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ABSTRACT 

Previous research has shown that sound impacts human emotion. However, the way the 

sound of a fabric may affect people’s feelings about that fabric – and their interaction 

with it – remains to be investigated. In today’s world, much of the interaction between 

people and fabrics has shifted from real life to the virtual realm (i.e. online clothes 

shopping). Technology tends to reduce the emotional aspects of such interaction, as users 

are limited to one sense: vision.  

The main goal of this study is to learn how sound affects the way users feel about their 

interaction with digital fabrics using a touchscreen device. The second aim is to 

investigate whether sound helps users recognise fabric characteristics. A separate 

experiment is also conducted to evaluate stimuli and investigate whether people 

recognise both physical and digital fabrics by the sounds that they emit. 

Forty native English speakers were recruited for three experiments. Four different 

physical fabrics, as well as four digital representations and sounds of these fabrics, were 

used as stimuli. Self-report questionnaires were used to evaluate participant emotions. 

Experiments were conducted on the iPad 2 with software called the iShoogle textile 

simulator, which allowed people to interact with the digital fabrics via touchscreen. 

Results indicated that sound has a major effect on how participants feel about their 

interaction with fabrics – and with the fabrics themselves. For instance, unpleasant 

sounds resulted in less favourable responses to both a fabric and the user experience with 

that fabric. It was also discovered that sound has a strong influence on engagement; even 

unpleasant sounds were rated as engaging. Moreover, the results showed that the volume 

of sound has a strong impact on how participants feel about the interaction and also 

whether they are able to match the correct sounds to the correct corresponding fabrics. 

Volume affects how accurately participants rate characteristics of digital fabrics 

compared to ratings of the same physical fabrics. Hence, the results support the 

motivation for this study and show that sound indeed plays a major role in user 

interaction with digital fabrics.  
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CHAPTER 1.  Introduction 

  1.1 Purpose of the study 

According to Norman (2005), emotions are the most important component in describing 

the interaction between people and objects. When it comes to clothing and fabrics, this is 

definitely the case. Something that is soft and silky can make us feel good, while rubbery 

or rough textures may be less pleasant to interact with. Today, many people prefer to 

shop for clothing and fabric, along with many other items, online rather than in stores. 

However, when consumers interact with fabrics via a computer display or a touchscreen 

device, their sensual experience of fabrics is limited to the modality of vision alone.  

As a result, a problem has emerged for clothing and fabric consumers and retailers alike. 

As vision is only one sense, there is a loss compared to shopping in the physical world, 

where the touch, smell, and even the sound of fabrics play important roles in consumer 

choice. Such a limited sensory experience can impact a customer’s feelings about the 

items and their interaction with them, and there is not always enough information to 

make correct judgments about what to purchase and why. 

This issue has also been detected in previous research conducted on modalities. Human 

perception has been shown to be multisensory (Stein & Meredith, 1993), and the use of 

one modality is not always enough to get reliable information about the three-

dimensional world around us (Ernst & Bülthoff, 2004). When one sense does not give us 

enough information to understand our environment, our nervous system gathers more 

input from the other modalities (Gori, Mazzilli, Sandini, & Burr, 2011). This suggests 

that the lack of stimuli for one sensory modality can be compensated by other modalities.   
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As many researchers find emotions to be one of the key elements in user experience (e.g. 

Lottridge, 2008), it is important to investigate ways to incorporate other senses into 

online interaction. To date some studies have been conducted to understand the 

importance of touch when consumers experience fabrics online (Orzechowski, Atkinson, 

Padilla, Chantler & Baurley, 2011; Padilla, Drbohlav, Green, Spence & Chantler, 2008). 

Devices are also currently being developed to simulate the physical handling of fabrics, 

although these are still at an early stage in their development (Padilla, 2009). However, 

the possibility of hearing digital fabrics has been much less explored than touching them 

– and research has shown that people tend to have strong reactions to sound (e.g. 

Lipscomb & Kendall, 1994; Watkins, Shams, Tanaka, Haynes, & Rees, 2011). The aim 

of the current study is therefore to fill this gap and explore the effect of sound on digital 

interaction with fabrics. This research is conducted as part of the Digital Sensoria project 

(EPSRC funded project, 2009-2011). 

 

The sound of fabric also appears to be a new frontline in the fashion industry. In spring 

2006, SHOWstudio, “an award-winning fashion website, founded and directed by Nick 

Knight, that has consistently pushed the boundaries of communicating fashion online” 

(Knight, 2000), worked on a series of projects that explored the sound of clothes. 

According to their website, the aim of this series was to investigate the audio options for 

representing the sound of clothes online. Projects included questions such as determining 

what the “real” sound of clothing is (Martin & Hetheringtion, 2006). Although the 

emotional aspects of hearing the sound of the fabrics were not researched during this 

experiment, the example still shows that the fashion industry is interested in and already 

working on this concept. From an informed point of view on user experience, the next 

logical step would be to investigate the emotional side of these questions; that is, how 

people feel about hearing the sound of the fabric. 
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1.2 Research question 

The primary research question of the current project is to investigate whether sound 

affects interaction with digital fabrics via touchscreen and to what extent this is the case. 

Are people more or less engaged with their experience when sound is a sensorial factor? 

Moreover, does sound affect how much participants like a fabric and/or how pleasurable 

they find the interaction? The second question investigated in this project is to see 

whether sound can be used to help people recognise fabric characteristics1. Can sound be 

used as a tool to help participants understand fabric better? 

 

This thesis is organised so that Chapter 2 analyses the literature relevant to the topic, 

including how to define and measure human emotions and how they can be affected by 

sound. Chapter 3 explains the research question. Chapter 4 discusses the study conducted 

to analyse the stimuli for the main research question, including the method, results and 

analysis and discussion. Chapter 5 presents the main study including the method, results 

and analysis and discussion. Chapter 6 summarises the outcomes of the study, outlining 

the limitations and gives suggestions for further investigation. Chapter 7 concludes the 

study by discussing the findings. 

 

 

 

 

 

_____________________________________________________________________ 

1 The second question was investigated in collaboration with P. Orzechowski who designed the 
protocol for the experiment.  
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CHAPTER 2.  Literature review 

2.1 Overview 

In order to understand the effect of sound when interacting with digital fabrics, it is first 

necessary to review some of the previous research done on sound and emotions. Firstly, 

in order to learn if there is an emotional response to sound, different research on how 

sound affects emotions will be reviewed. What is also reviewed is how much the 

interaction between visual and sound has been researched in the past and whether there is 

anything important discovered that is related to the current study. Secondly, the emotions 

experience will be studied and thirdly, different methods for measuring emotions will be 

reviewed. The literature review will be finished with a summary.  

2.2 How sound affects emotions 

A study conducted by Juslin and Laukka (2003) suggests that music and speech use the 

same emotion-specific patterns for interpreting emotional meaning from acoustic cues. 

Based on this, it is suggested that “expressions of emotion are processed by general 

purpose brain mechanisms that respond to acoustic features regardless of whether the 

stimulus input is music or speech” (Ilie & Thompson, 2006). This implies however that it 

is also correct to investigate how music affects emotions in order to get a better 

understanding of how sound affects emotions. 

Numerous studies have shown that music and sounds have a strong influence on people’s 

emotion (e.g. Juslin & Sloboda, 2010; Lipscomb & Kendall, 1994; Watkins, Shams, 

Tanaka, Haynes, & Rees, 2011). According to Perlovsky (2010), “pleasure from music is 

an aesthetic (not bodily) emotion”, reasoning consequently that “music is different from 

other arts in that it affects emotions directly (not through concepts representations)”. 

Juslin and Sloboda (2010) argue that people listen to music in order express and invoke 

emotions (for instance in order to make them feel better or to comfort themselves). Music 

and sounds are also part of our society in various ways. For example, in movies, they are 

used to generate or emphasize emotions; in therapy, to create calm and relaxing 
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environments; and as a safety and security measure to warn us about possible threats. 

These applications of sound and music confirm that sound and music can have an effect 

on emotions.  

According to Wedin (1972), tempo, pitch, loudness, harmony, rhythm and major-minor 

modes are the qualities of music that are mostly researched and regarded as important. 

He found that slow tempos are most effective in producing gracious and calm reactions 

whereas fast tempos generate exciting happy responses. Moreover, low-pitch sounds are 

related to sad moods and possess serious qualities, while high pitch established an active 

and entertaining atmosphere. Other researchers have looked at similar elements of speech 

and music. Hevner (1935, 1936, 1937) conducted a series of studies showing that people 

associate different elements of music with specific emotions, discovering that major 

mode is associated with happiness and playfulness, whereas minor mode is related to 

sadness and sentimental emotions. It was also discovered that firm rhythms are rated as 

dignified, flowing rhythms are happy and complex tones are viewed as exciting (Hevner, 

1936). She also emphasises the importance of tempo and pitch height, as research shows 

that “sheer happiness demands a faster tempo, simpler harmonies, more flowing rhythm, 

and a less high pitch” (Hevner, 1937). 

These findings relate to research conducted by Ilie and Thompson (2006), who  found 

that “manipulations of intensity, rate, and pitch height had affective consequences in 

music and speech, influencing judgments of valence, energetic arousal, and tension 

arousal.” This implies that intensity, rate and pitch height give participants an 

understanding of how they feel about music or speech.  The research showed that softer 

sounds were experienced as more pleasant, less energetic and less intense compared to 

loud music and speech. Research conducted by Gundlach (1935), Wedin (1972) and 

Juslin & Laukka (2003) show similar results. Ilie and Thompson (2006) also found that 

valence for loud and high-pitched music was rated relatively low compared to softly 

sounding and low-pitched music, which recieved higher valence ratings. This is 

consistent with findings of Scherer and Oshinsky (1977), who argue that low-pitched 

music is linked to pleasantness while high-pitched music is related to surprise, anger and 

activity.  



  11 

Based on what has been discussed thus far, people appear to like music mainly because it 

evokes emotions. The question is: why though. Juslin and Västjäll (2008) presented a 

theoretical framework containing six extra mechanisms through which hearing music 

could produce emotions: (1) brain stem reflexes, (2) evaluative conditioning, (3) 

emotional contagion, (4) visual imagery, (5) episodic memory and (6) musical 

expectancy. The mechanism that produces emotions, which is most relevant to the 

current study is brain stem reflexes. The brain stem is a region of the brain that operates 

sensory and motor functions, including auditory perception, emotional arousal, heart rate, 

breathing and movement (Joseph, 2000). The human perceptual system is always looking 

for potentially important changes of events. There are some sound qualities that suggest 

such a change, such as harsh, loud and fast sounds. Hearing these sounds leads to 

increased activity in the central nervous system, which induces an emotion. Brain steam 

reflexes refer therefore to a process where emotion is produced by music in reaction to 

primary acoustical characteristics of the music, acquired by the brain stem to signal a 

potentially important event (Juslin & Västfjäll, 2008). This is related to other research 

(e.g. Foss, Ison, Torre, & Wansack, 1989; Burt, Bartolome, Burdette, & Comstock, 1995) 

which shows that loud, sudden and harsh sounds make listeners feel aroused and 

unpleasant. 

