
 

Laughter Perception with Haptic Stimulation 
 

 

 

 

 

 

 

Jianchuan Qi 

 

 

Project report submitted in part fulfilment of the requirements for the 

degree of Master of Science (Human-Computer Interaction with Ergonomics) 

in the Faculty of Brain Sciences, University College London, 2012. 

NOTE BY THE UNIVERSITY 

This project report is submitted as an examination paper. No responsibility 

can be held by London University for the accuracy or completeness of the 

material therein. 



 - 2 - 

ACKNOWLEDGMENTS 

I am very much thankful to my supervisor, Dr. Harry Griffin, whose help, 

support, guidance and encouragement throughout the entire process of this project 

teach me the way to conduct scientific research and develop a deep understanding in 

HCI. I would also like to thank Dr. Nadia Berthouze for her valuable suggestions 

and support to the project. 

Thanks to all participants who attended in the experiment. Thanks to all my 

friends and classmates with all the help, especially Ciaran Mcloughlin with whom I 

cooperate. Thanks to my family for all they have done for me.  

 



 - 3 - 

ABSTRACT 

Laughter is an important expression in human-human interaction, which serves 

to deliver emotional information. With the increasing emergence of technology that 

facilitates distance communication, there is a need to facilitate the conveyance of 

such non-verbal expressions and also to increase the sense of presence. Haptic 

feedback has been previously investigated as a way to convey touch in distance 

communication. However, up to now, there are not any studies that investigate the 

use of haptic feedback to enhance laughter perception. This project focused on 

investigation of whether tactile stimulation is capable of enhancing laughter 

perception as a physical medium of laughter. A perceptual experiment was 

conducted by measuring people’s perception of laughter in video clips on screen, 

while they were provided with vibration stimulations. The results showed that there 

was no significant effect of the types of vibrations on ratings of perception of the 

laughter from the video, but there was a significant interaction effect between the 

type of vibration and the gender of the participants. Based on emotion traits and 

states of the participants measured with questionnaire of State-Trait-Cheerfulness-

Inventory, there was no significant interaction effect between the type of vibration 

and emotion trait or state.  
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CHAPTER 1. INTRODUCTION 

Laughter, which is one of the most common and important expressions of 

human being, has been studied for a long time since the time of Darwin. It shows on 

people’s faces and bodies representing some information that they want to deliver 

including, for example, positive ones such as happy, friendly, comfort, or negative 

ones such as contempt and bitter.  

People are closer to each other in modern world than ever, and with 

development of information technology, many interactions are remote and through 

screens. Emotions in the remote interactions have to be transmitted through screens 

as well, including those contained in laughter. Visual and auditory streams of 

laughter have been studied, but new media remain to be explored. Haptic 

stimulation has been previously investigated as a medium to convey touch in 

distance communication, but there are not any studies that investigate the relation 

between vibrotactile stimulation and laughter perception. This study is to investigate 

whether haptic stimulation has impact on people’s perception of laughter through a 

screen, including remote communication between humans, and also interaction 

between human and avatar. Hilarious laughter is focused because it is very common. 

The result of this exploratory research may provide the field of Human-Computer 

Interaction with a new medium to enhance interaction related with laughter. 

Investigation of the effect of vibrotactile stimuli as a physical channel for 

communicating is the goal of this study. In other words, whether tactile stimulation, 
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as a physical medium of laughter, is capable of enhancing laughter perception. It has 

been accepted that laughter presented in one modality could increase sensitivity to 

laughter in another modality (Jordan & Abedipour, 2010). Games such as chuckle 

belly suggest that similar effects extend to haptic stimulation: directly experiencing 

the physical manifestations of another person’s laughter enhances the laughter 

perception. Haptic feedback devices to enhance user experience or provide 

additional information have been developed and marketed e.g., Hapticons by 

Immersion Corporation (http://www.immersion.com). These include devices 

allowing users to transmit tactile sensations in remote interactions in the same way 

as audio and video data.  

This project is divided into three sections, which are device design, haptic 

stimuli preparation and a perceptual experiment.  

The device was composed by a respiration sensor and a vibration generator. A 

respiration sensor was design and built to measure and record the expansion and 

contraction of thoracic cavity when a person was breathing, as laughter was 

accompanied by significant pattern of respiration, which was easy to identify and 

validate. A vibration generator was designed and built to transfer vibration signal 

from computer to people’s body as the source of haptic stimulation.  

