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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 D¥ VENCKOJ L U

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,kéer él K eur, &tt.), were investigated an pperceived 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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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 stu dies 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 betwee n 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 contr goty the 6hardd mat

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
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 &ésoftd cat e
through sand, or squeezing a rubber ball, or strok ing 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 i s very different than touching

a soft rabbit fur; and this can theoretically suggest the existence of subcategories

under the general di mension of O6softness?o.

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 i mportant term to explain here is what
haptic perception literature. Exploratory procedures are the stereotyped hand
movement patterns that have certain defining characteristics (Lederman & Klatzky,
1987). EPsare 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 changesbased 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 th e 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 06sothas8hownD® venci of | 1
that softness perception consists of multiple di

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,

Viscosty, 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

widerrangeof mat eri als which could be | abeled as 06so
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

successfuly 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, ViscoElasticity,
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 ju
roughness, acommon EPwasrutbi ng; and when they were asked al
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. Anillustration 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
( D° v e n etialg 20L9,2022; 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 jud gement, 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 watch ed
another personds fingers exploring the

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 t he 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 si gnificantly 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 dim ensions: 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

object



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 sourc es (e.g.,
flowing water, (Ill) 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 h ardness/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, especi ally 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 K°hler (1929) .cipSspi r
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tested across multiple experiments associate

(as in dédmal é6) with |l arger shapes and pseudow

with smaller objects. This result was replicated in a later study conducted by Tarte
and Barritt (1971). K°hler conducted a

was associated with round shapes, and

Later, the same idea found its name as

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

O6boubad or Oki ki 6. Their resul t showed

thepseudowor d 6éboubad with round shapes and

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
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report a significant effect within the speakers of Turkis h | anguage (Lwi ek

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

6wadod i n R duaba, passibly havirgg 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

10



is argued that curvy letters such as /d/, /g/, Is/ 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 studi es 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 stud vy, they successfully demonstrated the Bouba/Kiki effect in haptic
and auditory modal ities, wher e participant s
rounded shapes and O6Kikidéd with spiky shapes
objects. Moreover, Etzi et al. (2016) studied the relationship between pseudowords
and the tactile attributes of everyday materials. Their results showed that participants
mat ched the words OKikid, O6Ruki 6 and o6éTaket e
(i.e., sandpaper, abrasive sponge), compared to smoother materials (i.e., satin,

cotton, tinfoil) which were matched with &éBo

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

such as /b/ and /o/ are often associated with round shapes, and letters as /k/ and
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It/ 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

words that mimic the sound they describe (e.g.

pateéer, -atér in Turkish). These words are for me
the sounds the meaning of the words refer to. F
flowing continuously and by noisily6é in Turkis

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 t he 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 smoothnessroughness/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 [PA
(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 soundsymbolic 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 th e

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 |ikely associated with a o6dirtyé i mpi
sound-symbolism, they reported that onomatopoeic words that included the vowel

/il were associated andwbrdsthatihduded thevowel /mipr essi on,
or / o/ were associated with a 6dull & i mpression

for sound-symbolism by using onomatopoeias as the stimuli.

The literature in sound-symbolism yields very important results in ter ms 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

14



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 spedfically 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 i t : /| al , /| el |, /| &l [ il / o
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) mann

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.

Voicel ess consonants ar e: [ -1t/ hl Kkl pls/Kk
' bl clidlglj/ljl 1t Imlinlrlv/Iiylzl. For t he pl ace
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 th e 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 soundsymbolic 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 softhness to be
systematically studied. This adjective |list was
al . (2019 & 2022) from Guest et al-relattd011) 6s con
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 Exp eriment 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 wods, 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 writte n onomatopoeic words) and Study 3 (with

spoken onomatopoeic words) will serve to test this hypothesis. Second, in line with

the previous studies within haptic perceptio

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, reg arding 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 havirg 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
di mensi ons t hat r el at enesst coftness/flufiireesse anda |l 6 s
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 simi | ar to those previously reported
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 (b oth 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 wildl C 0 n s is explaineds and thiereséltoMdln gr uency 0 |

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
21.1.1. 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 participantsd attention
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
list of words was 51. After we gathered a suitabl e 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
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Br ag, throw oneds 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 naisily, 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 | ist were as
6t éngér t & meguitingdn a rémaiging list @msigting 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 sounds y mbol i ¢ counterparts (e.g., Omur mur (
majority of the onomatopoeic words in the list do not. For this reason, most of the

words are explained with their meaning.

21.1.2.2. Adjective List

The adjectives used in this study were gathe
et al., 2019; 2022) that studie d the haptic perception of soft materials. The list
included 31 adjectives in Turkish that rel a
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 modi
and modified into 6havadar 6. The second adj ¢
modi fi ed i nt o ficatooeswerk rdade sd that theradljectives 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 bi -7 ml en e malleable 17 neml moisturous
2 derimsi leathery 18 odunsu woody

3 dokulu textured 19 parlak glossy

4 esnek flexible 20  pul pul scaly

5 esnemez inflexible 21 p¢erezl ¢ roughened
6 et gibi meaty 22 sert hard/firm

7 gcé- uygul compliant 23 s¢cme ks ¢ slimy

8 hamursu doughy 24 s cnger i ms., spongy

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

11 j °/ ems i gelatinous 27  toz gibi powdery
12 kabar ék fluffy 28 tc¢cyl ¢ hairy

13 kabukiu scabby 29 cévék gooey/sludgy
14 kadifemsi velvety 30 yapékkan sticky

15 kaygan slippery 31 yumukak 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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Saoruda verlen sifatlann belirtilen kelimeye ne kadar uygun isuniy
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Figure 2.1 Sample screenshot from Study 1 as was on Qualtrics.
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2.1. 2. Results

21.2.1. 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 Pricipal 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 lo ss. 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 di mensions reported in the |liter

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 i s 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
stepsthatneed t o be checked. First, Cronbachoés alp
adjective in order to check for internal consistency. Of the total 31 adjectives, 18
yielded a Cronbachés alpha value over .90, '
yielded avalue o v e r . 80, which is figoodo (Gliem & G
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 BeyerOlkia
(KMO) criterion. The KMO measure of sampling adequacy yielded a score of .658

which is above the required criteria
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).