Bradely and Lang (2000) conducted a study which compared emotional sounds to 

pictures and investigated whether people’s affective reactions to listening sounds is 

similar to looking at pictures. They compared the two-dimensional ratings of pleasure 

and arousal for sound stimuli with similarly rated picture stimuli (Lang, Bradley, & 

Cuthbert, 1999). Their findings indicate that pictures and sounds act similarly in 

triggering the motivational circuits underlying emotional expression. In both cases more 

intensive responses are caused by unpleasant sounds. Moreover, similar to looking at 

pictures, their research showed that skin conductance responses were considerably 

greater when listening to emotional sounds in comparison with neutral sounds. 
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Research has also shown that sound can change the behavioural or physiological 

responses to visual stimulation (e.g. Kitagawa and Ichihara, 2002; Watkins, Shams, 

Tanaka, Haynes, & Rees, 2011). For instance, Lipscomb and Kendall (1994) conducted a 

study to learn the effect of musical soundtracks on the interpretation of a movie. The 

results show that music has a major effect on how people feel about the motion picture 

and different soundtracks are able to change their interpretation. Based on their findings 

they presented a model that illustrates “attention focus as a function of audio-visual 

congruence (figure 1)”. 
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Figure 1. Model of attentional focus as a function of audio/visual congruence 
(Lipscomb & Kendall, 1994) 
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According to Lipscomb and Kendall the boxes in the Implicit Processes box represent 

decisions about the relevance of the audio-visual combination. If a person finds the 

combination unsuitable on either level, there is a larger chance that he will separate the 

component into its two fundamental perceptual modalities to determine a reason for the 

incongruence. If a person feels that the sound and the visual parts of the stimuli are 

appropriately matched, the focus will be maintained on the composite. However, if a 

person feels that the two stimuli are mismatched, it is more likely that both modalities 

will be analysed separately. The decision whether the combination is appropriate is 

individual-specific as it depends on person’s past experience. 

A number of studies have been conducted which show that the presence of sound may 

affect visual persistence by changing the perceived time of a light flash (Staal & Donderi, 

1983; Mershon, Desaulniers, Amerson, & Kiefer, 1980). It was also identified that a tone 

played simultaneously to a displayed light can increase the perceived luminance of that 

light (Vroomen & Gelder, 2000) and increase the detection of a weakly flashed light (e.g. 

Teder-Sälejärvi, Russo, McDonald, & Hillyard, 2005). Lippert, Logothetis and Kyser 

(2007) investigated the reasons why simultaneous tone causes such an effect. They 

measured the effect of a simultaneous sound in numerous contrast-detection tasks. The 

results show that the sound that did not carry any information did not have any effect on 

detection rates and it was only speeding up the response times. On the other hand, 

informative sounds, which helped to decrease the uncertainty of the timing of the visual 

display, considerably improved detection rates. This only happened occurred though 

when participants were aware that the sound was supposed to provide information about 

the visual stimuli. 

To sum up, there have been some general theories about how sound affects emotions and 

why it may happen. There has also been a discussion about ways that aural stimuli can 

affect visual stimuli and how and why this may happen. Below a discussion will be 

presented on previous research conducted regarding emotions and on how to measure 

emotions invoked by sounds.  
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2.3 What are emotions? 

According to Sharp, Rogers & Preece (2007) user experience concerns how people feel 

about a product; that is, how satisfied and pleased they are when using it. Thus, in order 

to understand how sound affects user experience, we need to evaluate a person’s 

emotional experience. According to Boehner, DePaula, Dourish, & Sengers (2007), 

measuring emotions depends on how they are defined; therefore it is important to discuss 

what emotions are before starting to analyse them. The problem is that emotions are 

historically part of many different disciplines, such as philosophy, psychology and 

neuroscience and thus described differently by different researchers. So there are 

numerous different ways to define them. In this chapter we will try to find an appropriate 

definition for emotions, which is suitable for the current study and to achieve a better 

understanding of what emotions are.  

First of all, when talking about emotions, it is important to consider that people may 

respond differently to the same situations. How one person reacts to one situation many 

not necessarily result in a similar response to a similar situation. For instance, a person’s 

expressive response to hearing bad news does not mean that this person will react as 

emotionally to hearing good news (Davidson, 1998). According to Davidson there could 

be differences between individuals in the threshold at which particular components of 

emotional response are provoked. Differences could furthermore be present in the scale 

of people’s responses, the time between the onset of a stimulus and the maximum 

response, the recovery time and the duration of the response. It is essential to take this 

into consideration when measuring people’s emotions. 

In everyday life people are prone to say that the most important aspect of emotions is 

feelings (Lottridge, 2008), with which not all researchers agree though. For instance, 

LeDoux (2000) and Scherer (2005) emphasize the importance of differentiating emotions 

and feelings. According to Scherer feelings are just one component in the experience 

process as a ‘‘subjective cognitive representation, reflecting a unique experience of 

mental and bodily changes in the context of being confronted with a particular event”. 

According to Fox (2008), emotions are relatively brief and consist of a coordinated set of 
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responses to an important event, whereas feelings are a subjective description of 

experiences, unique to the person experiencing them.  

Based on the affect-as-information approach described by Schwarz and Clore (1983) 

people make evaluative judgments by asking how they feel about a situation. According 

to Frijda and Scherer (2009), the defining characteristic of an affect, “used in an 

overarching generic sense for a mental state that is characterized by emotional feeling as 

compared with rational thinking”, is a feeling about an object, person or event in terms 

of positive-pleasant versus negative-unpleasant valence. Clore (2009) argues that people 

tend to rely more on their feelings than on facts, stating that our personal decisions 

depend on the actual and the expected affect. For instance, when deciding to buy a new 

car, people’s confidence in their judgement would suffer if they found out that they have 

no feelings on the matter.  

It seems therefore that, although feelings are just one component in an emotional process, 

it is acceptable to ask participants how they feel about them when measuring the effect of 

sound in an interaction. Emotions in this case are defined as “[a] social and cultural 

product experienced through our interactions.” (Boehner, DePaula, Dourish, & Sengers, 

2007). 

2.4 Measuring emotions 

How do you measure something as subjective as feelings? According to Scherer (2005). 

“[g]iven the definition, there is no access other than to ask the individual to report on the 

nature of the experience.” This definition recommends using a self-report method for 

measuring emotions. Fieldman Barrett, Mesquita, Ochsner & Gross (2007) also agree 

with this approach. There are nonetheless many different methods from which to choose 

and making the wrong selection can lead to a failed experiment.  

According to Yik, Russell and Barrett (1999) one of the most popular approaches is to 

use a dimensional model founded by Wilhelm Wundt (1905). He was the first to try to 

develop a structural description of subjective feeling, as it is accessible through self-

analysis. He suggested using a three-dimensional space formed by the dimensions of 
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valence (positive–negative), arousal (calm–excited), and tension (tense–relaxed). 

Numerous dimensional models have since been created, including Russell’s circumplex 

(1980), Watson and Tellegen’s (1985) positive and negative affect, Thayer’s (1989) tense 

and energetic arousal and Larsen and Diener’s (1992) eight combinations of pleasantness 

and activation (figure 2). 

As is evident from the diagrams, the dimensional models are circles with a set of axes. 

When describing an affect, the circle shows how sets of affect-related objects, or for 

example self-reports of affective experience, are related to one-another (Barrett & 

Russell, 2009).  

Numerous researchers have also used a multidimensional model in an attempt to model 

the perception of emotions evoked by Western music (e.g. Madsen, 1997; Juslin, 2001; 

Figure 2.  Four schematic descriptions of effect. Presented by Russell (1980), Watson and 
Tellegen (1985), Larsen and Diener (1992) and Thayer (1960). Structures are rotated and 
reoriented from the original by (Yik, Russell, & Barrett, 1999) to highlight the similarity 
among these four structures. The focal dimensions are shown in capital letters.  

Figure 2.  Four schematic descriptions of affect. Presented by Russell (1980), Watson and 
Tellegen (1985), Larsen and Diener (1992) and Thayer (1960). Structures are rotated and 
reoriented from the original by (Yik, Russell, & Barrett, 1999) to highlight the similarity 
among these four structures. The focal dimensions are shown in capital letters.  
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Schubert, 2004). Several studies show evidence of specific neurophysiological responses 

to music, which are linked to arousal and valence dimension (e.g. Schmidt & Trainor, 

2001; Bigand, Vieillard, Madurell, Marozeau, & Dacquet, 2005).  

Furthermore, research shows that multidimensional models are helpful in evaluating how 

sound affects emotions. For instance, Ilie and Thompson (2006) conducted a study in 

which they used a three-dimensional model of affect to learn how changing intensity, rate 

and pitch height in music and speech affected how the sounds were perceived. They 

asked participants to rate pieces of music and speech using scales of valence (pleasant-

unpleasant), energy arousal (awake-tired) and tension arousal (tense-relaxed). 

Another type of three-dimensional model to evaluate pleasure, arousal and dominance 

was suggested by Lang (1980). He found that it might be easier for people to evaluate 

their feelings using pictures instead of words and developed consequently a picture-

oriented instrument named the Self-Assessment Manikin (SAM) (figure 3). There are 

numerous studies measuring emotional responses that have successfully used SAM, 

including research conducted on sounds (Bradley, Greenwald, Petry, & Lang, 1992). 

According to Scherer (2005) dimensional models are a simple reasonably reliable way to 

obtain self-report of emotional feeling. He also argues though that there is not much 

information about the type of the event that created the emotion and the evaluation 

processes motivating the responses. Moreover, according to Picard and Daily (2005), 

self-report of emotions can be doubtful as people may not remember how they really felt 

Figure 3. Self-Assessment Manikin. Top row indicates pleasure, middle row arousal and 
bottom row dominance 
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and they may also try to please the investigator or not be able to express how they feel. It 

is subsequently important not only to rely on the quantitative data gathered from self-

report questionnaires to evaluate the affect, but also to integrate physiological measures 

in order to complement the lack of the questionnaires. 

There are several types of physiological measures that can be used to measure emotions, 

such as electrocardiography (EKG), electromyography (EMG), heart rate (HR) and 

galvanic skin response (GSR). The human body has specific sweat glands that respond to 

psychological stimulation and cause the skin conductivity to change, which is measured 

as the conductivity of the skin (Stern, Ray, & Quigley, 2001) According to different 

studies, skin conductance is associated with affective arousal (Lang, 1995), frustration 

(Lunn & Harper, 2010) and engagement (Mower, Feil-Seifer, Mataric, & Narayanan, 

2007).   

2.5 Summary 

This chapter has provided an overview of different research related to the current study. 

It was first learnt that perception is multisensory. One modality can help to improve the 

perception of other modalities, so combining sensory information can improve the 

overall perception of the environment. Secondly, it was discovered that sound has a 

strong effect on emotions and that people have a different reaction to sound depending on 

its intensity, rate and pitch height. Thirdly, people have a similar affective reaction to 

listening to emotional sounds as they have to looking at pictures, and sound can change 

how people perceive visual stimuli. Fourthly, although feelings are just one element in an 

emotional process, people tend to rely on how they feel about a situation when making 

decisions. Lastly, one of the best ways to measure emotions is to use a self-report 

method. The most common methods are based on dimensional models of valence, 

arousal and tension. These models are also used to evaluate the affect of sound to 

emotions. Self-report methods are not always sufficient though; thus it is recommended 

that physiological measures be used to measure emotions. The literature review revealed 

ultimately the design methodology that evaluates the affect of sound to interaction with 

digital fabrics. 
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CHAPTER 3.  Research approach  

As briefly explained in the introduction, the main aim of the study is to learn if sound 

affects interaction with digital fabrics. There will be three different experiments 

conducted within this study, which are all considered to contribute to the main goal. 

As discussed in the literature review, people have different reactions to different types of 

sound. Research has also shown that if people find the audio-visual combination of 

stimuli incompatible, they tend to consider both modalities separately and not as a whole. 

This can change the intended goal of the stimuli. As the stimuli to be used in this study 

already exists and can thereby not be changed, it is necessary to first evaluate the stimuli 

in order to see whether they might influence the results of the main study. The first study 

will be to investigate then whether people are able to recognise fabrics by their sound 

using the existing stimuli. 

One reason why people like fabrics is that they are often soft and smooth. As already 

discussed, research has shown that one sensory modality can help to improve the 

perception of others. As a result there is a reason to believe that sound can influence how 

people perceive a fabric’s characteristics when interaction takes place through a 

touchscreen; hence the aim of the second study is to learn whether sound has an affect on 

how people sense fabric characteristics when interacting with digital fabrics. 

