018, 2019, 2022; Cavdan et al., 2019): Viscosity, Deformability,
Surface Softness, Granularity, and Roughness (control condition). The remaining two
dimensions were Fluffiness and Scabbiness. These dimensions have not been
previously reported and constitute a new finding in terms of material dimensions of
softness. These results once again provide support for the existence of at least four
softness-related dimensions, challenging the previously accepted idea of softness as

a single dimension.

The results support our hypothesis that materials have a similar dimensional
distribution in comparison to previously shown softness material dimensions. We
were able to categorize the materials in relation to the adjective list, and we used

these results for stimulus selection for Experiment 1.

2.3. Experiment 1 — The Effects of Written Onomatopoeic Words

on Perceived Softness of Material Videos

In this experiment the effect of written onomatopoeic words on perceived softness
of material videos were investigated by creating word-video pairings that are
congruent or incongruent. In Study 1 and 2, both onomatopoeic words and material
videos were used to extract very similar softness-related dimensions. For Experiment
1, it was hypothesized that the onomatopoeic words will have an effect on material
softness perception. This hypothesis is driven by previous research conducted with
onomatopoeias in other languages, and mainly in Japanese (Hanada, 2016; Hanada,
2019). To test this, the onomatopoeic words and the materials were matched. It is
expected that when the onomatopoeic word and material pairings are congruently
matched, the ratings for related adjectives should be higher and when they are
incongruently matched the ratings for related adjectives should be lower. A significant
result for the interaction effect of onomatopoeic word and material (which will
constitute the “congruency” condition) from ANOVA will be in support of this
hypothesis. This result will suggest that onomatopoeic words have an effect on the

perceived softness of materials.
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2.3.1. Method

2.3.1.1, Participants

Twenty-seven participants (8 Male, M = 24.9, SD = 8.17) participated in the study.
Similar to Study 1 and 2, all participations were recruited from SONA and the
experiment was run on Qualtrics. Six participants were left-handed, and all
participants had normal or corrected to normal visual acuity. Participants gave their
consent to participate in the study before the experiment started, and upon

completion they received course credits.

2.3.1.2. Stimuli

The stimuli to be used in Experiment 1 were selected using the PCA results from
Study 1 and 2. Both onomatopoeic words and material videos were used in this
experiment, and softness dimensions from the PCA were used to decide the
congruency of the onomatopoeic word and material pairings. We only used the
components that were evident in both experiments, which resulted in four
components: Viscosity, Surface Softness, Granularity, and Roughness (control). Table
2.7 displays the adjectives loaded on both experiments, as well as the common ones
selected for Experiment 1. There were five adjectives for Viscosity . gooey, gelatinous,
sticky, moisturous, slippery, glossy, and slimy. There were three adjectives for
Surface Softness: silky, velvety, and hairy. For Granularity, there were four
adjectives: sandy, powdery, granular, and scaly. Lastly, for Roughness there was only
one adjective common in both experiments: roughened. These adjectives were titled
as '‘Main Adjectives’ to differentiate the main adjectives we used for stimuli selection

from the softness related adjectives we use in the rating task.

After selecting the Main Adjectives, I then selected the onomatopoeic words and
materials. For each Main Adjective, two onomatopoeic words (high and low rated)
and three materials (high, middle, and low rated; corresponding to ratings above 3.5,

at 3.5, and lower than 3.5, respectively). Each onomatopoeic word was used only
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Table 2.10
Common adjective selection based on adjective loadings on Study 1 and 2

Component Word Material Component Word Material
Experiment Experiment Experiment Experimen
t
sticky gooey flexible silky
gooey gelatinous inflexible (-) velvety
slimy sticky spongy hairy
gelatinous moisturous velvety
moisturous slippery hairy
slippery glossy silky
Viscosity doughy slimy Surface airy
flexible Softness delicate
inflexible (-) soft
soft hard (-)
spongy powdery (-)
hard (-)
meaty
malleable
Component Word Material Component Word Material
Experiment Experiment Experiment Experimen
t
sandy sandy woody roughene
d
. ' powdery powdery Roughness roug hene_d textured
ranularity scaly granular slippery (-)
granular scaly glossy (-)
roughened

once, however some of the materials were used more than once regarding their
ratings on related Main Adjective. For instance, woo/was used as a low rated material

for Gelatinous, and a high rated material for Hairy.

Onomatopoeic words and materials were then paired to be either in a congruent
(both low or both high rated), control (onomatopoeic word high or low rated, material
middle rated), or an incongruent (one high rated while the other is low rated
condition. For instance, for the Main Adjective Gooey, vicik vicik (high rated) was
congruently paired with hair conditioner, paired as control with kinetic sand, and
incongruently paired with tulle. Whereas kditdr kdtdr (low rated), was congruently
paired with tulle, paired as control with kinetic sand, and incongruently paired with
hair conditioner. This configuration resulted in 6 word-video pairs per Main Adjective.

49



2.3.1.2.1. Adjective List

We used a total of 13 adjectives in the ratings task: gelatinous, slimy, sticky, gooey,
slippery, roughened, sandy, granular, powdery, scaly, silky, velvety, and hairy. The

adjectives to get ratings on were the same as the Main Adjectives.

2.3.1.3. Design and Procedure

A within-subject design with three independent variables (IV) and a continuous
dependent variable was used in this experiment. First IV was Onomatopoeic Word (2
levels: high and low rated in Study 1), the second IV was Materials (3 levels: high,
middle, and low rated in Study 2), the third IV was Adjective (13 levels: gelatinous,
slimy, sticky, gooey, slippery, roughened, sandy, granular, powdery, scaly, silky,
velvety, and hairy). The dependent variable was the ratings obtained for each
adjective. Each Main Adjective were regarded as a subset, and for each of them the
design was a 2 x 3 x 13 ANOVA.

A similar block design as of Study 1 and 2 was used where participants had to
complete all adjective ratings before they could move on to the next stimuli. However,
in this experiment, each block consisted of one onomatopoeic word and one material,
presented in that order (Figure 2.11). Onomatopoeic words were presented on screen
(2 seconds), followed by blank screen (1 second), followed by the video of a material
(5 seconds). After watching this sequence once, participants had to complete the
ratings for 13 adjectives. Once the ratings were complete, they moved on to the next
trial. Before starting the next trial, they first were asked to write the onomatopoeic
word that they had seen at the beginning of the sequence. This memory task was
included at the end of each trial as a control to ensure participants remembered the
onomatopoeic word they saw. There was a total of 78 trials, lasting around 60

minutes to complete the entire experiment.
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2.3.2. Results

As for each Main Adjective the stimuli of onomatopoeic word and materials differed,
they had to be analyzed separately. We conducted 13 two-way repeated-measure
ANOVAs. The data was analyzed using JASP (JASP Team, 2022), with a total of 1014
ratings per participant. I corrected for multiple comparisons with Bonferroni
correction 0.05/13a = .003. I expected to see a significant interaction effect between
Onomatopoeic Word * Material, as this interaction corresponds to congruency, which
was the manipulation in the experiment. Unfavorably, out of all 13 ANOVAs, none of
the interactions between Onomatopoeic Word * Material was significant. Table 2.9

shows a comprehensive list of all significant main and interaction effects.

For the main effects, main effect of Onomatopoeic Word was also not significant in
any of the 13 ANOVAs. For Gelatinous (A1,26) = 1.09, p = .03, n2 , = .04), Slimy
(R1,26) = 1.97, p= .17, n2 , = .07), Sticky (A1,26) = 1.23, p= .27, n2 , = .04),
Gooey (A1,26) = 4.87, p=.036, n2 , = .16), Slippery (A1,26) = 0.61, p= .04, n2,
= .02), Roughness (A1,26) = 1.94, p= .17, n2 , = .07), Silky (R1,26) = 1.19, p=
.28, n2 p = .04), Velvety (A1,26) = 0.06, p = .79, n2 , = .003), Hairy (A1,26) =
0.03, p = .85, n2 , = .001), Sandy (A1,26) = 1.03, p = .31, n2 , = .03), Powdery
(A1,26) = 0.63, p=.43,n2, =.02), Granular (A1,26) = 0.36, p= .54, n2, =.01),
and Scaly (A1,26) = 1.14, p= .29, n2 , = .04).

The main effect of Materials was significant for 12 out of the 13 ANOVAs at a level of
p < 0.00. For Gelatinous (A2,56) = 41.4, p < .001, n2 , = .61), Slimy (A2,56) =
78.1, p < .001, n2 , = .75), Sticky (A2,56) = 62.1, p < .001, n2 , = .7), Gooey
(A2,56) = 31.3, p<.001, n2, =.5), Slippery (A2,56) = 24.2, p< .001, n2 , = .48),
Roughened (A2,56) = 25.5, p < .001, n2 , =.5), Silkky (R2,56) = 5.49, p = .007, n2
p = .17), Velvety (R2,56) = 30.4, p < .001, n2 , = .53), Hairy (A2,56) = 6.61, p=
.003, n2 , = .20), Sandy (A2,56) = 68.9, p < .001, n2 , = .72), Powdery (A2,56) =
22.1, p < .001, n2 , = .46), Granular (A2,56) = 75, p < .001, n2 , = .74), Scaly
(R2,56) = 30.7, p< .001, n2 , = .54).
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Table 2.12
ANOVA main effect and interaction results for Experiment 1

Gelatinous Slimy Sticky Gooey Slippery

F n%o F nzo, | F n?p, | F nZo F n%o,
Word 1.09 0.04 | 1.97 0.07 | 1.23 0.04 | 4.87 0.16 0.62 0.02
Material 41.45% 0.61 | 78.15* 0.75 | 62.07* 0.70 | 31.29* 0.54 24.21* 0.48
Adjective 59.04* 0.69 | 75.78% 0.74 | 49.39* 0.65 i9.41 0.52 21.08* 0.45

Word * Material 1.57 0.06 | 1.49 0.05 | 4.73 0.15 | 0.52 0.005 1.29 0.05

Word * Adjective 1.06 0.04 | 0.59 0.02 | 1.07 0.04 | 0.51 0.02 0.46 0.02

Material * 56.79* 0.68 | 42.23* 0.62 | 46.41* 0.64 | 36.59* 0.58 27.74* 0.52
Adjective
Word * Material * 0.52 0.02 | 0.93 0.03 | 1.92 0.07 | 0.77 0.03 0.45 0.02
Adjective

Note. * denotes significant result. IV Onomatopoeic Word is transcribed as “Word” to create a better fit with the
table margins.

The main effect of Adjective was significant for all 13 ANOVAs. For Gelatinous
(A12,312) = 59, p < .001, n2 , = .69), Slimy (A12,312) = 75.8, p < .001, n2 , =
.74), Sticky (A12,312) = 49.4, p < .001, n2 , = .65), Gooey (A12,312) = 39.4, p<
.001, nz , = .52), Slippery (A12,312) = 21.1, p < .001, n2 , = .45), Roughened
(A12,312) = 31.2, p< .001, n2 , = .54), Silky (R12,312) = 32.1, p<.001, N2, =
.55), Velvety (R12,312) = 62.4, p< .001, n2 , = .7), Hairy (R12,312) = 37.9, p<
.001, n2,=.59), Sandy (A12,312) = 53.6, p< .001, n2 , = .67), Powdery (A12,312)
=29, p<.001, n2, =.52), Granular (R12,312) = 39.7, p< .001, n2 , = .59), and
Scaly (A12,312) = 31.1, p<.001, n2 , = .54).

The interaction between Onomatopoeic Word * Material was not significant for any
of the 13 ANOVAs. For Gelatinous (A2,52) = 1.57, p= .21, n2 , =.05), Slimy (A2,52)
= 149, p = .23, n2 , = .05), Sticky (A2,52) = 1.06, p = .38, n2 , = .04), Gooey
(R2,52) = 0.12, p= .88, n2 , = .005), Slippery (A2,52) = 1.29 p= .28, n2 , = .04),
Roughness (A2,52) = 1.22, p= .30, n2 , = .04), Silky (A2,52) = 0.38, p = .68, n2
p = .01), Velvety (R2,52) = 7.03, p=.002, n2 , = .21), Hairy (A2,52) = 0.52, p=
.59, n2 , =.02), Sandy (A2,52) = 0.11, p= .89, n2 , = .004), Powdery (R2,52) =
3.02, p=.05,n%2,=.10), Granular (A2,52) = 0.07, p= .93, n2 , = .003), and Scaly
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(R2,52) = .04, p=.95,n2 , = .002).

Table 2.12 (continued)

ANOVA main effect and interaction results for Experiment 1

Sandy Powdery Granular Scaly

F n2, |F nz, |F nz, | F nZo
Word 1.03 0.04 | 0.61 0.02 | 0.368 0.01 | 1.15 0.04
Material 68.80* 0.73 | 22.16* 0.46 | 75.01* 0.74 | 30.66* 0.54
Adjective 53.57* 0.67 | 29.04* 0.53 | 38.66* 0.60 | 31.15*% 0.54
Word * Material 0.12 0.00 | 3.02 0.10 | 0.07 0.00 | 0.05 0.00
Word * Adjective 1.10 0.04 | 1.36 0.05 | 1.34 8.05 0.31 (2J.01
Material * Adjective 41.36* 0.61 | 30.50* 0.54 | 37.59* 0.59 | 14.38* 3.36
Word * Material * Adjective  0.73 0.03 | 1.32 0.05 | 2.15 0.08 | 0.86 0.03

Note. * denotes significant result. IV Onomatopoeic Word is transcribed as “Word” to create a better fit

with the table margins

Table 2.12 (continued)

ANOVA main effect and interaction results for Experiment 1

Silky Velvety Hairy Roughness

F n?, | F nZo F nz, | F nZo
Word 1.20 0.04 | 0.07 0.02 0.02 0.00 | 1.03 0.04
Material 5.49 0.17 | 30.37* 25.52* | 25.52* (1).20 68.80* 0.73
Adjective 32.07* 0.55 | 62.38%* 31.17* | 31.17% 0.59 | 53.57* 0.67
Word * Material 0.38 0.01 | 7.04 1.22 1.22 0.02 | 0.12 0.00
Word * Adjective 0.66 0.02 | 1.07 0.40 0.40 0.04 | 1.10 0.04
Material * Adjective 29.02* 0.53 | 39.85* 37.03* | 37.03* 0.59 | 41.36* 0.61
Word * Material * 0.50 0.02 | 143 1.27 1.27 0.01 | 0.73 0.03

Adjective

Note. * denotes significant result. IV Onomatopoeic Word is transcribed as “Word” to create a better fit

with the table margins

The interaction between Onomatopoeic Word * Adjective was not significant for any

of the 13 ANOVAs. For Gelatinous (A12,312) = 1.06, p = .39, n2 »

(R12,312) = 0.59, p = .85, n2 , = .02), Sticky (A12,312) = 1.06, p =
.03), Gooey (A12,312) = 0.51, p=.90, n2 , = .02), Slippery (A12,312) = 0.46, p =
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.93, N2, =.02), Roughness (A12,312) = 0.39, p= .96, n2 , = .01), Silky (A12,312)
= 0.66, p= .79, n2 , = .02), Velvety (A12,312) = 1.07, p = .38, n2 , = .04), Hairy
(R12,312) = 1.14, p= .32, n2 , = .04), Sandy (A12,312) = 1.09, p= .36, N2 p =
.04), Powdery (A12,312) = 1.36, p= .18, n2 , = .05), Granular (A12,312) = 1.34,
p=.19,n2,=.05), and Scaly (R12,312) = 0.31, p= .98, n2 , = .01).

The interaction effect of Material * Adjective was significant for all 13 ANOVAs. For
Gelatinous (A24,624) = 56.8, p < .001, n2 , = .68), Slimy (A24,624) = 42.2, p <
.001, n2 , = .62), Sticky (A24,624) = 46.4, p < .001, n2 , = .64), Gooey (A 24,624)
= 36.6, p < .001, n2 , = .58), Slippery (A24,624) = 27.7, p < .001, n2 , = .51),
Roughness (A24,624) = 37, p < .001, n2 , = .58), Silky (A24,624) = 29, p < .001,
N2 p = .53), Velvety (A24,624) = 39.9, p < .001, n2 , = .6), Hairy (R24,624) = 36.9,
p < .001, n2 , = .59), Sandy (A24,624) = 41.3, p < .001, n2 , = .61), Powdery
(A24,624) = 30.5, p< .001, n2 , = .54), Granular (A24,624) = 37.5, p < .001, n2
p = .59), and Scaly (RA24,624) = 14.4, p< .001, n2 , = .35).

Lastly, the three-way interaction between Onomatopoeic Word * Material * Adjective
was not significant for any of the 13 ANOVAs. For Gelatinous (A24,624) = 0.53, p=
.97, N2, = .02), Slimy (A24,624) = 0.93, p = .56, n2 , = .03), Sticky (A24,624) =
1.92, p=.044, n2 , = .06), Gooey (HA24,624) = 0.77, p= .77, n2 , = .02), Slippery
(R24,624) = 0.45, p= .99, n2 , = .01), Roughness (A24,624) = 1.27, p= 0.17, n2
p = .04), Silky (A24,624) = 0.5, p= .98, n2 , = .02), Velvety (R24,624) = 1.43, p
= .08, n2 , = .05), Hairy (A24,624) = 0.33, p= .99, n2 , = .01), Sandy (A24,624)
= 0.73, p = .82, n2 , = .03), Powdery (R24,624) = 1.32, p = .14, n2 , = .04),
Granular (A24,624) = 2.15, p=.034, n2 , = .07), and Scaly (A24,624) = 0.86, p =
.54, n2 , = .03).

Appendix E displays the rating differences between conditions across all adjectives,

for each of the Main Adjectives.

2.3.3. Discussion

55



Experiment 1 was conducted to test the hypothesis that onomatopoeic words have
an effect on the perceived softness of materials. The effect of congruency was not
observed, which would be a significant result for the interaction between
Onomatopoeic Word * Material, on any of the 13 ANOVAs conducted. Therefore, 1
failed to reject the null hypothesis and the hypothesis for this experiment was not
supported. This might suggest that the onomatopoeic word and material pairings
used in this experiment were not strong enough for such an effect to be observed.
Meaning, the pairings created for congruent and incongruent conditions may not be
optimal. On the other hand, given that the experiment was conducted online, it is
probable that participants did not give their undivided attention to the stimuli

displayed on screen.

It is also probable that either onomatopoeic word or the material was more salient
for each adjective and therefore participants focused on only one of them when giving
their ratings. However, with the current design it is not possible to test this. It might
also be related to the onomatopoeic words being presented in a written format,
instead of spoken. Because the onomatopoeic words were in the written format, they
were presented before the video of the material. The alternative was to display the
onomatopoeic word and the video of the material on the same screen. However, that
design was avoided to not divide attention to different parts of the screen. To
confidently report any significant result associated with the onomatopoeic word and
the material, it needs to be ensured that participants pay attention to both stimuli
simultaneously. We proposed a similar design of material videos synchronously
presented with spoken onomatopoeic words. This study is detailly reported in Chapter
3.
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CHAPTER 3

EFFECTS OF SPOKEN ONOMATOPOEIC WORDS ON PERCEIVED SOFTNESS

This chapter focuses on Study 3 where softness related dimensions are extracted
from spoken onomatopoeic words, and Experiment 2 where a similar methodological
design to Experiment 1 (Chapter 2) was employed and the adjective ratings of
materials were manipulated by creating congruent and incongruent conditions with

onomatopoeic words and material videos.

3.1. Study 3: Softness Dimensions from Spoken Onomatopoeic Words

This section focuses on an experiment (Study 3) conducted to see whether softness
related dimensions could be extracted from spoken onomatopoeic words. The study
design is similar to that of Study 1 (Chapter 2), however instead of written
onomatopoeic words being displayed on screen, this time the stimuli is presented in
spoken form. Another difference added is that Study 3 is conducted in a laboratory
setting, instead of being online, which was one of the issues we discussed earlier at
the end of Chapter 2.

For this experiment, the hypothesis was that spoken onomatopoeic words will show
a similar softness dimension to that observed with materials. The results are expected
to be also similar to that of Study 1, where written onomatopoeic words were used.

3.1.1. Method

3.1.1.1 Participants
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Similar to previous experiments, participants were recruited through the research
participation system SONA. All participants received course credits as compensation
for participating in the study. We collected data from 30 participants (M = 22.4, SD
= 2.4, 7 Male, 3 left-handed). Three participants were left-handed, all participants
had normal or corrected to normal visual acuity, and no participant reported any
auditory disorders that is associated with a loss of hearing. All participants were

students at Middle East Technical University, and all were native Turkish speakers.