In the haptic stimuli preparation stage, laughter capture experiment and vibration 

pattern experiment were conducted. The laughter capture experiment was to collect 

videos of people laughing and record their respiration at the same time. By 

recording laughter video and synchronized respiration data, proper laughter could be 
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identified and selected as stimulation for the perceptual experiment. The goal of 

vibration pattern experiment was to measure people’s feelings to different vibration 

patterns and to find two stimuli. The two selected stimuli should be comfortable but 

not be in themselves funny to provide sense of pleasantness. Also they should be 

matched in terms of intensity and pleasantness but different in terms of association 

with laughter, in order to investigate the difference caused by whether the haptic 

stimulation was associated with laughter. Selected vibration patterns may serve as 

the stimuli for the experiment.  

The perceptual experiment for exploring relation between laughter perception 

and haptic stimulation was the major section of the project, which aimed to 

investigate the effect in the situation of screen-based interaction. Synchronized 

vibration, vibration unassociated with laughter and no vibration were tested.  

The rest of the thesis is organized as following: Chapter 2 reviews relevant 

literature, all of which motivated the design of study approach, including research 

about medium of laughter transfer and laughter perception, haptic stimulation and its 

influences, emotion factors affecting the perception with their measurements, and 

typical respiration pattern of laughter. Chapter 3 introduces the research question 

and approach, in which the scenarios, potential application and study process are 

described. Chapter 4 demonstrates and explains the design of the respiration sensor 

and the vibration generator. In Chapter 5, two experiments conducted to prepare 

stimulation are reported. Chapter 6 reports the perceptual experiment, its results and 

the analysis of the data. Chapter 7 discusses findings and reflects back to the study 
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design and implementations, providing profound considerations of limitations and 

suggestions to further researches. 
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CHAPTER 2. LITERATURE REVIEW 

Laugher has been investigated from many perspectives, including psychology, 

biology, neuroscience, etc. In this chapter, previous studies are reviewed. First, 

researches about media of laughter transfer and laughter perception are reviewed. 

Second, haptic stimulation and its influence on affective states, differences between 

genders and impact on sense of presence are discussed. Third, emotion traits and 

states might affect the perception of laughter. Consequently, as a critical emotion 

trait and state data-gathering tool in this project, the emotion traits and states 

questionnaire used in this study is introduced with its measurements described. 

Fourth, the respiration pattern of laughter is discussed. Finally, reviews of these four 

topics are summarized. 

2.1. Research about Medium of Laughter Transfer 

Media of laughter transfer, which may include auditory and visual streams, were 

critical in perception. Some research claimed that the perception of laughter might 

be innate (Goodenough, 1932; Nwokah, 1993), but different medium, or stream of 

signal could cause differences in how laughter was perceived. From auditory 

perspective, it has been found that the sound of laughter was a ubiquitous social 

signal and hearing the laughter produced by other people was critically important for 

social communication (Devereux & Ginsburg, 2001; Provine, 1997). When visual 

signal was considered with the auditory medium, experiment conducted by Jordan 

and Abedipour (2010) showed that auditory laughter was more audible when the 
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facial movements made during laughter were visible, and visual laughter enhanced 

auditory laughter perception whenever greater audibility of this auditory signal was 

possible. Traditionally, visual and auditory medium were the two streams of 

transferring laughter with technology. However, haptic feedback has been 

previously investigated as a way to convey touch in distance communication. There 

have not been any studies that investigate the use of haptic feedback to enhance 

laughter perception. This study aimed to explore potential effect caused by haptic 

stimulation as a medium to enhance laughter perception.  

2.2. Haptic Stimulation 

Haptic stimulation, which was often in the form of interpersonal touch, was able 

to transmit touch, pressure, temperature, pain, joint position, muscle sense, and 

movement to a number of different classes of sensory receptors (Berkley, 1995; 

Iggo, 1977). Touch was the most fundamental means of contact for people with the 

external world (Barnett, 1972). Interpersonal touch has been shown to affect the 

emotional state of people (T. Field, 2001), even the briefest of touches from another 

person could elicit strong emotional experiences (Gallace, 2010). Interpersonal 

touch has been a focus of neuroscience and psychology research, aiming to discover 

the effect of touch and the mechanism behind it. Studies have looked at the 

relationship between touching and affective conditions. Biologically speaking, skin 

contained receptors that could elicit emotional responses (Valentini, 2008; 

Weiskrantz, 1987). Studies also pointed out that haptic sensors might help in 

perception of affective states in cooperation with other sensory modalities, such as 
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visual or auditory. For example, Craig and Nagai (Craig, 2000, 2002; Nagai, 2007) 

suggested that the insular cortex contributed to the processing of convergent signals 

arising from different sensory channels, to produce an emotionally relevant response 

to a given sensory experience. 