The third experiment concentrates on how people feel about their interaction with digital 

fabrics and how different sounds in comparison with silence affect the levels of pleasure 

and engagement in their interaction. Whether sound affect the degree to which people 

like the fabric will also be evaluated. Considering research that has been conducted to 

learn how music affects emotions (e.g. Juslin & Sloboda, 2010), there is a reason to 

expect that different sounds have significant differences on of how people perceive them.  
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The diagram below illustrates the three studies, including the methods used for gathering 

data. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

 
 

The detailed descriptions for all the experiments will be given in the following chapters.   

Do people recognise 
fabrics by their sound? 

Aural task 

The influence of sound 
on user perception of 
fabric characteristics 

The influence of 
sound on emotions 

 Self -  report 
User interview 

Self -  report 

These studies were 
conducted together 

 Figure 4. The three experiments conducted as part of this study, including methods that are 
used for gathering data. 
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CHAPTER 4.  Study one: Do people recognise fabrics 

by their sound? 

4.1 Overview 

As discussed in the literature review, tempo, pitch, loudness, harmony, rhythm and 

major-minor modes of sound all have different affects on emotions (Wedin, 1972). 

Taking into account then that the stimuli for the study already exists, it is therefore 

necessary to evaluate if the sounds used in the experiment could affect the results 

because of their specific qualities, such as being too loud or harsh. Whether the digital 

fabrics were “truthful” enough to communicate effectively the information about the 

corresponding physical fabrics is also important. 

To explore these questions, two studies were conducted. The first (“Seeing physical 

fabrics”) was conducted to see how well participants would match sounds to actual 

physical fabrics. Participants were asked to look at four different fabrics and listen to 

eight sounds played one at a time. When hearing a sound, participants were asked to pick 

the fabric they believed represented this sound the best. The second study (“Interacting 

with fabrics on the iPad”) explored how well participants could match sounds to digital 

fabrics when interacting with them using an iPad. Participants saw the same fabric four 

times in a row in combination with four different sounds. They were then asked to select 

the combinations of sound and fabric they believed to be the best matches. It was 

necessary to conduct two studies in order to detect any major differences between how 

participants would match sounds to both physical and digital fabrics, as such differences 

could indicate issues with the visual stimuli. 

The next subtopic, “Method”, includes information about the participants, apparatus and 

materials and the design and procedure of the study. This is followed by subtopics 

“Results and Analysis” and “Discussion”. 
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4.2 Method 

4.2.1 Participants 

Twenty participants, 14 males and six females, between 22 and 47 years (M = 31,2; SD = 

6,4) were recruited from the University College London. All of the participants were 

native English speakers (16 British, three Americans and one Canadian). It was necessary 

to recruit only native English speakers from Western countries to reduce any possible 

influence of cultural differences on the results. Moreover, this study is linked to another 

study (Orzechowski, Atkinson, Padilla, Chantler, & Baurley, 2011) in which participants 

assessed the characteristics of physical and digital fabrics using the same stimuli. It was 

thus important to have similar participants with similar backgrounds in order to be able to 

compare the results.  

The participants were randomly grouped so that half of them first saw the physical 

fabrics and then interacted with the iPad and the other half first interacted with the iPad 

and then saw the physical fabrics. 

Participants did not receive any incentive in terms of money or vouchers for 

participation, but they were all offered refreshments as a token of appreciation. 

4.2.2 Apparatus and Materials 

Hardware 

The iPad 2 was used for the interaction with the digital fabrics and to play the sounds. 

The iPad 2 was chosen because the software that was used for the experiment can only be 

operated on iOS devices.  

 Software  

Software called iShoogle textile simulator was used to conduct the experiments. This is a 

textile-browsing interface created for iOS devices (like the iPad 2), which allows people 

to interact with textiles via touchscreen using a pinching gesture (figure 5). This software 

was created by one of the researchers involved in the Digital Sensoria project using an 
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online service called Shoogleit (Padilla, 2009), which is designed for creating interactive 

videos. For the current experiment, two applications were created for the iShoogle textile 

simulator (which will be discussed under “Stimulus materials”). 

Figure 5 gives an example of one page in the application. The image on the left shows 

how the digital representation of latex looks by default. The image on the right shows 

how it looks after being “pinched” together by the user. 

Stimulus materials  

 Two A4-size pieces of physical fabrics – buckram, latex, ripstop and raised cotton - were 

scrunched up and placed on a table (figure 7). The same four digitalised fabrics were 

simulated on the iPad.  

Figure 6. Digital representation of latex. The image on the 
left shows latex by default. The image on the right shows 
latex after being pinched. 

Figure 5. Participant interacting 
with iShoogle textile simulator with 
doing a pinching gesture 

Figure 7. Four physical fabrics placed on a table for participants to look at.  
1 – Buckram is a very stiff fabric that is used to cover and protect books 
2 – Latex is a rubbery material that is used to make swimming caps 
3 – The ripstop is used for the experiment is made on nylon and resembles something that 
shower curtains are made of 
4 – Raised cotton is a soft fabric, which looks like a blanket 
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The first element in both applications was a practice page with a digital fabric that was 

not part of the experiment. Before starting the real experiment, each participant was 

asked to practice interaction with the fabric using the practice page. The reason for the 

practice fabric was to teach participants to digitally handle the fabrics. 

 

Four different fabrics in combination with four different sounds, forming sixteen pages 

altogether, were added to both applications for the real experiment. Each fabric was 

displayed four times in a row, each with a different sound. Each page had buttons 

labelled “<<Previous” and “Next>>” at the top so that the participant could move 

between pages. A unique, three-digit number was also added to the top of each page 

(figure 8), representing the sound, the setup and the fabric with each digit (in this order). 

The only difference between the two applications was the order of the sounds. The 

fabrics were displayed in the same order. 

 

 

Researchers working on the Sensoria project created the 10-second MPEG audio files of 

buckram, raised cotton, latex and ripstop. These sounds were recorded by scrunching and 

straightening the physical fabrics before a microphone, which was not touched. Audacity 

(Mazzoni, 2000), free open-source software for recording and editing sounds, was used 

to amplify each sound with automatic optimal amplification. Recording was performed in 

a soundproof room using a stage-quality microphone and microphone amplifier.  

Figure 8. A unique number on the top of the page, indicating the 
sound, the setup and the fabric for this page 
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The fabrics and sounds were chosen based on previous research (Orzechowski, Atkinson, 

Padilla, Chantler, & Baurley, 2011). Based on this research’s recommendation to reduce 

variability, similar colour (white and beige) and sized (A4, iPad-size) fabrics were 

chosen for the experiment. All photographs used to create the interactive images of 

fabrics were taken in an iPad’s resolution (1024×768 pixels) on a backlit checkerboard 

background. As some of the fabrics were partly transparent, it was necessary to use 

checkerboard background to make the digital handling with the fabrics more realistic.  

Results sheet 

A results sheet was designed for both parts of the study to record results (see figures 9 

and 10). The information about the fabrics and sounds used for each trial were recorded 

before the experiment. During the experiment, the sounds rated as most suitable to the 

fabrics were circled (figure 9), and the fabrics best matching the sounds (figure 10) were 

noted on the sheet. 

Figure 9. Results sheet for experiment "Interacting with fabrics on iPad" 
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4.2.3 Design 

A within-subjects design was used with two different tasks: looking at physical fabrics 

and interacting with the iPad. As mentioned, in task one, participants were asked to look 

at the physical fabrics and pick a fabric based on a sound they heard. The sounds were 

played in a random order. In task two, participants were asked to interact with fabrics on 

the iPad and to choose the most suitable combinations of sound and fabric. Two 

Figure 10. Results sheet for experiment "Seeing physical fabrics" 
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applications were created for this task (see materials section), which worked the same 

way but played the sounds in different orders. 

In the first part of the study, using physical fabrics, the sound of the fabric was the 

independent variable and the physical fabrics were the dependent variables. Participants 

picked one fabric out of four to match each sound that they heard. 

In the second part of the study, interacting with the iPad, the digital fabric was the 

independent variable and the sounds were dependent variables. Participants chose a 

sound that they believed represented each of the digital fabrics with which they 

interacted. 

4.2.4 Procedure 

The experiment was conducted in small classrooms at Foster Court on University 

College London’s (UCL) campus. All the participants were tested separately and so the 

experiment they were all assigned a different time slot.  

Upon arrival, the participants were asked to sit and offered a soft drink. If they decided to 

participate, they were then asked to read and sign a consent form. Before each 

experiment, participants were informed that the purpose of the study was to learn if 

people recognise fabrics by their sound. They were informed that the sounds they would 

hear were strongly amplified. They were also told that the study would not take longer 

than fifteen minutes and would be conducted in two parts. Half of the participants first 

saw the physical fabrics and then interacted with the fabrics on the iPad. The other half 

first interacted with the fabrics on the iPad and then saw the physical fabrics. The group 

was divided in half at random. 

Seeing physical fabrics 

Participants were asked to sit behind a desk in front of four different fabrics. They were 

told to look at the fabrics but not to touch them. The fabrics were crumpled up and placed 

on a table with a number (see figure 7), so the participant could see how the fabric might 



  28 

look when it was touched. Figure 11 illustrates of how this part of the experiment was 

conducted.  

Before this part of the study it was explained to all of the participants that: 

1. They would hear eight sounds, one at a time, for 10 seconds; 

2. They would hear each sound once and could not change their answer later; 

3. They were to say the number of the fabric they believed represented each sound 

the best; 

4. They were allowed to pick the same fabric several times if they believed this was 

the correct answer; 

5. The sounds that they would hear were greatly amplified but one of the four 

fabrics did actually represent the sound that they would hear. (It was necessary to 

add this piece of information because participants in a pilot study commented that 

they did not find any of the sounds to resemble what they believed sounded like a 

fabric). 

 

Figure 11.Participant doing the first part of the experiment, looking at 
fabrics and matching them with sounds that she hears 
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To counterbalance the experiment, each sound representing the fabrics was played twice; 

there were thus eight sounds altogether, played in random order. This was necessary to 

ensure that the participants would not just pick each fabric once but would consider all of 

the fabrics for each sound. 

Participants were to mark down their responses on an answer sheet (see figure 10) that 

was prepared before the experiment. 

 

Interacting with fabrics on the iPad 

Participants were asked to sit behind a desk to ensure that they did not see the actual 

fabrics. They were given an iPad and asked to practice digitally handling the fabrics 

using a test fabric. As mentioned in the “Apparatus and materials” section, this was 

necessary in order to help participants familiarize themselves with the application. This 

ensured that during the experiment they could concentrate fully on the task, rather than 

on how to handle the application. 

Before this part of the study, it was explained to all of the participants that: 

1. They would see the same four fabrics on four pages in a row in combination with 

different sounds; 

2. They should go through all the four pages, digitally manipulating the fabric on each 

page and clicking ”Next>>” to move on to the next page; 

3. After reaching the final page, they were allowed to review the four pages again by 

clicking “<<Previous”; 

4. Out of the four pages, they were to pick the one that they believe was the best match 

of sound and fabric; 

5. The sounds were greatly amplified and one of the combinations was the right one;  
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Figure 12 visualises the protocol for interacting with the iPad.  

The numbers between buttons “<<Previous” and “Next>>” in figure 10 reference both 

the sound and the fabric. For instance, 000 means that this fabric and sound both 

represent buckram. As can be seen in the figure, the last number in the row represents the 

fabric and therefore remains the same. The first number represents the sound and thus 

changes. 

When a participant made the decision about which sound was most suitable for a 

particular fabric, the investigator marked down the number representing the page on an 

answer sheet.  

After finishing both parts of the experiment, participants were allowed to touch the 

physical fabrics and give their comments about the experiment. Before leaving, they 

were offered soft drinks and snacks as a token of appreciation.  