3.1.1.2. Stimuli

3.1.1.2.1. Onomatopoeic Words

The list of onomatopoeic words to be used in this study was chosen by completing a
small pilot study using the onomatopoeic words in Study 1. For the pilot study, we
collected data from 21 participants, who were asked to judge how familiar they are
with each onomatopoeic word on a scale from 1 (not at all familiar) to 7 (very
familiar). We also collected ratings for the same adjective list that was used in
Experiment 1 as a way of identifying the suitability of each onomatopoeic word to be
used in Study 3. The initial onomatopoeic word list for this pilot study comprised of
47 onomatopoeic words. We selected the cutoff point as 3, meaning any
onomatopoeic word receiving an average familiarity rating of less than 3 was
eliminated.  Furthermore, we eliminated the onomatopoeic words that were
semantically distant to the adjective list. The remaining list consisted of 27
onomatopoeic words (Table 3.1).

The onomatopoeic words were presented in audio form. To record the words, the
researcher used a CANON EOS M50 camera and RODE noise cancelling microphone
add-on. All the recordings were completed by the researcher, a native Turkish
speaker, in a sound-isolated room. All recordings were then edited in Audacity
software to include a 1 second of silent onset, followed by the onomatopoeic word

(~2 seconds), then the amount of silent block necessary to equal total audio duration
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to 5 seconds. The recordings were then normalized to -3 dB to ensure all recordings

had the same volume.

3.1.1.2,2, Adjective List

The adjectives used in this study are the same ones that we used in Study 2 (Chapter

2), consisting of 29 adjectives. This list excludes the adjectives ‘meaty’ and ‘leathery’

Table 3.1

Onomatopoeic words used in Study 3

git it hkir likir saril saril

efil efil lime lime Sip SIp

gicir gicir miril muril sipir Sipir
hasir husur misil misil siril siril

hisir hisir pitir pitir tak tak

katur kutur pofur pofur tangur tungur
kirt kirt pufir pifiir tikir tikir

kitir kitir sap sap tiril tiril

kitdr kdtdr sapur supur vicik vicik

from the original list of 31 adjectives, as they are not common in Turkish language
and their meanings are therefore vague and not informative. The remaining list
consists of 29 material related adjectives. The complete list of adjectives can be seen
in Table 3.2.

3.1.1.3. Design and Procedure

The experiment included 27 onomatopoeic words and 29 adjectives, resulting in 783
trials for each participant. The experiment was coded in MATLAB R2020b and
Psychtoolbox-3. The experiment was conducted in the sound-isolated room on an HP

ENVY dvé6 laptop at the behavioral laboratory of Social Sciences building at Middle
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East Technical University. The audio stimuli were presented using Sennheiser SK-
507364 HD 206 headphones, and the responses were collected using a standard
cable mouse. The procedure was similar to that of Study 1; however, block design
was not used for Study 3. For Study 3, the order of the stimuli was randomized for
each participant. Upon giving their informed consent to participate in the study,
participants were instructed to listen to the onomatopoeic word that was played in a
loop of 5 seconds (including the silent onset and offset) and then rate each adjective
based on how well they think the match is between the adjective and the
onomatopoeic word on a 1 (not at all) to 7 (very) scale. The participants were not
able to submit a response for the first three seconds of the audio, which was

implemented in the design to ensure no responses are given before the onomatopoeic

Beyaz imleci kaydirarak cevabinizi verebilirsiniz.

Figure 3.1 Sample screenshot from Study 3. The participants simultaneously heard an

onomatopoeic word on their headphones, which is not depicted in the figure.

word is heard at least once. After submitting their rating for an onomatopoeic word,
another random adjective appeared on screen and a recording of a different
onomatopoeic word was played. Before they started the experimental trials,

participants completed 6 trials to familiarize with the experimental procedure, during
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which all the necessary adjustments such as the audio volume were made, and any
questions the participants had about the procedure were answered. The
onomatopoeic words used in this section were not included in the experimental

stimuli. Entire experiment was a single session and lasted around 40 minutes to

complete.
3.1.2. Results
3.1.2.1. Principal Component Analysis

The experiment data was analyzed using the JAMOVI software (R Core Team 2018;
The jamovi project, 2019). Similar to Study 1 and 2, the PCA was used to analyze the
data for dimensionality reduction. I wanted to extract informative dimensions from a
list of 29 adjectives. In total, 783 ratings from each participant (27 onomatopoeic
words x 29 adjectives) were collected. Before initiating the PCA, the internal
consistency of the data was checked by calculating the Cronbach’s alpha levels for
each adjective. Eleven of the total 29 adjectives yielded an “excellent” Cronbach’s
alpha value which is over .90, and 18 yielded a “good” value which is over .80 (Gliem
& Gliem, 2003). This result shows that onomatopoeic words had high internal
consistency as a group and the data was very suitable to move forward with further
analysis (Table 3.2).

The responses were then over participants and calculated separately for each
adjective and onomatopoeic word. The resulting data consisted of 27 rows
(onomatopoeic words) and 29 columns (adjectives), which was used to conduct the
PCA. The suitability of the data for PCA was checked using Bartlett’s test of sphericity
and Keiser-Meyer-Olkin (KMO) criterion. The KMO measure of sampling adequacy
yielded a score of .535 which is above the required criteria of .5 for PCA. Bartlett’s
test of sphericity yielded a significant result, x*> (210) = 995, p < .001, which suggests
that observed correlations are meaningful. All these preliminary results showed that
data were suitable for carrying out a PCA. Principal components were extracted using

Kaiser normalization and varimax rotation. The PCA was carried out with eigenvalue
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Table 3.2
Cronbach alpha values for adjectives used in Experiment 12

Adjective Cronbach Adjective Cronbach Adjective Cronbach
Alpha Alpha Alpha

airy 0.886 hard 0.866 slippery 0.849
compliant 0.949 inflexible 0.949 soft 0.856
delicate 0.923 malleable 0.952 spongy 0.916
doughy 0.877 moisturous 0.844 sticky 0.865
flexible 0.940 powdery 0.913 textured 0.954
fluffy 0.876 roughened 0.879 velvety 0.845
gelatinous 0.854 sandy 0.903 woody 0.864
glossy 0.935 scabby 0.875
gooey 0.853 scaly 0.919
granular 0.894 silky 0.869
hairy 0.818 slimy 0.833

10.0 1

7.9 4

Eigenvalue
o
=

2.5 A

123 4 56 7 8 9101112131415 1617 18 19 20 21
Component

Figure 3.2 Scree plot for PCA of adjectives for Study 3. The x-axis shows all
components that could possibly be extracted from the design (31). The y-axis shows the
eigenvalues for the components. The dotted line is for eigenvalue = 1, which was the criterion
used to extract components.
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>1 which resulted in three dimensions. However, it was decided to force the number
of components to four, since the fourth component had an eigenvalue of .97 and was
greatly distant from the fifth component (eigenvalue = .5) (Table 3.3). The four
components explained %92,36 of the total variability in the data. The four
components explained %35.02, %32.91, %16.85, %7.58 of the variability in the
data, respectively (Figure 3.3). The scree plot (Figure 3.2) displays the components

based on their eigenvalues.

Table 3.3

Initial Eigenvalues

Component Eigenvalue %o of Variance Cumulative %

1 10.42312 49.63392 49.6
2 6.48563 30.88394 80.5
3 1.51689 7.22327 87.7
4 0.97146 4.62599 92.4
5 0.50814 2.41973 94.8
. Variance Explained by Each Component

35.02

357}

% Variance

1 2 3 4
Component

Figure 3.3 % Variance Explained by Each Component for Study 3. X-axis shows the
components extracted from the analysis. The y-axis shows the % variance. Exact numbers

for percentage are noted at the bar tips.
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Table 3.4
Component Loadings from PCA for Study 3

Component
1 2 3 4 Uniqueness
sticky 0.945 0.050
simy 0.944 0.041
gooey 0.928 0.014
gelatinous 0.924 0.081
moisturous 0.873 -0.324 0.084
slippery 0.837 -0.421 0.031
woody -0.653 -0.629 0.308 0.046
roughened -0.536  -0.515 0.524 0.348 0.052
velvety 0.937 0.101
hairy 0.919 0.100
silky 0.912 0.116
airy 0.899 0.155
fluffy 0.824 0.175
soft 0.486 0.799 0.048
hard -0.604  -0.688 0.067
scabby -0.609 -0.619 0.343 0.056
sandy -0.327 0.915 0.046
scaly -0.328  -0.347 0.824 0.091
powdery 0.393 0.802 0.086
granular -0.404  -0.585 0.597 0.077
glossy -0.902  0.076

Note. 'varimax' rotation was used

Table 3.4 shows the rotated factor loadings of each adjective in the four-factor
solution. Factor one explained 35.02% of variance. Adjectives sticky, slimy, gooey,
gelatinous, moisturous, slippery, woody (-), roughened (-), soft, hard (-), scabby (-),
sandy (-), scaly (-), and granular (-)|loaded in this factor. Because this factor seemed
to be closely related to viscosity of materials, this factor was labeled Viscosity. The
second factor explained 32.91% of variance. Adjectives woody (-), roughened (-),
velvety, hairy, silky, airy, fluffy, soft, hard (-), scabby (-), scaly (-), powdery, and
granular (-) were loaded in this factor. The adjectives that were loaded in this factor
seemed to relate to textile materials, therefore the second factor was labeled Surface
Softness. The third factor explained 16.85% of the variance. Adjectives that loaded

on this factor were moisturous (-), roughened, scabby, sandy, scaly, powdery, and
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granular. This factor was therefore labeled Granularity. The fourth factor explained
7.85% of the variance. Adjectives slippery (-), woody, roughened, and glossy (-)
were loaded on this factor. This factor was labeled Roughness. Appendix F displays

the ratings obtained for each onomatopoeic word across all adjectives.

3.1.2.2, Multidimensional Scaling Analysis (MDS)

Similar to Study 1, multidimensional scaling analysis was applied to the averaged-
over participant data in order to obtain a spatial distribution for spoken onomatopoeic
words. The results show a clear distinction between four clusters that is determined
by the distances between onomatopoeic words (Figure 3.4). Onomatopoeic words
pofur pofur, efil efil, misil misil, miril minl, and tiril tiril are forming the first cluster.
This corresponds to the dimension of Surface Softness based on the PCA results.
Onomatopoeic words higir higir, lime lime, hasir husur, and pitir pitir form the second
cluster. These words are the ones that have received high ratings for the adjectives
within the Granularity dimension of the PCA results. The third cluster is made of
onomatopoeic words tikir tikir, ¢it ¢it, kirt kirt, kitir kitir, katur kutur, tak tak, kittr
kdtdr, and tangur tungur. These words have received high ratings for the dimension
Roughness on the PCA results. Finally, onomatopoeic words likir likir, siril siril, gicir
giar, saril saril, sipir sipir, sip sip, sapur supur, sap sap, and vicik vicik are located
close to each other and form the fourth cluster, which corresponds to the dimension
of Viscosity based on the PCA results.

Obtaining four clusters in the MDS provides further support for the existence of four
components for the dimensional distribution of spoken onomatopoeic words. As can
be seen in Figure 3.4, the onomatopoeic words for the component Roughness create
a distinct cluster, therefore supporting the decision to extract four dimensions,

including an additional dimension for Roughness in the PCA solution.
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Figure 3.4 Individual plot showing the spatial distribution of onomatopoeic words. The colored

circles were added afterwards to indicate the clusters.

3.1.3. Discussion

The findings of Study 3 were useful in understanding the association of spoken
onomatopoeic words to perceived softness dimensions. It was hypothesized that the
onomatopoeic words would have a similar dimensionality distribution to that of
previous studies (Dévencioglu et al., 2018, 2019, 2022; Cavdan et al., 2019) and to
Study 1. A PCA was carried out which confirmed the existence of 4 dimensions that
explain 92.36% of the variance in the data. These dimensions are Viscosity, Surface
Softness, Granularity, and Roughness. Similar to Study 1, the Deformability

dimension was not extracted using onomatopoeic words. This arguably results from
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the fact that there are not many Turkish onomatopoeic words that are represented

by the material sound as it is being deformed.

Figure 3.4 displays the ratings obtained for each onomatopoeic word for each
adjective. A correlation between the adjective ratings and the meanings of the
onomatopoeic words were observed. For instance, the adjective slippery had the
highest ratings on words vicik vicik (ropy, sludgy, gooey, slushy), sap sap (kissing
with a screed sound, alum alum), sip sip (making a 'flashing' sound, plop). Similarly,
the adjective silky had high ratings on tiril tiril (crisp and clean, gauzy, floaty), efil fil
(gently, intermittently and slowly (blowing wind, snowing, hair waving), and misil
misil (sleeping peacefully and soundly, with a quiet and deep breath). This suggests
that there is more at play than only sounds or physical characteristics of the words
and letters, and the meanings of these words are strongly associated with the real-

life objects whose sounds they were named after.

The results of Study 3 are similar to that of Study 1, which suggests that the written
and spoken modalities of onomatopoeic words are both informative enough to make
softness related judgements for materials. In this experiment, the onomatopoeic
words were categorized based on the adjective list, and four dimensions were
extracted from a list of 29 adjectives. This is the second study to be conducted using
Turkish onomatopoeic words to study material perception, and first ever study to use
the onomatopoeic words in the spoken form. Our results provide empirical evidence
that sound-symbolic associations are observed for Turkish onomatopoeic words, and

that sound-symbolism is associated to the perception of everyday objects.

3.2. Experiment 2: Effects of Spoken Onomatopoeic Words on Perceived
Softness of Material Videos

This section includes an experiment (Experiment 2) conducted to see whether spoken
onomatopoeic words has an effect on how softness perception of materials varies
when materials are displayed as a 5 second exploratory video to participants and

where the experiment is conducted in an experimental laboratory rather than being
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conducted online as in Experiment 1. This experiment holds a similar methodological
model to that of Experiment 1 (Chapter 2), where onomatopoeic words and materials
are selected based on the PCA results of previous experiments (Study 3 for
onomatopoeic words and Study 2 for materials) and congruency was used as the
experimental manipulation where onomatopoeic words and materials were matched
to be either congruent (both high or both low rated on respective adjectives) or
incongruent (one high rated while the other is low rated for the respective
adjectives),. However, Experiment 2 uses a selection of spoken onomatopoeic words
that are gathered based on the results of Study 3, instead of written onomatopoeic

words as in Experiment 1 (Chapter 2).

3.2.1. Method

3.2.1.1. Participants

The experiment was conducted at the Psychology Department within the
Social Sciences Building at Middle East Technical University. All participants gave
written consent prior to the experiment. Upon completing the experiment participants

received course credits as compensation.

Data was from 30 participants (11 Male, M = 22.5, SD = 2.52), all but one
was students at Middle East Technical University, and all were native Turkish
speakers. Twenty-nine participants were right-handed and one participant was left-
handed. All participants had normal or corrected to normal visual acuity and none

reported having current or a history of hearing problems.

3.2.1.2. Stimuli

3.2.1.2.1. Onomatopoeic Words and Materials

The stimuli to be used in this study was selected based on the PCA results gathered

from the previous two experiments: Study 3 (Chapter 3) and Study 2 (Chapter 2).
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Only the common factors of both experiments were included in the selection process,
resulting in four components: Viscosity, Surface Softness, Granularity, and
Roughness (control). Adjective loadings for these factors were compared in both
Experiments (Table 3.5) in order to select the same or similar factors to be used in
the current experiment. The common adjectives that were loaded highest or lowest
in both Experiments were selected as the ‘Main Adjectives’, on which the material
and onomatopoeic word selection was based. There were six adjectives for Viscosity:
gelatinous, slimy, sticky, gooey, slippery, and moisturous. There were three
adjectives for Surface Softness: silky, velvety, and hairy. For Granularity, there were
four adjectives: sandy, powdery, granular, and scaly. For the Roughness dimension,
there was only one adjective found in both experiments: roughened. However, the
adjective ‘scaly’ was removed since all the material loadings for this adjective were

below 3.5/7 (highest being 2.9), resulting in 13 Main Adjectives.

After selecting the Main Adjectives, next the onomatopoeic words and materials were
selected. For each Main Adjective, two onomatopoeic words (high and low rated) and
two materials (high and low rated) were selected. High rated adjective was defined
as a rating obtained for the said adjective above 3.5 out of 7. Low rated adjective
was defined as being below 3.5 out of 7. Each adjective represented a softness
dimension and all the adjectives and onomatopoeic words used were unique, that is,
no stimulus (either material or onomatopoeic word) was used for more than one Main

Adjective.

Onomatopoeic words and materials were paired to be either congruent (both high-
or both low-rated) or incongruent (either high-rated while the other is low-rated).
For example, shower gel was congruently paired with sap sap and incongruently
paired with fak tak. Pairings were made for each Main Adjective separately, that is,
each material was only paired with two onomatopoeic words selected for the same
Main Adjective (Table 3.6).
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3.2.1.2,.2. Adjective List

Table 3.5.

PCA adjective loadings per component for the previous two experiments
(Onomatopoeic Word — Study 3, Material — Study 2)

Component Word Material Component Word Material

Experiment . Experiment  Experiment

Experiment
sticky gooey woody (-) silky
gooey gelatinous scabby (-) velvety
slimy sticky roughened  hairy
)

gelatinous moisturous velvety

moisturous slippery hairy

slippery glossy silky

o woody (-) slimy Surface airy

Viscosity scabby (-) Softness fluffy
roughened (-) soft
soft hard (-)
granular (-) granular (-)
hard (-) scaly (-)
sandy (-) powdery (-)
scaly (-) granular (-)

Component Word Material Component Word Material
Experiment Experiment Experiment  Experiment
sandy sandy woody roughened
powdery powdery roughened  textured
scaly granular slippery (-)
granular scaly glossy (-)

Granularity ~ roughened Roughness
scabby
moisturous (-)
slippery (-)

Thirteen adjectives of the previous list described in Study 2 (Chapter 2) and Study 3
(Chapter 3) were selected to be used in this experiment. These are the adjectives
that were common to the PCA results of both the onomatopoeic word experiment
(Study 3) and material experiment (Study 2). The adjectives are as follows:
gelatinous, slimy, sticky, gooey, slippery, moisturous, silky, velvety, hairy, sandy,
powdery, granular, and roughened. These are the same adjectives as the Main
Adjectives which were used to select the onomatopoeic words and materials to be

used in the current study.
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The experiment had one continuous dependent variable (Adjective Ratings) and 3
categorical independent variables (Main adjective, 13 levels; Onomatopoeic Word
Rating, 2 levels; Material Rating, 2 levels). The design of the experiment is 13 (main
adjective) x 2 (word rating; high or low) x 2 (material rating; high or low) x 13 (DV,
adjective rating), resulting in 676 total trials. Before the experiment, participants

completed 6-trials to familiarize with the procedure.

The experiment was conducted on a HP ENVY dv6 laptop using MATLAB R2020b and
Psychtoolbox-3 and the responses were gathered by a standard mouse that was
connected to the laptop via cable. Audio stimuli was presented using Sennheiser SK-
507364 HD 206 headphones. The recordings used in the experiment were a selection
of those used in Study 3, detailed technical information on the recording process can
therefore be found in Chapter 3. Similarly, the material videos are the same as in

Study 2, the detailed information for which can be found in Chapter 2.

imleci kaydirarak cevabinizi veriniz.

Figure 3.5 Sample trial screenshot from Experiment 2. Audio is not depicted in image, the
adjective ‘avik” is displayed above the video of a material (i.e., shower gel) and the rating

scale between 1 and 7 is displayed below.
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During the experiment, participants heard a recording of spoken onomatopoeic word
on a loop on their headphone while watching an exploratory video of a material that
lasted for 5 seconds. They were also presented with an adjective written on top of
the video, and a rating scale between 1 (Not at all) and 7 (Very) below the video.
They were instructed to rate each pair of onomatopoeic word and material based on
how well they think the combination matched the adjective displayed on screen. The
responses were collected via mouse click by sliding the box on the scale. All conditions

were randomly presented to each subject.

Each session lasted approximately 45 minutes. Participants were given a maximum
of 10 minutes break once they complete the first half of the trials. During the break,
participants remained in the experiment waiting room and use of any electrical

devices was not allowed to assure minimum distraction from the experiment.

3.2.3. Results

The data was analyzed using the software JASP (JASP Team, 2022). In total, we
collected 676 ratings from each participant (13x13x2x2). Thirteen repeated-measure
ANOVAs were conducted to compare the effect of congruency on adjective ratings,
each Main Adjective was analyzed separately. To correct for multiple comparisons,
Bonferroni correction was used, resulting in a = .05/13 = .003. The interaction effect
of Onomatopoeic Word * Material was hypothesized to be significant for all Main
Adjectives, which would suggest there is an effect of congruency on adjective ratings.
Main effect of Adjective was observed for all 13 ANOVAs, the main effect of
Onomatopoeic Word was observed for 8 out of 13 ANOVAs, and the main effect of
Material was observed for 8 out of 13 ANOVAs (Table 4.3).