Consequently, based on results of previous studies, Gallace (2010) proposed a 

hypothesis that the neural network responsible for the processing of certain 

emotional aspects of tactile experiences was actually shared with the network 

responsible for processing information from other sensory modalities. Montoya 

(2006) conducted an investigation to evaluate the relationship between the influence 

of emotional valence on brain and non-painful somatosensory processing, which 

suggested that affective stimuli might modulate the early processing of 

somatosensory information in the brain, probably reflecting the existence of an 

adaptive perceptual/attentional mechanism to motivationally relevant stimuli. Haptic 

stimulation would help in transmitting affective conditions, which may lead to a 

new dimension of design in affective design area, especially when it could be 

integrated with other media, for instance, visual and auditory streams. 

Haptic stimulation has been integrated with other interaction modalities and 

technologies to test if it enhanced the affective experience, most of which were in 

the form of vibration. Salminen (2008) used a rotating fingertip stimulator to test 

whether haptic stimulation could help perceive emotional experiences and 

behavioural responses, the results of which suggested that even simple haptic 

stimulation could carry emotional information, which, in that study, included 
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pleasantness, arousal, approachability, and dominance. Smith and MacLean (2007) 

focused on emotional communication between pairs of participants with a one-

degree freedom haptic knob. Results showed that haptic modality could be used to 

convey various emotions above chance, as affect could be transmitted over a simple 

haptic link between hands. Bailenson et al. (2007) explicated the concept of virtual 

interpersonal touch and demonstrated that a haptic device was capable of 

transmitting many of the emotional features typically conveyed during physical, 

hand-to-hand shakes. Heikkinen (2011) designed a vibration device connected with 

mobile device, and experiment results showed that tactile modality was effective in 

expressing the urgency of incoming messages and notifications. Chang (2002) 

designed a device called ComTouch that could convert hand pressure into 

vibrational intensity between users in real-time. These studies, in which haptic and 

auditory modalities were integrated, showed that users developed uses of integrated 

modalities: emphasis, mimicry, and turn-taking. Brown and Willianmson (2007) 

developed Shake2Talk, which was a mobile communication system combining 

audio and tactile messages through simple gestures to communicate events and 

actions, reassurance, and playful and emotional content. The advantages of the 

system were that vibrotactile messages were attention grabbing and that a richer set 

of messages could be used. 

Difference of perception of haptic stimulation of both genders has been studied. 

Some researchers claimed that gender may be an important mediating factor in 

haptic perception (Grunwald, 2008). However, most studies reported that there was 

no significant effect of genders on vibration perception found in many studies. 
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Haans et al. (2007) conducted a study to investigate whether the gender differences 

found in same and opposite sex social touch were present in mediated situations by 

convincing participants that a male or female stranger was remotely touching them 

by means of a vest equipped with vibrotactile actuators. No significant difference 

between male and female participants was found. Karuei et al. (2011) explored the 

potential and limitations of vibrotactile displays in practical wearable applications, 

by comparing users’ detection rate and response time to stimuli applied across the 

body in varied conditions. Results showed that gender did have some impact, but the 

difference was not consistent or large. The results about perception of vibrotactile 

stimulation by Kang et al. (2012) did not reveal any gender difference in perceiving 

the excitation patterns. A study of information delivery in vehicle with vibrotactile 

stimulation reported no difference on different genders (Jonghyun, Jaemin, 

Gunhyuk, Seungmoon, & Han, 2010). However, most of the studies introduced are 

about vibrotactile stimulation with other tasks. From the vibration stimulation 

perception perspective alone, Frenette et al. (1990) claimed that vibrotactile 

perception threshold was significantly different with genders. The threshold 

measurement study of hand-arm vibration by Neely and Burstrum (2006) reported 

no gender differences, but they found many phenomena between both genders, 

which indicated that there should be greater considerations to gender differences in 

studies of hand–arm vibration. A study about sensation suggested that the equal 

sensation curves for steering wheel rotational vibration differed between males and 

females (Jeon, Ajovalasit, & Giacomin, 2009). Consequently gender may not be a 

significant factor, but it should not be ignored. 
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Haptic stimulation could also increase the sense of presence in many situations. 

Previous studies concerning haptic communication have suggested that it provided a 

strong interpersonal link between users, and raises levels of presence (Brave & 

Dahley, 1997; Fogg, Cutler, Arnold, & Eisbach, 1998). In collaborative 

environment, a study suggested that haptic force feedback increased perceived 

social presence, but the difference was not significant (Sallnas, Rassmus-Grohn, & 

Sjostrom, 2000). Similarly, in experiment conducted by Oakley et al. (2001), the 

majority of the participants seemed to find the haptic communication engaging, 

which increased subjective ratings of presence. It was also found that object 

presence was significantly higher when correct haptic feedback for material 

properties was provided (Bennett & Stevens, 2006). In the area of Virtual 

Environment (VE), Meehan et al. (2002) demonstrated that a passive haptic element 

in the VE significantly increased presence, while participants of a study of hybrid 

environments of users manipulating real objects in visually mixed environments 

claimed that tactile feedback improved their sense of presence (Lok, 2002). A study 

of navigation concluded that, when considering user-felt presence, regardless of the 

fidelity of visual elements, haptic feedback was effective (Lee & Kim, 2008). 