Figure 12. Protocol for the experiment “Interacting with iPad”.  
            The yellow arrows show the flow when participants clicked “Next>>” on the application  

             The purple arrows show the flow when “<< Previous” was clicked   

Moving between pages changed the sound, whereas the visual representation of the fabric 
remained the same.  

 

Sound of 
buckram       

Sound of 
ripstop 

Sound of 
latex 

Sound of 
raised cotton 
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4.3 Results and analysis 

Two sets of quantitative data were gathered from the experiment: how participants 

matched fabrics and sound when seeing physical fabrics and hearing sounds, and how 

they matched fabrics and sounds when interacting with digital representations of fabrics 

using the iPad. 

None of the participants were excluded from the study, so all gathered data was used for 

analysing the results. The data gathered from seeing physical fabrics contains 16 possible 

combinations of data (four fabrics in combination with four different sounds). The data 

gathered from interacting with the iPad contains four combinations of data for each 

fabric. 

An Excel table was created for both sets of data and all of the results from the paper 

sheets were inserted into this table for analysis. 

 

4.3.1 Interacting with physical fabrics 

Figure 13 shows the overview of how participants matched fabrics to sounds when 

hearing a sound and looking at physical fabrics (but not touching them). As all the 

participants heard each sound twice, there were a total of 40 combinations of fabrics for 

each sound. The formula used to calculate the percentage of times a specific fabric was 

chosen was: (number of participants choosing the same fabric when hearing the same 

sound) x (100 / 40).  

Figure 13 displays that for all the fabrics, except for the sound of raised cotton, the most-

selected fabric was in fact the one used to create this sound. At the same time, there were 

also a large number of wrong associations among the data. For instance, the sound of 

latex was associated 47.5% of the time with latex, 2.5% of the time with raised cotton, 

37.5% of a time with ripstop and 12.5% of a time with buckram.  
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Despite the wrong associations, this figure shows that ripstop was associated with ripstop 

60.0% of the time, which is significantly higher than the next highest match: latex 

(22.5%). The sounds of buckram and latex were also matched to the correct fabrics rather 

precisely: 47.5% of the time for latex and 40.0% of the time for buckram.  

As mentioned earlier, the results show that it was most difficult to identify raised cotton 

from its sound. The graph shows that most of the time (40.0%), the sound of raised 

cotton was associated with ripstop, 30.0% of the time with buckram and only 17.5% of 

the time with the correct fabric, raised cotton. 

In order to learn whether the previous contact with the physical fabric had an effect on 

how well participants associated sounds and fabrics digitally, the results for the 

participants who conducted this part of the experiment first were analysed separately 

from those who interacted with the digital fabrics first. Figure 14 gives an overview of 

the results. 
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Figure 13. The graph shows how participants matched fabrics to sounds. Participants 
heard four sounds (latex, raised cotton, ripstop and buckram) twice and matched them to 
four physical fabrics (latex, raised cotton, ripstop and buckram). Participants were not 
allowed to touch the fabrics.  
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The figure shows that having previously interacted with the digital representation of the 

fabric affected how participants associated the sounds with the physical fabrics. A 

comparison of the two graphs shows that previous contact with the digital fabrics gave 

participants an idea of which fabrics and sounds matched. On the upper graph, the 

percentages of matched fabrics and sounds are divided all over the graph. At the same 
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Figure 14. The upper graph shows how participants matched the physical fabrics to sounds 
when they had not had any previous contact with the fabrics. The lower graph shows how 
participants matched the physical fabrics to sounds when they had previously interacted with 
the digital image of the same fabrics on the iPad. 
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time, the lower graph shows more precise preferences as the results are not so widely 

distributed. 

Participants who had not had any previous contact with the fabrics matched fabrics to 

sounds such that in all cases but raised cotton the most-selected fabric for the sound was 

the correct one. Comparing the different percentages shows that the sound of latex and 

the sound of buckram were recognised the best. The sound of latex was correctly 

matched to latex 50.0% of the time. The second highest match for the sound of latex was 

ripstop, which was matched to this sound 30.0% of the time. The sound of buckram was 

accurately matched to buckram 45.0% of the time and the second highest match for this 

sound was also ripstop, which was matched to the sound of buckram 30.0% of the time.  

At the same time, participants who first matched the sounds to the digital fabrics before 

matching the sounds of fabrics to the physical fabrics seemed to have more problems 

matching sounds and fabrics correctly. Figure 14 shows that the sound ripstop was paired 

with ripstop 85.0% of the time. The sound of latex was matched equally 45.5% to latex 

and 45.0% of the time to ripstop. The sound of buckram was 40.0% of the time paired 

with latex and the sound of raised cotton was associated with ripstop 45.5% of the time. 

 

4.3.2 Interacting with digital fabrics on the iPad 

Figure 15 shows which combinations of sound and fabric participants thought was the 

best match when interacting with digital fabrics on the iPad. All of the participants 

interacted with the four fabrics and chose a best representation for the fabric out of the 

four sounds. There were subsequently a total of 20 combinations of sounds for each 

fabric. The formula for calculating the percentage of times a certain sound was chosen 

was: (number of participants choosing the same sound when interacting with the same 

fabric) x (100 / 20), where 20 represents the number of sounds associated with each 

fabric. 
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Figure 15 shows that the most selected sound for all digital fabrics (except ripstop) was 

the sound of raised cotton. In addition for ripstop, the sound of raised cotton, next to the 

sound of ripstop, was selected the most (both 40.0%). Next to ripstop the sound of 

buckram was matched with the digital representation of buckram rather well (45.5%). 

The greatest problem was matching the sound of latex to latex as the percentage of 

correct associations was relatively low – at 20.0%.  

As stated, in the results for first part of the study (“Interacting with physical fabrics”), 

there was a difference between the participants who had previously seen digital fabrics 

compared to those who had had no previous contact with them. So it was also 

investigated whether seeing the physical fabrics before interacting with the digital fabrics 

on the iPad had any effect on how participants matched the sounds to the digital fabrics.  
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Figure 15. The sounds participants chose as best representing a digital fabric. Participants 
interacted with each fabric four times in a row in combination with the four sounds (latex, raised 
cotton, ripstop and buckram) using the iPad. For each digital fabric, they picked one sound as the 
best match for this fabric. 
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Figure 16 shows that the difference between users who first saw physical fabrics and then 

interacted with the same fabrics on the iPad is even greater than for the first part of the 

study (“Interacting with physical fabrics”).     
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Figure 16. The upper graph shows how participants matched sounds to digital fabrics when 
they had had no previous contact with the fabrics. The lower graph shows how they matched 
the sounds to the digital fabrics when they had previously seen (but not touched) the same 
physical fabrics. 
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As it can be seen, participants who did not have any previous contact with these fabrics 

and first interacted with digital fabrics found it quite difficult to match the sounds to the 

digital fabrics correctly. Participants who had seen the physical fabrics before doing this 

part of the study had significantly more accurate results.  

The results show that the accuracy of how well participants match digital fabrics to 

sounds improved remarkably. Raised cotton was matched with the sound of raised cotton 

90.0% of the time; ripstop was matched with the sound of ripstop 70.0% of the time; 

buckram was matched with the sound of buckram 70.0% of the time. Moreover, the 

percentage of wrong associations was also very low. The only problem participants 

seemed to have had was matching latex to the sound of latex as the correct match was 

made 40.0% of the time while latex was matched to the sound of raised cotton 50.0% of 

the time. 

When participants had not had any previous contact with the fabrics and sounds, all of 

the fabrics were matched with the sound of raised cotton. What is also interesting is that 

only ripstop was paired with the sound of latex. None of the other fabrics were judged to 

be suitable for this sound.  

4.4 Discussion 

The aim of this study was to investigate whether people can recognise fabrics by their 

sound using the stimuli chosen for the main study. The results show that participants 

struggled to match the correct sounds and fabrics. It also showed that participants were 

highly influenced by their previous contact with physical and digital fabrics. 

For the first part of the study (“Interacting with physical fabrics”), the most difficult task 

was to match the sound of raised cotton with raised cotton. This may be because the 

sound was too amplified for this fabric. According to participant comments, the sound 

was too strong for this fabric. Participants found the sound pleasant but, looking at the 

fabric, they felt that raised cotton was very soft and would therefore hardly make any 

sound. This opinion is later confirmed by the second set of participants, who also found 

this sound pleasant, but considered it to be too loud for this fabric. This finding is 
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opposite to the findings of the second part of the study. Here, raised cotton received the 

highest percentage (80.0%) of correct matches. This could be due to the fact that out of 

the four sounds this one was the softest and as there was no other choice participants 

picked this sound. In the first part of the study, participants had an opportunity not to 

choose this fabric for this sound, and they did not. Now they had no choice other than to 

choose one sound so they chose the softest one.  

The second biggest difference in results between studies was that participants were rather 

accurate in matching the sound and physical fabric of latex (47.5%), whereas with digital 

fabrics the accuracy was only 20.0%. This could be due to the digital representation of 

latex, which, according to participants, resembled silk on-screen. It was also reported that 

the digital image was relatively transparent, whereas the physical fabric was only 

transparent when looking at it against light.  

Although there was no interview conducted with the participants, they were allowed to 

comment on the experiment once they finished it. According to the comments, most of 

the participants were surprised by the sounds and considered most of them too loud to 

represent the fabrics. This was mostly mentioned in regard to raised cotton. As discussed, 

then, the confounding variable in this study was the volume of the sound. Given that the 

environmental noise changed periodically during the experiment conditions and that it 

was not possible to control this, the volume of the iPad was adjusted to make sure that 

the participant could hear the sound. Moreover, it is possible that the initial amplification 

of the sound was too high to give an accurate impression of the fabric. 

The results from this experiment raised concerns about the volume of the sounds. More 

specifically, the way volume might affect results for assessing how participants feel 

about interacting with fabrics on the iPad when hearing a sound was an issue. This is 

supported by the fact that the results for the second part of the study were rather poor. 

During the main study, the participants could not see the physical fabrics until the end of 

the experiment. This was considered valuable information for the main study as the 

volume of the sound was determined to have a likely effect on how participants felt about 

the fabrics and their interaction with them. 



  39 

 

CHAPTER 5.  Study two: How hearing the sound of a 

fabric affects users when interacting with digital 

fabrics using the iPad 

5.1 Overview 

The first goal of this study is to learn how hearing the sound of a fabric when interacting 

with digital fabrics on an iPad may affect user interaction and perception. Does the sound 

make the interaction more pleasurable and engaging, or does it have a negative effect? 

Will a user like or dislike a fabric because of the sound? This part of the study will be 

henceforth referred to as “The influence of sound on emotions.” 

The second aim of this study is to evaluate whether sound can help communicate 

information about fabric characteristics to users. Does hearing the sound of a fabric affect 

on how people rate fabric characteristics, compared to when interaction would take place 

in silence? This part of the study will be henceforth referred to as “The influence of 

sound on user perception of fabric characteristics”. 

The experiments were conducted in two parts. In both parts, participants interacted with 

digital fabrics using an iPad and filled in a self-report questionnaire after each trial. None 

of them saw the physical fabrics before the end of the experiment. During the 

experiment, participants’ galvanic skin response (GSR) and body temperature were also 

measured using the Affectiva Q sensor. 

“Method”, the next subtopic, includes information about the participants, apparatus and 

materials and the design and procedure of the study. This is followed by the subtopics 

“Results and Analysis” and “Discussion”. 
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5.2 Method 

5.2.1 Participants 

Twenty participants were recruited from the University College London psychology 

pool. The sample consisted of nine males (M = 31,6 years, SD = 11,5; range = 20-51 

years) and 11 females (M = 25,9 years, SD = 3,3; range = 21 – 31 years). All of the 

participants were native English speakers from the United Kingdom. Only native English 

speakers were recruited in order to match the participants in another study that 

investigated whether people recognize fabrics by their sound (see Chapter 4). Moreover, 

this is also the target user group for other Sensoria projects. 