The main effect of Adjective was statistically significant for all 13 ANOVAs: Gelatinous
(A12, 348) = 15.85, p<.001, n2 , = .35), Slimy (A12, 348) = 14.21, p<.001, n2 ,
= .33), Sticky (A12, 348) = 27.65, p<.001, n2 , = .49), Gooey (A 12, 348) = 18.89,
p <.001, n2, =.39), Slippery (A12, 348) = 17.47, p<.001, n2 , = .38), Moisturous
(A12, 348) = 11.21, p< .001, n2 , = .28), Silky (A12, 348) = 16.33, p<.001, nz,
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=.36), Velvety (A12, 348) = 21.78, p <.001, n2 , = .43), Hairy (A12, 348) = 13.83,
p <.001, n2 , = .32), Sandy (A12, 348) = 9.04, p <.001, n2 , = .24), Powdery
(R12, 348) = 20.32, p<.001, n2 , = .41), Granular (A12, 348) = 8.89, p <.001, n2
p =.23), and Roughened (A12, 348) = 11.75, p <.001, n2 , = .29).

The main effect of Onomatopoeic Word was significant 8 out of 13 ANOVAs:
Gelatinous (A1,29) = 154.6, p < .001, n2 , = .84), Slimy (A1,29) = 40.84, p <.001,
n2, =.59), Sticky (A1,29) = 11.7, p<.001, n2 , = .29), Gooey (A1,29) = 31.32, p
< .001, n2 , = .52), Slippery (A1,29) = 73.38, p <.001, n? , = .72), Moisturous
(A1,29) = 11.37, p< .001, n2 , = .28), Hairy (A1,29) =11.79, p<.001, n2 , = .29),
and Sandy (A1,29) = 21.61 p <.001, n2 , = .43). The remaining five were not
significant: Silky (A1,29) = 7.4, p = .011, n2 , = .2), Velvety (A1,29) = .17, p =
.687, n2 , = .01), Powdery (A1,29) = .38, p = .541, n2 , = .01), Granular (A1,29)
= 2.36, p=.135, n2 , = .07) and Roughened (A1,29) = 7.41, p=.012, n2 , = .19).

The main effect of Material was significant for 8 out of 13 ANOVAs: Gelatinous
(A1,29) =103.9, p< .001, n2, = .78), Slimy (A1,29) = 13.98, p<.001, nz, = .33),
Gooey (A1,29) = 39.42, p < .001, n2 , = .58), Slippery (A1,29) = 42.06, p <.001,
N2, =.59), Velvety (A1,29) = 10.36, p <.001, n2 , = .26), Hairy (A1,29) = 44.6, p
<.001, n2 , = .61), Sandy (A1,29) = 23.34 p <.001, n2 , = .45), and Roughened
(A1,29) = 13.43, p<.001, n2 , = .32). The remaining five were not significant: Sticky
(A1,29) = 10, p = .004, n2 , = .26), Moisturous (A1,29) = .59, p= .448, n2 , =
.02), Silky (R1,29) = 7.4, p=.011, n2 , = .2), Powdery (A1,29) = .38, p= .541, n2
p = .01), Granular (A1,29) = 2.36, p= .135, n2 , = .07).

The interaction effect of Adjective * Onomatopoeic Word significant for 11 out of 13
ANOVAs: Gelatinous (A12, 348) = 12.73, p < .001, n2 , = .31), Slimy (A12, 348)
=11.48, p<.001, n2 , = .28), Sticky (A12, 348) = 13.11, p<.001, n2 , = .31), Gooey
(A12, 348) = 15.67, p < .001, n2 , = .35), Slippery (A12, 348) = 13.15, p <.001,
N2, = .31), Moisturous (A12, 348) = 6.71, p < .001, n2 , = .19), Silky (A12, 348)
=6.93, p<.001, n2, =.19), Velvety (A12, 348) = 8.57, p<.001, n2 , = .23), Sandy
(R12, 348) = 6.84, p <.001, n2 , = .19), Granular (A12, 348) = 8.66, p <.001, n2

74



p =.23), and Roughened (A12, 348) = 3.98, p <.001, n2 , = .12). The remaining
two were not significant: Hairy (A12, 348) = 2.64, p = .011, n2 , = .08), Powdery
(A12,348) = 1.63, p= .11, n2 , = .05).

Table 3.7.
ANOVA results for adjectives in Experiment 2
Gelatinous Slimy Sticky Gooey Slippery Moisturous
F n2 F n?p | F nZp F n?p, | F nZp F nZp

Adjective 15.85* 0.3 ]1421 033 ]|2765 049 | 1889 0.39| 1747 038 | 11.21 0.28

5 * * * * *

Word 154.60* 0.8 | 40.84 0.59 | 11.7% 0.29 | 31.32 0.52 | 73.38 0.72 | 11.37 0.28
4 * * * *

Material 103.99* 0.7 | 13.98 0.33 | 10 0.26 | 3942 0.58 | 42.06 0.59 | 0.59 0.02
8 * * *

Adjective *  12.73 * 03| 1148 0.28 | 13.11 031 | 1567 0.35| 13.15 031 | 6.71* 0.19

Word 1 * * * *

Adjective * 23.25* 0.4 | 26.62 0.48 | 2238 044 | 28.13 0.49 | 17.16 0.37 | 18.84 0.39
Material 5 * * * * *

Word * 5211* 0.6 |49.72 063 |69.23 0.71 | 82.65 0.74 | 58.88 0.67 | 24.63 0.46
Material 4 * * * * *

Adjective *  5.50 * 0.1 | 2.64* 0.08 | 3.43* 0.11 | 2.27 0.07 | 2.34 0.08 | 0.72 0.02
Word * 6
Material

Note. * donates a statistical significant effect for a = .003

The interaction effect of Adjective * Material was significant for all 13 ANOVAs:
Gelatinous (A 12, 348) = 23.25, p < .001, n2 , = .45), Slimy (A12, 348) = 26.62, p
<.001, n2 , = .48), Sticky (A12, 348) = 22.38, p <.001, n2 , = .44), Gooey (A 12,
348) = 28.13, p< .001, n2 , = .49), Slippery (A12, 348) = 17.16, p <.001, n2 , =
.37), Moisturous (A12, 348) = 18.84, p < .001, n2 , = .39), Silky (A12, 348) = 8.49,
p <.001, n2, =.23), Velvety (A12, 348) = 18.52, p<.001, n2 , = .39), Hairy (K12,
348) = 9.36, p<.001, n2 , = .24), Sandy (A12, 348) = 14.02, p <.001, n2 , = .33),
Powdery (A12, 348) = 4.94, p <.001, n2 , = .15), Granular (A12, 348) = 26.23, p
<.001, n2 , =.47), and Roughened (A12, 348) = 5.2, p<.001, n2 , = .15).
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There was a statistically significant Onomatopoeic Word * Material interaction effect
for 10 out of 13 ANOVAs at a level of alpha < .003 : Gelatinous (A1,29) = 52.1, p<
.001, n2 , = .64), Slimy (A1,29) = 49.7, p<.001, n2 , = .63), Sticky (A1,29) = 69.2,
p <.001, n2, =.70), Gooey (A1,29) = 82.6, p< .001, n2 , =.74), Slippery (A1,29)
= 58.9, p<.001, n2 , = .67), Moisturous (A1,29) = 24.6, p< .001, n2 , = .46), Silky
(A1,29) =24.7, p<.001, n2 , = .75), Velvety (A1,29) = 29.8, p<.001, n2 , = .51),
Granular (A1,29) = 11.9, p<.001, n2 , =.29), Roughened (A1,29) = 17.8, p<.001,
n2 , = .38). No significant Onomatopoeic Word * Material interaction effect was
observed for Main Adjectives Hairy (A1,29) = 1.14, p =.29, n? , = .04), Sandy
(R1,29) = .623, p= .43, n2 , = .02), and Powdery (A1,29) = 3.45, p=.07,n%2, =
.1) (Table 4.3). This interaction effect is the congruency effect and thus was
hypothesized to be significant for all Main Adjectives. However, we were not able to
observe a significant effect for the Main Adjectives hairy, sandy, and powdery. This

could be in due to the stimuli selected to represent these adjectives.

Table 3.7. continued
ANOVA results for adjectives in Experiment 2

Silky Velvety Hairy

F n%»e F n%o, F n%o
Adjective 16.33* 0.36 21.78* 0.43 13.83* 0.32
Word 7.4 0.20 0.17 0.01 11.79*  0.29
Material 6.37 0.18 10.36* 0.26 44.60* 0.61
Adjective * Word 6.93*  0.19 8.57* 0.23 2.64 0.08
Adjective * Material 8.49*  0.23 18.52* 0.39 9.36* 0.24
Word * Material 24.75% 0.46 29.9% 0.51 1.14 0.04
Adjective * Word * Material 1.59 0.05 2.71 0.08 1.29 0.04

Note. * donates a statistical significant effect for a = .003

For the interaction effect of Adjective * Onomatopoeic Word * Material, only 4 out of
13 ANOVAs were significant: Gelatinous (A12, 348) = 5.5, p < .001, n2 , = .16),
Slimy (A12, 348) = 2.64, p <.001, n2 , = .08), Sticky (A 12, 348) = 3.43, p <.001,
N2 p = .11), Roughened (A1,29) = .44, p <.001, n2 , = .01). Although these results
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were significant, the effect sizes for them were very small, especially for Roughness.
No significant effect was seen for the remaining 9 ANOVAs: Gooey (A12, 348) =
2.27, p = .009, n2 , = .07), Slippery (A12, 348) = 2.34, p = .007, n2 , = .08),
Moisturous (A12, 348) = .72, p= .66, n2 , = .02), Silky (12, 348) = 1.59, p = .14,
n2 , = .05), Velvety (A12, 348) = 2.71, p = .009, n2 , = .08), Hairy (A12, 348) =
1.29, p= .22, 02, = .04), Sandy (R12, 348) = 1.27, p= .23, n2 , = .04), Powdery
(R12, 348) = .87, p= .53, n2 , = .03), Granular (A12, 348) = 2.04, p= .02, n2
=.07).

Table 3.7. continued

ANOVA results for adjectives in Experiment 2

Sandy Powdery Granular Roughened

F n?p | F n%e F nZe F n%p
Adjective 9.04* 0.24 | 20.32* 0.41 8.89* 0.23 11.75% 0.29
Word 21.61* 0.43 | 0.38 0.01 2.36 0.07 7.14 0.19
Material 23.34% 0.45 | 0.96 0.03 | 2.43 0.08 13.43* 0.32
Adjective * Word 6.84* 0.19 | 1.63 0.05 | 8.66* 0.23 | 3.98* 0.12
Adjective * Material 14.02* 0.33 | 4.94* 0.15 26.23* 0.47 5.2% 0.15
Word * Material 0.62 0.02 | 3.45 0.11 11.94% 0.29 17.85% 0.38
Adjective * Word * Material 1.27 0.04 | 0.87 0.03 2.04 0.07 0.44* 0.01

Note. * donates a statistical significant effect for a = .003

Post-hoc analyses using Bonferroni indicated several significant effects for
congruency (Figure 3.6). Within the high rated materials, mean onomatopoeic word
rating difference for shower gel (Gelatinous), honey (Slimy), slime (Sticky), and hair
conditioner (Gooey) was significant for the adjectives gelatinous, slimy, sticky, gooey,
slippery, and moisturous, making up all the adjectives selected for Viscosity
dimension. For instance, shower gel ratings were significantly higher for adjectives
gelatinous, slimy, sticky, gooey, slippery, and moisturous, however the difference
was small and not significant for powdery, sandy, granular, silky, hairy, velvety, and
roughened. For olive oil (Slippery) the difference was significant for gelatinous, slimy,

sticky, gooey, and slippery, but not moisturous. For hand cream (Moisturous), the
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difference was only significant for adjectives sticky, slippery, and moisturous. For
these results the ratings were significantly higher when the materials were presented
together with a high rated onomatopoeic word compared to when they are presented
with a low rated onomatopoeic word, suggesting the manipulation of congruency was
successful. In materials from Surface Softness dimension, for silk (Silky) the
difference was significant for adjectives moisturous and silky. For velvet (Velvety) the
difference was only significant for adjective silky. For fur (Hairy), no significant

differences were found.

In materials from Granularity dimension, there was a significant difference for sand
(Sandy) for adjective powdery ratings. For flour (Powdery), no significant differences
were observed. For poppy seeds (Granular) the difference was significant for the
adjectives powdery and granular ratings. For the Roughness dimension, we found no

significant difference for sandpaper (Roughened) for any of the adjectives.

Overall, for high-rated materials, the significant differences were observed mostly for

adjectives that are within the same dimension as the materials.

Within the low-rated materials, there were fewer instances where we observed
overall significant differences. For chickpeas (Slimy), and cardboard pieces (Hairy),
the difference was only significant for adjective roughened. For metal nuts (Sticky),
matchstick (Slippery), and stone (Velvety), the difference was significant for
adjectives granular and roughened. For green lentils (Gooey), the difference was

significant for adjectives sandy and granular.

Overall, with the low-rated materials the manipulation of congruency did not seem
to successfully work. For instance, we expected to manipulate the ratings, such as
obtaining a positive mean rating difference in latex for the adjective sandy. This might
be because when the material in question is not related to the adjective displayed on
the screen (e.g., low-rated materials) participants might have disregarded the
onomatopoeic word that they heard and solely focused on the properties of the
material. However, when the materials were related to adjectives (e.g., high rated
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materials), the ratings were affected by whether or not the onomatopoeic words were
also related to that adjective. Green lentils was rated sandier when presented with
‘cit cit’ compared to when presented with ‘vicik vicik’; stone was rated more granular

when presented with ‘kitir kitir" compared to ‘mugil misil’ (Appendix G).

Even though we obtained several significant differences for the dimensions of Surface
Softness, Granularity, and Roughness, the rating difference between the congruent
and the incongruent condition for the High rated materials seems to be more
prevalent for adjectives (and therefore materials) related to the Viscosity dimension.

3.2.3. Discussion

This experiment was conducted to test whether there is an effect of spoken
onomatopoeic words on perceived softness of materials. With the current
experimental design, we were able to observe a significant effect of congruency,
which refers to the interaction effect of Onomatopoeic Word * Material, in 10 out of
the 13 ANOVAs. These results suggest that we managed to support our hypothesis.
We did not observe a significant effect of congruency for the Main Adjectives Hairy,
Sandy, and Powdery. This might be caused by the materials and the onomatopoeic
words that were chosen to represent these Main Adjectives. Because we selected the
materials from previous experiments, and we wanted to select a unique material for
each of the Main Adjectives so no material or onomatopoeic word would be used
more than once, the options were somewhat limited during selection. For example,
the materials fur (high) and cardboard pieces (low) were selected for the Main
Adjective Hairy, along with the onomatopoeic words pofur pofur (high) and hasir
husur (low). The principle was followed in the same manner as when selecting for
other Main Adjectives, and the materials and onomatopoeic words that have received
the highest rating for each adjective was selected unless it had already been selected
for another Main Adjective. This may have resulted in this selection for Hairy to be
less representative than it could potentially have been with better rated materials.
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Although the congruency effect was significant for 10 out of 13 ANOVAs, the effect
sizes were generally larger for the Main Adjectives that were selected for Viscosity
dimension. It appears that when a material from Viscosity dimension is presented
with a congruent onomatopoeic word, the rating for related adjectives is high,
however when presented with an incongruent onomatopoeic word, the ratings
drastically lower for the same adjective. This could be because neither the
onomatopoeic word or the material has greater saliency when participants are making
their judgements, instead they did in fact consider both the onomatopoeic word and
the material. The reason why the effect sizes and rating differences are smaller in
other dimensions compared to the Viscosity dimension could be because the
materials selected for other Main Adjectives in the dimension Surface Softness,
Granularity, and Roughness were more salient than the onomatopoeic words, and
even though the difference is significant, the actual rating difference was small.
Overall, the significant differences for each Main Adjective were observed for the
adjectives that also belong to that dimension. For example, for Main Adjective Silky,
the significant differences were observed for adjectives silky and velvety. This trend
is also very prevalent in Main Adjectives belonging to the Viscosity dimension. This
result suggests that the material selection was successful and we managed to identify
the materials that best represent the Main Adjective, with the exception of Hairy,
Sandy, and Powdery.

This experiment is the first to demonstrate an effect of Turkish onomatopoeic words
on perceived softness of materials. We were able to gather softness dimensions in
previous experiments, and in this experiment, we were successful in using the
onomatopoeic word in one modality (auditory) and the materials in a different

modality (visual) and manipulate the softness related adjective ratings.
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CHAPTER 4

EXPERIMENT 3

This chapter includes an experiment (Experiment 3) which was conducted to see
whether written onomatopoeic words effect softness perception of materials, and to
see whether there would be a significant difference between the modality of
onomatopoeic words. Experiment 3 was conducted to specifically to compare the
written and spoken forms of onomatopoeic words. Experiment 3 holds a very similar
design to that of Experiment 2, and uses the same pairing as stimuli. The difference
between Experiment 2 and 3 is that, Experiment 2 presented the onomatopoeic
words in the spoken modality, whereas Experiment 3 presented the onomatopoeic
words in the visual modality. All other aspects of experimental design and material
selection are identical to Experiment 2. Here, again, the manipulation was
‘congruency’, and onomatopoeic words and materials were matched to be either

congruent of incongruent with each other.

4.1. Method

4.1.1. Participants

The experiment was conducted at the Psychology Department within the Social
Sciences Institute at Middle East Technical University. All participants gave written

consent prior to the experiment and after completing the experiment participants

received course credits as compensation.
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Data were collected from 30 participants (15 Male, M = 23.51, SD = 2.93). All
participants were native Turkish speakers. Three participants were left-handed. All
participants had normal or corrected to normal visual acuity, and none reported

having current or a history of hearing problems.

4.1.2. Stimuli

4.1.2.1. Onomatopoeic Words and Materials

The stimuli to be used in this experiment is identical to that used in Experiment 2.
For detailed descriptions in the stimuli selection process, refer to Chapter 3.2. A
significant difference between Experiment 2 and Experiment 3 is the modality of
onomatopoeic word presentation. Experiment 2 used the auditory modality and
presented the onomatopoeic words in spoken word form over the participants’
headphones, while they were simultaneously watching the material video on screen.
Experiment 3 uses the visual modality and the onomatopoeic word is displayed on
screen in written word form, simultaneously as the material video is playing. Another
difference between the experiments is regarding the location of the adjective (DV)
on test screen. Experiment 2 presented the adjective above the material video.
However, in Experiment 3, the on-screen flow of stimuli is as follows: On top, there
is the onomatopoeic word in written form. Right under the onomatopoeic word, there
is the material video (displayed here in the same resolution and location as
Experiment 2). Under the video, there is the adjective which the rating is going to be
made on. The decision to move the adjective from above the video to below was
made to ensure the participants would easily follow the stimuli displayed on screen

without confusion. Figure 4.1 displays a sample screenshot from the experiment.

There are a total of 13 ‘Main Adjectives’ which the stimulus selection was made for.
There were six adjectives for Viscosity: gelatinous, slimy, sticky, gooey, slippery, and
moisturous; three for Surface Softness: silky, velvety, and hairy; four for Granularity:
sandy, powdery, granular, and scaly; and finally only one adjective for the Roughness

dimension: roughened.
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Onomatopoeic words and materials were, same as in Experiment 2, paired to be
either congruent or incongruent. For example: material s/ime was congruently paired
with the onomatopoeic word ‘sapur supur’, and incongruently paired with the
onomatopoeic word ‘tangur tungur’. Similarly, material silk was congruently paired
with ‘tiril tiril’, and incongruently paired with the onomatopoeic word ‘katur kutur’. All

pairings based on the respective Main Adjectives can be found on Table 3.6.

4.1.2.2. Adjective List

The adjective list is the identical list to that used in Experiment 2. The adjectives for
that study were selected based on the PCA loadings of Study 2 (Chapter 2) and Study
3 (Chapter 3).

The adjectives are as follows: gelatinous, slimy, sticky, gooey, slippery, moisturous,
silky, velvety, hairy, sandy, powdery, granular, and roughened. This list of adjectives
is used both as the Main Adjectives, and as the dependent variable were the ratings

are collected.

4.1.3. Design and Procedure

The experimental design is identical to that of Experiment 2, with the only difference
being the modality of the onomatopoeic word presentation. The experiment had one
continuous dependent variable (Adjective Ratings) and 3 categorical independent
variables (Main adjective, 13 levels; Onomatopoeic Word Rating, 2 levels; Material
Rating, 2 levels). The design of the experiment is 13 (main adjective) x 2 (word
rating; high or low) x 2 (material rating; high or low) x 13 (DV, adjective rating),
resulting in 676 total trials. Before the experiment started, participants were given
instructions as to how to complete the trials, and they complete 6-trials (with non-
experimental stimuli) while the experimenter is present in the room to familiarize with
the experimental procedure. After participants completed this first step, the

experimenter then left the room and participants started the experiment.

83



fokur fokur

Beyaz imleci kaydirarak cevabinizi verebilirsiniz.

Figure 4.1 Sample trial screenshot from Experiment 3. The onomatopoeic word ‘fokur fokur’
is at the top, the adjective ‘sert’ is displayed below the video of a material (i.e., kinetic sand)

and the rating scale between 1 and 7 is displayed below.