27



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
6Viscosityod. Factor 2 explained 19.2% of vari a
woody, inflexible, hard and roughened were loaded in this factor. The second factor

was therefore | abeled O0Roughnessdé6. Factor 3 expl
that loaded on this factor were velvety, silky, hairy, and delicate. This factor seemed

to be related to the texture of a materialand was | abel ed 6Surface Softnes
explained 10.47% of variance. Adjectives sandy, granular, scaly, and powdery were

| oaded on this factor. This factor was | abeled 0
of variance. Adjectives leathery, meaty, textur ed, and malleable were loaded on this

factor. This factor was | abeled 6Texturebo. Fact
Adjectives slippery, moisturous and glossy loaded in this factor. This factor was

| abel ed O0GlI ossi ness 0. 9%oftteldrianceFTaisfactorrwas7 e x pl ai ned
| abeled O6Fluffiness6 as adjectives fluffy and ai

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 6veéecék vecéekd (very |l oose, softened
rai n, abundantly and | oudly flowing, falling)
flowing). Similarly, the adjective woody had
is made during hitting, impact), O6-ppihgér - at €
or squeezing a hard thing crackles), and 06Kkg

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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Variance Explained by Each Component

23.01

% Variance

Component

Figure 2.3 % Variance Explained by Each Component for Study 1. Xaxis shows the
components extracted from the analysis. The y-axis shows the % variance. Exact numbers

for percentage are noted at the bar tips.

21.2.2. Multidimensional Scaling (MDS) Analysis

Multidimensional scaling can be described as a visual representation of distances

bet ween objects or sets of objects. 060Objects
study is focused on (Kruskal and Wish, 1978). For Study 1, since the point of interest

was the onomatopoeic words, the O6objectsd he
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
coordinatesinann-di mensi on al space, 6nd referri
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 h ere 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, Spearmand6s rank o
obtained between the frequencies of phonetic parameters and the principal
component scores of written onomatopoeic words. In order to do this analy sis, 20
phonetic parameters were identified based or
(filt, ol , 1°/, JTul, [¢1), 2 positioning of v

articulation, and 3 manners of articulation (Table 2.5).

Table 2.5
Categorization of Turkish consonants
Categorization of | Subcategories Consonants
Phonemes
Positioning of Voiced [ bl cl d/l g/ J/!lj/l1 ] m/
Vocal Cords Voiceless / -1 f/lnhlklplslklt]
Places of Labial /bl, Im/, Ip/
Articulation Labio-dental 181, i
Postalveolar [dl, Inl, Isl, itl, Iz/
Alveo-palatal fct, [ -1, [jl, [I«x.
Prevelar 1gl, ki, N, Il Iyl
Velar [ 71
Glottal /h/
Manners of Continuous - Fluid N, Iml, Ind, Il Iyl
Articulation Continuous- Fricative |/ f/, [ ]/, 1 kW[, IKkj.
Discontinuous- Plosive |/ b/ , [ ¢/, [ -/, [ d,.

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 Okgt k¢t o

(two [/ k/ and two [t/ s oun thenrank adercorrelatian o f

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

Exampl e frequency scoring table for ono
Onomatopoeic

Word Frequencies
k¢t K el vowellal Vowel /e/ Vowel | Vowell/i/ | Vowel/of/
0 0 0 0 0
Vowel /]| Vowel/u Vowel | 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 (7(39) = .45, p=
.023), and post-alveolar (n(39) = .58, p = .002) phonetic parameters. The
onomatopoeic words that |l oaded wunder

dimension. These results can be interpreted to state that the onomatopoeic words

has

t he

f G

vV OV

Component

t hat contained the consonants [ f /[, [ 71, /

impression since this parameter was negatively correlated. Example words for this

are Oveéeceéekod, Howeeer, erdodatopoamwbrdsottiaecordameéd.plosive

hil,

/']

consonants [ b/, [cl,, Isdch [ay ,0 taigkhegpost-k /and pdkét/a
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Table 2.7

Principal component loadings for the onomatopoeic words

Component
1 2 3 4 5 6 7 Uniqueness

k¢t 0.971 0.037
-at 0.965 0.033
tan 0.965 0.018
-at 0.962 0.036
ket 0.960 0.038
t ék 0.955 0.029
tak 0.955 0.037

¢t 0.953 0.043
geé¢m 0.952 0.056
-ét 0.950 0.042
pal 0.943 0.044
ke°s 0.932 0.084
zan 0.918 0.083
t én 0.869 0.141
zer 0.862 0.127
pat 0.861 0.058
cart 0.759 0.434 0.157
k &k 0.717 0.260
horul 0.712 0.459 0.133
gac 0.665 0.611 0.059
Kar 0.969 0.037
KEer 0.956 0.039
KEép 0.932 0.022
I ek 0.907 0.095
zer 0.872 0.112
K ak 0.830 0.337 0.092
gér 0.802 0.408 0.087
fokur 0.780 0.445 0.120
Kap 0.745 0.480 0.054
f ek 0.737 0.427 0.107
K uk 0.590 0.649 0.332 0.096
I é¢p 0.343 0.848 0.125
Kap 0.564 0.726 0.069
lime 0.712 0.337
gurul 0.521 0.659 0.177
vVec -0.326 0.515 0.645 0.147
k ép 0.615 0.444 0.254
meé K 0.880 0.065
efil 0.818 0.317 0.132
tiril 0.809 0.404 0.077
meér 0.807 0.150
fées 0.330 -0.330 0.688 0.335 0.150
géc 0.357 0.780 0.122
hé«k 0.413 0.746 0.312 0.109
h a«k 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
sap 0.921 0.088
pét 0.408 0.852 0.053

Note. 'varimax' rotation was used

alveolar consonants /d/, In/, Isl, It/, [z] such as O0zwenepssocidted and 0z

with a O6roughdé i mpression.

For Component 3, the correlation between the component loadings of onomatopoeic
words and the phonetic parameter of fricative was significant, 71(39) = - .68, p=.041.

The onomatopoeic words that loaded under Component 3 can be described as making

(¢)]
—
(@}

up Ol asoicityd di mensi on. This result suggest s

contained the consonants [, f/sudh /as /ohf/ilgs é&rjd,,

had a | ess 6viscoions6 or O6elasticd i mpress

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/, /Il

al nsd/

Il,lyl , such as 0g¢hragd 6a amodr ed foodkyunradbmi ¢ &6 @ mpr essi on.