All of the participants received a £20 Amazon.com voucher for attending the experiment, 

which was sponsored by the Sensoria project. They were also all offered refreshments 

before and during breaks in the experiment. 

 

5.2.2 Apparatus and Materials 

Hardware 

The same iPad2 was used to interact with the digital fabrics as in the first experiment (see 

Chapter 4). 

An Affectiva Q Sensor was used to measure participant emotions. According to the 

Affectiva website (Affectiva Inc, 2011), the Affectiva Q sensor is a wireless biosensor 

that measures emotional arousal, body temperature and activity through skin 

conductance. As discussed in the literature review, skin conductance is associated with 

affective arousal and engagement: therefore the biosensor was used in this experiment to 

measure these two factors during the interaction.  

 
  



  41 

Software  

For this experiment, a researcher involved with the Sensoria project created sixteen 

applications for the iShoogle textile simulator (discussed in Chapter 4). Eight 

applications were created for the experiment “The influence of sound on emotions” and 

eight for “The influence of sound on user perception of fabric characteristics”.  

The software for both of these studies will be discussed in more detail below.  

1. The influence of sound on emotions 

The first element of all eight applications was a practice page, which featured a digital 

fabric that was not part of the fabrics used in the experiment. The purpose of this page 

was to teach participants how to handle the digital fabrics. This was especially important 

for this experiment in order to ensure that participants felt comfortable enough using the 

application that their emotions would not be affected by being unable to interact with the 

fabric. 

The applications (figure 17) included four different digital fabrics in combination with 

four sounds representing these fabrics in addition to four combinations with no sound. 

There were twenty pages in each application altogether (4x4+4).  

Figure 17. A list of eight applications for the experiment “The 
influence of sound on emotions” 
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Eight versions of applications were created in order to simplify the experiment 

procedure. In all of the applications, the fabrics and sounds were played in a different 

order. This allowed participants to be assigned randomly to the applications, making sure 

that they had different applications for both parts of the study. Moreover, the unique 

numbers at the top of the pages (see figure 8) were marked down on self-report 

questionnaires before the experiment. This reduced the possibility of mixing up the 

results by not knowing which result sheet belonged to what application page.  For 

instance, figure 18 shows a page in one of the applications. The unique number at the top 

of the page indicates that this fabric is raised cotton in combination with silence. 

Figure 19 shows the self-report questionnaire for this page and application. The fields at 

the top of the page were filled out prior to the experiment. 

  

Figure18. Example of one of the pages in the 
applications created for the study “The influence 
of sound to emotions” 

Figure 19. Top of the self-report questionnaire 
for the experiment “The influence of sound to 
emotions”  
Phase – whether it was the first part of the 
experiment or the second;  
Trial – the unique number for fabric and sound; 
Setup – application name;  
Participant - unique participant number  
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2. The influence of sound on user perception of fabric characteristics  

For this study, eight applications were created. Four of them were created for the first 

part of the study in which participants interacted with the digital fabrics in silence. The 

other four were created for the second part of the study in which participants interacted 

with the same fabrics but also heard the sound representing the fabric.  

Each application contained four pages. The only difference between the applications was 

the order of the fabrics. 

 

Stimulus materials  

The same four digital fabrics (buckram, raised cotton, latex and ripstop) were used for 

stimulus materials as described in Chapter 4.  

 

Self-report questionnaires 

A self-report questionnaire was designed for each of the two experiments. 

1. The influence of sound on emotions 

Each participant was given 20 seconds to interact with digital fabrics on the iPad, which 

was counted as one trial. After each trial participant was subsequently asked to fill in a 

questionnaire (figure 20) about the interaction.  

The first two questions in the questionnaire assessed the potential relation between a user 

liking the sound and liking the fabric. The third question addressed the emotional aspects 

of the interaction:  the Pleasantness-Unpleasantness and the Engagement-Disengagement 

factors. The fourth question was designed to evaluate the stimuli and to see how likely it 

was that the participants had recognised the fabric.  
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Figure 20. Self-reporting questionnaire for learning how sound influences 
emotions 
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2. The influence of sound on user perception of fabric characteristics  

Each participant was given 25 seconds to interact with the digital fabrics on the iPad, 

which counted as one trial. After that, each participant was asked to fill in a questionnaire 

about the fabric characteristics. An example of the structure of the questionnaire can be 

seen in figure 21. Other characteristics in the questionnaire beyond hard, soft and rough 

were crisp, flexible, smooth, furry and textured. 

A researcher in the Sensoria project set the protocol for this part of the experiment, so the 

characteristics for this questionnaire were taken from his previous research and fit to a 

scale from -3 to 3. 

 

 

  

Figure 21. Self-reporting questionnaire to assess fabric characteristics 



  46 

Timing sheet 

In order to analyse the data that was gathered with the Affectiva Q sensor, it was 

necessary to know the precise time when users interacted with the fabrics. A timing sheet 

was consequently created (figure 22) in order to mark down when participant interacted 

with a specific page in the application. So before and after each trial, when participants 

clicked the senor, the times of both clicks were marked down on the timing sheet.  

 

 

 

 

 

 

 

5.2.3 Design 

In both experiments, participants were randomly assigned to different applications 

(discussed in the materials section) in a within-subject design. 

The hypothesis of experiment “The influence of sound on user perception of fabric 

characteristics” was: Interacting with digital fabrics on a touchscreen while hearing the 

sound of the fabrics will affect how participants perceive the fabric characteristics. 

The hypothesis for experiment “The influence of sound on emotions” was: Sound affects 

how users feel about both the fabric and the interaction when interacting with fabrics via 

touchscreen.  

Figure 22. Timing sheet showing the rows for the first five trials 
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5.2.4 Procedure 

A pilot study with four participants was carried out before the actual experiment. The 

purpose was to evaluate the questionnaires and to find the most suitable length of time 

for the participants to interact with the digital fabrics. The questionnaire and time were 

adjusted several times during the pilot study. 

The actual experiments and the pilot study were carried out in two parts. Figure 23 gives 

an overview of the order of the experiments conducted with each participant in one 

sitting.  

Part two 

Part one 

Study one 
*silence Study two 

Study one 
* correct sound Study two 

Semi-structued interview 

Figure 23. The structure of how the experiments were conducted  

            “The influence of sound on user perception of fabric characteristics “ 

            “The influence of sound on emotions” 

             Interview conducted after the experiments 
 



  48 

Figure 23 shows that in the first part of the study the first experiment investigated how 

participants would rate fabric characteristics when the interaction took place in silence. 

The participants completed afterwards the experiment that examined how sound affected 

emotions. 

After the first part of the experiment, participants participated in another study and then 

took a short break. 

Figure 23 also demonstrates that the second part of the study started with the experiment, 

which investigated how sound affects emotions. After that, participants rated the fabric 

characteristics while hearing the correct sounds of the fabrics. 

The study concluded with a semi-structured interview. 

The experiments were conducted in small classrooms in Foster Court on the UCL 

campus. All of the participants were tested separately, in a time slot they had picked 

when they signed up for the experiment through UCL Psychology Subject Pool . 

Upon their arrival, the participants were asked to sit and offered a soft drink. Before the 

experiment began, participants were informed of the structure and purpose of the study as 

well as of how the Affectiva Q sensor works. They were assisted in placing the sensor on 

the wrist of their non-dominant hand. They were then asked to read and sign the consent 

form, if they agreed to participate. 

The following section outlines are the procedures for the two studies in further detail.  
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Study one - The influence of sound on user perception of fabric 
characteristics  

This study contained two experiments; one in which participants interacted with the 

digital fabrics in silence and another in which the interaction took place while 

participants heard the correct sound of the fabric.  

Experiment 1 – Rating fabric characteristics in silence 

Before the experiment, all of the participants were informed that: 

1. They would interact with four different fabrics using an iPad; 

2. Before the real experiment, they would learn to use the application with the help of a 

practice page; 

3. They would have 25 seconds to interact with each fabric. After the investigator told 

them that their time was up, they would fill in a questionnaire;  

4. To start the experiment, they were to click “Next >>” on the application;  

5. After they finished filling in the questionnaire and were ready to continue working 

with the next fabric, they were to click “Next>>” on the application;  

 

 

  

Figure 25. Key describing the fabric 
characteristics 

Figure 24. Participant filling in a questionnaire 
about fabric characteristics 
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Before the experiment, the questionnaire was shown to the participants, and they were 

asked if they had any questions concerning it. They were also given a key (figure 25), 

which visually described the characteristics in the questionnaire. The key was placed on 

the table next to the questionnaire. 

 

Experiment 2 – Rating the characteristics of a fabric while hearing the 
correct sound of the fabric 

As the second experiment of the first study was conducted last out of all the experiments 

(see figure 23, “Study one, *correct sound”), the protocol for the experiment was 

repeated to the participants. 

All of the participants were informed that: 

1. They would interact with the same four different fabrics as they had done in the first 

experiment using an iPad; 

2. They would hear the correct but strongly amplified sound when interacting with the 

fabric. It was emphasised that the sound they would hear actually belonged to the 

fabric. 

3. The protocol for the experiment was the same as in the first part of the study: 

a. They should click “Next>>” on the application 

b. Their interaction with the digital fabrics lasted 25 seconds 

c. They were then supposed to fill in the questionnaire 

d. Their final step was to click “Next>>” to get to the next page 

 
 
 
Study two - The influence of sound on emotions 

This study contained one experiment, which was repeated twice.  

Before the beginning of the experiment, participants were given a minute to relax and 

asked to click the sensor. This was necessary to record the baseline data. The time was 

marked down on the timing sheet. 



  51 

Participants were also informed that: 

1. They would interact with the four fabrics in combination with 20 sounds; 

2. The sound of the fabric was strongly amplified but some of them actually 

represented the fabric with which would interact; 

3. In some cases, the interaction would take place in silence; 

4. They would have 20 seconds to interact with each fabric; 

5. The protocol for the study was explained. The steps were also printed out and placed 

on the table next to the iPad (figure 26). 

As figure 26 shows, participants were asked to first click the button “Next >>” on the 

iPad. They were asked afterwards to click the sensor on their wrist and then interact with 

the digital fabric for 20 seconds. After the interaction, they were asked to click the sensor 

again and then to fill in the questionnaire on how they felt about the interaction. 

The investigator started the stopwatch after the participant clicked the sensor. The time of 

the click was marked down on the timing sheet (see figure 22). After 20 seconds, the 

investigator told the participant to stop and click the sensor again. The time when the 

participant clicked the sensor after the interaction was also marked down on the timing 

sheet.  

Figure 26. Protocol for study "The influence of sound to emotions" 
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As mentioned earlier, all of the participants went through all of the 20 combinations of 

fabrics and sounds twice (four fabrics in combination with all four sounds and silence 

modes = 4x4+4). 

To counterbalance the experiment, participants were given different applications for both 

parts. As discussed in the materials section, the only difference between the applications 

was the order of the fabrics and sounds. Other elements and the protocol were identical 

for both parts of the experiment. 

 

Semi-structured interview 

After both of the experiments, a short, semi-structured interview was conducted in order 

to get feedback from participants regarding what they thought of this experience. The 

interview was voice recorded. 

 
  

Figure 27. Participant interacting with the digital fabrics during the experiment 
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5.3 Results and analysis 

Quantitative data for experiments was gathered from the self-report questionnaires and 

qualitative data was gathered from the semi-structured interview. One of the participants 

was excluded from the study because he failed to show up on time. Data was ultimately 

gathered from 19 participants (eight males and 11 females). Data gathered from self-

report questionnaires was also inserted into Excel tables for analysis. 

Analysis and results for both experiments will be discussed separately. 