2.3. Emotional Factors Affecting the Perception 

Various emotion traits and states have been identified as possible factors 

affecting the perception of laughter. As Ruch and Kohler (1999) explained, trait 

cheerfulness was an affective trait, or temperament, presumably representing a 

habitually lowered threshold for the induction of exhilaration and laughter. Trait 
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seriousness represented a habitual quality of the frame of mind/view of with a 

prevalence of serious attitude toward the world. Trait bad mood was basically 

composed of the predominance of three mood states and their respective behaviours, 

which were a generally bad mood, sadness and ill-humouredness. State cheerfulness 

represented an affective state of enhanced preparedness to respond to an appropriate 

stimulus with smiling and laughter. State seriousness represented an actual mental 

attitude, presumably inhibiting the induction of exhilaration and laughter. State bad 

mood was an affective construct fusing the two elements of sadness/melancholy and 

ill-humouredness. 

The State-Trait-Cheerfulness-Inventory (STCI) was a tool to measure current 

mood states and traits of participants. It was a self-report instrument measuring the 

three concepts of cheerfulness, seriousness, and bad mood as both State-Trait-

Cheerfulness-Inventory-States (STCI-S) and State-Trait-Cheerfulness-Inventory-

Traits (STCI-T) (Ruch, Kohler, & van Thriel, 1996, 1997). This questionnaire 

measured cheerfulness, seriousness and bad mood. The scores of people got in this 

questionnaire could represent their emotion traits and their emotional states at the 

time of taking the questionnaire.  

2.4. Laughter Respiration Pattern 

Emotions were connected with respiration, as suggested by research of Feleky 

(1916) which compared the respiratory changes during different emotions produced 

by imagery or by mimicry, concluding that emotions were principally reflected in 

the muscles of the face and those of respiration. 
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Results of studies about respiration pattern showed that a respiration cycle 

consisted of inspiration, inspiration pause, expiration, and expiration pause (Cohen 

et al., 1975; W. Ruch & Ekman, 2001). Laughter may happen in any of the stages in 

the cycle, which would typically begin with an initial forced exhalation, and would 

be followed by a more or less sustained sequence of repeated expirations of high 

frequency and low amplitude (W. Ruch & Ekman, 2001), and the time for 

inspiration was less than the time for expiration (Feleky, 1916). Svebak (1975) 

demonstrated that the breathing of laughter was characterized by a forceful 

inspiration followed by “oscillatory” movements during expiration. Similarly, Bloch 

et al. (1991) argued that laughter was characterized by small amplitude and high rate 

saccadic respiratory movements. Filippelli (2001) concluded that laughter was 

associated with a remarkable decrease in lung volume, and was characterized by 

small and consecutive expiratory efforts. Similarly, Boiten (1998) claimed that the 

respiratory of laughter responses consisted of decreases in inspiratory time and tidal 

volume, a prolongation of inspiratory and increases in variability of the volumetric 

components. The researches provided with a pattern of respiration when people 

were laughing, which could be used to identify and testify laughter. 

Since laughter is accompanied by significant pattern of expansion and 

contraction in thoracic cavity, which is easy to identify and validate, the respiration 

is selected as physical stimulation in this study. 
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2.5. Summary 

In this section, reviews on four different but related areas have been conducted. 

First, visual and auditory medium are the two main streams of transferring laughter 

currently investigated and used in technology-mediated communication. Second, the 

sense of touch is studied as haptic stimulation, whose influence on affective statues, 

difference between genders and the impact of sense of presence are discussed. 

Examples of current applications are introduced as evidence that haptic stimulation 

may have impact on effect of interactions. Third, it was also shown that emotion 

traits and states might affect the perception of laughter. STCI has been proposed in 

the literature as a questionnaire to measure such trait and current emotional state. 

The results may be considered as factors to be analysed. Fourth, the respiration 

pattern of laughter is studied, which typically begins with an initial forced 

exhalation, and is followed by a more or less sustained sequence of repeated 

expirations of high frequency and low amplitude. Since the pattern is easy to 

identify and validate, the respiration is selected as physical stimulation in this study. 
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CHAPTER 3. RESEARCH QUESTION AND APPROACH 

In this chapter, the research question is reformulated and approach designed for 

investigating the question is described and explained. 