The experiment was conducted on an ASUS N5501] laptop using MATLAB R2020b and
Psychtoolbox-3. The participant responses were collected by a standard mouse that
was connected to the laptop via cable. Material videos that are used in the study are
the same videos created for Study 2 (Chapter 2) and detailed information about the

videos can be found in Chapter 2.

Each trial of the experiment consisted of an onomatopoeic word and material pair
(either a congruent or incongruent pair) that was displayed on the screen together,
the adjective which the rating was being made on, and the rating bar on screen.
During the experiment, participants saw the onomatopoeic word written above the
material video, the material video at the center of the screen that played for 5
seconds, and the adjective below the material video. Below these were the rating
scale that ranged between 1 (Not at all) to 7 (Very).
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The participants were instructed to rate each pair of onomatopoeic word and material
based on how well they think the combination matched the adjective displayed on
screen. All responses were collected via mouse click, where participants were able to
slide the bar freely and make a decision between 1 and 7. The order of the

experimental stimuli was randomized completely for each participant.

Each session lasted approximately 40 minutes. Participants had the chance to take a
10-minute break upon completing the first half of the trials. During the break, they
remained in the waiting room without using any devices that could cause distraction

from the experiment. This procedure was the same as in Experiment 2.

4.2. Results

The data was analyzed using the software JASP (JASP Team, 2022). In total, 676
ratings were collected from each participant (13x13x2x2). Thirteen repeated-
measure ANOVAs were conducted to compare the effect of congruency on adjective
ratings, analyzing each Main Adjective separately. Bonferroni correction was used to
correct for multiple comparisons, resulting in a = .05/13 = .003. Similar to Experiment
1 and 2, the interaction effect of Onomatopoeic Word * Material was hypothesized
to be significant for all Main Adjectives. This interaction corresponds to the
congruency for onomatopoeic word and material pairings. A significant interaction
effect would therefore suggest an effect of congruency on adjective ratings. Main
effect of Adjective was observed for all 13 ANOVAs, the main effect of Onomatopoeic
Word was observed for 5 out of 13 ANOVAs, and the main effect of Material was
observed for 10 out of 13 ANOVAs (Table 4.1).

The main effect of Adjective was statistically significant for all 13 ANOVAs: Gelatinous
(A12, 348) = 22.11, p< .001, n2 , = .43), Slimy (A12, 348) = 13.73, p<.001, n2 ,
= .32), Sticky (A12, 348) = 24.6, p <.001, n2 , = .46), Gooey (A 12, 348) = 75.53,
p<.001, n2, =.34), Slippery (A12, 348) = 15.21, p<.001, n2 , = .34), Moisturous
(A12, 348) = 20.23, p < .001, n2 , = .41), Silky (A12, 348) = 12.66, p <.001, n2 ,
= .3), Velvety (A12, 348) = 24.17, p <.001, n2 , = .45), Hairy (K12, 348) = 29.74,
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p <.001, n2 , = .50), Sandy (A12, 348) = 13.75, p <.001, n2 , = .32), Powdery
(A12, 348) = 28.11, p<.001, n2 , = .49), Granular (A12, 348) = 8.92, p <.001, n2
p =.06), and Roughened (A 12, 348) = 10.6, p <.001, n2 , = .27).

The main effect of Onomatopoeic Word was significant 5 out of 13 ANOVAs:
Gelatinous (A1,29) = 43.13, p< .001, n2 , = .06), Slimy (A1,29) = 40.33, p <.001,
N2, = .58), Gooey (A1,29) = 41.5, p < .001, n2 , = .59), Slippery (A1,29) = 13.65,
p<.001, n2,=.32),and Sandy (A1,29) = 11.56 p<.001, n2 , = .28). The remaining
eight were not significant: Sticky (A1,29) = 2.66, p = .11, n2 , = .08), Moisturous
(A1,29) = 0.35, p = .55, n2 , = .01), Hairy (A1,29) =2.56, p = .12, n2 , = .08),
Silky (A1,29) = 2.36, p = .135, n2 , = .07), Velvety (A1,29) = 1.63, p=.211,n2,
= .05), Powdery (A1,29) = 0.02, p = .88, n2 , < .001), Granular (A1,29) = 4.1, p
= .05, n2 , =.001) and Roughened (A1,29) = 5.18, p = .03, n2 , = .15).

Table 4.1
ANOVA results for adjectives in Experiment 3
Gelatinous Slimy Sticky Gooey Slippery Moisturous
F ne | F n?p | F no | F n?o, | F n?o | F nZo
Adjective 22.11* 0.4 | 13.73 032 | 246* 046 | 7553 0.34 | 15.21* 0.3 | 20.23 0.41
3 * * 4 *
Word 43.13%* 0.6 | 4033 0.58 | 2.664 0.08 | 41.50 0.59 | 13.65* 0.3 | 0.35 0.01
* * 2

Material 126.91* 0.8 | 64.83 0.69 | 2755 0.49 | 8434 0.74 | 54.76* 0.6 | 19.6* 0.40

1 * * * 5
Adjective *  2.84* 0.0 | 463* 0.14 | 6.65* 0.19 | 7.13* 0.2 | 7.12* 0.2 | 2.44 0.08
Word 9
Adjective * 40.18%* 0.5 | 43.37 0.6 | 5442 0.65 | 4838 0.62 | 26.54* 0.4 | 4791 0.62

Material 8 * * * 8 *

Word *  24.26* 0.4 | 29.6* 0.5 30.19 0.51 | 42.22 0.6 33.98* 0.5 | 1468 0.33
Material 5 * * 4 *

Adjective *  3.13 0.1 | 2.44 0.8 | 1.99 0.06 | 1.43 0.05 | 1.00 0.0 | 1.39 0.04
Word * 3

Material

Note. * donates a statistical significant effect for a = .003
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The main effect of Material was significant for 10 out of 13 ANOVAs: Gelatinous
(A1,29) = 126.91, p < .001, n2 , = .43), Slimy (A1,29) = 64.83, p <.001, n2 ;, =
.58), Sticky (A1,29) = 27.55, p < .001, n2 , = .49), Gooey (HA1,29) = 84.34, p <
.001, n2, =.74), Slippery (A1,29) = 54.76, p<.001, n2 , = .65), Moisturous (A1,29)
= 19.6, p = .448, n2 , = .40), Silky (A1,29) = 18.14, p = .011, n2 , = .38), Hairy
(A1,29) = 86.53, p<.001, n2 , = .74), Powdery (A1,29) = 15.12, p< .001, N2, =
.34), and Sandy (A1,29) = 46.93, p <.001, n2 , = .61). The remaining three were
not significant: Velvety (A1,29) = 9.86, p = .004, n2 , = .25), Granular (A1,29) =
0.86, p= .36, n2 , <.001), and Roughened (A1,29) = 0.87, p= .35, n2 , = .03).

The interaction effect of Adjective * Onomatopoeic Word significant for 6 out of 13
ANOVAs: Gelatinous (A12, 348) = 2.84, p < .001, n2 , = .09), Slimy (A12, 348) =
4.63, p <.001, n2 , = .14), Sticky (A12, 348) = 6.65, p <.001, n2 , = .19), Gooey
(A12,348) = 7.13, p< .001, n2 , = .2), Slippery (R12, 348) = 7.12, p<.001, n2,
=.2), and Silky (A12, 348) = 5.95, p <.001, n2 , = .17. The remaining seven were
not significant: Moisturous (A 12, 348) = 2.44, p = .021, n2 , = .08), Hairy (A12,
348) = 1.94, p= .06, n2 , = .06), Powdery (A12, 348) = 1.06, p= .38, n2 , = .03),
), Velvety (A12, 348) = 2.53, p=.017, n2 , = .08), Sandy (A 12, 348) = 2.68, p =
.009, n2, =.08), Granular (A12,348) = 2.38, p=.025, n2 , = .01), and Roughened
(A12, 348) = 2.65, p=.013, n2 , = .08).

The interaction effect of Adjective * Material was significant for all 13 ANOVAs:
Gelatinous (A 12, 348) = 40.18, p < .001, n2 , = .58), Slimy (A12, 348) = 43.37, p
<.001, n2 , = .6), Sticky (A12, 348) = 54.42, p <.001, n2 , = .65), Gooey (A12,
348) = 48.38, p < .001, n2 , = .62), Slippery (A12, 348) = 26.54, p <.001, n2 , =
.48), Moisturous (A12, 348) = 47.91, p < .001, n2 , = .62), Silky (A12, 348) =
12.84, p<.001, n2 , = .31), Velvety (A12, 348) = 32.33, p<.001, n2 , = .52), Hairy
(A12, 348) = 23.69, p <.001, n2 , = .45), Sandy (A12, 348) = 20.03, p<.001, n2 ,
= .41), Powdery (A12, 348) = 13.97, p <.001, n2 , = .32), Granular (A12, 348) =
46.64, p <.001, n2 , =.27), and Roughened (A12, 348) = 13.99, p <.001, n2 , =
32).
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Table 4.1

ANOVA results continued for adjectives Surface Softness Dimension

Silky Velvety Hairy

F nZo F n?o F n%o
Adjective 12.66* 0.3 24.17% 0.45 29.74* 0.50
Word 2.36 0.07 1.63 0.05 2.56 0.08
Material 18.14* 0.38 9.86 0.25 86.53* 0.74
Adjective * Word 5.95%  0.17 2.53 0.08 1.94 0.06
Adjective * Material 12.84* 0.31 32.33* 0.52 23.69*% 0.45
Word * Material 12.13*  0.29 30.26* 0.51 0.77 0.02
Adjective * Word * Material 0.95 0.03 1.74 0.05 0.78 0.02

Note. * donates a statistical significant effect for a = .003

Table 4.1
ANOVA results continued for adjectives Granularity and Roughness Dimensions

Sandy Powdery Granular Roughened

F n?e | F n%» F n%e F n%»
Adjective 13.75% 0.32 | 28.11* 0.49 8.92%  0.06 10.60%  0.27
Word 11.56* 0.28 | 0.02 6.993e- | 4.1 0.001 5.18 0.15
Material 46.93* 0.61 | 15.12% 3.34 0.86 8.892e- | 0.87 0.03
Adjective * Word 2.68 0.08 | 1.06 0.03 2.38 3.01 2.65 0.08
Adjective * Material 20.03* 0.41 [ 13.97% 0.32 46.64% 0.27 13.99% 0.32
Word * Material 0.17 0.01 | 0.17 0.01 7.67 0.003 8.94 0.23
Adjective * Word * Material 0.55 0.02 | 1.18 0.04 0.86 0.003 0.77 0.03

Note. * donates a statistical significant effect for a = .003

There was a statistically significant Onomatopoeic Word * Material interaction effect
for 8 out of 13 ANOVAs at a level of alpha < .003 : Gelatinous (A1,29) = 24.26, p <
.001, n2 , = .45), Slimy (A1,29) = 29.6, p<.001, n2 , = .5), Sticky (A1,29) =30.19,
p<.001, n2, =.51), Gooey (A1,29) = 42.22, p< .001, n2 , = .6), Slippery (A1,29)
= 33.98, p <.001, n2 , = .54), Moisturous (A1,29) = 14.68, p < .001, n2 , = .33),
Silky (A1,29) =12.13, p<.001, n2 , = .29), and Velvety (A1,29) = 30.26, p <.001,
n2 , = .51). No significant Onomatopoeic Word * Material interaction effect was
observed for Main Adjectives Hairy (A1,29) = 0.77, p = .38, n? , = .02), Sandy
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(A1,29) = 0.17, p= .68, n2 , = .01), Powdery (A1,29) = 0.17, p= .68, n2 , = .01),
Granular (RA1,29) = 7.67, p = .01, n2 , =.003), and Roughened (A1,29) = 8.94, p
=.006, n2 , = .23). (Table 4.3). This interaction effect is the congruency effect and
thus was hypothesized to be significant for all Main Adjectives. However, we were
not able to observe a significant effect for the Main Adjectives hairy, sandy, powdery,

granular, and roughened.

For the interaction effect of Adjective * Onomatopoeic Word * Material, none of the
13 ANOVAs were significant: Gelatinous (A12, 348) = 3.13, p = .005, n2 , = .1),
Slimy (A12, 348) = 2.44, p = .014, n2 , = .8), Sticky (A12, 348) = 1.99, p = .05,
n? , = .06), Gooey (A12, 348) = 1.43, p = .019, n2 , = .05), Slippery (A12, 348) =
1.00, p = .432, n2 , = .03), Moisturous (A12, 348) = 1.39, p= .21, n2 , = .04), Silky
(A12, 348) = 0.95, p= .47, n2 , = .03), Velvety (A12, 348) = 1.74, p=.095, n2 ,
= .05), Hairy (R12, 348) = 0.78, p= .59, n2 , = .02), Sandy (A12, 348) = 0.55, p
=.79,n%2, =.02), Powdery (A12, 348) = 1.18, p= .31, n2 , = .04), Granular (A12,
348) = 0.86, p = .54, n2 , =.003), and Roughened (A1,29) = .77, p= .59, n2 , =
.03).

4.2.1. Comparing the Written and Spoken Modalities for the Effects of
Onomatopoeic Words on Perceived Softness Ratings

A separate set of 13 ANOVAs were conducted to test where the manipulation of
onomatopoeic word modality had a significant effect on the ratings obtained for

congruent and incongruent pairs of onomatopoeic words and material videos. This
was achieved by analyzing the data from Experiment 2 (spoken onomatopoeic words
and materials videos were presented together, Chapter 3) and Experiment 3 (written
onomatopoeic words and materials were presented together, Chapter 4). This
analysis was possible since both experiments were conducted with the same design
and with the exact same set of stimuli. The analyses were conducted in R (version
4.2.1) (R Core Team, 2022) and RStudio (version 2022.2.3.492) (RStudio Team,
2022) software with tidyverse (Wickham & Wickham, 2019), ggpubr (Kassambara &

Kassambara, 2020), and rstatix (Kassambara, 2021) packages. Each main adjective
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. material only (Study 2) . material with high written onomatopeoic word D material with high spoken onomatopoeic word

Figure 4.2 Ratings obtained for each adjective for the materials in Main Adjective ‘Gelatinous’
with high-rated onomatopoeic word (‘sap sap”). The ratings are compared with the results of
Study 2 where materials were presented on their own, and the results of Experiment 2 where
materials were presented with a spoken onomatopoeic word. Graph A displays the ratings for

material ‘shower gel’ and Graph B displays the ratings for material ‘wool’.

was analysed separately which resulted in 13 ANOVAs. The variable of Modality
(written vs. spoken) was between-group since the data was collected within two
experiments with two different sets of participants. The remaining variables of
Onomatopoeic Word Rating (high vs. low), Material Rating (high vs. low), and
Adjective (13 adjectives) were all within-group. The resulting ANOVA tables can be
found in Appendix I.
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Figure 4.3 Ratings obtained for each adjective for the materials in Main Adjective ‘Gelatinous’
with low-rated onomatopoeic word (‘tak tak’). The ratings are compared with the results of
Study 2 where materials were presented on their own, and the results of Experiment 2 where
materials were presented with a spoken onomatopoeic word. Graph A displays the ratings for

material ‘shower gel’ and Graph B displays the ratings for material ‘wool’.

For the 13 ANOVAs, only one resulted with a significant main effect of Modality. This
was the Main Adjective of ‘Gelatinous’, which used the onomatopoeic words ‘sap sap’
(high) and ‘tak tak’ (low), and the materials shower gel (high) and wool (low), A1,58)
= 5.85, p <.001, n2 , = .09. The main effect for Modality in the remaining Main
Adjectives was not significant: for Slimy, A1,58) = 1.29, p = .261, n2 , = .02; for
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Sticky, A1,58) = 0.15, p = .701, n2 , = .003; for Gooey, A1,58) = 0.67, p = 417,
n2 , = .01; for Slippery, A1,58) = 0.04, p = .846, n2 , = .0006; for Moisturous,
A1,58) = 1.91, p=.172, n2 , = .03; for Silky, A1,58) = 0.013, p= 911, n2, =
.0002; for Velvety, A1,58) = 0.56, p = .456, n2 , = .01; for Hairy, A1,58) = 0.005,
p =.942, n2 , = .00; for Sandy, A1,58) = 0.00, p = .975, n2 , = .00; for Powdery,
A1,58) = 0.12, p=.729, n2 , = .002; for Granular, A1,58) = 0.32, p = .569, n2,
= .006; for Roughened, A1,58) = 2.57, p =.114, n2 , = .04. There were, however,
significant interaction effects observed for some of the Main Adjectives. These can
be seen in the tables in Appendix I. Moreover, Appendix H displays the comparison

graphs between Experiment 2 and Experiment 3.

4.3. Discussion

This experiment was conducted to test whether there is an effect of written
onomatopoeic words on perceived softness of materials, and to understand how this
is different compared the effects of spoken onomatopoeic words. Based on our
hypothesis that an effect of onomatopoeic words would be observed, the interaction
effect of Onomatopoeic word * Material was expected to be significant. This
interaction effect corresponds to the ‘congruency’ manipulation that is explained
previously on this chapter and also in Chapter 3. For the results of Experiment 3, 7
out of 13 ANOVAs yielded a significant interaction effect of Onomatopoeic Word *
Material. These results support the hypothesis that onomatopoeic words will have an
effect on the perception of soft materials. A significant interaction effect of
Onomatopoeic Word * Material was observed for the Main Adjectives Gelatinous,
Slimy, Sticky, Gooey, Slippery, Moisturous, Silky, and Velvety; and was not observed
for the Main Adjectives Hairy, Sandy, Powdery, Granular, and Roughened.

One thing to note here is that the effect of congruency was observed for all Main
Adjectives selected for the Viscosity dimension. When taken together with the results
of previous experiments (especially Experiment 2), this result is not surprising.
Similarly, experiment 2 showed the effect congruency to be significant for all Main
Adjectives from the Viscosity dimension.
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This experiment was specifically conducted to compare the written and spoken
modalities for onomatopoeias for their effects in perception of material softness. The
main effect of Modality was not significant for any of the Main Adjectives except for
Gelatinous, therefore suggesting the two modalities are not significantly different

from each other for the perception of soft materials.

93



CHAPTER 5

GENERAL DISCUSSION

Over the three studies and three experiments conducted in this thesis, it was
attempted to extract softness related perceptual dimensions from a list of Turkish
onomatopoeic words that were presented in the written (Study 1) and spoken (Study
3) form, to extract softness related perceptual dimensions from materials (Study 2),
and to manipulate the softness related ratings of materials by using congruency
variable (Experiment 1, 2, and 3). The results suggested the existence of at least four
softness related dimensions from onomatopoeic words, and managed to successfully
manipulate the softness ratings with onomatopoeic words. The results of the
experiments are discussed in relation to other studies previously mentioned, the
limitations of the current experiments, and the possible future directions for research

in this area.

5.1. Discussion

Previous research on haptic perception has focused mostly on texture perception and
with the few limited exceptions where soft materials were included. Even then,
softness was considered a single dimension was used as a contrast to
hardness/roughness. Dovencioglu et al. (2018, 2019, 2022) provided evidence for the
multidimensionality of softness by studying soft materials with a specifically adapted
adjective list. The results of the studies and experiments in this thesis provide further
support for this, which will be further discussed later on this chapter. In Study 2, by
using 40 materials with the 29 softness-related adjectives, 7 dimensions were
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extracted. Six of these dimensions were softness related: Viscosity, Deformability,
Surface Softness, Granularity, Fluffiness, and Scabbiness; and one dimension was for
Roughness. This result is in line with Dovencioglu et al. (2018, 2019, 2022) where
they reported five dimensions: Compliance, Viscosity, Surface Softness, Granularity,
and Roughness; and with Cavdan et al. (2019) where they extracted the dimensions
Granularity, Furriness, Visco-Elasticity, Deformability, and Roughness. Study 2 has
extracted the five dimensions that are in line with the literature, with the addition of
two new dimensions that were not reported before. These are Fluffiness and
Scabbiness. It is possible that these dimensions were extracted because a different
set of materials are used in this study compared to the previous ones. Moreover, the
previous studies employed the haptic modality whereas our study employed the visual
modality by presenting the materials in a video rather than allowing participants to
physically explore the materials. This result also constitutes further support for
studying haptic perception using the visual modality as the two modalities were found
to have similar perceptual spaces (Baumgartner et al., 2013; Okamoto et al., 2013).
It is shown that the information gathered from watching the material videos were

sufficient enough to make judgements about the material properties.