5.3.1 The influence of sound on user perception of fabric characteristics 

The aim of this experiment was to see if sound would affect participants’ ratings of the 

fabric physical characteristics and if it helps them to better recognise such characteristics 

compared to interacting with digital fabrics that do not produce any sound. After 

interaction participants filled in a self-report questionnaire rating of they perceived the 

fabric characteristics on a scale from -3 to 3 (see the materials section for more 

information). To analyse the data, an average rating for each characteristic within each 

fabric was calculated. The scale for maximum and minimum average is -3 to 3. The 

higher the rating, the greater the match between the characteristic and the fabric. 

Average ratings for fabric characteristics will be shown on four graphs with each graph 

representing a rating for one fabric. Each graph will show the average ratings for 

interaction in silence, interaction with the correct sound of the fabric and also how a 

different set of participants rated the same physical fabrics. The data for the physical 

fabrics was gathered by et al. Orzechowski and Atkinson (2011). In this experiment, 16 

participants rated the same fabrics of buckram, latex, raised cotton and ripstop as used in 

the current study, on a scale from 0 to 100. To get a better understanding of how these 

results relate to the findings of the current study, the scores from 0 – 100 were 

transformed into a -3 to 3 scale using the following formula: new-score = (score – 50) x 6 

/ 100 (where score is the rating value obtained on the 0-100 scale). 
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1st Fabric - Buckram 

 
Figure 28. Average ratings for buckram characteristics, showing how participants rated the digital 
representation of buckram when interaction took place in silence compared to when interaction took 
place while hearing the sound of buckram; also how these results relate to how a different set of 
participants rated the characteristics of the physical fabric of buckram. 

Figure 28 shows the ratings for the buckram fabric under three conditions (with sound, 

silence and the physical fabric). From the graph, it appears that the sound of buckram 

helped participants recognise the actual characteristics of buckram, as the average ratings 

between sound and physical fabric are more similar than average ratings between silence 

and physical fabric. 
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2nd Fabric – Latex 

 
 

Figure 29. Average ratings for latex characteristics, showing how participants rated the digital 
representation of latex when interaction took place in silence compared to when interaction took 
place while hearing the sound of latex; also how these results relate to how a different set of 
participants rated the characteristics of the physical fabric of latex. 

Figure 29 shows the ratings for the fabric latex under three conditions (with sound, 

silence and the physical fabric). From the graph, it seems that the sound of latex was 

misleading to users, as the average score given when interaction took place in silence was 

closer to the results with physical fabrics. 
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3rd Fabric - Raised cotton 
 

 
Figure 30. Average ratings for raised cotton characteristics, showing how participants rated the 
digital representation of raised cotton when interaction took place in silence compared to when 
interaction took place while hearing the sound of raised cotton; also how these results relate to how a 
different set of participants rated the characteristics of the physical fabric of raised cotton. 

The figure 30 shows the ratings for the fabric raised cotton under three conditions        

(with sound, silence and the physical fabric). The graph implies that sound did not have 

much of an effect on how participants rated the fabric as the average results between 

sound and silence do not seem to be much different compared to physical fabric. 
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4th Fabric - Ripstop 

 
Figure 31. Average ratings for ripstop characteristics, showing how participants rated the digital 
representation of ripstop when interaction took place in silence compared to when interaction took 
place while hearing the sound of ripstop; also how these results relate to how a different set of 
participants rated the characteristics of the physical fabric of ripstop.  

Figure 31 shows the ratings for the fabric ripstop under three conditions (with sound, 

silence and the physical fabric). The graph indicates that sound helped participants to 

recognise some characteristics (like crisp and soft), but was misleading for others (like 

smooth). 
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In order to verify if the sound had a significant effect on the rating of the fabric 

characteristics, the Wilcoxon’s Matched-Paired Signed-Ranks test was used. It was 

applied to the ratings obtained for each fabric and for each fabric characteristic 

separately. The two conditions compared in each test are the handling of the digital fabric 

with sound and without sound (silence). The p-values produced are reported in Table 1.  

 Buckram Latex Ripstop Raised cotton 

Flexible .061 .021 .035 .275 

Crisp .029 .037 .002 .179 

Textured .273 .813 .926 .431 

Furry .546 .042 .026 .021 

Smooth .803 .041 .047 .616 

Rough .427 .083 .003 .251 

Soft .033 .001 .025 .714 

Hard .006 .001 .049 .577 

Table 1. Wilcoxon’s Matched-Paired Signed-Ranks test results showing p value which indicates the 
significance in differences between characteristics ratings for silence and sound between different 
fabrics. Significant differences (p < 0.05) are marked with colour. Green colour indicates especially 
significant differences (p < 0.01) between sound and silence. 

Analysis of the data in Table 1 indicates that for certain fabrics the sound had a 

significant effect on the perception of the fabric characteristics. For instance, participants 

rated all the characteristics of ripstop apart from “textured”, significantly differently 

when hearing the sound of the fabric. It shows simultaneously that the sound did not have 

a big impact on rating the characteristics for raised cotton as only “furry” was rated 

significantly differently (.021) when hearing the sound compared to without sound. 

Moreover, table 1 shows that there were significant differences in the rating of the fabrics 

when hearing the sound of the fabric in comparison to without the sound for 

characteristics like hard, soft, furry and crisp while “textured” did not show any 

significant difference for any of the fabrics.  
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5.3.2 The influence of sound on emotions 

The aim of the experiment was to evaluate how sound affected digital interaction with 

fabrics. After each trial, participants filled in a self-report questionnaire, rating how they 

felt about the interaction (“I like the fabric”, “I like the sound”, “Pleasure”, 

“Engagement”, “Sound represents the fabric”) on a scale from -3 (not at 

all/unpleasant/disengaged/disagree) to 3 (a lot/pleasant/engaged/agree).  

To analyse the data, an average rating was calculated for each question of the 

questionnaire. As described earlier participants repeated the same experiment twice. Each 

participant conducted 40 trials, giving altogether 760 (40 x 19) rows of data to analyse.  

Four figures (32 - 35) representing interaction with digital representations of buckram, 

latex, raised cotton and ripstop are presented below. Each figure shows the average 

ratings of questions (“I like the fabric”, “I like the sound”, “Pleasure”, “Engagement”, 

“Sound represents the fabric”) on a scale from -2.5 to 2.5 in comparison with the 

different sounds and silence. 
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1st Fabric - Buckram 

 
Figure 32. An overview of how different sounds and silence affected the interaction with a digital 
representation of buckram. 

Figure 32 shows how different sounds and silence affected the interaction with buckram. 

It indicates that sound had a strong influence on how participants rated the different 

questions. For instance, when hearing the sound of raised cotton, all five of the questions 

received positive average ratings. Nevertheless, when hearing the sound of latex or 

ripstop, most questions, except for the question of ‘engagement’, received rather low 

average ratings. The figure also shows that engagement was rated positively regardless of 

the sound, as it only received negative average ratings during silence. 
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2nd Fabric - Latex 

 

 

Figure 33. An overview of how different sounds and silence affected the interaction with a digital 
representation of latex. 

Figure 33 shows how different sounds and silence affected the interaction with latex. The 

figure suggests that people liked the interaction with latex most when hearing the sound 

of raised cotton (the ratings for all five questions are on the positive side). Furthermore, 

with regards to buckram, the figure shows that the ratings of engagement are high 

regardless of the sound, except for the presence of silence. The figure also indicates a 

connection between the ratings of “I like the sound” and pleasure. 
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3rd Fabric - Raised cotton 

 
Figure 34. An overview of how different sounds and silence affected the interaction with a digital 
representation of raised cotton. 

Figure 34 shows how different sounds and silence affected the interaction with raised 

cotton. The figure implies that raised cotton was liked quite highly regardless of the 

sound. What was different for raised cotton in comparison to other fabrics was that 

engagement in silence received positive average ratings. Participants additionally found 

that the sound of raised cotton did not represent the fabric of raised cotton. Interestingly, 

at the same time the sound of raised cotton received the highest ratings for representing 

the fabric for all other fabrics. 
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4th Fabric - Ripstop 

 
Figure 35. An overview of how different sounds and silence affected the interaction with a digital 
representation of ripstop. 

Figure 35 shows how different sounds and silence affected the interaction with ripstop. 

Similar to latex and buckram, when the interaction took place while hearing the sound of 

raised cotton, all five questions were rated relatively highly. Engagement was also rated 

equally highly to latex and buckram when the interaction took place while hearing a 

sound, and the ratings were not so positive when the interaction took place in silence. 
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Figures 32 to 35 suggest that sound had a strong impact on how participants perceived 

different questions. 

In order to check whether the type of sound had a significant effect on the participant 

ratings, a repeated measure analysis of variance (ANOVA) with Greenhouse-Geisser 

correction was applied. The ratings collected for the five different sounds (including 

silence) were the within-subject factors, and the type of fabric was the between-subject 

factor. Greenhouse-Geisser correction was used, as the collected data violated the 

assumption of sphericity (Mauchly's Test of Sphericity: p < 0.000). Although the data 

was not normally distributed the repeated measure ANOVA was used for analysis, as the 

deviation from normality was small. This was established by looking at the histogram 

plot and the Q-Q plot.  

The results showed that the type of sound had an effect for all of the four questions as 

shown in table 2.  Given the slight deviation from normality from these data, these results 

were also tested with the non-parametric Friedman test and the results confirmed. 

 

 

 

 

 

 

 

 

 

  

Question Repeated Measures test 
F values and p-values 

Friedman test 
Chi-square (df), p-value 

Engagement F(2.689, 397.979) = 4.486,   
 p < 0.006 

Chi-square (4) = 11.561,   
p < 0.021 

Pleasure F(3.215, 475.873) = 32.348,  
p < 0.000 

Chi-square (4) = 91.337,  
 p < 0.000 

I like the fabric F(3.301, 488.603) = 23.728,  
 p < 0.000 

Chi-square (4) = 67.915,  
 p < 0.000 

I like the sound F(2.920, 432.220) = 36.220,   
p < 0.000 

Chi-square (4) = 104.209,  
p < 0.000 

Table 2. Effect of type of sounds on the ratings of the questions  
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At the same time, the type of fabric had only an effect on the question “I like the fabric” 

(table 3). 

 

 

 

Sound*Fabric interaction effects were found for pleasure and engagement (Table 4). 

 

 

 

These differences were further analysed using a visual inspection of the means values for 

the ratings in each condition (as shown in the four following figures) and Post hoc tests 

using the Bonferroni correction. 

Since a higher deviation from normality was observed for some of the silence-condition 

ratings, the non-parametric Wilcoxon Signed Rank test was also used to compare the 

various sound conditions against the silence conditions. The results for this test are 

reported together in Table 5.  

  

Question Mean Significance 

I like the fabric F(3, 148)=3.989 p < 0.009 

Table 3. Significance of how much the types of fabrics affected the ratings of questions 

Question Mean Significance 

Pleasure F(9.646, 475.873) = 2.101 p < 0.025 

Engagement F(8.067, 397.979) = 2.003 p < 0.044 

Table 4. Effects of Sound*Fabric interaction on pleasure and engagement ratings 
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Engagement: In the case of engagement, figure 36 shows that the ratings for all the 

sounds are on average higher than the ratings for the silence condition, apart from when 

the raised cotton fabric was handled. In this case, silence was considered more engaging.  

Post hoc tests using the Bonferroni correction revealed that in the case of the engagement 

ratings, when interacting with any type of fabric and hearing the sound of raised cotton, 

the ratings where significantly higher than those for the sound of ripstop (p < 0.044) and 

significantly lower than those for silence (p < 0.009). No statistical significant 

differences were found for the other two sounds. The non-parametric test showed instead 

that the silence condition was significantly higher than the other sound conditions (see 

table 5). This preference for silence in the case of raised cotton could be due to the fact 

that this fabric appears to be particularly soft.   