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 remaning 4 major dimensions were as follows:

Viscosity, Surface Softness, Granularity, and Roughness (control). Our results are in

parall el with the di mensions shown before

et al., 2019) except from Deformability dimensio n. This dimension was not obtained
in the PCA and| 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 i1 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) part icipated 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 whie keeping the quality at HD.
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balloon

felt flour foam fur glass balls

green lentils hair conditioner

leather

poppy seeds 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 adject:i
this experiment as it more closely relates to food, and specifically to meat, which was

not included in the material list for this experiment . Adj ecti ve Ol eatheryo we
because the Turkish translation of the adjective ( derimsj 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 designh 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 ona 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 foll owed: Cronba

each adjective to check for internal consistency, this time 9 adjectives yielded an
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fexcell ento Cronbachés alpha value over . 90, anc
(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 foradjectives 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
Meyer-Ol ki n ( KMO) <criterion. Bartlettodsttest of spft
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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 c omponents.
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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. Usng 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 | explained 21.03% of variance. Adjectives gooey, gelatinous, slimy,
sticky, moisturous, sljppery, 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 spongywere 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 pecentage 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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( D° v e metial9g018, 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 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 onomat opoeic 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 MAcongruencyo condition) fror
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, Sslippery, glossy, and slimy. There were three adjectives for
Surface Softness: sitky, 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 OMai n Adiffeeetiate thve enaid adjectivesdve used for stimuli selection

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

After selecting the Main Adjectives, | 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 &jective loadings on Study 1 and 2

Component Word Material Component Word Material
Experiment Experiment Experiment Experimen
t
sticky ooe flexible silky
gooey gelatinous inflexible (-) velvety
slimy sticky spongy hairy
gelatinous moisturous velvety
moisturous slippery hairy
slippery glossy silky
) . doughy slimy Surface airy
Viscostty 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 roughened textured
. Roughness .
Granularity 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, v é ¢ é k(high éated Avas
congruently paired with hair conditioner, paired as control with kinetic sand, and
incongruently paired with tulle. Whereas & ¢ ¢t ¢ r (ldwgrdted)y, was congruently
paired with tulle, paired as control with ki netic sand, and incongruently paired with

hair conditioner. This configuration resulted in 6 word -video pairs per Main Adjective.
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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. Desig n and Procedure

A within-subject design with three independent variables (IV) and a continuous
dependent variable was used in this experiment. First [V 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 wasanalyzed using JASP (JASP Team, 2022), with a total of 1014
ratings per participant. | corrected for multiple comparisons with Bonferroni
correction 0.05/13U = .003. | expected to
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 ({1,26) = 1.09, p= . 0 3,,=.08),Slimy
(A1,26) =197, p= . 1 7,=.0B,Sticky ( A1,26)=1.23, p= . 27,=.08,)
Gooey (R1,26)=4.87, p= . 0 3 65.16E $lippery (R1,26)=0.61, p= . 04, E|
=.02), Roughness (A1,26) =1.94, p= . 1 7,=.0B,)Silky ( A1,26) =1.19, p=
. 28 ,,=EDp), Velvety ( A1,26) = 0.06, p= . 7 9,,= .083), Hairy ( A1,26) =
0.03, p= . 85,=.0&1), Sandy (A1,26) =1.03, p= . 3 1,,=.08),)Powdery
(A1,26)=0.63, p= . 4 3 =.08 |Granular ( A1,26)=0.36, p= . 5 4=.018]

and Scaly (A1,26) = 1.14, p=.29, E |, =.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< . 00 } = .61k Blimy ( A2,56) =

781, p< . 00 } = .79 |Sticky ( A2,56) =62.1, p< . 00 } = .7)EGooey
(A2,56)=31.3, p< . 00 d=.5),Blippery ( A2,56)=24.2, p< . 0 0= 48)E |
Roughened (A2,56) = 25.5, p< . 0 0 1= .5),Bilky ( A2,56)=5.49, p= . 007, E|
o =.17), Velvety ( A2,56) = 30.4, p< . 0 0 A= .53F Hairy (R2,56) = 6.61, p=

. 00 3,=.2), Sandy ( A2,56) =68.9, p< . 00 1=.72ERowdery ( A2,56) =

221, p< . 00 3= .46k |Granular ( A2,56) =75, p< . 00 } = .74k Bcaly

(A2,56) =30.7, p< . 00 1=5.54F |
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Table 2.12
ANOVA main effect and interaction results for Experiment 1

Gelatinous Slimy Sticky Gooey Slippery
F Elp |F Elp |F Elp |F Elp F Elp
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* 048
Adjective 59.04* 0.69 | 75.78* 0.74 | 49.39* 0.65 | 3941 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 resul t. I'V Onomatopoeic Word is t

table margins.

The main effect of Adjective was significant for all 13 ANOVAs. For Gelatinous
(A12,312) =59, p< . 00 33 .69k Blimy (A12,312) =758, p< . 0035 E]
.74), Sticky (R12,312) =49.4, p< . 0 0 45 .65EGooey ( A12,312) =39.4, p<

. 001 ,=.52), Slippery (A12,312) = 21.1, p< . 00 } = .49 |Roughened
(A12,312) = 31.2, p< . 00 4= 54E $ilky (A12,312) =321, p< . 0045 E|
.55), Velvety (R12,312) = 62.4, p< . 00 45 .7),HHpiry ( A12,312) =37.9, p<

. 00 1,=.58)]Sandy ( A12,312)=53.6, p< . 0 0 ,=,.67)EPowdery ( A12,312)

=29, p< . 00 4s5.52k Granular ( A12,312)=39.7, p< . 00 4=5.59%4nd

Scaly (R12,312) =31.1, p< . 00 4= .54F |

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

of the 13 ANOVAs. For Gelatinows (A2,52)=1.57, p= . 2 % =.05k $limy ( A2,52)
=149, p= . 2 3,=.0B))Sticky (R2,52) =1.06, p= . 3 8,,= .0B)] Gooey
(A2,52)=0.12, p= . 8 8 =.0@5), Slippery (A2,52)=1.29 p= . 2 & =.04,]
Roughness (R2,52) =1.22, p= . 3 0,7.04,)Siky (A2,52)=0.38, p= .68, E|
» =.01), Velvety ( A2,52) =7.03, p= . 00 25 .21k Hairy ( A2,52) = 0.52, p=
. 59,,=1B€72), Sandy (R2,52) =0.11, p= . 8 9, = .0@4), Powdery ( A2,52) =
3.02, p= . 0 5=.10 |Granular ( A2,52)=0.07, p= . 9 3 =.008), and Scaly
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(A2,52) = .04, p=

Table 2.12 (continued)

9 5 = .0@).