3.1. Research Question 

The main question to be investigated is whether haptic stimulation is able to 

have impact on people’s perception of laughter, especially when the laughter is 

perceived through a computer display (i.e., simulating interaction through a screen). 

This question may apply to various scenarios, including remote communication 

between human and human, and interaction between human and avatar. For remote 

human-human interaction, would perception of laughter be influenced if one person 

gets instant vibrations, which are related to the other’s laughter? For interaction 

between human and avatar, would laughter perception be enhanced when the person 

receives vibrotactile stimulations which are related to laughter of the avatar? The 

results of this exploratory research may provide the field of Human-Computer 

Interaction with a new medium to enhance interaction about laughter. 

3.2. Research Approach 

The research approach consists of three stages, which are device design stage, 

haptic stimuli preparation stage and perceptual experiment stage, as shown in Figure 

1. 
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Figure 1 Stages of Research Approach 

In the stage of device design, a respiration sensor and a vibration generator were 

designed and built. Instead of using commercialized respiration sensors, a 

respiration sensor was designed and built to gather data for stimulation in order to 

minimize the difference caused by transforming respiration data to computer 

through the Arduino UNO electric board. The respiration sensor built was evaluated 

with the respiration sensor produced by Thought Technology Ltd 

(http://www.thoughttechnology.com), which has been widely tested and used in 

academic and industry, to ensure that the homemade sensor was capable of 

capturing valid data. The vibration generator was built to transfer vibration signal 

from computer to the participants of the study through Arduino. The vibration signal 

was created based on the data gathered with the respiration sensor. This stage is 

described in Chapter 4. 

Perceptual Experiment 

Experiment Analysis Result 

Haptic Stimuli Preparation  

Stimulation Capture Stimulus Development 

Device Design 

Respiration Sensor Vibration Generator 



 - 26 - 

In the stage of haptic stimuli preparation, videos of laughter and the respiration 

data of laughter were captured first. Then a preliminary study about stimulus 

development was conducted to look for the most appropriate vibration stimulation 

from perception perspective. This stage was completed with appropriate videos of 

laughter and vibration stimulation patterns selected. This stage is described and 

discussed in Chapter 5. 

The perceptual experiment aimed at investigating if the haptic stimulation 

enhanced the perception of laughter together with the visual and auditory 

representation of laughter. Participants were given different patterns of vibration 

stimulation while they were watching videos of other people laughing. Gender as 

well as emotion traits and states were investigated as possible modulating factors. 

Based on the data and results, the research question of whether haptic stimulation 

was able to have impact on people’s perception of laughter could be addressed. This 

stage is described and discussed in Chapter 6. 

3.3. Software Used 

In this study, Eyesweb, Arduino, Matlab and SPSS were used as software to 

support the research approach. Eyesweb XMI v.5.3.0 (for Windows), a research 

platform for the design and development of real-time multimodal systems and 

interfaces, was used to control the experiment. In order to control the Arduino UNO 

electric board, the open-source Arduino v.1.0.1 environment was used to write code 

and upload it to the I/O board. Arduino commands were used to code Arduino 

programs used in this study. Matlab R2011b was used to process the respiration 
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data. IBM SPSS Statistics v.20 was used to analyse the data gathered from the 

subjects in the perceptual experiment. 
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CHAPTER 4. DEVICE DESIGN 

In this chapter, the designs of vibration generator and respiration sensor are 

explained and the processes of building the devices are described.  

4.1. Respiration Sensor 

The respiration sensor was used to measure the expansion and contraction of 

thoracic cavity when a person was breathing. The basic working principle of the 

respiration sensor was to measure changes of electric resistance to obtain the 

changes caused by respiration. The respiration sensor consisted of two parts, which 

were the sensor people wear and a circuit. The circuit was connected with an 

Arduino UNO electronic board and the whole unit was used to collect respiration 

data and input them into computer for further processing to create the vibration 

stimulation. 

Wearable Sensor 

MedTex1 was used as the main component. MedTex would extend and contract 

with the expansion and contraction of thoracic cavity, so that the change could be 

recorded as its resistance changes. The design of respiration sensor is shown in 

Figure 2.  

                                                

1 MedTex: a conductive fabric, whose electric resistance changes with its length. 
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Figure 2 Design of Respiration Sensor 

The MedTex was sewed on elastic with thread. At the ends of the MedTex, two 

perfboards1 were sewed between MedTex and elastic with conductive thread. The 

perfboards were attached to the MedTex with bondaweb 2 . Two wires were 

connected with the two perfboards by soldering. All these components were sewed 

on webbing, on which a Velcro3 was sewed to fasten the sensor on human body. 