 

 

 

 

 

  

Figure 36. Results indicating how different sounds affected the ratings for engagement for 
different fabrics 
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Pleasure: Figure 37 illustrates how different sounds (including silence) affected the 

average rating for pleasure within different fabrics. The Post hoc test displayed 

significant differences in average ratings between almost all of the sounds. For instance, 

the average rating for pleasure when interaction took place while hearing the sound of 

latex was significantly lower than the ratings for the sound of buckram (p < 0.000), for 

the sound of raised cotton (p < 0.000), for the sound of ripstop (p < 0.031) and for silence 

(p < 0.000). At the same time, pleasure was rated significantly higher when the 

interaction took place with the sound of raised cotton compared to the other three sounds: 

buckram (p < 0.042), latex (p < 0.000), ripstop (p < 0.000). These results were confirmed 

by the non-parametric test as reported in table 5. 

 

  

Figure 37. Results indicating how different sounds affected the ratings for pleasure for 
different fabrics 
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I-Like-the-Sound: Figure 38 illustrates the average ratings for the liking of different 

sounds for all of the fabrics. We can observe a shift in ratings for all of the sounds when 

interaction took place with the fabric of raised cotton – with any sound, it decreased and 

with silence increased. Moreover, figure 38 highly resembles figure 37 (ratings for 

pleasure). Post hoc tests using the Bonferroni correction revealed that in the case of the 

question “I like the sound” ratings, the sound of latex was rated significantly lower than 

silence (p < 0.00) and the sounds of raised cotton (p < 0.000) and buckram (p < 0.000). 

The sound of raised cotton was also rated significantly higher than all the other sounds: 

buckram (p < 0.008), latex (p < 0.000), ripstop (p < 0.000) and it did not show a 

significant difference in average ratings from silence. However, the non-parametric test 

(see table 5) shows a significant difference between any of the sounds and silence, as 

figure 38 seems to show. The difference between raised cotton sound and silence reaches 

significance when a 1 t-tail test is used (p = .049). 

Figure 38. Results indicating how different sounds affected the ratings for “I like the 
sound” for different fabrics 
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I-Like-The-Fabric: Post hoc tests showed a significant difference between silence and 

sounds for how the question “I like the fabric” was rated. When interacting with any type 

of fabric in silence, people liked the fabric significantly more (p < 0.000, in all cases) 

than when the interaction took place with any of the four sounds. Also, when hearing the 

sound of raised cotton, the average rating given was significantly higher than for the 

sound of latex (p < 0.000) and ripstop (p < 0.004) and significantly lower than for silence 

(p < 0.000). This preference for silence and then for a softer sound (raised cotton) can be 

seen in figure 39. See table 5 for the results of non-parametric test.  

Figure 39. Results indicating how different sounds affected the ratings for “I like the fabric” 
for different fabrics 
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Sound-Represents-Fabric: Like above, Post hoc tests revealed that there were 

significant differences between sounds on how participants rated whether they believed 

that the sound represented the fabric. For instance, the sound of raised cotton was found 

to be significantly better at representing all the fabrics compared to the sound of buckram 

(p < 0.008), latex (p < 0.000) and ripstop (p < 0.000). At the same time latex was not 

considered a correct match to any of the fabric, as it got significantly lower ratings 

compared to raised cotton (p < 0.000) and buckram (p < 0.001). 

Figure 40 gives an overview of how the sounds were rated in terms of being appropriate 

to represent the fabric. As in previous figures, it can be seen that there was a big change 

in ratings when participants interacted with raised cotton. 

 

 

 
 
 
 

 

 

 

 

 

 

 

 
 

Figure 40. Results indicating how different sounds affected the ratings for “Sound represents the 
fabric “for different fabrics 
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Table 5. Wilcoxon’s Matched-Paired Signed-Ranks test results showing p value indicating the 
significance for all of the ratings obtained with sounds against the ratings obtained for the silence 
condition. a – based on negative ranks; b – based on positive ranks  

 

5.3.3 Physiological measures 

Different research conducted for measuring emotions using skin-conductance responses 

shows differences in responses when looking at emotional pictures or hearing emotional 

sounds compared to engaging with neutral ones (for instance, Bradley & Lang, 2000).  

Unfortunately the data gathered with a Q sensor for the current study did not show 

enough variance in measurements to be used for analysis. Among the 19 participants, 

only three showed changes in their GSR during the trials. Most participants showed 

essentially an entirely flat line on their graphs. In order to understand the cause of these 

Silence vs. 
Sound of buckram 

I like the 
fabric 

I like the 
sound 

Pleasure Engagement 

Z 

Asymp. Sig. (2-tailed) 
-5.508 a  
.000 

-3.598 a  
.000 

-4.085 a  
.000 

-2.154 b  
.031 

Silence vs. 
Sound of latex 

I like the 
fabric 

I like the 
sound 

Pleasure Engagement 

Z 
Asymp. Sig. (2-tailed) 

-5.808 a  
.000 

-7.083 a  
.000 

-7.035 a  
.000 

-2.050 b  
.040 

Silence vs. 
Sound of ripstop 

I like the 
fabric 

I like the 
sound 

Pleasure Engagement 

Z 

Asymp. Sig. (2-tailed) 
-6.392 a  
.000 

-5.852 a  
.000 

-5.480a  
.000 

-1.352 b  
.176 

Silence vs. 
Sound of raised cotton 

I like the 
fabric 

I like the 
sound 

Pleasure Engagement 

Z 
Asymp. Sig. (2-tailed) 

-4.238 a  
.000 

-1.648 a  
.099 

-2.065 a  
.039 

-3.268 b  
.001 
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results, the investigators tested the sensor on themselves but flat graphs were still the 

result. The manufacturer of the sensor has been contacted in order to learn the reason for 

these results. However, for the current study, the data gathered with the sensor is 

considered to be unreliable and therefore it will not be further analysed and considered in 

the discussion. 

 

5.3.4 Post-experiment interviews 

The semi-structured interviews that were conducted after the experiment were voice 

recorded and later analysed by listening to the audio files. An interview summary was 

created for each participant. After all the interviews were summarised, one general 

summary was created for all the participants. Interviews were not transcribed, as their 

purpose was not to evaluate participant emotions, but to learn how they approached the 

experiment and what they thought about it.  

According to the results, some of the participants found the sounds to be rather similar 

and hard to differentiate. Most of the participants commented that they found some of the 

sounds irritating. In general, participants seemed to preferred softer sounds and found 

loud harsh sounds uncomfortable. “Sounds that seemed quite harsh in nature made me 

automatically not like the fabric as much, compared to those with softer sounding that 

were more appealing to me”. It was also mentioned that some of the sounds were quite 

unexpected. Even if participants knew these were the correct sounds for the fabric, they 

felt as if they did not suit the fabric. Despite the negative comments, participants 

occasionally found the sounds to be helpful, in comments such as “sounds tell us a lot 

more” and “gave a lot of hints to the actual texture”. 

Participants were told before the experiment that they would hear a correct sound of the 

fabric. At the interview only three out of the 19 said that the sound did change their 

impression of the fabric. Many of the participants said that knowing that this was the 

correct sound made them feel different about the fabric. “There was one that looked like 

a really smooth and silky material and when you played it on iPad and it squeaked, I 

thought it must be some kind of rubber, and then it went from being my favourite to my 
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least favourite.” This finding is compatible with previous research, which shows that 

people are good at using information given by sound when they know it is there (Lippert, 

Logothetis, & Kayser, 2007) 

At the end of the interviews, the participants were shown the actual physical fabrics and 

asked which ones were more similar to what they had thought and which were most 

surprising. Almost everyone found how hard and rough the buckram fabric was 

surprising: “You can’t crunch it together in real life as you did on the screen.” Another 

fabric that surprised nearly all of the participants was latex. There were a few participants 

who recognised it by its sound, but most of them thought it was silk: “This one is 

completely different than I expected. I thought this was satin, that's why I liked it. The 

sound seemed weird, but now it makes sense”; “so different than what I imagined”; 

The fabrics that best fit participants’ expectations were raised cotton and ripstop. It was 

mentioned quite often that the sound of raised cotton did not seem appropriate for the 

fabric, as it gave an impression that the fabric was much harder. At the same time, 

participants said that because the visual representation of the fabric seemed very 

accurate, they relied more on what they saw. It was mentioned most often that the fabric 

looked like a blanket. Moreover, the second most familiar fabric was ripstop. According 

to many of the participants, after hearing the correct sound of ripstop, they recognised it 

to be something similar to a shower curtain.  
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5.4 Discussion 

Each study will be discussed separately below. 

 

5.4.1 The influence of sound on user perception of fabric characteristics 

The results of the study confirm the hypothesis: Hearing the sound of a fabric when 

interacting with a fabric on a touchscreen device has a significant effect on how 

participants perceive the fabric’s characteristics. The question is whether the effect was 

positive (helping to recognise the characteristics of the physical fabric) or negative (e.g. 

misleading the user to believe that the fabric is hard instead of soft). 

The results from the first study and post-experiment interviews can help us to clarify why 

some sounds were more helpful than others.  

Firstly, as has been stated, compared to silence, sound did not seem to have a strong 

effect on how participants rated the characteristics for raised cotton (Wilcoxon’s 

Matched-Paired Signed-Ranks test showed a significant difference between sound and 

silence only for ratings of “furry”). The results of the first study show that when looking 

at the physical fabrics, participants were not able to match the sound of raised cotton to 

the correct fabric (17.5% of correct matches). In the second part of the first study, when 

interaction took place on the iPad, participants matched the digital fabric of raised cotton 

to the correct sound 80.0% of the time. The issue was that this sound was also associated 

the most with all of the other fabrics. So, considering the results of the first study, it is 

reasonable to question whether participants found the sound trustworthy enough to rely 

on it when rating the characteristics. Post-experiment interviews showed that although 

participants said that the physical fabric of raised cotton fit their expectations, they also 

found the sound to be too loud for the fabric. As the visual representation of the fabric 

was considered to be very accurate, most people relied what they saw and rated the 

characteristics of raised cotton accordingly. This could explain the reason why there are 

no significant differences (apart from “furry”) between ratings for silence and sound. 



  75 

Secondly, the sound of latex misled the participants, giving the impression of a fabric 

that was hard and crispy, while physical fabric of latex it is actually soft and flexible. At 

the same time, the statistics show significant differences for characteristics ratings 

between sound and silence, which strongly confirm the confusing effect of the sound. 

The results of the first study show that participants were rather good at matching the 

physical fabric of latex to its sound (47.5% of accuracy). At the same time, the accuracy 

for matching the sound and the fabric on the iPad was only 20.0%. For the participants 

who had not seen the physical fabrics, the accuracy in matching the digital representation 

of latex to the correct fabric was 0%. This can explain the misleading results of the 

sound, as participants did not detect match between what they saw and what they heard. 

During the post-experiment interviews, most participants commented that latex was the 

most surprising of the fabrics, as it gave an impression of silk on-screen. The sound 

changed this impression, but was still not clear enough to communicate the 

characteristics correctly. 

Thirdly, the results show that the sound of ripstop had a significant effect on how most of 

the characteristics were rated compared to silence. It was a bit misleading how smooth, 

rough and hard the fabric was thought to be in comparison to the physical fabric; 

however, the sound did help participants recognise that the fabric was very crispy. 

Looking at the results of the first study, participants were rather precise in matching the 

physical fabric to the correct sound (60.0%). Also, the results for matching the digital 

representation of ripstop to the correct sound on the iPad were quite good; they were 

matched correctly 40.0% of the time. The post-experiment interviews showed that many 

participants recognised ripstop by its sound to be a material that shower curtains are 

made of and used this knowledge to rate the characteristics. This implies that for ripstop, 

the sound gave an accurate impression of the fabric, but the loud nature of the sound 

made participants rate the characteristics as more rough and hard. 