ANOVA main effect and interaction results for Experiment 1

Sandy Powdery Granular Scaly
F Elp |F Elp |F Elp |F Elp
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 :(3).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 Onomat opoei ¢ Word i transcribed

with the table margins

Table 2.12 (continued)

ANOVA main effect and interaction results for Experiment 1

Silky Velvety Hairy Roughness
F El | F Elp F Ele |F Elp
Word 1.20 0.04 | 0.07 0.02 0.02 0.00 | 1.03 0.04
Material 5.49 0.17 | 3037  2552¢ | 2552+ é.zo 68.80* 0.73
Adjective 32.07* 055 | 62.38*  31.17* | 31.17* 059 | 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* 053 | 39.85*  37.03¢ |37.03* 059 | 41.36* 0.61
Word * Material *  0.50 0.02 | 1.43 1.27 1.27 0.01 | 0.73 0.03
Adjective
Notee. * denotes significant resul t. 'V Onomatopoeic
with the table margins
The interaction between Onomatopoeic Word * Adjective was not significant for any
of the 13 ANOVAs. For Gelatinous ({12,312) = 1.06, p = 3 9,,= .0B)] Slimy
(A12,312) = 0.59, p= 8 5,,= .08) Sticky ( A12,312) = 1.06, p= 39, E|]

.03), Gooey (H12,312)=0.51, p=

9 Q = .08, Slippery ( A12,312) = 0.46, p=

54

as fAWordo

Wo r d

S

t

r

t

[



. 9 3 ,,=.82), Roughness (A12,312) =0.39, p= . 9 & = .01, Silky ( A12,312)

=066, p= . 7 % =.0B,)Velvety ( A12,312) =1.07, p= . 3 8 =.04,|Hairy
(A12,312) =1.14, p= . 3 2,=.08)|Sandy (RA12,312)=1.09, p= . 36,= E]|
.04), Powdery (A12,312)=1.36, p= . 1 & =.0%,] Granular ( A12,312) = 1.34,

p= . 19=.09,Jand Scaly (A12,312)=0.31, p= . 9 8 =.08,]

The interaction effect of Material * Adjective was significa nt for all 13 ANOVAs. For
Gelatinous (A24,624) =56.8, p< . 00 35 .68k Blimy ( A24,624) =42.2, p<

. 00 1,=.62), Sticky ( A24,624) =46.4, p< . 0 0 45 .64%Gooey ( A24,624)

=36.6, p< . 00 } = .58 Slippery ( [24,624) =277, p< . 00 3 = .51k
Roughness (24,624) =37, p< . 0 0 45 .58E $ilky ( A24,624) =29, p<.001,

E |, =.53), Velvety ( A24,624) =39.9, p< . 0 0 1=,.6), Bdiry ( A24,624) = 36.9,

p< . 00733z .59 |Sandy ( A24,624) = 41.3, p< . 00 } = .61 JPowdery
(A24,624)=30.5, p< . 00 45 .54% Granular ( A24,624) =375, p< . 001, E]
» =.59), and Scaly ( A24,624) = 14.4, p< . 00 4= .35E |

Lastly, the three-way interaction between Onomatopoeic Word * Material * Adjective

was not significant for any of the 13 ANOVAs. For Gelatinous (H24,624) =0.53, p=

. 97 ,,=182), Slimy ( A24,624)=0.93, p= . 5 6,~=.08,|Sticky ( A24,624) =

1.92, p= . 0 4 45 .06 Gooey ( 24,624)=0.77, p= . 7 7,=.08,/Slippery
(R24,624)=0.45, p= . 9 97 .08B,JRoughness (A24,624)=1.27, p= 0. 17, E]
o = .04), Silky ( 24,624) = 0.5, p= . 9 8,=.08,Velvety ( A24,624) = 1.43, p

= . 08 ~.0%,Hairy ( K24,624) = 0.33, p= . 9 9, =.08,/Sandy (K24,624)

=073, p= . 82,=.0B) Powdery (R24,624) =1.32, p= . 1 4, =.08)]

Granular (R24,624) =2.15, p= . 0 3 4= .07)dnd Scaly ( A24,624) =0.86, p=

. 54 ,,=B3).

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

for each of the Main Adjectives.

2.3.3. Discussion
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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, |
failed to reject the null hypothesis and the hypothesis f or 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 conditio ns 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 scr een. 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 b oth 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 onomatop oeic 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 Eag 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 6 me at y6 and 61 ea

Table 3.1

Onomatopoeic words used in Study 3

-ét -eét |l eker | élkar el K €
efil efil lime lime Kép KEéep
gécéer gé mer el mé KEeéper KE
hakér hu méxkeéel mé Kér él K €

(o]

hekér h petér pé taktak

katur kutur pofur pofur tangur tungur

m

er pe¢fer pe téker ot
keter kerkap kKap tiril tiril
k

S'Kapur Ku/ veceék VE

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
Psychtoolbox3. The experiment was conducted in the sound-isolated room on an HP

ENVY dv6 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
guestions 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. | 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

each adjective. Ekven of the total 29 adjectives

alpha value which is over .90, and 18
& 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

cal

y i

C |

e |

yiel de

PCA. The suitability of the data for PCA was

and KeiserMeyer-Olkin (KMO) criterion. The KMO measure of sampling adequacy

yielded a score of .535 whichisabove t he required criterd.i

test of sphericity yielded a significant result, x 2 (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 4
7.5 A
[1b]
=
(0
= 5.0
> :
9
L
25 A
~
N —
0.0 - —0—0—0—0—0—0—0—0—0—0—0—0—0—0—
T T T T T T T T T T T T T T T T T T T T T
12 34 5 6 7 8 910111213 141516171819 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 % 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. Xaxis 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 Unigueness
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 explaine d
7.85% of the variance. Adjectives sljppery (-), 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, ef il ef il , mék é | méckel , meér él
This corresponds to the dimension of Surface Softness based on the PCA results.
Onomatopoeic words heéekeér héxkér, |ime [|ime,
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 teéekeéer teéekeéer, -éet -ét,

ket eor, and tangur tungur. These words have
Roughness on the PCA results. Finally, onorat opoei ¢ words | ekeéer |
gécer, Kar el Kar el , Keéepér Keéepér, Kép Keéep,

close to each other and form the fourth cluster, which corresponds to the dimension

of Viscosity based on the PCA resilts.

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 Roughnesscreate
a distinct cluster, therefore supporting the decision to extract four dimensions,

including an additional dimension for Roughnessin the PCA solution.
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Figure 3.4Individual 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( D°® venci ojl u et al ., 2018, 2019, 2022; C
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 def ormed.