Circuit 

A circuit was designed to connect the sensor with the Arduino UNO electric 

board, through which data could be input into computer. The circuit designed is 

shown in Figure 3.  

                                                

1 Perfboard: a copper-coated perforated plastic board, used for prototyping electronic circuits. 

2  Bondaweb: double-sided adhesive to bond fabrics together by ironing, used because it is 

conductive. 

3 Velcro: a fabric hook-and-loop fastener. 
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Figure 3 The Schematic of Respiration Sensor Circuit 

MedTex, the conductive fabric, was connected in parallel with a 12Ω resistor. 

By measuring the voltage of the sensor outputted to the Arduino A0 analog input 

pin, which was caused by changes in the resistance of the MedTex, the expansion of 

thoracic cavity could be measured. One of the two wires was connected into 5V 

output port from the Arduino, while the other wire was divided into two branches. 

One was soldered with a 12Ω resistor, which was connected with the ground port of 

the Arduino, while the other was connected into A0 analog input pin. The Arduino 

was connected to the computer via a Universal Serial Bus (USB) cable. The device 

built is shown in Figure 4. 
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Figure 4 The Respiration Sensor with Arduino 

Signal Capturing Correction Function 

It was found that the resistance of MedTex was not linear correlated with its 

extension, so it required a correction to make sure that the respiration sensor would 

capture valid data. Six tests were conducted by stretching the sensor in a constant 

speed and record the data input into computer. Then the fitted line representing 

relation between extension and data were calculated, which was  

𝑦 = 80 ln 𝑥 + 45  (𝑅! > .998) 

with 𝑥 representing MedTex extension and 𝑦 as input data. 𝑅! was the square of 

the correlation coefficient between the observed and modeled values. Consequently, 
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the inverse function of the fitted line was calculated to make the extension and 

resistance linear correlated, which was 

𝑥 = 𝑒
!!!"
!" . 

The scale of Arduino analog I/O was from 0 to 255, so adjustment of range of 

data was required. Consequently, 

𝑥 = 18𝑒
!!!"
!"  

 was used as correction function for input data in the code of Arduino program 

for data capturing. As Figure 5 shows, results of tests show that the extension was 

linear correlated with input data after correction, with the new fitted line linear with 

𝑅! > .996. 

 

Figure 5 Data Captured after Linear Correction 
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Evaluation 

In order to evaluate whether the respiration sensor built was able to gather valid 

data, an assessment on this respiration sensor with the respiration sensor produced 

by Thought Technology Ltd was conducted. Both respiration sensors were put on 

almost the same place of the same person on his chest. When both respiration 

sensors were recording data, he was asked to breath and talk as usual, then was 

required to laugh once at the end of this three-minute session. During the session, 

the Eyesweb program gathered 120 numbers per second, while the software of 

Thought Technology collected 256 numbers per second. Consequently, Matlab was 

used to resample the data of Thought Tech to 120 numbers per second in order to 

synchronize with the Eyesweb data. Then the data of Thought Tech sensor were 

rescaled into the same range as the homemade respiration sensor and synchronized. 

Figure 6 shows the comparison of data gathered by both respiration sensors. It 

was discovered that the respiration waves were well synchronized. The disadvantage 

was that the waveform of the data from homemade sensor was not as smooth as the 

Thought Technology sensor, which might be because that the sensor was too 

sensitive to talking or other movements of the body. It might also because of the 

smoothing algorithms of Thought Technology software. Thus the homemade sensor 

could be improved by developing better algorithms to smooth collected data in 

further development. 
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Figure 6 Comparisons of Data between Homemade and Thought Tech Sensors 

When the person laughed, as shown in Figure 7, typical laughter pattern was 

picked up by both of the sensors. The waveform of the data captured by Thought 

Technology sensor was smoother than the homemade sensor. 

 

Figure 7 Comparisons of Laughter Data between Homemade and Thought Tech Sensors 
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Figure 8 demonstrates that, when a direct comparison to distinguish homemade 

sensor from the Thought Tech sensor was conducted, the value of 𝑅! = 0.78097, 

which suggested that the homemade respiration sensor was able to provide valid 

data. 

 

Figure 8 Direct Comparisons of Data between Homemade and Thought Tech Sensors 

4.2. Vibration Generator 

The vibration generator was built to transfer vibration signal from computer to 

the subjects of the experiment. The vibration generator consisted of two parts: the 

vibration belt people wearing on which 5 vibrators were fixed and a circuit 

connecting the vibrators to an Arduino UNO electronic board. 

Wearable Vibration Belt 

Five vibrators were uniformly fixed on the belt between the webbing, which was 

a strong fabric woven as a flat strip, and the elastic, which allowed expansion of 
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chest when people were breathing. Each of the vibrators was connected with the 

circuit board with two wires. All these components were sewed on webbing, on 

which a Velcro was sewed to fit the sensor around the body. The design of vibration 

belt is shown in Figure 9.  