Fourthly, the sound of buckram did not show that many significant differences in 

characteristics ratings compared to silence. However, the three characteristics (soft, hard, 

crisp) that have significant differences demonstrate more similarity to the ratings of the 

physical fabric. Looking at the results of the first study, participants were quite good at 
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matching the physical fabric of buckram to the sound of buckram (40.0%). There was 

also good accuracy in matching the digital representation of buckram to the sound of 

buckram (40.5%). The post-experiment interviews showed that participants were 

surprised by how hard the physical fabric actually was, as on-screen it seemed hard, but 

not nearly as stiff as in real life. However, the sound did help participants recognise that 

the fabric was somewhat hard and crisp. 

Hence, the data from this experiment shows that sound has a significant effect on how 

people rate fabric characteristics for digital interaction. However, the accuracy of the 

effect is dependent on how reliable participants find the stimuli. The results of the study 

relate to Lipscomb and Kendall’s (1994) “Model of attention focus as a function of 

audio-visual congruence”. When people find the combination of visual and audio input a 

suitable match, they focus on it as one whole, but when they do not feel that the two 

modalities belong together, they will be analysed separately. This can explain why sound 

was helpful in identifying characteristics for buckram and ripstop – the sound and fabric 

were seen as one composite. This also explains why sound for raised cotton did not have 

much effect – people did not detect a match between the modalities, so they only 

considered one of them when rating the characteristics. This emphasizes the importance 

of working on making the sounds a better match to the fabrics, so that instead of just 

having a general effect, the sound can lead to a better understanding what the fabric 

actually is.  

Limitations, future research suggestions and design implications for this experiment will 

be discussed in the next chapter. 

5.4.2 The influence of sound to emotions 

The results indicate that hearing the sound of a fabric has a strong effect on how people 

feel about their interaction with digital fabrics on a touchscreen. 

The overall findings of the study show that participants liked the soft sound (in this case, 

the sound of raised cotton) and silence the most. Interaction with these two was 

considered most pleasurable and the fabric was liked the most when interaction was 
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conducted in silence or when hearing the sound of raised cotton. Moreover, the sound of 

raised cotton was found among all fabrics to be the best representation of its 

corresponding fabric. These results are consistent with previous research conducted on 

how music affects emotions (e.g. Ilie & Thompson, 2006; Juslin & Laukka, 2003), which 

showed that people prefer softer sounds to loud and harsh tones. What is interesting is 

that the results show that enjoying the sound and the degree of pleasure were rated very 

similarly (figures 37 and 38). This is again compatible with the findings from music 

research, which show that music has a strong effect on people’s emotions (e.g. Perlovsky, 

2010; Lipscomb & Kendall, 1994).  

The results of the current study also imply that sounds (even the most unpleasant tones) 

are more engaging than silence. Silence (apart from the sound of raised cotton) did not 

show any significant statistical difference to other sounds. Looking at figure 38 it can be 

seen that, when interaction took place with buckram, latex or ripstop, the ratings for 

engagement in silence are considerably lower than for other sounds. People were most 

engaged in their interaction with raised cotton in silence. This suggests that participants 

found unpleasant and loud sounds engaging, which relates to research conducted on 

music that shows that the valence of loud, high pitched music is relatively low (Ilie & 

Thompson, 2006) and it is related with surprise, anger and activity, rendering it engaging 

(Scherer & Oshinsky, 1977).  

The results from the first study may help to explain why people found interaction with 

raised cotton in silence engaging and why they did not have the same experience with 

other fabrics. As already discussed, the results from the first study show that participants 

did not find any of the sounds suitable for the physical fabric raised cotton. The most 

likely reason why they matched the sound and digital representation of raised cotton 

relatively correctly in the second part of the first study was because they had no choice 

but to match the fabric with this sound. Furthermore, in post-experiment interviews 

participants argued that the sound was too loud for the fabric, as they did not think that 

anything so soft could make such a loud sound. This suggests that, when people interact 

with fabrics and their sounds, they regard as an appropriate match; they find the 

interaction more engaging, even if the sound is very mild or non-existent.  No existing 
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literature was found to support this idea but it would be interesting to conduct further 

investigations on this matter.  

Another interesting finding was that the sound of raised cotton was the best match for all 

of the digital fabrics, except to raised cotton. This finding is similar to the findings of the 

second part of the first study, in which participants matched sounds to digital fabrics. 

Moreover, comparing the results on how much participants liked the sound and how they 

rated whether sound represented the fabric there seems to be a similarity as the sounds 

that were liked the least (latex and ripstop) were also rated as less compatible with all the 

fabrics; whereas raised cotton and buckram, which were liked more, were also rated more 

highly for being an appropriate representation of different fabrics. 

The findings also show that how much people like a fabric is dependent on the sound or 

silence; it seems that the more they like the sound, the more they like the fabric. This 

relates to previous findings that indicate that sound can change the participant’s 

behavioural responses to visual stimulation (e.g. Kitagawa and Ichihara, 2002; Watkins, 

Shams, Tanaka, Haynes, & Rees, 2011). 

In conclusion, the data from this experiment shows that sound changes people’s 

perception of their interaction with digital fabrics and how much they like the fabric. The 

findings of the study also give some interesting ideas for further research, which will be 

discussed in the next chapter with limitations and design implications.  
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CHAPTER 6.  General discussion 

6.1 Overview 

The point of this study was to learn whether sound affects user experience when 

interacting with fabrics via a touchscreen device. It was initially evaluated how well 

participants could recognise fabrics from their sounds using the current stimuli. How 

sound influences how participants perceived a fabric’s characteristics was then studied. 

Lastly, an experiment was conducted to learn how much sound might affect how 

participants felt about their digital interaction with the fabrics in terms of pleasure and 

engagement and also whether this would affect how much participants liked the fabrics.  

As all the experiments were discussed separately, so now the summary of the study is 

presented, similarly giving an overview of the limitations of the study, the design 

implications and future research suggestions.  

6.2 Summary 

Firstly, the results showed that sound affected how participants felt about digital fabrics 

when interacting with them with a touchscreen. Depending on whether participants liked 

or disliked the sound, they found the interaction to be pleasant or unpleasant, showing a 

strong relationship between sound and emotion (Juslin & Sloboda, 2010; Lipscomb & 

Kendall, 1994). Furthermore, the sound had a strong impact on how much participants 

liked the fabric – the more they liked the sound, the more they liked the fabric; the less 

they liked the sound, the less they liked the fabric. The results also suggest that sound, 

both pleasant and unpleasant, makes the interaction more engaging (although no 

significant statistical difference was found). 

Secondly, it was discovered that sound changes how people perceive fabric 

characteristics. Depending on the stimuli quality (that is, how precise were people in 

matching fabrics to sounds), the sound had either a positive (the characteristics of the 

digital fabrics were rated more like those of the actual physical fabrics) or negative (the 
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sound misled participants to choose the wrong fabrics) effect. However, the results 

comply with research conducted on modalities, which show that when one modality (in 

this case vision) does not give enough information, we search for information from other 

modalities, in this case sound (Gori, Mazzilli, Sandini, & Burr, 2011). 

Lastly, the study in which participants were asked to match sound and fabrics showed 

that participants were somewhat good at recognising physical fabrics by their sound, but 

struggled slightly more to correctly match sounds to digital fabrics. This shows that the 

current stimuli could have affected the results of the other two studies, and that the 

stimuli must be further adapted in order to better communicate fabric qualities. 

 

6.3 Limitations 

As briefly explained in the results section, the data gathered with the biosensor was not 

used for analysis; therefore, the only quantitative data used for analysis was gathered by 

self-report. Although self-report is a recommended way for measuring emotions 

(Scherer, 2005), it is still not recommended to be the only source of data (Picard & 

Daily). Although post-experiment interviews with the participants and the literature 

review helped to confirm the validity of the results, it would have been better to include 

another set of quantitative data in order to strengthen the reliability of the concluding 

analysis. 

The results of the first study indicated that there are some issues with the stimuli, which 

affected the main experiment. It was found that the sounds were over-amplified, giving 

participants the impression that the fabrics were much harder, crispier and rougher than 

they actually were. Moreover, due to the external noise during the experiment, it was 

necessary to change the volume of the sound for different participants.  

Thirdly, the number of participants for both studies could have had an effect on the 

results, as it is possible that individual differences could have played a role in how 

participants felt about the fabrics (Davidson, 1998). Using a larger group of participants 

could have deemphasized this.  
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Finally, there was an issue with the design of the experiment for the first study, in which 

participants were asked to match the sounds to the digital fabrics while interacting with 

the fabric on an iPad. The task was to pick one sound out of four to match each digital 

fabric. The issue is that participants were forced to choose any available sound to match 

the fabric, and as the results show, in most cases, they picked the softest sound, which 

did not yield very reliable results. 

6.4 Further research 

The findings of the current study suggest that there is much more to learn about the 

sounds of fabric. Below are some suggestions for further research on the topic. 

6.4.1. Sounds 

It was determined that the loudness of the sound had an effect on how participants felt 

about their interaction with the fabrics, but due to time constraints, it was not researched 

at what level of loudness of the interaction would have become unpleasant. 

Consequently, it would be interesting to conduct research to find out if it is possible to 

define the level of volume at which the interaction changes from pleasant to unpleasant. 

The current study also showed that sound affects how participants perceive fabric 

characteristics. In this case, the sound that was used was the real amplified sound of the 

physical fabric. In some cases, it was helpful in recognising fabric characteristics and in 

others it misled the participants. It would be interesting to investigate whether it is 

possible to define which sound parameters relate to different fabric characteristics. For 

instance, what is the correct volume to describe soft, compared to the point at which a 

loud volume can be described as hard? Moreover, when a fabric is found to be 

describable by multiple characteristics, such as latex, which can be described as both 

smooth and flexible. When using sound in such cases, which of these characteristics 

should be represented, or is it possible to produce a sound that communicates both? This 

brings us to the idea that it should be investigated whether it is better to produce sounds 

for fabric that describe the fabric characteristics or to use the real amplified sounds of the 

physical fabrics. 
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The results indicated the ratings for all the sounds in average were higher than the ratings 

for the silence condition (apart form when interaction in silence took place with the 

fabric of raised cotton). As no significant difference for engagement between 

engagement for sound and silence condition was found, it would be interesting to explore 

if with a larger population this difference becomes significant.  

6.4.2. Fabrics 

The current experiment took place with rather uncommon fabrics, so the next step would 

be to learn how participants feel when the interaction takes place with something more 

familiar. Do people feel the same way when they interact with unknown fabrics via 

touchscreen compared to familiar fabrics like wool or cotton? Moreover, does the 

interaction change when instead of fabrics participants interact with items of clothing, 

like T-shirts and dresses? If so, then how? 

Lastly, it would be interesting to learn whether people feel that they need sound when 

they interact with everyday clothing online. How do they feel when hearing the sound of 

a T-shirt online? Does the sound help them to decide whether they like the product or 

not? 

6.5 Design implications 

Before conducting any more experiments with the current stimuli, it is recommended that 

a study be conducted to determine the most appropriate level of amplification in order to 

best communicate sounds. This is necessary to make sure participants are not misled by 

strong sounds. 

Secondly, in order to learn how participants match sounds to fabrics on a touchscreen 

device, it is suggested that they listen to sounds and pick a digital fabric to match the 

sound (rather than picking a sound for a fabric, as was the case in the current study). This 

would help obtain more accurate results, as if participants did not find a match for certain 

sounds, they would not be forced to choose one anyway. 
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CHAPTER 7.  Conclusion 

This study’s intent was to learn the impact of sound on user experience with fabrics in a 

digital environment. Three studies were conducted to research this matter. The results of 

the studies support the idea of including sound in human digital interaction with fabrics, 

as they proved that sound does have a strong effect on how people perceive their 

interaction with digital fabrics. There are still several issues that need to be investigated 

in this area. These include whether the volume of the sound affects interaction and 

whether it might be better to produce sounds representing different characteristics to 

communicate different fabric properties, rather than using the fabric’s actual sound. This 

research does prove, however, that this area has great potential in improving interaction 

in a digital environment. The findings from this study can help continue this area of 

research. 
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