The results of onomatopoeic word studies showed a direct relation between Turkish
onomatopoeic words and softness related material dimensions. I was able to
successfully extract softness related dimensions from both written and spoken
onomatopoeic word lists. The dimensions that were common for both studies (Study
1 and Study 3) included Viscosity, Surface Softness, Granularity, and Roughness. This
result shows a similarity between the onomatopoeic word space and the softness
related dimensions that were extracted using materials (Dovencidoglu et al., 2018,
2019, 2022; Cavdan et al. 2019), providing further support for the idea of sound
symbolism. This result is also similar to that of Hanada (2016) where they extracted
three dimensions: wetness/stickiness, fluffiness/softness, and smoothness-
roughness/gloss-dullness. I was unable to extract a dimension that could be labeled
as ‘Deformability’ from either of the studies, and this is attributed to the lack of words
in Turkish describing the sound an object makes when it is being deformed. This result
can be discussed with regards to the study of Gaver (1993), who identified three

categories for the sound generating objects: solids, liquids, and gaseous sources.
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There are several sounds made by solid materials that have found their word
equivalence as an onomatopoeia in language, such as: tak tak, catir catir, kitir kitir,
etc. for solid materials. For the liquid sound sources, the words were as: sip sip, saril
saril, sipir sipir, etc. For the gaseous sounds, there were pofur pofur, and efil &fil,
which are based on sounds coming from an air being let out or the wind blowing. All
these sounds are from a state of matter of a material, and none of these sounds
describe a change in the form of the material. Taken together with Gaver (1993)’s
categorization, it is understandable that I could not find words that describe the sound
of a deforming object, and therefore also failed to extract a deformability dimension
from onomatopoeic words. However, the extracted four dimensions are similar to
those obtained from studies using materials, suggesting the onomatopoeic words are
informative in terms of describing material properties. Study 1 with written
onomatopoeic words extracted a total of 7 dimensions: Viscosity, Roughness, Surface
Softness, Granularity, Texture, Glossiness, and Fluffiness. The dimensions of Texture,
Glossiness and Fluffiness are specific to this study. However, since the adjectives that
were loaded in these dimensions were not unique, meaning they had higher
component loadings for other components, these dimensions were not very
informative. Moreover, the MDS space for written onomatopoeic words did not reveal
distinct clusters between the onomatopoeic words. More research could be conducted
to explore these dimensions and whether they can be extracted with a different set
of stimuli as well. The MDS space of spoken onomatopoeic words, on the other hand,
revealed four distinct clusters for the words that were very similar to the dimensions
extracted using the PCA. Obtaining this result also provides further support for the

existence of four dimensions for spoken onomatopoeic words.

I also carried out a phonetic analysis with the results of Study 1, however, the results
of this analysis were mostly not significant. This approach was adapted from the study
of Fujisawa, Iwamiya & Takada (2004) by using the phonetic parameters of Turkish
instead of Japanese. There were only a nhumber of significant correlations between
the parameters of phonetic properties and the principal component loadings of the
onomatopoeic words. The results showed that onomatopoeic words that contained
the consonants /f/, /4/, /h/, /il, Is/, Is/, /v/, /z/ had a less ‘rough’ impression (‘vicik’,

‘sinil’, *hisir’), and onomatopoeic words that contained plosive consonants /b/, /c/, /¢/,

96



/d/, [a/, /K[, [p/, [t/ Ctukir" and ‘kitir) and the post-alveolar consonants /d/, /n/, /s/,
/t/, /z/ (zangir’ and ‘zir") were associated with a ‘rough’ impression. Moreover, that
onomatopoeic words that contained the consonants /f/, /d/, /h/, i/, Is/, Is/, IV/, [z/
(fisir’, *hasirhad a less ‘viscous’ or ‘elastic’ impression. And finally, onomatopoeic
words that contained the vowel /o/ and the consonants /g/, /k/, /l/, /t/, /y/ (gurll’,
‘fokur”) had a more ‘dynamic’ impression. These were the only significant correlations
for all the components and parameters included in the analysis. This result might
indicate that phonetic properties of the speech sounds are not solely responsible for
the effects that are observed in the experiments. They might have other explanations
about the use of visual imagery (similar to the approach of Cuskley, Simner, and Kirby

(2015)) or a process where both visual and auditory systems play a role.

The results of Experiment 1 were not in the way that was expected and it did not
support the hypothesis. The effect of congruency was not significant for any of the
13 ANOVAs that was conducted for the different set of material pairs. There are
several reasons for this result. Firstly, conducting the experiment online was not the
optimal mode of delivery, the layout of the experiment on Qualtrics was not desirable.
The participants were able to play the video depicting the onomatopoeic word for two
seconds, then watch the material being explored by the researcher’s hand. Then they
had to move forward with the adjective ratings that were located under the video
prompt. As the experiment was conducted online, whether each participant completed
each step in the instructed way was not controlled. Secondly, the mode of delivery
where we first present the onomatopoeic word and then the material video might not
have been strong enough for an association to be made and for the adjective ratings
to have been affected by the onomatopoeic word presented. It is likely that
participants focused on either only the onomatopoeic word or only the material, and
completed their adjective ratings accordingly. An alternative design for this study
would have been to display the onomatopoeic word and the material video in the
same screen. And this was further achieved in Experiment 3, which was conducted in

a laboratory environment.

Experiment 2 was conducted with significant differences in the methodology and in

terms of stimuli compared to Experiment 1. Spoken onomatopoeic words were used
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to be matched with the material videos. Different to Experiment 1, the spoken
onomatopoeic word and the material video were presented simultaneously. Another
significant difference between the studies is that Experiment 2 was conducted in a
controlled laboratory environment, meaning participants were more likely to give their
full attention to the tasks and they completed the task in an environment with
minimum number of distractors. 13 ANOVAs were conducted to test the hypothesis
and obtained significant results for 10 out of 13 ANOVAs. The three ANOVAs that
were not significant were Main Adjectives Hairy, Sandy, and Powdery. As discussed
previously at the end of Chapter 3, this result was attributed to the selection of
materials. The materials and onomatopoeic words for each Main Adjective were
selected to be unique, meaning each was only used for a single Main Adjective, which
limited the selection for the congruent and incongruent pairings. We believe this may
have resulted for the selection of pairings to be less representative for those Main
Adjectives than it could have been otherwise. Also, inclusion of granular materials and
therefore a dimension of ‘Granularity’ has not been studied extensively in the
literature. Dovencioglu et al. (2018, 2019, 2022) were one the first ones to include
granular materials in their study of softness perception, and it was attempted to
explore these materials to a greater extent. However, because of the selection of
onomatopoeic words and materials, the expected effect was not observed for these

Main Adjectives.

The onomatopoeic word and material pairing that was selected for each Main
Adjective, also received similar ratings for adjectives that belong to the same
dimension. For example, for the Main Adjective ‘gelatinous’, we observed significant
results for adjectives gelatinous, slimy, sticky, gooey, slippery, and moisturous; which
are all adjectives that belong to Viscosity dimension. This was similarly observed for
Surface Softness and Granularity dimensions. This result further supports the unity of
the dimensions, and provides additional support that materials and onomatopoeic

words were adequately selected for each dimension.

The onomatopoeic words were presented in the auditory modality and the materials
in the visual modality, and it was managed to manipulate the adjective ratings related

to certain material properties. This suggests the information obtained from the
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auditory modality was strong enough to manipulate the judgements that were made
for a material, which was presented visually. This result provides further support for
the idea of sound symbolism, going as early as Sapir (1929) and Koéhler (1929)’s
original studies in the subject. As detailly described in the introduction chapter, sound-
shape associations were observed for pseudowords (Tarte and Barritt, 1971;
Ramachandran and Hubbard, 2001; Westbury, 2005; Parise & Spence, 2012) and also
for onomatopoeic words (Laing, 2017; Fujisawa, Iwamiya & Takada, 2004).
Information obtained from one modality (here it is the onomatopoeic words that are
presented in the auditory modality) influenced the ratings made about the material

properties.

A final experiment was conducted to compare the written and spoken modalities of
onomatopoeic words. Experiment 3, had the same methodological design to that of
Experiment 2 (spoken onomatopoeic words), and used the same set of stimuli and
onomatopoeic word — material pairings. This experiment was also conducted in a
laboratory environment. 13 ANOVAs were conducted for the 13 Main Adjectives in
this study, and the manipulation of congruency was significant for 8 out of the 13
ANOVAs: Gelatinous, Slimy, Sticky, Gooey, Slippery, Moisturous, Silky, and Velvety.
The congruency effect was not significant for the Main Adjectives of Hairy, Sandy,
Powdery, Granular, and Roughened. These results show, similar to Experiment 2, that
the Main Adjectives that were selected from the Viscosity dimension seem to display
the effect significantly. And additional analysis for the main effect of modality (written
vs. spoken) was also carried out. This analysis showed that the effect of modality was
only significant for the Main Adjective Gelatinous and not for the 12 other Main
Adjectives. This result suggests that the written and spoken modalities of language
are not significantly different from each other. There are differences between spoken
and written modalities of language (such as pitch and tone to exist for spoken
language, and visual characteristics of letters for written language). In the contrary,
the MDS results with written onomatopoeic words and spoken onomatopoeic words
yielded different results: one displaying distinct clusters (spoken) and the other not
displaying any distinct clusters. This result suggests the two modalities to be different.
The effects of sound-symbolism are observed when the pseudowords are presented

in either the written or the auditory modality (Sapir, 1929; Kohler, 1929; Fryer et al.,
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2014; Etzi et al., 2016) or with onomatopoeias (Wakamatsu et al., 2017). One possible
explanation to this is that the onomatopoeic words, when presented on their own, the
two modalities differ from each other. However, when they are presented with a
material, the softness related adjective ratings are not significantly different for the

two modalities.
5.2. Limitations

The timeline of this thesis coincides with the global pandemic of COVID-19, which has
forced us to conduct our initial studies in an online platform rather than conducting
them in a controlled laboratory environment. Given the nature of our tasks, and the
duration it takes for each experiment to be completed, the online platform (Qualtrics)
was not the most suitable for our experiments. There are a number of problems that
could have arisen which led us to not be able to demonstrate a significant effect with
Experiment 1. The mode of delivery was not optimal, as the platform we decided to
use did not have an option to display the experiment the way we would have displayed
it in MATLAB. We had to include a video of the material, and the participants were
instructed to watch the video before they gave their ratings. However, there was no
way of controlling whether they have actually watched the entirety of the video. We
tried to counter this by asking the participants to report the onomatopoeic word they
had seen in the beginning of the video; however, it still does not guarantee that the
entire video is watched. Conducting the Experiment 3 in the laboratory environment
aided us in testing the hypothesis in a controlled environment without the pitfalls of
online testing, and the results obtained were more in line with what was hypothesized.

However, this remains as a limitation for the Study 1, Study 2, and Experiment 1.

Moreover, the results of Experiment 2 and Experiment 3 were compared to each other
to analyze the effect of onomatopoeic word modality. This approach was chosen since
the two experiments had the exact same stimuli list, and the methodology was similar.
However, the timelines to collect data from the participants differed, where
Experiment 3 was completed approximately eight months after Experiment 2. The

time difference in data collection remains as a possible limitation for this analysis.

Finally, another possible limitation relates to Experiment 3. On the trial screen,

onomatopoeic word, video of the material, adjective, and rating bar were all displayed
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simultaneously. This design was preferred since it meant the experiment was more
similar to Experiment 2 and comparison analysis would be possible. A limitation
remains, however, that there were possibly too many stimulants on the screen. One
way of dealing with this might be to introduce a manipulation check and ensure all

the stimuli are attended for.
5.3. Future Research

The future directions of this research will be discussed in terms of methodological
implications. For the experiments using material videos, we used five seconds material
videos depicting an EP, where observers were able to see both the material being
explored and the hand that is exploring it. We chose the EPs based on whichever
could transfer the greatest amount of information about the material to an observer.
This selection was mainly based on previous research (Cavdan et al., 2019;
Dévencioglu et al., 2018, 2019, 2022), we tried to adapt the EPs for each dimension
based on their report of most common EPs used when the materials were being
haptically explored. Future studies could explore this further, by employing a design
where each of the EPs are presented separately and participants are asked to rate
the amount of information about the material that they can obtain from only watching

the videos. This could provide an empirical ground on which the stimuli are selected.

Moreover, there could be an effect of familiarity of the materials being used in the
study, which we did not control for. Future research may study this in relation to the
softness ratings being collected. Familiarity rating for each material could be obtained
during or after the test phase of the experiment, which could later be analyzed to
explore possible effects of familiarity.

5.4. Conclusion

The present study is the first to explore the effects of Turkish onomatopoeic words in
relation to softness perception of materials. I used the onomatopoeic words in both
written and spoken for to study our hypotheses. I expected to extract softness related
dimension from the onomatopoeic words and we were able to extract four dimensions
from both written and spoken forms: Viscosity, Surface Softness, Granularity, and

Roughness. This result is in line with the softness dimensions extracted by using
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materials in previous studies (Dévencioglu et al., 2019; 2022; Cavdan et al., 2019),
and with our own study using material videos (Study 2). The only exception is the
dimension of Deformability, which as we discussed earlier, was mainly due to the lack

of onomatopoeic words describing the sound of a deforming object.

The manipulation of congruency was significant in the experiment using spoken
onomatopoeic words; and in the experiment using written onomatopoeic words
conducted in the laboratory environment (Experiment 3). The significant result in
spoken onomatopoeic word and material pairings suggest that it is possible to
manipulate a material related judgement in one modality by presenting a conflicting

stimulus in another modality.

The present study fills a significant gap in the literature by providing further support
on the effects of language in perceived softness of materials. This study was the first
to be conducted using Turkish onomatopoeic words, and first to use the onomatopoeic
words to manipulate the ratings of material related adjectives. Future studies should
address the abovementioned limitations of the study and focus on investigating the
effects other variables such as familiarity.
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aragtirmasi insan Aragtirmalan Etik Kurulu tarafindan uygun goriilmiis ve 146-ODTU-2020 protokol

numarasi ile onaylanmigtir.

Saygilanmuzla bilgilerinize sunanz.
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B. THE INFORMED CONSENT FORM

ARASTIRMAYA GONTULLT KATILIMFORMU
Bu galigma ODTU Psikoloji Baliimi yiksek lisans 6 Srencilerinden Beyza Melis Hazir tarafindan
yiritilmektedir. Bu form sizi aragtirmakogullan hakkinda bilgilendirmek igin hazirlanmgtir.

Calismanin Amaci Nedir?

Caligmanin amac, katilimeilardan malzemelerin yumugaklik algist ile 1lgili bilgi toplamaktr.
Malzemelenn algilanan dokunsal yumugaklidi gogunlukla tek bir boyut olarak incelenmistir, ancak son
zamanlarda algilanan yumugakliin ok boyutlu oldugu gésterilmigtir. Bu galigmanin amacy, kelimelenn ve

farkls frekanstaki seslerin yumugak malzemelerin algilanmasinda ne élgiide rol oynadidin anlamaktir.
Bize Nasil Yardimc: Olmanizi isteyecegiz?

Aragtirma psikoloji bilum laboratuvaninda yapilacaktr. Caligma sirasinda ekranda sizlere gegitli
malzeme adlan, resimlen veya videolan goreceksiniz. Her ekranda bir soru yazili olacak ve sizden verilen
malzemeye uygun olarak dederlendirme yapmaniz istenecek. Sorudaki kelimelerin verilen malzemeye ne
kadar uygun oldugunuzu diginiiyorsaniz ekrandaki degerlendirme gubugunu mouse yardimiyla oynatarak
isaretleyeceksiniz. Dederendirme 1 (higuymuyor) ve 7 (cok uyuyor) arasinda olacak. Deneye katilim sirest
ortalama olarak 60 dakika (1 saat) sirmektedir.

Sizden Topladigimiz Bilgileri Nasil Kullanacagiz?

Aragtirmaya katliminiz tamamen ginullilik temelinde olmalidir. Deneyde sizden kimlik veya
calighdiniz kurum/bdlum/birim belirleyici higbir bilgi istenmemektedir. Cevaplanniz tamamiyla gizli
tutulacak, sadece araghrmacilar tarafindan degerlendinilecektir. Katilimcilardan elde pdilecek bilgiler toplu
halde degerlendinlecek ve bilimsel yayimlardakullanilacaktir. Sagladifiniz veriler gonullu katilim
formlanndatoplanan kimlik bilgilen ile eglestirilmeyecektir.

Katiminizla ilgili bilmeniz gerekenler:

Caligma, genel olarak kigisel rahataizlik verecek sorular igermemektedir. Ancak, katilim sirasinda
sorulardan yadaherhang bagkabir nedenden dtiri kendinizi rahatsiz hissederseniz cevaplamaigini yanda
birakip gikmakta serbestsiniz. Boyle bir durumda galigmays uygulayan kisiye, galigmadan gikmak 1stediginizi
soylemek yeterli olacaktr.

Arastirmayla ilgili daha fazla bilgi almak isterseniz:

Bu galigmayakatildiimz igin simdiden tegekkiredenz. Calismahakkinda daha fazlabilgi almak

igin ODTU & gretim iyelerinden Dr. Dicle Dovencioglu (E-posta vada Beyza Melis

Hazir (E-posta; lile iletigim kurahilirsiniz,

Yukaridaki bilgileri ofaidum ve bu ¢aligmaya tamamen goniillii olarak kailiyorum.

(Formu doldurup imzaladiktan sonra uygulayiciya gen veniniz),

112



100

Rating

Rating

Rating

100

C. GRAPHS FOR STUDY 1

malleable

leathery

& \\ -\\\\\t\,g&. \\\t\ Q\Q & RPN
NS w%s: P R IR ST SRE NS e,;% @ S SRggtet
S P TS SRS \L-\ T e'i"a\""" A

textured

Rating

flexible

Rating

Rating

Figure C. 1 The ratings of adjectives on all onomatopoeic words for Study 1. Each panel
shows a separate adjective. The x-axis lists the onomatopoeic words, the y-axis is the

ratings obtained for that adjective for each of the materials
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Figure C.1 (continued) The ratings of adjectives on all onomatopoeic words for Study 1.
Each panel shows a separate adjective. The x-axis lists the onomatopoeic words, the y-axis

is the ratings obtained for that adjective for each of the materials.
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Figure C.1 (continued) The ratings of adjectives on all onomatopoeic words for Study 1
Each panel shows a separate adjective. The x-axis lists the onomatopoeic words, the y-axis

is the ratings obtained for that adjective for each of the materials
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Figure C.1 (continued) The ratings of adjectives on all onomatopoeic words for Study 1.
Each panel shows a separate adjective. The x-axis lists the onomatopoeic words, the y-axis

is the ratings obtained for that adjective for each of the materials.
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Figure C.1 (continued) The ratings of adjectives on all onomatopoeic words for Study 1.
Each panel shows a separate adjective. The x-axis lists the onomatopoeic words, the y-axis

is the ratings obtained for that adjective for each of the materials.
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Figure D. 1 The ratings for all adjectives across all materials for Study 2. Each panel shows a
adjective for each of the materials.
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Figure D.1 (continued) The ratings for all adjectives across all materials for Study 2. Each

panel shows a separate adjective. The x-axis lists the materials, the y-axis is the ratings

obtained for that adjective for each of the materials.
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Figure D. 1 (continued) The ratings for all adjectives across all materials for Study 2. Each

panel shows a separate adjective. The x-axis lists the materials, the y-axis is the ratings

obtained for that adjective for each of the materials.
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Figure D.1 (continued) The ratings for all adjectives across all materials for Study 2. Each

panel shows a separate adjective. The x-axis lists the materials, the y-axis is the ratings

obtained for that adjective for each of the materials.
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E. GRAPHS FOR EXPERIMENT 1
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Figure E. 1 Rating differences between conditions across all adjectives in Experiment 1. This
plot is for Main Adjective Gelatinous. Each graph demonstrates the ratings for a different
adjective. For each graph, y-axis shows the rating, the x-axis shows the onomatopoeic
word-material pairing. Left two bars are for the high rated material, middle two bars are for
the control material, the right two bars are the low rated material. The significant
differences between materials are depicted with a line that has a star above. The longer line
represents the significant difference between high and low rated materials. The shorter line
represents the significant difference between high and control, or low and control materials,
depending on where the line is located.