 

Figure 9 Design of Vibration Belt 

Circuit 

A circuit was designed to connect the sensor with the Arduino UNO electric 

board, through which vibration data could be read from computer. The circuit 

designed for a single vibrator is shown in Figure 10, and the entire circuit contained 

five copies of this circuit, one for each vibrator. 

 

Figure 10 Schematic of Vibration Generator Circuit (Kurt, 2007) 

A transistor was used in the circuit, whose base was connected to a digital pin on 

the Arduino through a 500Ω resistance. The collector of transistor was connected to 
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a vibrator, which was connected with a diode in parallel. The diode was used to 

protect the Arduino from the “kickback” voltage generated by the motor. The 

emitter of the transistor was connected with ground. The vibrator was connected 

into the 5V output port from the Arduino. 5 circuits were built to support 5 

vibrators. On the Arduino board, analog pin 3, 5, 6, 9 and 10 were used to connect 

with each of the circuits. The Arduino used Pulse-Width Modulation (PWM) as the 

technique for outputting from analog pins. The device built is shown in Figure 11. 

 

Figure 11 The Vibration Generator with Arduino 
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CHAPTER 5. HAPTIC STIMULI PREPARATION  

In this chapter, the preparation of the laughter stimuli and the design of the 

haptic stimulation algorithm are described. 

5.1. Laughter Capture Experiment 

Goal 

The goal of laughter capture experiment was to record people laughing and, 

most importantly, to record the respiration data of laughter at the same time. By 

accomplishing recording laughter video and synchronized respiration data, laughter 

could be identified and the ones appropriate would be selected as stimulation for the 

experiment. 

Method 

Participants 

Ten people were recruited as participants of this experiment, including five 

males and five females. Their ages ranged from 23 to 28. All of them were current 

postgraduate students in University College London. Each of them was given £5 

reward for his or her contribution and time. 

Material 

The respiration sensor was connected with computer to collect respiration data 

of laughter of the subjects. The Arduino UNO electric board was connected to a 
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computer via USB. The code of Arduino program is attached in Appendix A. In this 

program, an array of 5 was used to store data and the final output was the average of 

the array. Meanwhile, due to the I/O data range of Arduino, which was from 0 to 

255, parameters to adjust range of data gathered were designed to ensure the validity 

of data. 

Arduino was able to collect data from the respiration sensor and send them to the 

computer through a serial port. Eyesweb read the data from the serial port and wrote 

them as plain text files. It was also used to control the experiment process and to 

guarantee the synchronization. 

Additionally, a game and several amusing videos were prepared to evoke 

laughter from subjects. 

Experiment environment consisted of a desktop computer, a projector with a 

screen and a video camera. Subjects sat in front of the desktop playing games with 

mouse, and watched videos on the screen of the projector. The video camera 

recorded the whole experiment process.  

In order to synchronize the respiration data and the video, an Eyesweb program 

was created, as Figure 12 shows. This program contained an audio recorder block, 

which was a sound-recording component, and a serial port reader. It was used to 

record an audio track synchronized with the respiration data.  
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Figure 12 The Eyesweb Program for Laughter Capture Experiment 

A clapperboard was used when a session started, and the sounds of clapperboard 

in both video and the audio track captured in Eyesweb program were used as the 

mark for synchronization. Once the sounds of clapperboard matched, the timeline of 

respiration data and the video were synchronized. 

Procedure 

The experiment started with a welcome talk to warm up. After briefing, subjects 

were given an information sheet about this experiment, in which the goal, method 

and device were explained. With critical information clarified, subjects were 

required to sign a consent form if they decided to participate into this experiment. 

Then the respiration sensor was put on the subject, and recording of videos and 

respiration data started. The clapperboard was used when starting recording. 

Subjects played games and watched the amusing videos and it took about 20 

minutes to complete the process. When it was finished, recording was stopped, the 

respiration sensor was taken off the subjects, and debrief was performed.   
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Result 

Ten sessions were conducted but one was not valid due to technical issues. 

Laughs were manually identified in each video. In total, 373 laughs were identified 

from nine recorded videos. Categorized by duration of laughter, summary of data is 

listed in Table 1. 

Table 1 Result for Laughter Capture Experiment 

Numbers Description 

60 Laughs longer than or equal to 5 seconds, including 

35 Laughs longer than or equal to 6 seconds, including 

28 Laughs longer than or equal to 7 seconds, including 

21 Laughs longer than or equal to 8 seconds, including 

15 Laughter longer than or equal to 9 seconds, including 

11 Laughter longer than or equal to 10 seconds, including 

8 Laughter longer than or equal to 11 seconds, including 

4 Laughter longer than or equal to 12 seconds 

All the laughter sections were cut out from the videos to create individual video 

clips, and the related respiration data were extracted and saved in separate files. All 
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these were to be selected as stimuli of the following experiments. Figure 13 and 14 

are two examples for the videos with people wearing respiration sensor. 