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
highestratihgs on words vécéek vecék (ropy, sludgy,
with a screed sound, alum alum), kKép kKép ( ma
the adjective silky had high ratings on tiril tiril (crisp and clean, gauzy, floaty), efil &fil

(gentl vy, intermittently and slowly (bl owing
me K é | (sl eeping peacefully and soundly, with
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 oromatopoeic 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 SciencesBuilding at Middle East Technical University. All participants gave
written consent prior to the experiment. Upon completing the e xperiment 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 6M
and onomatopoeic word selection was based. There were six adjectives for Viscosity:

gelatinous, slimy, sticky, gooey, sljppery, and moisturous. There were three

adjectives for Surface Softness: silkky, velvety, and hairy. For Granularity, there were

four adjectives: sanay; powdery, granular, and scaly. For the Roughness dimension,

there was only one adjective found in b oth experiments: roughened. However, the
adjective O6scalydéd was removed since all t he

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 k @ p  and jncongruently
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 i Study 3, Material I Study 2)

Component Word Material Component Word Material

Experiment . Experiment  Experiment

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

gelatinous moisturous velvety

moisturous slippery hairy

slippery glossy silky

] ] woody (-) slimy Surface airy

Viscostty 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, sljppery, moisturous, silky, velvety, hairy, sanady,
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
Psychtoolbox3 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 expaiment 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 Cha pter 2.

imleci kaydirarak cevabinizi veriniz.

Figure 3.5 Sample trial screenshot from Experiment 2. Audio is not depicted in image, the
adjective 0 ¢ é usdlikpiayed 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 expl oratory 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 wo rd 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 lased 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 conpare the effect of congruency on adjective ratings,

each Main Adjective was analyzed separately. To correct for multiple comparisons,
Bonferroni correction was used, resulting
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< . 00 1=.35E%limy ( A12,348)=14.21, p<. 001, E|
= .33), Sticky ( 12, 348) = 27.65, p<. 0 0 1,=.49))Gooey ( 12, 348) = 18.89,
p< . 00 d=.39)ESlippery ( {12,348)=17.47, p<. 0 0 1,,=.38) |Moisturous
(A12,348)=11.21, p< . 00 4= .28k $ilkky ( A12,348)=16.33, p<. 001, E|
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=.36), Velvety ( {12,348)=21.78, p<. 0 0 1,=.48),|Hairy ( A12, 348) = 13.83,
p<.001,=.8), Sandy (A12, 348) = 9.04, p<. 00 1, =.74), Powdery
(A12,348)=20.32, p<. 00 1,,=.4EF)|Granular ( A12, 348)=8.89, p<. 001,
» =.23), and Roughened ( A12, 348) = 11.75, p<. 0 0 1,,=.28))

The main effect of Onomatopoeic Word was significant 8 out of 13 ANOVAs:
Gelatinous (A1,29) = 154.6, p< . 0 0 1= .84)Slimy ( A1,29) = 40.84, p<.001,
E |p = .59), Sticky ( A1,29) =11.7, p<. 0 0 1,,=.28)]Gooey ( A1,29) = 31.32, p
< . 00} z.5%Slippery (A1,29) = 73.38, p<. 00 1, = .R), Moisturous
(A1,29)=11.37, p< . 0 0 4=.28)EHairy ( A1,29) =11.79, p<. 00 1,,=.29))
and Sandy (A1,29) = 21.61 p<. 00 1, = .&3). The remaining five were not
significant: Silky (A1,29) =7.4, p= . 01 35 .2)PVelvety ( A1,29) = .17, p=
. 687 ,=.0), Powdery (A1,29)=.38, p= . 54 15 .01k Granular (A1,29)
=2.36, p= . 1 3 5=.07)kahd Roughened (A1,29)=7.41, p= . 01 2=.19E |

The main effect of Material was significant for 8 out of 13 ANOVAs: Gelatinous
(A1,29)=103.9, p< . 0 04=,.78)E]limy ( A1,29)=13.98, p<. 00 1,=.38))
Gooey (A1,29) =39.42, p< . 00 45 .58E $lippery ( A1,29) = 42.06, p <.001,

E |, = .59), Velvety ( A1,29) = 10.36, p<. 0 0 1,,=.26)|Hairy ( A1,29) =44.6, p

<. 001,=.6) Sandy ( A1,29) = 23.34 p<.001, ,E].45), and Roughened
(A1,29)=13.43, p< . 0 0 1, =.38.[The remaining five were not significant: Sticky
(A1,29) =10, p= . 00 4= .26k Moisturous ( A1,29) =.59, p= . 4485 E|
.02), Silky (A1,29)=7.4, p= . 014=.2),Bdwdery (A1,29)=.38, p= . 541,

» =.01), Granular ( A1,29)=2.36, p= . 13 55.07E |

The interaction effect of Adjective * Onomatopoeic Word significant for 11 out of 13
ANOVAs: Gelatinous {12, 348) = 12.73, p< . 00 33 .31k Blimy ( A12, 348)
=11.48, p< . 0 0 1,=.28,)Sticky ( A12, 348)=13.11, p<. 0 0 1,~=.38,/Gooey
(R12, 348) = 15.67, p< . 0 0 1= .35k $lippery ( A12, 348) = 13.15, p <.001,
E |, = .31), Moisturous ( A12, 348) = 6.71, p< . 0 0 45 .19E $ilky ( A12, 348)
=6.93, p<. 00 1,=.18 |Velvety ( A12,348)=8.57, p<. 0 0 1,=.28,Sandy
(R12,348)=6.84, p<. 00 1,=".1H)] Granular ( {12, 348)=8.66, p<. 00 1,
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» =.23), and Roughened ( A12, 348) =3.98, p<. 0 0 1, =.12) The remaining

two were not significant: Hairy ( A12, 348) =2.64, p= . 0 1 15 .08k Powdery
(A12,348)=1.63, p= . 11,=.09.)
Table 3.7.