3 —liip lip — shaving cream (control)

Ratng
a

4 — catr catir — shaving cream (control)
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Main Adjective: Slimy
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Figure E. 1 (continued) Rating differences between conditions across all adjectives in
Experiment 1. This plot is for Main Adjective Slimy. Each graph demonstrates the ratings for
a different adjective. For each graph, y-axis shows the rating, the x-axis shows the
onomatopoeic word-material pairing. Left two bars are for the high rated material, middle
two bars are for the control material, the right two bars are the low rated material. The
pairing each bar represents is mentioned in the text box within the figure. The significant
differences between materials are depicted with a line that has a star above. The longer line
represents the significant difference between high and low rated materials. The shorter line
represents the significant difference between high and control, or low and control materials,
depending on where the line is located.
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Figure E. 1 (continued) Rating differences between conditions across all adjectives in
Experiment 1. This plot is for Main Adjective Gooey. Each graph demonstrates the ratings
for a different adjective. For each graph, y-axis shows the rating, the x-axis shows the
onomatopoeic word-material pairing. Left two bars are for the high rated material, middle
two bars are for the control material, the right two bars are the low rated material. The
pairing each bar represents is mentioned in the text box within the figure. The significant
differences between materials are depicted with a line that has a star above. The longer line
represents the significant difference between high and low rated materials. The shorter line
represents the significant difference between high and control, or low and control materials,
depending on where the line is located.
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Figure E. 1 (continued) Rating differences between conditions across all adjectives in
Experiment 1. This plot is for Main Adjective Slippery. Each graph demonstrates the ratings
for a different adjective. For each graph, y-axis shows the rating, the x-axis shows the
onomatopoeic word-material pairing. Left two bars are for the high rated material, middle
two bars are for the control material, the right two bars are the low rated material. The
pairing each bar represents is mentioned in the text box within the figure. The significant
differences between materials are depicted with a line that has a star above. The longer line
represents the significant difference between high and low rated materials. The shorter line
represents the significant difference between high and control, or low and control materials,
depending on where the line is located.
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Main Adjective: Sticky
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Figure E. 1 (continued) Rating differences between conditions across all adjectives in
Experiment 1. This plot is for Main Adjective Sticky. Each graph demonstrates the ratings for
a different adjective. For each graph, y-axis shows the rating, the x-axis shows the
onomatopoeic word-material pairing. Left two bars are for the high rated material, middle
two bars are for the control material, the right two bars are the low rated material. The
pairing each bar represents is mentioned in the text box within the figure. The significant
differences between materials are depicted with a line that has a star above. The longer line
represents the significant difference between high and low rated materials. The shorter line
represents the significant difference between high and control, or low and control materials,
depending on where the line is located.
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Main Adjective: Granular
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Figure E. 1 (continued) Rating differences between conditions across all adjectives in
Experiment 1. This plot is for Main Adjective Granular. Each graph demonstrates the ratings
for a different adjective. For each graph, y-axis shows the rating, the x-axis shows the
onomatopoeic word-material pairing. Left two bars are for the high rated material, middle
two bars are for the control material, the right two bars are the low rated material. The
pairing each bar represents is mentioned in the text box within the figure. The significant
differences between materials are depicted with a line that has a star above. The longer line
represents the significant difference between high and low rated materials. The shorter line
represents the significant difference between high and control, or low and control materials,
depending on where the line is located.
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Main Adjective: Powdery
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Figure E. 1 (continued) Rating differences between conditions across all adjectives in
Experiment 1. This plot is for Main Adjective Powdery. Each graph demonstrates the ratings
for a different adjective. For each graph, y-axis shows the rating, the x-axis shows the
onomatopoeic word-material pairing. Left two bars are for the high rated material, middle
two bars are for the control material, the right two bars are the low rated material. The
pairing each bar represents is mentioned in the text box within the figure. The significant
differences between materials are depicted with a line that has a star above. The longer line
represents the significant difference between high and low rated materials. The shorter line
represents the significant difference between high and control, or low and control materials,
depending on where the line is located.
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Main Adjective: Sandy
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5 — fisir fisir — cardboard (incongruent) Low rated material

6 — giim giim — cardboard (congruent)

Figure E. 1 (continued) Rating differences between conditions across all adjectives in
Experiment 1. This plot is for Main Adjective Sandy. Each graph demonstrates the ratings
for a different adjective. For each graph, y-axis shows the rating, the x-axis shows the
onomatopoeic word-material pairing. Left two bars are for the high rated material, middle
two bars are for the control material, the right two bars are the low rated material. The
pairing each bar represents is mentioned in the text box within the figure. The significant
differences between materials are depicted with a line that has a star above. The longer line
represents the significant difference between high and low rated materials. The shorter line
represents the significant difference between high and control, or low and control materials,
depending on where the line is located.
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Main Adjective: Scaly
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Figure E. 1 (continued) Rating differences between conditions across all adjectives in
Experiment 1. This plot is for Main Adjective Scaly. Each graph demonstrates the ratings for
a different adjective. For each graph, y-axis shows the rating, the x-axis shows the
onomatopoeic word-material pairing. Left two bars are for the high rated material, middle
two bars are for the control material, the right two bars are the low rated material. The
pairing each bar represents is mentioned in the text box within the figure. The significant
differences between materials are depicted with a line that has a star above. The longer line
represents the significant difference between high and low rated materials. The shorter line
represents the significant difference between high and control, or low and control materials,

depending on where the line is located.
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Main Adjective: Silky

7 Viscosity - Gelatinous o Viscosity - Slimy = Viscosity - Gooey 7 Viscosity - Slippery
6 6 6 § %
5 5 5 5
g g g £,
B4 B4 B4 3 4 3
& @ @ «
3 3 3 3
i 2 i.i
JlE3 1
oL e [ [ S Tot e et

Rating

Viscosity - Sticky

Granularity - Scaly

1 2 3 4 5 6

Granularity - Granular

*

Surface Sof:ru: - Silky

*

Rating
Iy

Surface Softness - Velvety

*

Granularity - Sandy

Surface Softness - Hairy

*

*

Rating
>
Rating
Y

! ! 1 2 3 4 5 6
= Roughness - Roughened
" IR
. 1 —tiril tiril —silk (congruent) D High rated material
2 —zir zir — silk (incongruent)
3 —tiril tiril — cotton (control) ” | |
Control materia

4 — z1r zir — cotton (control)

5 —tiril tiril — bubble wrap (incongruent) X
|:| Low rated material
6 — z1r zir — bubble wrap (congruent)

Figure E. 1 (continued) Rating differences between conditions across all adjectives in
Experiment 1. This plot is for Main Adjective Silky. Each graph demonstrates the ratings for
a different adjective. For each graph, y-axis shows the rating, the x-axis shows the
onomatopoeic word-material pairing. Left two bars are for the high rated material, middle
two bars are for the control material, the right two bars are the low rated material. The
pairing each bar represents is mentioned in the text box within the figure. The significant
differences between materials are depicted with a line that has a star above. The longer line
represents the significant difference between high and low rated materials. The shorter line
represents the significant difference between high and control, or low and control materials,
depending on where the line is located.
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Main Adjective: Velvety
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Figure E. 1 (continued) Rating differences between conditions across all adjectives in
Experiment 1. This plot is for Main Adjective Velvety. Each graph demonstrates the ratings
for a different adjective. For each graph, y-axis shows the rating, the x-axis shows the
onomatopoeic word-material pairing. Left two bars are for the high rated material, middle
two bars are for the control material, the right two bars are the low rated material. The
pairing each bar represents is mentioned in the text box within the figure. The significant
differences between materials are depicted with a line that has a star above. The longer line
represents the significant difference between high and low rated materials. The shorter line
represents the significant difference between high and control, or low and control materials,
depending on where the line is located.
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Figure E. 1 (continued) Rating differences between conditions across all adjectives in
Experiment 1. This plot is for Main Adjective Hairy. Each graph demonstrates the ratings for
a different adjective. For each graph, y-axis shows the rating, the x-axis shows the
onomatopoeic word-material pairing. Left two bars are for the high rated material, middle
two bars are for the control material, the right two bars are the low rated material. The
pairing each bar represents is mentioned in the text box within the figure. The significant
differences between materials are depicted with a line that has a star above. The longer line
represents the significant difference between high and low rated materials. The shorter line
represents the significant difference between high and control, or low and control materials,
depending on where the line is located.
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Main Adjective: Roughened
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Figure E. 1 (continued) Rating differences between conditions across all adjectives in
Experiment 1. This plot is for Main Adjective Roughened. Each graph demonstrates the
ratings for a different adjective. For each graph, y-axis shows the rating, the x-axis shows
the onomatopoeic word-material pairing. Left two bars are for the high rated material,
middle two bars are for the control material, the right two bars are the low rated material.
The pairing each bar represents is mentioned in the text box within the figure. The
significant differences between materials are depicted with a line that has a star above. The
longer line represents the significant difference between high and low rated materials. The
shorter line represents the significant difference between high and control, or low and
control materials, depending on where the line is located.
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GRAPHS FOR STUDY 3

F.

gooey

airy

silky

gelatinous

scabby

Figure F.1 The ratings of adjectives on all onomatopoeic words for Study 3. Each panel

shows a separate adjective. The x-axis lists the onomatopoeic words, the y-axis is the

ratings obtained for that adjective for each of the onomatopoeic word.
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velvety

slippery

sandy
T

moisturous

woody

glossy
T

Each panel shows a separate adjective. The x-axis lists the onomatopoeic words, the y-axis

Figure F.1 (continued) The ratings of adjectives on all onomatopoeic words for Study 3.
is the ratings obtained for that adjective for each of the onomatopoeic word.
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scaly

roughened

slimy

granular

powdery

Figure F. 1 (continued) The ratings of adjectives on all onomatopoeic words for Study 3.

Each panel shows a separate adjective. The x-axis lists the onomatopoeic words, the y-axis

is the ratings obtained for that adjective for each of the onomatopoeic word.
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Figure F.1 (continued) The ratings of adjectives on all onomatopoeic words for Study 3.
Each panel shows a separate adjective. The x-axis lists the onomatopoeic words, the y-axis
is the ratings obtained for that adjective for each of the onomatopoeic word.

139



G. GRAPHS FOR EXPERIMENT 2

Main Adjective: Gelatinous

+ Viscosity - felatinous ; Viscositi - Slimy . Viscosity;Sticky . Viscositz - Gooey
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Figure G. 1 Rating differences between conditions across all adjectives in Experiment 2.
Above graphs are for Main Adjective Gelatinous. Each graph represents a separate
adjective. For each graph, x-axis shows the material — onomatopoeic word pairings, and the
y-axis shows the rating obtained for the respective adjective. Left two bars represent the
high rated material and the right two bars represent the low rated material. Details of the

materials and onomatopoeic words used for each Main Adjective is written in the figure.
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Viscosity - Gelatinous
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Figure G.1 (continued) Rating differences between conditions across all adjectives in
Experiment 2. Above graphs are for Main Adjective Slimy. Each graph represents a separate
adjective. For each graph, x-axis shows the material — onomatopoeic word pairings, and the
y-axis shows the rating obtained for the respective adjective. Left two bars represent the
high rated material and the right two bars represent the low rated material. Details of the

materials and onomatopoeic words used for each Main Adjective is written in the figure.
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Figure G.1 (continued) Rating differences between conditions across all adjectives in
Experiment 2. Above graphs are for Main Adjective Sticky. Each graph represents a separate
adjective. For each graph, x-axis shows the material — onomatopoeic word pairings, and the
y-axis shows the rating obtained for the respective adjective. Left two bars represent the
high rated material and the right two bars represent the low rated material. Details of the

materials and onomatopoeic words used for each Main Adjective is written in the figure.
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Main Adjective: Gooey
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Figure G.1 (continued) Rating differences between conditions across all adjectives in
Experiment 2. Above graphs are for Main Adjective Gooey. Each graph represents a
separate adjective. For each graph, x-axis shows the material — onomatopoeic word
pairings, and the y-axis shows the rating obtained for the respective adjective. Left two bars
represent the high rated material and the right two bars represent the low rated material.
Details of the materials and onomatopoeic words used for each Main Adjective is written in

the figure.
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Figure H.1 (continued) Rating differences between conditions across all adjectives in
Experiment 2. Above graphs are for Main Adjective Slippery. Each graph represents a
separate adjective. For each graph, x-axis shows the material — onomatopoeic word
pairings, and the y-axis shows the rating obtained for the respective adjective. Left two bars
represent the high rated material and the right two bars represent the low rated material.
Details of the materials and onomatopoeic words used for each Main Adjective is written in

the figure.
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Main Adjective: Moisturous
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Figure G.1 (continued) Rating differences between conditions across all adjectives in
Experiment 2. Above graphs are for Main Adjective Moisturous. Each graph represents a
separate adjective. For each graph, x-axis shows the material — onomatopoeic word
pairings, and the y-axis shows the rating obtained for the respective adjective. Left two bars
represent the high rated material and the right two bars represent the low rated material.

Details of the materials and onomatopoeic words used for each Main Adjective is written in

the figure.
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Figure G.1 (continued) Rating differences between conditions across all adjectives in

Experiment 2. Above graphs are for Main Adjective Silky. Each graph represents a separate

adjective. For each graph, x-axis shows the material — onomatopoeic word pairings, and the

y-axis shows the rating obtained for the respective adjective. Left two bars represent the

high rated material and the right two bars represent the low rated material. Details of the

materials and onomatopoeic words used for each Main Adjective is written in the figure.
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Main Adjective: Velvety
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Figure G.1 (continued) Rating differences between conditions across all adjectives in
Experiment 2. Above graphs are for Main Adjective Velvety. Each graph represents a
separate adjective. For each graph, x-axis shows the material — onomatopoeic word
pairings, and the y-axis shows the rating obtained for the respective adjective. Left two bars
represent the high rated material and the right two bars represent the low rated material.
Details of the materials and onomatopoeic words used for each Main Adjective is written in

the figure.
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Main Adjective: Hairy
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Figure G.1 (continued) Rating differences between conditions across all adjectives in
Experiment 2. Above graphs are for Main Adjective Hairy. Each graph represents a separate
adjective. For each graph, x-axis shows the material — onomatopoeic word pairings, and the
y-axis shows the rating obtained for the respective adjective. Left two bars represent the
high rated material and the right two bars represent the low rated material. Details of the

materials and onomatopoeic words used for each Main Adjective is written in the figure.
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Figure G.1 (continued) Rating differences between conditions across all adjectives in

Experiment 2. Above graphs are for Main Adjective Sandy. Each graph represents a

separate adjective. For each graph, x-axis shows the material — onomatopoeic word

pairings, and the y-axis shows the rating obtained for the respective adjective. Left two bars
represent the high rated material and the right two bars represent the low rated material.
Details of the materials and onomatopoeic words used for each Main Adjective is written in

the figure.
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Viscosity - Gelatinous

Main Adjective: Powdery

Viscosity - Slimy
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5 1 - flour pufiir pufiir . High rated material
2 — flour efil efil
3 — tulle piifir pifir . Low rated material
4 — tulle efil efil

Figure G.1 (continued) Rating differences between conditions across all adjectives in
Experiment 2. Above graphs are for Main Adjective Powdery. Each graph represents a
separate adjective. For each graph, x-axis shows the material — onomatopoeic word
pairings, and the y-axis shows the rating obtained for the respective adjective. Left two bars
represent the high rated material and the right two bars represent the low rated material.
Details of the materials and onomatopoeic words used for each Main Adjective is written in

the figure.
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Main Adjective: Granular
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1 — poppy seeds pitir pitir

High rated material
2 — poppy seeds siril siril . 'gh rated matena

3 — shaving cream pitir pitir . Low rated material
4 — shaving cream sinl giril

Figure G.1 (continued) Rating differences between conditions across all adjectives in
Experiment 2. Above graphs are for Main Adjective Granular. Each graph represents a
separate adjective. For each graph, x-axis shows the material — onomatopoeic word
pairings, and the y-axis shows the rating obtained for the respective adjective. Left two bars
represent the high rated material and the right two bars represent the low rated material.
Details of the materials and onomatopoeic words used for each Main Adjective is written in

the figure.
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Main Adjective: Roughened

Viscosity - Gelatinous Viscosity - Slimy Viscosity - Sticky Viscosity - Gooey
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84 3 - balloon kirt kirt . Low rated material

2 4 - balloon giair gicir

1

2 Tl R

Figure G.1 (continued) Rating differences between conditions across all adjectives in
Experiment 2. Above graphs are for Main Adjective Roughened. Each graph represents a
separate adjective. For each graph, x-axis shows the material — onomatopoeic word
pairings, and the y-axis shows the rating obtained for the respective adjective. Left two bars
represent the high rated material and the right two bars represent the low rated material.
Details of the materials and onomatopoiec words used for each Main Adjective is written in

the figure.
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H. GRAPHS FOR EXPERIMENT 3
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I. MODALITY COMPARISON ANOVA RESULTS FOR EXPERIMENT 3
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J. SPEARMAN’S RANK ORDER CORRELATION COEFFICIENT SCORES FOR
THE PHONETIC ANALYSIS WITHIN STUDY 1

Table J.1
Spearman’s rank order correlation coefficient scores for Study 1
phonetic analysis for component 1

Component Phonetic Feature Correlation

Component 1 Vowel /a/ 0.173
Vowel /I/ -0.339
Vowel /o/ -0.170
Vowel /6/ 0.028
Vowel /u/ -0.303
Vowel /U/ 0.345
Voiceless consonants 0.165
Voiced consonants -0.297
Fluid -0.139
Fricative -0.568**
Plosive 0.452*
Labial -0.055
Labio-dental -0.340
Post-alveolar 0.582**
Alveo-palatal -0.230
Prevelar -0.047
Glottal -0.427

*p < .05 ** p < .01, ** p < .001

Table J.2
Spearman’s rank order correlation coefficient scores for Study 1
phonetic analysis for component 2

Component Phonetic Feature Component Loadings

Component 2 Vowel /a/ 0.189
Vowel /1/ 0.116
Vowel /o/ 0.051
Vowel /u/ -0.112
Vowel /U/ -0.166
Voiceless Consonants -0.021
Voiced Consonants 0.080
Fluid 0.439
Fricative 0.093
Plosive -0.446
Labial -0.113
Labio-dental -0.368
Post-alveolar 0.204
Alveo-palatal 0.192
Prevelar 0.399

*p < .05, ** p < .01, ¥** p < .001
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Table 1.3
Spearman’s rank order correlation coefficient scores for Study 1
phonetic analysis for component 3

Component Phonetic Parameter Correlation

Component 3 Vowel /a/ -0.070
Vowel /e/ 0.274
Vowel /i/ -0.634
Vowel /i/ 0.274
Vowel /u/ -0.277
Vowel /i/ 0.548
Voiceless Consonants -0.563
Voiced Consonants 0.055
Fluid 0.000
Fricative -0.686*
Plosive 0.258
Labial 0.520
Labio-dental -0.414
Alveo-palatal -0.183
Prevelar -0.209
Glottal -0.411

¥ p < .05, ** p < .01, ** p < 001

Table 1.4

Spearman’s rank order correlation coefficient scores for Study 1
phonetic analysis for component 4

Component Phonetic Parameter Component Loadings

Component 4 Vowel /e/ 0.393
Vowel /i/ -0.414
Vowel /i/ 0.372
Voiceless Consonants -0.802
Voiced Consonants 0.494
Fluid 0.339
Fricative 0.247
Plosive -0.507
Labial -0.098
Labio-dental 0.000
Post-alveolar 0.131
Alveo-palatal 0.655
Prevelar -0.488

¥ p < .05, ** p < .01, ¥** p < 001
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Table 1.5

Spearman’s rank order correlation coefficient scores for Study 1
phonetic analysis for component 5

Component Phonetic Parameter Correlations

Component 5 Vowel /a/ -0.574
Vowel /i/ 0.519
Vowel /i/ -0.247
Vowel /u/ -0.209
Voiceless Consonants -0.489
Voiced Consonants 0.489
Fluid -0.247
Fricative -0.077
Plosive -0.330
Post-alveolar -0.252
Alveo-palatal 0.247
Prevelar -0.282
Glottal 0.378

¥ p < .05, ** p < .01, ¥* p < .001

Table J.6

Spearman’s rank order correlation coefficient scores for
Study 1 phonetic analysis for component 6

Component Phonetic Parameter Correlation

Component 6 Vowel /a/ 0.775
Vowel /I/ -0.775
Voiceless Consonants -0.775
Voiced Consonants 0.775
Fricative -0.738
Plosive 0.738
Labial 0.894
Labio-dental -0.258
Post-alveolar 0.894
Alveo-palatal -0.775
Glottal -0.775

¥ p < .05, ** p < .01, *** p < .001
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Table 1.7

Spearman’s rank order correlation coefficient scores for
Study 1 phonetic analysis for component 7

Component Phonetic Parameter Correlations

Component 7 Vowel /a/ -0.655
Vowel /e/ -0.393
Vowel /i/ -0.304
Vowel /i/ -0.393
Vowel /o/ 0.828*
Vowel /u/ 0.293
Vowel /U/ -0.131
Voiceless Consonants 0.123
Voiced Consonants 0.304
Fluid 0.414
Fricative -0.338
Plosive 0.293
Labio-dental 0.098
Alveo-palatal -0.655
Prevelar 0.828*
Glottal 0.000

¥ p < .05, ** p < .01, *** p < .001
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K. FREQUENCY TABLES FOR PHONETIC PARAMETERS

Frequency scores for onomatopoeic words in component 1
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Table K.2

Frequency scores for onomatopoeic words in component2

|g:uo|9 o O O O OO O O O O O O O O O O O
Epp|© © © 000000000000 O0o0
JQ|9A9Jd T T O WO TN T T N T TN O T NN N
JUIUU{\IU
41504 o O O O N O O O O O O O O O O O O
ETeg
Olq91 O O O O O O O N O N O O O O N N O
Iglqe-] O O N O O O O O N O O N N O O O O
a/\’SOld O O NN O NN N NN NN NN SO
p|n|:| T T O T T AN TN N N NN O O NN
peC)IOA T T O T W N W N NN NN O WO N WY
SSeleQIOA N N T N O T O T ¥ F T N T O N T O
/n[ |9MOA O O O O O O ¥ O O O O N O O O O O
"In,/ |9MOA o O O O OO O N MmO O O O ¥ O O O
/Qf [PMOA O O 0O O OO0 O 0O O O O O O OO OO O O
/0/ |9MOA o O O O O O O N O O O O O O O O O
MNpmop|© ©© 00000000000 o0oo0
)ﬂ/ |9MOA N T N T T N O O O v 4 O O O ¥ T
,/e’,r‘ [PMOp o O o0 O OO0 o0 0O 0O 0O 0 o0 o0 o O O O
jef pmop |V © © ©o o ¥ o o - O~ 0o ™NO O OO
e
8 D W NN O N O WS T N O M
oL W M O M~ MmO O T M T T w0 N =
QEI® G G G © 0 & M ™MW MmN WwWn oo
o O
D |
B4
3
=
a =5 5 < —
je] — § E =z 9 _3 E 7S P
T 5 = s — ® B0 @ = 3 a 3 © = &
o ZE i O v X ma g @3 6 &
Eo| a L = = 5 > & D
Pl = o N S 813 2 Puse o T
BT = a5 =¥ X REXQGRTTEH S
OZ| o o X N oL b 03 h> 5 & 5

171




Table K.3

[ERCPD

Frequency scores for onomatopoeic words in component 3
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Table K.4

Frequency scores for onomatopoeic words in component4
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Frequency scores for onomatopoeic words in component5
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Table K.6

Frequency scores for onomatopoeic words in component 6
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Frequency scores for onomatopoeic words in component7
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L. TURKISH SUMMARY / TURKCE OZET

BOLUM BIR

GIRIS

Algi, bilissel psikolojide en cok arastirilan alanlardan biridir. Fizyolojik 6lglim
araclarinin yani sira goérsellestirme cihazlarindaki gelismelerle bu alan son derece
gelismistir. Popller bir arastirma alani olan goérsel algi literattirlii her zaman dokunma
gibi diger duyusal ydontemlerden daha yaygin olmustur (Katz, 1925/1989). Daha 6nce
daha az popiiler olan bir arastirma konusu olan dokunsal algi, son zamanlarda bu
alanda yeni ydntemlerle ydrdtilen calismalarla artan bir ilgi kazanmistir. Bununla
birlikte, bu gelismeler alana ne kadar katkida bulunmus olsa da, dokunsal alginin

temelleri ve diger algisal ve biligsel bilesenlerle iliskisi hala arastirmaya agiktir.

Dokunsal algi, nesnelerin dokunarak aktif olarak kesfedilmesi olarak tanimlanir. Alanin
Onculerinden biri olan Gibson (1962), aktif ve pasif dokunma arasindaki farki
vurgulayarak, aktif dokunmanin, sz konusu nesnenin belirli niteliklerini kesfetmek
icin gergeklestirilen hareketler olan kesif eylemini igerdigini, pasif dokunmanin ise
performans hareketlerini icerdigini belirtti. Farkli dokunma bigimleri arasindaki bu
ayrim, pek cok calismanin yapilmaya baslandigi dokunsal algi literatiiriiniin 6nemli
Olglide gelismesine yol acmistir. Ancak yakin zamana kadar, calismalarin gogu ahsap,
tag, cam ve benzeri sert materyallerin dokunsal algisina odaklanmis (DiFranco ve ark.
1997; Avanzini ve Crosato 2006) ve kumaslar (6rnedin kadife ve pamuk) ve bazi
durumlarda sivilar (6rnegin su ve yaglar) gibi (Picard ve ark., 2003; Soufflet, Calonnier
ve Dacremont 2004; Tanaka, Tanaka ve Chonan, 2006; Guest ve ark., 2011) yumusak

materyalleri dahil etmistir. Fakat yumusak materyallerin dahil edilmesi, kendi basina
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yumusakligi incelemek icin degil, 'sert' materyalleri tek bir kategoriyle

karsilastirabilmek icindi.

Yumusaklik algisi incelenirken, yumusaklik tek bir boyut ve uyumlulugun esdegeri
olarak kabul edilmis (Lederman & Klatzky, 1987; Drewing ve ark., 2017) ve bir
materyalin deforme olabilirlik derecesi olarak tanimlanmistir (Di Luca, 2014). Tekstil
materyallerinin ¢ok boyutluluguyla ilgili en kapsamli calismalardan biri Okamoto ve
arkadaglari tarafindan yapilmistir (2013). Kumaslar, kaditlar, sivilar ve sert materyaller
dahil olmak Uzere cesitli materyalleri kullanan 18 c¢alismanin incelenmesinde,
dokunsal doku algisi icin bes genel boyut bildirdiler: PlrazlGlik/Yumusaklik, Sicaklik,
Ince PiiriizlGliik, Makro Piiriizliiliik ve Siirtiinme. Benzer sekilde, Tiest (2010) materyal
Ozelliklerinin dokunsal algisina iliskin bir incelemede, cesitli calismalarda bulunan
ortak noktalara dayall olarak dort kategori bildirmistir: Purizliilik, Uyum, Sogukluk
ve Kayganlik. Ancak bu aciklama, su anda yalnizca "yumusak" kategorisinde

tanimlanan tim nesneleri icermek icin cok belirsiz kalmaktadir.

1.1. Materyal Algisi

Son zamanlarda, genellikle yalnizca "yumusak" olarak siniflandirilan materyallerde
bulunabilecek daha tanimlayici olan farkli yumusaklik kategorilerinin olup olmadigini
incelemek icin calismalar yapiimistir. Ddvencioglu ve ark. (2018, 2019, 2022)
yumusaklik algisinin birden fazla boyuttan olustugunu gostermistir. Calismalari
(Dovencioglu ve ark., 2022) 5 farkl kategoriye (elastik, tekstil, deforme olabilen,
tanecikli ve sert) karsilik gelen 50 materyal ile gerceklestirilmistir. Bu calismada Guest
ve arkadaslarinin (2011) kapsaml bir dokunsal sézliigiinden Tirkceye uyarlanan,
dokunmanin yumusaklik ve purizlilik yonleriyle ilgili 31 sifattan olusan bir liste
kullaniimistir. Sonuglar, materyal algisi icin bes boyutun varligini géstermistir: Sekil
Degistirebilirlik, Akiskanlik, Yiizey Yumusakhdi, Taneciklilik ve Parizlilik (kontrol).
Bu, 6nceden bilinen yumusak nesneler arasinda bdyle bir ayrimi tanimlayan ilk
calismalardan biridir. Sonraki bir galismada Cavdan, Doerschner ve Drewing (2019),

yumusakhigin farkli algisal boyutlarinin dokunsal kesif prosediirlerini nasil etkiledigini
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arastirdi ve bunun sonucunda bes boyut buldu: Taneciklilik, Kurkldlik, Visko-
Elastiklik, Sekil Degistirebilirlik ve Purizliliik

1.1.1. Gorsel Uyaranlarla Dokunsal Algi Calismasi

Bazi calismalarda dokunsal algi boyutlarini kesfetmek icin goérsel uyaranlar
kullanilirken (Dévencioglu ve ark., 2019, 2022; Cavdan ve ark., 2019; Picada, 2006;
Yoshida, 1968), Okamoto ve ark. (2013), dokunsal doku algisi icin dokunsal ve gorsel
modaliteler arasinda belirli farkliliklar olup olmadigini inceledi. Parlaklik gibi yalnizca
gorsel algi icin var olan ve sicaklik gibi yalnizca dokunsal algi icin var olan bazi farkl
boyutlar disinda, iki modalitenin ylizey Ozelliklerinde benzer oldugunu buldular.
Benzer sekilde, hem gorsel hem de dokunsal yargi icin ayni 84 materyal seti ile yapilan
bir calismada Baumgartner ve ark. (2013), materyal algisi icin gorsel alanin dokunsal
alana benzer oldugunu gostermistir. Bu nedenle, dokunsal alglyi incelemek icin gorsel
uyaranlarin kullanilmasi yaygindir ve bir yontemle c¢ikarilan benzer boyutlarin diger

modalitede gbzlemlenmesini bekleyebiliriz.

1.2. Ses Sembolizmi

Ses sembolizmi, konusma seslerinin fonetik &zelliklerinin anlamsal bilgi tasidigi
kavramini ifade eder (Hinton, Nichols, & Ohala, 2006). Dilbilim cercevesinde, ses
sembolizmi fonemlerle incelenmis ve sonuglar, /i/ ve /k/ gibi daha yliksek frekansli
sesli ve Unstizlerin kiiglik ve keskin gondergelerle iliskili oldugunu, buna karsin /u/ ve
/b/ gibi daha disiik frekansta seslerin biliylik ve adir géndergelerle iliskilendirildigini
gostermistir (Hinton ve ark., 1994). Sapir (1929) ve Kéhler'in (1929) erken dénem
calismalari ile baslayan ses sembolizmi (izerine ¢ok sayida galisma vardir. Sapir, 500
katiimcinin birden fazla deneyde "a" sesli harfini ("mal"deki gibi) iceren sdzde

sozcukleri daha buyuk sekillerle ve "i" sesli harfini ("mil"deki gibi) iceren sézde
stzclikleri daha kiiglik nesnelerle iliskilendirdigi bir calisma yiritti. Kéhler, 'maluma’
sozde kelimesinin yuvarlak sekillerle ve 'takete'nin koseli sekillerle iliskilendirildigi
benzer bir galisma yapti. Daha sonra ayni fikir, Ramachandran ve Hubbard'in (2001)

galismasindan tireyen 'Bouba/Kiki Etkisi' olarak adini bulmustur. Deneylerinde iki sekil
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kullanmiglardir; 'bouba’ veya 'kiki' s6zde stzcikleri ile iligkilendirilecek yuvarlak bir
sekil ve sivri bir sekil. Elde ettikleri sonuclar, katiimcilarin "bouba" sézde kelimesini
yuvarlak sekillerle ve "kiki" kelimesini sivri sekillerle iliskilendirdigini gosterdi.
Sonuglari, kilttirler arasi bagka calismalarla ve kelimeler ve/veya sekiller icin kullanilan
farkl uyaranlarla desteklenmistir (Westbury, 2005; Parise & Spence, 2012) ve genel

sonuglar bu etkinin evrensel oldugunu gostermektedir.

1.2.1. Yansima Kelimeler

Dillerin igindeki cogu kelime, yalnizca kelimenin bigimlerini inceleyerek herhangi bir
anlam cikarilamayacak sekildedir. Bunun belirli bir istisnasi vardir: Bu kelimeler,
tanimladiklari sesi taklit eden kelimeler olan yansima kelimelerdir (6rnegin; siril, patir,
catir). Bu kelimeler, kelimelerin anlamlarinin atifta bulundugu seslerle dogrudan

ikonik cagrisimlarla olusturulmustur.

Ses sembolizminin materyal algimiza ne dlglide ulastigini anlamak igin yansima
kelimeler ile materyal algisi arasindaki iliskiyi arastiran birgok calisma yapilmistir. Bu
calismalarin 6nemli bir kismi Japoncadir, giinkii Japonca diger dillere kiyasla en
yliksek sayida yansima kelimeye sahiptir (Yamaguchi'nin (2015) bir sdzliglinde 2000
Japonca yansima kelime listelenir). Doizaki, Watanabe ve Sakamoto (2017), bir
Japonca ses sembolik kelimeden dokunmanin gok boyutlu derecelendirmelerini
otomatik olarak tahmin eden bir sistem 6nermek igin bir calisma yurdttller. Daha
sonra Sakamoto ve Watanabe (2017), dokunsal algi boyutlarini incelemek icin Japon
yansima kelimeleriyle ile iligkili materyalleri kullanarak bir galisma yurGtmustir. Bir
yansima kelime listesine dayanarak calismaya dahil edilecek materyalleri sectiler.
Katihmcilardan kapali bir kutudaki materyallerin yizeyinde aktif olarak parmaklarini
gezdirirken derecelendirmelerini topladilar. Sonuglari alti boyut gdsterdi: Duygusal

degerlendirme ve Siirtinme, Uyum, Yiizey, Hacim, Sicaklik ve Dogallik.

Hanada (2016), katiimalardan kendilerine sunulan materyali tanimlamaya uygun
oldugunu distndikleri bir yansimayi adlandirmalarinin istendigi serbest cagrisim

yontemini kullanarak gorsel materyal 6zelliklerinin algisal boyutlarini kegfetmek igin
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Japon vyansimalarini kullanmistir. Uc anlamli algisal boyut elde etmislerdir:
Islaklik/yapiskanlik, kabariklik/yumusaklik ve purizsuzltk-purizltlik/parlakhk-mathk.
Boyutlari, bu béliimin baslarinda Okamoto (2013) tarafindan aciklanan ana besten
Uclinl icerir. Ayrica Hanada (2019), gida/doku boyutlarini incelemek igin ayni serbest

cagrisim yontemini kullandi ve 15 anlamli boyut elde etti.

Yansima kelimeler ses sembolik kelimeler oldugundan, bir dizi galisma bu kelimelerin
fonetik Ozelliklerine odaklanarak nasil bir rol oynadiklarini anlamaya calismistir.
Fujisawa, Iwamiya & Takada (2004) tarafindan yapilan bir arastirma, isitsel olarak
sunulan Japonca yansima kelimelerle iligkilendirilen isitsel imgeleri arastirdi. Semantik
farkhlastirma yontemini kullanarak, katihmcilardan tipik ve tipik olmayan yansima
kelimeler tarafindan uyandirilan isitsel imgelerin ifadelerini derecelendirmelerini
istediler. Toplanan derecelendirmeler Uzerinde bir temel bilesen analizi yaptilar ve (g
boyut raporladilar: glzellik, etki ve keskinlik. Ayrica dilin fonetik parametrelerinin
kelimelerdeki sikigi ile tipik ve tipik olmayan yansima sozciklerin temel bilesen
puanlari arasindaki korelasyonlari hesaplayarak, sesli (nslizler iceren yansima
sozcliklerin 'kirli' bir izlenim ile iliskili olma olasiliginin daha yliksek oldugunu buldular.
Ses sembolizmi arastirmalarina benzer sekilde, /i/ sesli harfini iceren yansima
kelimelerin 'keskin' bir izlenimle ve /u/ veya /o/ Ginll harfini iceren kelimelerin 'donuk’
bir izlenimle iliskilendirildigini bildirdiler. Bu sonug, uyaran olarak yansima kelime

kullanarak ses sembolizmi galismak icin daha fazla destek saglamaktadir.

Son olarak bu tez kapsaminda yansima soézclikler Gzerinde fonetik bir inceleme
yapilacaktir; bu nedenle Tiirkge ses birimlerinin dil 6zelliklerini kisaca ele almak
O6nemlidir. Bir fonem, herhangi bir dildeki en kiclk ses sinifini ifade eder. Turkge igin
her bir harf bir fonem olusturur. Tirk alfabesi 29 harften olusur ve 8 Unli vardir: /a/,
/el, I/, i/, ]o/, [6/, /u/ ve /u/. Kalan 21 harf insizdiir ve bu ses birimlerinin fonetik
Ozelliklerine dayali kriterlerle ayri kategorilere ayrilabilirler. Burada ele alinacak 3 ortak
kategori vardir: 1) ses tellerinin durumuna gore; 2) gikis yerlerine gore; ve 3) sdylenis

surelerine gore (Dursunoglu, 2017).
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Unstizler ses tellerinin durumuna gére i) sert (sessiz) iinsiizler ve ii) yumusak (sesli)
Unslzler olmak (zere iki kategoriye ayrnimistir. Sessiz Unslzler sunlardir:
/c/f/h/k/p/s/s/t/. Sesli inslzler sunlardir: /b/c/d/g/d/j/\/m/n/r/v/y/z/. Sesin gikis yeri
icin yedi alt kategori vardir: dudak, dis-dudak, dil ucu/dis, dis eti/damak, 6n damak,
art damak, girtlak. Ve son olarak, sdylenis turleri icin iki alt kategori vardir: stirekli ve
sureksiz (patlayicr). Sdrekli Gnslzler ayrica akici ve sizici olarak iki kategoriye ayrilir.
Birlikte ele alindiginda, fonetik bir analizde Tiirkcede dikkate alinmasi gereken 20
parametre vardir. Bunlar: 8 sesli harf, 2 ses tellerinin durumu, 7 sesin cikis yeri ve 3

sdylenis tartdar.

1.3. Amag ve Hipotez

Turkce yansima kelimelerin dokunsal materyallerin yumusaklik algisi Uzerindeki
etkisini inceleyen bugiline kadar bir calisma bulunmamaktadir. Yansima kelimeler,
Japon diline benzer sekilde Tirk dilinin degerli bir bélimiini olusturmaktadir (Zilfikar,
1995). Bu tir kelimelerin kullanim sikligi agisindan bu benzerlik, dilin dokunsal algi
Uzerindeki etkisine iliskin ilk calisma icin umut verici bir aciklik sunmaktadir. Bu
nedenle, ses sembolik kelimeler ile dokunsal algisal alan arasinda benzer ¢agrisimlar

onermek makuldr.

Bu calismada, Tirkge yansima kelimeler ile materyaller arasindaki iliski, karsilik gelen
eslesmeleri agisindan alti calismada incelenmistir. Tezin cevaplamayr amagladigi
arastirma sorusu, dilin, o&zellikle yansima kelimelerin, materyallerin algilanan
yumusakligi Gizerinde bir etkisinin olup olmadigidir. Deney seti ile ilgili iki ana hipotez
asagidaki gibidir: (1) Yansima kelimeler, materyallerde gbzlemlenene benzer bir
yumusaklik boyut dagiimi gosterecektir. (2) Yansima kelimeler, materyal yumusaklidi
algisi Uzerinde etkili olacaktir. Caligmalar yansima kelimeleri iki farkli bicimde
icerecektir: Yazih (Calisma 1, Deney 1 ve Deney 3) ve sesli (Calisma 3 ve Deney 2).
Hipotezler, yansima sodzciiklerin hem yazil hem de sesli bigcimleri kullanilarak

arastiriimigtir.
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BOLUM 2

YAZILI YANSIMA KELIMELERIN YUMUSAKLIK ALGISINA ETKILERI

2.1. Katilimalar

Biitiin deneylerde katiimcilar, Orta Dogu Teknik Universitesi'nin arastirmaya katilim
sistemi olan SONA araciligiyla alinmistir. Katimailar, bilgilendirilmis onay formunu
imzalayarak onay verdiler ve katiimlari karsiiginda ders kredileri aldilar. Biitiin

katihmcilarin anadili Ttrkgedir.

Birinci calismaya deney icin 59 katilimcr alindi. Bunlardan 12'si deneyi zamaninda
tamamlamadi ve kismi verileri analizden cikarldi. Kalan 47 yanittan 8'i, deneyi
tamamlamalari igin gegen siireye bagh olarak analizden gikarildi. Sonuglanan katilimci
sayisi 39'dur (O yas = 21.1, SD yas = 1.44, 6 Erkek). kinci calismaya toplam 15
katihma katilmigtir (O yas = 23.8, SD yas = 4.5, 2 Erkek, 1 solak). Deney 1'e toplam
27 katiimai (O yas = 24.9, SD yas = 8.17, 8 Erkek, 6 solak) katilmistir.

2.2, Birinci galisma

2.2.1. Uyaranlar ve Prosediir

Birinci galisma gevrimigi olarak Qualtrics Uzerinde yuritilmustir. Galismada Turkge
yansima kelimeler yazili olarak kullanilmigtir. Tirkcedeki yansima sdzcuklerin
tamaminin aranacagi tek bir kaynak olmadigindan, Tirkge dilbilim kitaplar ve
incelemeleri (Ziilfikar, 1995; Ozkan, 2010) literatiir taramasi yapilarak derlenmistir.

Ortaya cikan 51 kelimelik liste, kelimelerin kullanim sikliklari kontrol edilerek ve
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anlamlarinin materyal algisiyla iliskilendirilebilir olmasina dikkat edilerek eleme

surecine alinarak 47 kelimeye indirgenmistir.

Bu calismada kullanilan sifatlar, yumusak malzemelerin dokunsal algisini inceleyen
onceki bir calismadan (Dovencioglu ve ark., 2018; 2019; 2022) derlenmistir. Liste, bir
malzemenin yumusakhgi/sertligi ile ilgili 31 Tirkce sifat icermektedir ve 0Ozellikle
yumusaklik algisini incelemek igin uyarlanmistir. Listedeki sifatlardan ikisi, ana uyaran
olarak calismaya dahil edilen yansima kelimeler ile ayni olmasi nedeniyle
degistirilmistir. Degistirilen ilk sifat aslen 'tiril tiril' idi ve 'havadar' olarak degistirildi.
Ikinci sifat 'vicik vicik' idi ve 'avik' olarak degistirildi. Uyaranlar katiimcilara karisik bir

sekilde sunuldu. Tim deney oturumu yaklasik 60 dakika strda.