ANOVA results for adjectives in Experiment 2

Gelatinous Slimy Sticky Gooey Slippery Moisturous

F E||F Elrb |F Elp |F Elrb |F E o F E o

p
Adjective 15.85* 03] 1421 033 (2765 049 | 18.89 0.39 | 17.47 0.38 11.21 0.28

5 * * * * *

Word 154.60* 0.8 14084 059 (117~ 0.29 | 3132 052 | 73.38 0.72 11.37 0.28
4 * * * *

Material 103.99* 0.7 1 1398 0.33 | 10 0.26 | 39.42 0.58 | 42.06 0.59 0.59 0.02
8 * * *

Adjective * 12,73 * 0.3 ] 1148 0.28 | 13.11 0.31 | 15.67 0.35 | 13.15 0.31 6.71*  0.19

Word 1 * * * *

Adjective *  23.25* 0.4 | 26.62 048 | 2238 0.44 | 28.13 0.49 | 1716 0.37 18.84 0.39
Material 5 * * * * *

Word *  5211* 0.6 | 49.72 0.63 | 69.23 0.71 | 8265 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 (

The interaction effect of Adjective * Material was significant for all 13 ANOVAs:
Gelatinous (R12, 348) = 23.25, p< . 0 Q A5 .45%Slimy ( 12, 348) = 26.62, p

<. 00 1,=.4B)| Sticky ( A12, 348) =22.38, p<. 0 0 1,=".48)| Gooey ( 12,
348)=28.13, p< . 0 0 35 .49k Slippery ( A12, 348) = 17.16, p<. 00 1,= E|
.37), Moisturous (A12, 348) =18.84, p< . 0 0 4=,.39)ESilky ( A12, 348) = 8.49,

p<. 00 1,=.28))Velvety ( {12, 348) =18.52, p< . 0 0 1,,=.38)|Hairy ( 12,
348)=9.36, p<. 00 1,=.28))Sandy ( A12,348) = 14.02, p<. 00 1,=.38))
Powdery (R12, 348) =4.94, p< . 0 0 1,=".18)] Granular ( A12, 348) = 26.23, p

<. 00 1,=4%8,Jand Roughened ( 12, 348)=5.2, p<. 00 1,=.18))
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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<
. 00 1,=.64)Slimy( A1,29)=49.7, p<. 00 1,=.68),/Sticky ( A1,29) = 69.2,
p<. 00 1,=.76))Gooey ( A1,29) =82.6, p< . 0 0 d=.74)ESlippery ( A1,29)
=58.9, p<. 0 0 1,=.6B,Moisturous ( A1,29) =24.6, p< . 0 0 1= 46)ESilky
(A1,29)=24.7, p<. 0 0 1,,=.78)) Velvety ( A1,29) =29.8, p<. 00 1,=.5F)
Granular (A1,29) =11.9, p<. 0 0 1,,=.2%, Roughened ( A1,29) = 17.8, p<.001,
E |, = .38). No significant Onomatopoeic Word * Material interaction effect was
observed for Main Adjectives Hairy (R1,29) = 1.14, p=. 2 9, , = .0d4)] Sandy
(A1,29) = .623, p= . 4 3 =.08,)and Powdery ( A1,29)=3.45, p= . 077
.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 E o F E o F E 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
Notee. * donates a statistical significant effect for

For the interaction effect of Adjective * Onomatopoeic Word * Material, only 4 out of
13 ANOVAs were significant: Gelatinous ({12, 348) = 5.5, p< . 00 } 5 .16§ |
Slimy (R12, 348) =2.64, p<. 0 0 1,=.0B)] Sticky ( A12, 348) = 3.43, p<.001,
E |p = .11), Roughened ( A1,29) = .44, p<. 0 0 1,,=.0E)]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 (H12, 348) =

227, p= . 009 =.0MSlippery (A12, 348) =234, p= . 00 % = .08
Moisturous (A12, 348) = .72, p= . 6 & =.04, Silky ( A12, 348) = 1.59, p=.14,

E |p = .05), Velvety ( A12,348)=2.71, p= . 0 0 95 .08k Hairy ( A12, 348) =

1.29, p= . 2 2 =.04,)Sandy ( A12,348)=1.27, p= . 2 3 =.04,]|Powdery
(A12,348)=.87, p= . 5 3,=.0B,Granular ( A12,348)=2.04, p= . 02, E]
=.07).

Table 3.7. continued

ANOVA results for adjectives in Experiment 2

Sandy Powdery Granular Roughened

F Elo | F Elb |F Elb |F Elp
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

Posthoc 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
6 é técompmrted to when presented with & € ¢ € I ston€wagrkted more granular

when presented with & € t éGcompageti ® iMé K € 16 AW Elendi x 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 interact ion 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 h a x é r
h u k ([ow). 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
6congr uency &qgpoeia walds and matesials 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. Onomatop oeic 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 wor
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 O6Main Adjectivesd which
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/imewas congruently paired

with the onomat opoei,candvincangtuentykpaifed with thet pur 6
onomatopoei c tworrglu rébt.a nSiumisik &as copgruenthyaptired i a |
with 6tiril tirild, and incongruentl. Al paired

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

41.2.2. 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.
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fokur fokur

Beyaz imleci kaydirarak cevabinizi verebilirsiniz.

Figure4.1Sampl e tri al screenshot from Experiment 3. The
is at the top, the adjective 0 s e 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 N550J laptop using MATLAB R2020b and
Psychtoolbox3. 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 ma tched 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 distr action

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

Ce
1

correctformulti pl e comparisons, resulting in

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< . 00 45.43E$limy ( A12,348)=13.73, p<. 001, E|
= .32), Sticky ( A12, 348) =24.6, p< . 0 0 1,,=.4B))Gooey ( A12, 348) = 75.53,

p< . 00 d=.34)ESlippery ( {12, 348)=15.21, p<. 0 0 1,,=.38&) |Moisturous
(A12,348)=20.23, p< . 00 4= .41k $ilkky (R12,348)=12.66, p<. 001, E]|
=.3), Velvety ( A12, 348) =24.17, p<. 0 0 1,,=.45)|Hairy ( K12, 348) = 29.74,

85



p<. 001,=.99) Sandy (A12, 348) =13.75, p<. 00 1,=.3), Powdery

(A12,348)=28.11, p<. 00 1,,=.48)|Granular ( A12,348)=8.92, p<. 001,

» =.06), and Roughened ( A12, 348) = 10.6, p<. 0 0 1,,=.286)

The main effect of Onomatopoeic Word was significant 5 out of 13 ANOVAs:
Gelatinous (A1,29) =43.13, p< . 0 0 d=.06)ESlimy ( A1,29) = 40.33, p<.001,
E |p = .58), Gooey ( A1,29) =41.5, p< . 0 0 1= .59)ESlippery ( A1,29) = 13.65,
p<. 00 1,=.38,Jand Sandy ( A1,29)=11.56 p<. 0 0 1,=.28.]The remaining

eight were not significant: Sticky ( A1,29) = 2.66, p= . 1 1,,= .08)]Moisturous
(A1,29) = 0.35, p= . 55,,=.0B))Hairy ( A1,29) =2.56, p= . 1 2,,=.08)
Silky (R1,29) =2.36, p= . 13 5=.07EVelvety (A1,29)=163, p= . 213,
=.05), Powdery ( A1,29) =0.02, p= . 8 8 <.0®), Granular ( A1,29) = 4.1, p
= . 0 5 =.0@)and Roughened (A1,29)=5.18, p= . 0 37.13.