2.2.2, Sonuglar

Deney verileri, JAMOVI yazimi (R Core Team 2018; The jamovi projesi, 2019) ve
JASP (JASP Team, 2022) kullanilarak analiz edildi. Verileri analiz etmek icin Temel
Bilesen Analizi (TBA) secildi. KMO oOrnekleme vyeterliligi Olglisii .658 puan verdi.
Bartlett'in kiresellik testi anlamli bir sonug verdi, X (465) = 2070,27, p = .000, bu
da gozlemlenen korelasyonlarin anlamli oldugunu gosteriyor. Ana bilesenler, Kaiser
normalizasyonu ve varimax dondirme kullanilarak cikarildi. Analizden, verilerdeki
toplam varyansin %388,06'sini agiklayan yedi temel bilesen gikarildi: Akiskanlik,
PlrtzlGlik, Yizey Yumusakligi, Taneciklilik, Dokusallik, Parlaklik, Kabariklik. Cok
Boyutlu Olcekleme (MDS) Analizinin sonuclar yansima kelimeler arasinda belirli bir
kiimesel olusumu gostermedi. Bu deneyi analiz etmek icin ayrica fonetik
parametrelerin siklidinin TBA puanlariyla korelasyonunu karsilastiran bir fonetik analiz
uygulanmistir. Bilesen 1'deki yansima kelime yilklemeleri ile sizic fonetik
parametrenin sikligi arasinda anlamli bir negatif korelasyon vardi (/(39) = -.57, p =
.003). Yansima sozcuklerin bilesen 1 ylklemeleri ile patlayici ((39) = .45, p = .023)
ve art damak (/(39) = .58, p = .002) fonetik parametreleri arasinda pozitif bir
korelasyon vardi. Bilesen 3 icin yansima sodzciiklerin yiklemeleri ile sizici fonetik
parametresi arasindaki korelasyon anlamliydi, A(39) = - .68, p = .041. Son olarak,

bilesen 7 icin yansima sozciklerin yliklemeleri ile tGnli /o/ ((39)= 0.82, p = .04) ve
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on damak (/(39) = .82, p = .04) fonetik parametreleri arasinda iki anlamli korelasyon

g6zlemlendi.

2.3. 1Ikinci Calisma

ikinci calismada 40 materyal videosu ve materyal niteliklerine iliskin 29 sifat

kullanilarak yumusaklik boyutlari ¢gikarilmistir.

2.3.1. Uyaranlar ve Prosediir

Bu calismada kullanilan 40 materyalden 32'si ana uyaran olarak yumusak
materyallerden ve 8'i ise sert materyallerden secilmistir. Onceki arastirmalara uygun
bir sekilde, materyaller katimcilara video olarak sunulmustur (Cavdan ve digerleri,
2021). Videolar laboratuvar ortaminda siyah arka fon ile ¢cekilmistir. Videolarda sadece
materyal, materyalin konuldugu kap ve kesif hareketlerini gosteren el goriliyordu.
Videolar, malzemeden yaklasik 50 cm uzakta bir tripod Uzerine yerlestirilmis Canon
EOS M50 kullanilarak sessiz olarak kaydedilmistir. Videolarda materyallerin
Ozelliklerini en iyi gOsterecek sekilde kesifsel hareketler kullanilmistir: siinger icin
basing uygulamak (deforme olabilir), tenis toplari icin dondiirmek (sert), kadife icin
ovalamak (tekstil), el kremi icin karistirmak (akiskan), yesil mercimek icin parmaklarin

arasindan gegirmek (taneli) gibi. Calismada 29 sifat kullanilmstir.

CGalisma, Qualtrics platformu kullanilarak gevrimici olarak gergeklestirildi. Bu galigma
ve sonraki deneyler icin yapilan bir fark, daha énce birinci ¢alisma icin kullanilan
o6lcedin degistirilmesiydi. Birinci calismadaki 6lgek 0 ile 100 arasindaydi, 1-7 arasinda
Likert dlgedi ile degistirildi.

2.3.2. Sonuclar

TBA, JAMOVI yazilimi (R Core Team 2018; The jamovi project, 2019) ve JASP (JASP
Team, 2022) kullanilarak yapilmistir. TBA sonucunda verideki varyansin %87,58'ini
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aciklayan 7 faktor bulunmustur: Akiskanlk, Sekil Degistirebilirlik, Taneciklilik, Yiizey
Yumusakligi, Kabariklik, PlrtzlGlik, Kabukluluk.

2.4. Deneyl

Bu deneyde, yazili yansima soOzcliklerin materyal videolarin algilanan yumusakhgi
Uzerindeki etkisi, uyumlu veya uyumsuz kelime-video eslemeleri olusturularak
arastirildi. Deney 1 icin, yansima kelimelerin materyal yumusakligi algisi (izerinde bir

etkisinin olacagi varsayilimistir.

2.4.1. Uyaranlar ve Prosediir

Bu deneyde yansima kelimer ve materyal videolar kullanildi ve eslestirmeler birinci
ve ikinci calismanin sonuclarina gére yapildi. Sadece her iki deneyde de ortak olan
bilesenler kullanildi ve sonug olarak dort bilesen elde edildi: Akiskanlk, Yilzey
Yumusaklhgi, Taneciklilik ve Pirizlilik (kontrol). Her yansima kelime yalnizca bir kez
kullanildi, ancak bazi materyaller ilgili Ana Sifat tizerindeki derecelendirmelerde birden

fazla kullaniimigtir.

Derecelendirme goérevinde toplam 13 sifat kullaniimistir: jélemsi, simuiksd, yapiskan,
avik, kaygan, pirizli, kum gibi, tanecikli, toz gibi, pul pul, ipeksi, kadifemsi ve tlylu.

Derecelendirme yapilacak sifatlar, Ana Sifatlarla ayniydi.

Katilimcilarin bir sonraki uyarana gegmeden o6nce tim sifat derecelendirmelerini
tamamlamalar gereken bir blok tasarimi kullanildi. Katilimclara énce yansitma
kelimeler (2 saniye), ardindan bos ekran (1 saniye), ardindan bir materyalin videosu
(5 saniye) sunuldu. Katiimcilar bu diziyi bir kez izledikten sonra 13 sifat icin

derecelendirmeyi tamamladi. TUm deneyi tamamlamak yaklasik 60 dakika sirdd.

2.4.2. Sonuclar
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Her bir Ana Sifat icin yansima sozciik ve malzemenin uyaranlar farkli oldugundan,
ayri ayn incelenmeleri gerekmistir. 13 adet iki yonll tekrarlanan élcimli ANOVA
gercgeklestirdik. Veriler, katihmcr basina toplam 1014 derecelendirmeyle JASP (JASP
Team, 2022) kullanilarak analiz edilmistir. Veri Bonferroni diizeltmesi 0,05/13a = .003
ile coklu karsilastirmalar icin dizeltilmistir. Yansima Kelime ve Materyal arasinda
anlamli bir etkilesim etkisi beklenmekteydi, bu etkilesim deneydeki manipilasyon olan
uyumluluga karsilik gelmektedir. Hipotezi desteklemeyen bir sekilde, 13 ANOVA'nin

hicbirinde Yansima Kelime ve Materyal arasindaki etkilesim anlamh degildi.
BOLUM UC

SESLI YANSIMA KELIMELERIN YUMUSAKLIK ALGISINA ETKILERI
Bu bdlliimde laboratuvar ortaminda gergeklestirilen bir calisma ve iki deney
anlatilmaktadir.
3.1. Katihimacilar
Katilimailar Orta Dogu Teknik Universitesi 6grencileri olup, calismaya katiimaya yazili
riza vermis ve karsiiginda ders kredisi almiglardir. Calismalar Beseri Bilimler Binasi
deneysel psikoloji laboratuvarlarinda gergeklestirilmistir.
Ugtincii calismaya 30 kisi katilmistir (O yas = 22,4, SD yas = 2,4, 7 Erkek, 3 solak).
Deney 2'de veriler 30 katiimcidan alinmigtir (O yas = 22.5, SD yas = 2.52, 11 Erkek,
1 solak). Deney 3'te veriler 30 katiimcidan toplanmistir (O yas = 23.51, SD yas =

2.93, 15 Erkek, 3 solak).

3.2. Ugiincii Calisma
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3.2.1. Uyaranlar ve Prosediir

Bu calismada kullanilacak yansima kelimeler listesi, birinci calismadaki yansima
kelimeler kullanilarak yapilan, katilimcilara her kelimeye ne kadar asina olduklarinin
soruldugu bir pilot calisma ile segildi. Bu ¢alisma sonucu 27 yansima kelime elde edildi.
Yansima kelimeler sesli bicimde sunuldu. Her bir kelime arastirmaci tarafindan CANON
EOS M50 kamera ve RODE giirilti dnleyici mikrofon eklentisi kullanilarak ses yalitimli
ortamda kaydedildi. Tim kayitlar daha sonra Audacity yaziiminda diizenlenerek 1
saniyelik sessizlik, ardindan yansima kelime (~2 saniye), ardindan toplam ses stiresini
5 saniyeye esitlemek icin gereken sessiz blok miktari eklenerek diizenlendi. Tim
kayitlarin ayni ses seviyesine sahip olmasini saglamak icin kayitlar daha sonra -3 dB'ye

normallestirildi.

Sifat listesi calisma ikiyle ayni olacak sekilde 29 sifattan olusmaktaydi. Deney MATLAB
R2020b ve Psychtoolbox-3 ile kodlanmistir. Sesli uyaranlar Sennheiser SK-507364 HD
206 kulaklik kullanilarak sunuldu. Uyaranlar katihmcilara karisik bir sekilde sunuldu.

Deneyin tamami tek bir oturumdu ve tamamlanmasi yaklasik 40 dakika sirdu.

3.2.2. Sonuglar

Deney verileri JAMOVI yazilimi (R Core Team 2018; The jamovi project, 2019)
kullanilarak analiz edildi. TBA sonuglar verideki varyansin %92,36’sin1 agiklayan dort
bilesenin varligini gostermistir: Akiskanlik, Yiizey Yumusakligi, Taneciklilik, PlrizIGlik.
Sesli yansima kelimelerle olan bu deneye de Cok Boyutlu Olcekleme Analizi (MDS)
uygulanmistir. Bu analizin sonuglari yansima kelimeler arasinda ¢ok belirgin bir sekilde
dort farkh kiimelenmeyi goéstermektedir. Bu kiimelenmeler, TBA sonuglariyla da

uyumludur.

3.3. Deney 2

3.3.1. Uyaranlar ve Prosediir
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Deneyde kullanilacak uyaranlarin secgimi ve yansima kelime ve materyal videolarinin
eslestirilme sireci icin Deney 1'dekiyle ayni yaklasim gosterilmis ve o6nceki
deneylerden elde edilen derecelendirmeler kullaniimistir. iki deneyde ortak olan
sifatlardan toplam 13 adet Ana Sifat elde edilmistir. Katiimcilar deneyi laboratuvar
ortaminda tamamlamiglardir. Deneyde materyal videolari gérsel, yansima kelimeler
ise isitsel olarak katiimcilara eszamanh verilmistir ve katilimcilardan sifatlar icin

derecelendirme yapmalari istenmistir.

3.3.2. Sonuglar

Veriler, JASP yazihmi (JASP Team, 2022) kullanilarak analiz edildi. Toplamda, her
katiimcidan 676 puan toplandi (13x13x2x2). Uyumun sifat derecelendirmeleri
Uzerindeki etkisini karsilastirmak icin on Ug tekrarli 6lcim ANOVA'si yapildi, her bir
Ana Sifat ayri ayn analiz edildi. Coklu karsilastirmalari diizeltmek icin Bonferroni
dlzeltmesi kullanildi ve sonug olarak a = .05/13 = .003 elde edildi. Yansima Kelime
ve Materyal etkilesim etkisinin, tim Ana Sifatlar igin anlaml olacagi varsayilmistir, bu
da sifat derecelendirmelerinde uyumlulugun bir etkisi oldugu anlamina gelir. Sifat ana
etkisi 13 ANOVA'nin tamaminda, Yansima Kelime ana etkisi 13 ANOVA'nin 8'inde ve
Material ana etkisi 13 ANOVA'nin 8'inde gdzlendi. Yansima Kelime ve Materyal
etkilesim etkisi 13 ANOVA'dan 10'u igin istatistiksel olarak anlamli bir sekilde

gozlemlendi.

3.4. Deney3

Bu boélim, yazili yansima s6zciklerin malzemelerin yumusaklik algisini etkileyip
etkilemedigini ve yansima soOzciklerin modalitesi arasinda anlamli bir fark olup
olmayacagini gérmek igin yapilan bir deneyi (Deney 3) icermektedir. Deney 3,
yansima sozcuklerin yazili ve sdzli bicimlerini 6zellikle karsilastirmak igin yapild.
Deney 3, Deney 2'ninkine gok benzer bir tasarima sahiptir ve uyaranlarla ayni
eslestirmeyi kullanir. Deney 2 ve 3 arasindaki fark, Deney 2'nin yansima kelimeleri

sesli olarak sunmasi, Deney 3'Un ise yansima kelimeleri gorsel olarak sunmasidir.
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Burada, yine, manipulasyon 'uyumluluk' idi ve yansima kelimeler ve malzemeler

birbiriyle uyumlu veya uyumsuz olacak sekilde eslestirildi.

3.4.1. Uyaranlar ve Prosediir

Bu deneyde kullanilan uyaranlar ve eglestirmeler Deney 2'dekilerin aynisidir. Deney
2'den farkli olarak yansima kelimeler yazil olarak goésterilmistir. Yansima kelime ve
materyal videosu eszamanli olarak ekranda yer almistir ve katihmailar verilen sifatlar
Uzerinde derecelendirme yapmistir. Yansima kelimeler ve materyaller uyumlu veya

uyumsuz olacak sekilde eslestirilmistir.

3.4.2. Sonuglar

Veriler, JASP yazihmi (JASP Team, 2022) kullanilarak analiz edildi. Toplamda, her
katihmcidan 676 puan toplandi (13x13x2x2). Her bir Ana Sifati ayri ayri analiz ederek,
sifat derecelendirmeleri (zerindeki uygunlugun etkisini karsilastirmak igin on (g
tekrarli 6lgiim ANOVA'si gerceklestirildi. Birden fazla karsilastirmayi diizeltmek igin
Bonferroni diizeltmesi kullanildi ve sonugta a = .05/13 = .003 elde edildi. Deney 1 ve
2'ye benzer sekilde, Yansitma Sozciigi * Materyali'nin etkilesim etkisinin tim Ana
Sifatlar igin anlamli oldugu varsayilmistir. Bu etkilesim, yansimali kelime ve malzeme
eslesmelerinin uyumuna karsilik gelir. Bu nedenle, 6nemli bir etkilesim etkisi, sifat
derecelendirmeleri lizerinde uygunlugun bir etkisini 6nerecektir. Sifat ana etkisi 13
ANOVA'nin tamaminda, Onomatopoeic Word ana etkisi 13 ANOVA'nin 5'inde ve
Material ana etkisi 13 ANOVA'nin 10'unda gézlemlendi.

Buna ek olarak, Deney 2 ve Deney 3’Un sonuglari karsilastiriimig ve yansima
kelimelerde yazi veya sesli kosullar arasinda anlamh bir fark olup olmadigi
arastirilmistir. Her ana sifat ayri ayri analiz edildi ve bu da 13 ANOVA ile sonuglandi.
Bu analizin sonuglari, yalnizca Jélemsi Ana Sifati igin anlamh gikmistir, A1,58) = 5.85,
p <.001, n2, =.09.
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BOLUM DORT

GENEL TARTISMA

Bu tezde gerceklestirilen (¢ calisma ve (¢ deneyde, yazili (Calisma 1) ve sézli
(Calisma 3) Turkce yansima kelimeler listesinden yumusaklikla ilgili algisal boyutlar
clkarilmaya, malzemelerden algisal boyutlar ¢ikarilmaya (Calisma 2) ve uyumluluk
degiskenini kullanarak malzemelerin yumusaklikla ilgili derecelendirmelerini manipiile
etmeye (Deney 1, 2 ve 3) calisiimistir. Sonuclar, yansima kelimelerde yumusaklikla
ilgili en az dort boyutun varligini ortaya koydu ve yansima kelimeler ile yumusaklk

derecelendirmelerini basaril bir sekilde maniplile etmeyi basarildigini gdsterdi.

Ikinci calismanin sonucu, daha énce yapilan deneyleri (Dévencioglu ve ark. (2018,
2019, 2022)) destekler niteliktedir. Burada bulunan bes bilesenin (Akigkanlik, Sekil
Degistirebilirlik, Yizey Yumusakligi, Taneciklilik, PiriizlGlik) yani sira, literatiirde daha
Once rapor edilmeyen iki yeni bilesen de bulunmustur: Kabariklik ve Kabukluluk.
Birinci ve Ucuncl calismalarin sonuglari, yansima kelimeler icin de benzer yumusaklik
boyutlarinin varhidini gdstermistir. Yazili ve sozlii kosullarda kullanilan yansima
kelimeler igin dort ortak bilesen bulunmustur: Akiskanlk, Yiizey Yumusaklid,
Taneciklilik, PirizlGlik. Yansima kelimeler icin  Sekil Degistirebilirlik bileseni
bulunamamistir. Bunun olasi sebebi olarak, materyallerin sekil dedistirirken
cikardiklari belirgin seslerin olmamasi, dolayisiyla bu seslerden tiireyen yansima
kelimelerin de bulunmamasi olarak gosterilebilir. Ayrica yapilan fonetik analizin
sonucu, bazi fonetik parametrelerle yansima kelimelerden elde edilen bilesenler

arasinda korelasyonlar oldugunu géstermistir.

Yapilan deneylerin sonuglari, yansima kelimeleri kullanarak materyallerin yumusaklik

algisi hakkinda verilen derecelendirmelerin manipdile edilebilir oldugunu gostermistir.
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Bu, birka¢ ana sifat grubu haricinde, yansima kelimelerin yazili ve sesli verildigi
cevrimici ortamda gerceklestirilen deneyde anlamhl sonuclar elde edilememistir.
Bunun sebebi olarak deneyin cevrimici ortamda uygulanmaya uygun olmadigi,
katihmcilarin materyal videolarina ve yansima kelimelere yeteri kadar odaklanamamig
olmadiklari 6ne sirdlebilir. Laboratuvar ortaminda yapilan deneylerin sonuglari tezin

hipotezlerini destekler niteliktedir.

4.1. Sinirlamalar

Bu tezin zaman cizelgesi kiresel COVID-19 salgini ile értiismektedir. Bu sebeple
bélim ikide anlatilan calismalar ve Deney 1 cevrimici ortamda gerceklestirilmistir. Bu
sebeple, Deney 1'de beklenen sonuclar elde edilememistir. Ayrica, Deney 2 ve Deney
3'in sonuclar, yansima kelime kosulunun etkisini analiz etmek icin birbiriyle
karsilastirildi. Bu yaklasim, iki deney tamamen ayni uyaran listesine sahip oldugu ve
metodoloji benzer oldudu icin segildi. Ancak, katilimcilardan veri toplamak igin zaman
cizelgeleri farkliydi, burada Deney 3, Deney 2'den yaklasik sekiz ay sonra tamamlandi.
Veri toplamadaki zaman farki, bu analiz icin olasi bir sinirlamadir. Son olarak, Deney
3'te yansima kelime, materyal videosu ve sifatin ayni ekranda goésterilmis olmasi,

dikkat 6lclilmedidi icin bir sinirlama olarak séylenebilir.

4.2. Gelecek Calismalar

Gelecek calismalar, materyal videolar icin kullanilacak kesifsel el hareketlerinin
etkililigi Gzerine odaklanabilir ve en uygun olan hareketler ile videolar hazirlanabilir.
Bunun her bilesen icin ne sekilde degisiklik gosterecedi sistemsel bir sekilde
arastinlabilir. Ayrica, deneylerde kullanilan materyaller ve yansima kelimeler igin
asinalik kriteri eklenerek, katiimcilarin derecelendirmelerinde herhangi bir etkisi olup
olmadigi kontrol edilebilir. Her malzeme icin asinalik derecesi, deneyin test agsamasi
sirasinda veya sonrasinda elde edilebilir ve bu daha sonra asinaligin olasi etkilerini

arastirmak icin analiz edilebilir.
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4.3. Sonug

Bu calisma Tlrkge yansima kelimeleri kullanarak materyal algisini arastiran ilk
calismadir. Yansima kelimeler yazili ve sesli kosullarda kullaniimistir ve iki kosul icin
ortak dort bilesen elde edilmistir: Akiskanlik, Yizey Yumusakhdi, Taneciklilik,
Paruzltlik. Bu calismalar ayrica yansima kelimelerin yazil ve sesli kosulda yumusaklik
algisini maniplile edebilecegini gdstermistir. Bu sonugclar literatiirde yumusaklik algisi
ve ses sembolizmiyle ilgili bir acigi kapatmaktadir ve gelecek calismalar icin yol

gosterir niteliktedir.
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