Table 4.1

ANOVA results for adjectives in Experiment 3

Gelatinous Slimy Sticky Gooey Slippery Moisturous

F Elp | F Elr | F Elr |F Elb [F Elb [ F Elp

Adjective 22.11* 04 | 1373 032 | 246* 046 | 7553 0.34 | 1521* 03 | 2023 041

3 * * 4 *
Word 43.13* 0.6 | 4033 058 | 2664 0.08 |4150 059 | 1365 03 | 035 0.01
* * 2
Material 126.91* 08 | 6483 069 | 2755 049 | 8434 0.74 | 5476 0.6 | 19.6* 0.40
1 * * * 5

Adjective *  2.84* 0.0 4.63* 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 4337 0.6 5442 0.65 | 48.38 0.62 | 26.54* 0.4 4791 0.62

Material 8 * * * 8 *

Word *  24.26* 04 | 29.6* 0.5 30.19 0.51 | 42.22 0.6 33.98* 05 | 1468 0.33
Material 5 * * 4 *

Adjective *  3.13 0.1 | 244 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 (
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The main effect of Material was significant for 10 out of 13 ANOVAs: Gelatinous
(A1,29) =126.91, p< . 00 45 .43k Blimy (A1,29)=64.83, p<. 001,= E]
.58), Sticky (A1,29) = 27.55, p< . 00 33 .49k Gooey ( A1,29) = 84.34, p<

. 00 1,=.78)|Slippery ( A1,29) =54.76, p< . 0 0 1,=.6%,Moisturous ( A1,29)
=196, p= . 4 4 8= .40k Bilky ( A1,29) =18.14, p= . 01 15 .38k Hairy
(A1,29)=86.53, p<. 00 1,=.7&)]Powdery (A1,29)=15.12, p< . 0035 E]
.34), and Sandy (A1,29) = 46.93, p<. 0 0 1, = .68)] The remaining three were

not significant: Velvety ( A1,29) =9.86, p= . 0 0 45 .25k Granular ( A1,29) =

0.86, p= . 3 6 <.0®), and Roughened (A1,29)=0.87, p= . 35=.08]

The interaction effect of Adjective * Onomatopoeic Word significant for 6 out of 13
ANOVAs: Gelatinous {12, 348) =2.84, p< . 0 0 A5 .09E $limy ( A12, 348) =

463, p<. 00 1,=.18) Sticky ( {12, 348) =6.65, p<. 0 0 1,=.18)] Gooey
(A12,348)=7.13, p< . 00 15 .2),Blippery ( A12,348)=7.12, p<. 001, E|
=.2), and Silky ( A12, 348) =5.95, p<. 0 0 1, =".1E [The remaining seven were

not significant: Moisturous (A12, 348) = 2.44, p= . 0 2 } = .08k Hairy ( A12,
348)=1.94, p= . 0 & = .06, |Powdery ( {12,348)=1.06, p= . 3 & =.03,]

), Velvety (R12, 348) =253, p= . 01 7= .08% $andy ( A12, 348)=2.68, p=

. 00 9,=.0B) Granular ( A12,348)=2.38, p= . 0 2 5=,.01)Eahd Roughened
(A12,348)=2.65 p= . 01 3=.08E |

The interaction effect of Adjective * Material was significant for all 13 ANOVAs:
Gelatinous (R12, 348) = 40.18, p< . 0 0 15 .58 $limy ( 12, 348) =43.37, p

<. 001,=.6Sticky (A12, 348) =54.42, p<. 00 1, = .65), Gooey ( 12,

348) =48.38, p< . 00 15 .62k Slippery ( A12,348) = 26.54, p<. 00 1,= E|
.48), Moisturous (A12, 348) = 4791, p< . 00 } = .68, |Silky ( 12, 348) =

12.84, p< . 0 0 1,=.3BVelvety ( {12, 348)=32.33, p<. 0 0 1,=.58) |Hairy
(R12,348)=23.69, p<. 00 1,,=.48))Sandy ( {12, 348)=20.03, p<. 001, E|
= .41), Powdery ( {12,348)=13.97, p<. 0 0 1,,=.3¥)]Granular ( A12, 348) =

46.64, p<. 00 1,=.2B,Jand Roughened ( A12, 348) = 13.99, p<. 001,= E]

32).
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Table 4.1

ANOVA resultscontinued for adjectives Surface Softness Dimension

Silky Velvety Hairy
F Elp F Elp F Elp
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
Notee * donates a statistical significant effect for

Table 4.1

ANOVA results continued for adjectives Granularity and Roughness Dimensions

Sandy Powdery Granular Roughened

F Elr |F Elp F Elp F Elp
Adjective 13.75¢* 0.32 | 28.11* 0.49 8.92% 0.06 10.60* 0.27
Word 11.56* 0.28 | 0.02 6.99141 0.001 5.18 0.15
Material 46.93* 0.61 | 15.12* 3.34 0.86 8.891087 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

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<
00 1,=.45) Slimy ( A1,29)=29.6, p<. 0 0 1,=.5f $ticky ( A1,29) =30.19,
p<. 00 1,=.5B)Gooey ( A1,29) = 42.22, p<.001, E |, = .6), Slippery ( A1,29)
=33.98, p<. 00 1,=_.58)] Moisturous ( A1,29) = 14.68, p< . 00 15 .33k |
Silky (A1,29) =12.13, p<. 0 0 1,=.2H)Jand Velvety ( A1,29) = 30.26, p <.001,
E |, = .51). No significant Onomatopoeic Word * Material interaction effect was
observed for Main Adjectives Hairy (H1,29) = 0.77, p= . 3 8 , = .02F Bandy
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(A1,29)=0.17, p= . 6 & =.08, Powdery (A1,29)=0.17, p= . 6 & =.01,]
Granular (A1,29) =7.67, p= . 0 1,,=.008)] and Roughened ( A1,29) = 8.94, p
= . 00 g5 .23E (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 (§12, 348) =3.13, p= . 0053 .1)E|
Slimy (R12, 348) = 2.44, p= . 01 4= .8),Bticky ( A12, 348) = 1.99, p = .05,

E |p =.06), Gooey ( A12,348)=1.43, p= . 0 1 9=.05% $lippery ( 12, 348) =
1.00, p= . 4 3 2=.03)ENloisturous ( A12,348)=1.39, p= . 2 1 =.04% Bilky
(R12,348)=0.95, p= . 4 7,=.08,Velvety ( A12,348)=1.74, p= . 095,
.05), Hairy ( A12, 348)=0.78, p= . 5 9,=.08,/Sandy ( A12, 348) = 0.55, p
= . 7 95.0% |Powdery ( A12,348)=1.18, p= . 3 % =.04% [Granular (A12,
348)=0.86, p= . 5 4,=.008)] and Roughened (A1,29) =.77, p= . 5 9=
.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 exgeriments 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, 20 19), ggpubr (Kassambara &

Kassambara, 2020), and rstatix (Kassambara, 2021) packages. Each main adjective
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Rating

Rating

. material only (Study 2) . material with high written onomatopeoic word D material with high spoken onomatopoeic word

Figure 42?Rati ngs obtained for each
with high-r at ed onomatopoeic word
Study 2 where materials were presented on their own, and the results of Experim ent 2 where

materials were presented with a spoken onomatopoeic word. Graph A displays the ratings for

material 6éshower gel & and Graph B displays

was analysed separately which resulted in 13 ANOVAs. The variable of Modaty
(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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Rating
H

l material only (Study 2) l material with low written onomatopeoic word D material with low spoken onomatopoeic word

Figure 43Rat i ngs obtained for each adjective for the
withlow-r at ed onomat op o e i The ratings dre dogaradkwith thekresylts 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 O6showbrBgédil éphagsGrhe ratings for materi

For the 13 ANOVAs, only one resulted with a significant main effect of Modality. This
was t he Mai nGehtihpuedc t iwha cchf used t he onomat opoe
(high) and 6t ak mataidsGhogdr geiMhigh) aral wabl (Iowh, e51,58)
=585 p<. 001,=.09] The main effect for Modality in the remaining Main
Adjectives was not significant: for Slimy, A1,58) = 1.29, p = .261, E$.02; for
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Sticky, A1,58) = 0.15, p=.701, E=§ .003; for Gooey, A1,58) = 0.67, p = .417,
E |, = .01; for Slippery, A1,58) = 0.04, p = .846, E % .0006; for Moisturous,
A1,58) = 1.91, p=.172, k% .03; for Silkky, A1,58) = 0.013, p= .911, E%
.0002; for Velvety, A1,58) = 0.56, p = .456, Ezl .0 1; for Hairy, A1,58) = 0.005,
p=.942, [4.00; for Sandy, A1,58) = 0.00, p= .975, k3 .00; for Powdery,

~

A1,58) = 0.12, p= .729, E3 .002; for Granular, A1,58) = 0.32, p = .569, Ej
=.006; for Roughened, A1,58) = 2.57, p=.114, E=§ . 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
interact i on ef fect corresponds to the O6congruency®o
previously on this chapter and also in Chapter 3. For the results of Experiment 3, 7
out of 13 ANOVAs vyielded 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, Slippel, 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 dimengon. 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.
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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 th e 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. D°venciojlu et al. (2018,

multidimensionality of softness by studying soft materials with a specifically ada pted
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 resul't is in |line with D°ve
they reported five dimensions: Compliance, Viscosity, Surface Softness, Granularity,
and Roughness; and with Cavdan et al. (2019) where they extracted the dimensions
Granularity, Furriness, ViscoElasticity, 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 t he 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. | 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 di mensions that were extracted usi n
2019, 2022; Cavdan et al. 2019), providing further support for the idea o f 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. | was unable to extract a dimension that could be labeled

asDeSf ormabilityé from either of the studies,
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 |l anguage, sucl
etc.forsol id materials. For the |liquid sound sources
Kar el , Képeér Képer, et c. For the gaseous sounds

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 materi al
categorization, it is understandable that | 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 Fluffinessare 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 onomatopodc 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.

| 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 T urkish
instead of Japanese. There were only a number 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
theconsonants [/ f/, [ 71, [ h!l, [jI, [sl(ov&dekd&,v/, [/

O0kéréelLdandhenmema) opoeic words that contained plo
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[dl, 1gl, Ik, Ipl, It/ ( 6t ek ér 6andathe gostéakveptareangohants /d/, In/, /s/,

izl (6zangérwenndadézoecdbpted with a O6rougho i
onomatopoeic words that contained the conson
(6féeséhad dhawrkassd)dvi scous Anddimally,loromaapaeicc 6 i mp
words that contained the vowel /o/ and the consonants /g/, /k/, /I, Itl, Iyl (6ge¢er el 6,
6f okhumrdb)a more 6dynamicd i mpression. These we
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 f or 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 explo
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 t he 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 6Granul arityd has not
|l iteratur e. D°venciojlu et al . (2018, 2019, 202
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
di mensi on. For example, for the Main Adjective ¢
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 mate rials 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 symbo | i s m, going as =early as Sapir (
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, lwamiya & Takada, 2004).

Information obtained from one modality (here it is the onomatopoeic words that are

presented in the auditory modality) influenced the rat ings 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 T 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 writtenortheaud i t ory modal ity (Sapir, 1929; K
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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 e ach 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;
D°venci o]2018, 2e18, 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 presnted 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 ph ase 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. | used the ono matopoeic words in both
written and spoken for to study our hypotheses. | 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 (D°venciojlu

and with our own study using material videos (Study 2). The only excep tion 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 judg ement 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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B. THE INFORMED CONSENT FORM

ARASTIRMAYA GONULLT KATILIM FORMU
Bu galigma ODTU Psikoloji Baliimi yiksek lisans 6 Srencilerinden Beyza Melis Hazir tarafindan
yiritilmektedir. Bu form sizi aragtirmakogullan hakkinda bilgilendirmek icin hazirlanmigtir.

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 boliim laboratuvannda yaplacaktir. 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; lileileti;im kurahilirsiniz.

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

(Formu doldurup imzaladiktan sonra uygulayiciya gen veniniz),
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C. GRAPHS FOR STUDY 1
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Figure C.1The 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 xaxis lists the onomatopoeic words, the y-axis

is the ratings obtained for that adjective for each of the mat erials.
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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 xaxis 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 xaxis lists the onomatopoeic words, the y-axis

is the ratings obtained for that adjective for each of the mat erials.
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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 xaxis lists the onomatopoeic words, the y-axis

is the ratings obtained for that adjective for each of the materials.
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D. GRAPHS FOR STUDY 2
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Figure D.1 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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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

, the y-axis is the ratings

x-axis lists the materials

panel shows a separate adjective. The

obtained for that adjective for each of the materials.
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E. GRAPHS FOR EXPERIMENT 1
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Figure E.1Rating differences between conditions across all adjectivesin 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.
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Figure E. 1 (continued) Rating differences between conditions across all adjectivesin
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 | ow and control materials,
depending on where the line is located.
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