 

Figure 13 Video Example 1 - People Wearing Respiration Sensor1 

 

Figure 14 Video Example 2 - People Wearing Respiration Sensor1 

 

                                                

1 Participant's written consent was obtained for the publication of this photo 
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5.2. Vibration Pattern Experiment 

Goal 

The goal of this experiment was to create an algorithm to translate respiration 

patterns in haptic feedback, to measure people’s reactions to various sorts of 

vibration patterns and, on the basis of these results, to select two stimuli for the 

perceptual experiment. Two stimuli were required for the perceptual experiment in 

order to explore the difference caused by whether the haptic stimulation was 

associated with laughter. According to the results of this experiment, two stimuli 

that were comfortable but not in themselves funny were identified to avoid 

confounding. They also should match in terms of intensity and pleasantness but be 

different in terms of association with laughter. The selected vibration patterns would 

serve as the stimuli for the perceptual experiment.  

Method 

Participants 

Six people were recruited as participants, including three male and three female. 

All of them were postgraduate students age from 22 to 25, and £5 was paid to each 

of them as reward for their contribution and time. 

Material and Stimulation 

The vibration generator was driven by the computer.  The Arduino code for this 

experiment is attached in Appendix B. In this program, data were read from the 
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serial port, and outputted through Arduino analog output pins connected to the 

vibrator circuits. Eyesweb was used to control the experiment. Eyesweb read data 

from text files and outputted them to Arduino through the serial port. 

Two videos of laughter with respiration data, including one laugh of male 

subject and one laugh of female subject, were randomly selected as stimulation. The 

videos were both made 20-second long, with the last 10 seconds left blank for 

participants to fill in the questionnaire and take a break.  

For the vibration stimulation, the first task was to resample the data, since the 

data gathered were 120 numbers per second due to the configuration of Arduino 

program and Eyesweb program, but Eyesweb output time interval was set 0.01 

second for one output pulse, which was 100 numbers per second. Matlab was used 

to resample 120 numbers per second into 100 numbers per second.  

Four patterns were designed and selected, which were triangle pattern, square 

pattern, respiration pattern and derivative of respiration pattern. Figure 15 shows 

different patterns of one laugh. The data of triangle pattern rose from 0 to 255 and 

fell to 0. The data of square pattern was 255 for the entire laugh. The respiration 

pattern maintained the original waveform but was modified by enlarging the range 

to from 0 to 255. Additionally, to ensure that the vibration would be stronger when 

the laughter was more intense, i.e. when the thorax contracted, a further calculation 

was performed, which was 255 minus the modified respiration data. The data of 

derivative pattern were all made positive by squaring the data and then obtaining the 

arithmetic square root. Three versions of stimulation of the same pattern were 



 - 45 - 

created with each characterized by a different strength of the vibration feedback. 

The first level, which was the most intense level, contained the data ranging from 0 

to 255, which was the upper limit of Arduino I/O. The second and the third level 

were 2/3 and 1/3 of strength of the first level, respectively. 

 

Figure 15 Four Vibrations Patterns of Laugh  

A questionnaire was designed to measure the reaction of the participants with 

the vibration signal (see Appendix C). Intensity of the vibration, feelings of 

pleasantness caused by the vibration and association between the vibration and the 

laughter in the video were investigated. Intensity of the vibration was measure on a 

10-point scale representing from not felt (0) to very intense (10). Ratings of 

pleasantness caused by vibration from -3 to 3 represented from very unpleasant to 

very pleasant. Association was measured from 0 to 10 was from not at all to very 

much associated. Different scales were used because the measure of pleasant was 

from negative to positive, while the measures of intensity and association were not. 

Participants were invited to give comments about every vibration signal. 
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Design 

The dependent variables were intensity of vibration, feeling of pleasantness 

caused by vibration and association between the vibration and laughter in the video, 

as measured by the ratings given by the participants. There were two independent 

variables, which were vibration pattern and vibration intensity, and both were within 

subjects. There were four vibration patterns and three different levels of strength 

(100%, 67% and 33%), to make it a 12-condition experiment. Since two videos of 

laughter were selected and there were 12 conditions for each laugh, 24 combinations 

of vibration pattern and video were created. In this within subject experiment, each 

participant was required to experience every combination for three times, so the 

experiment consisted of 72 independent trials. Three trials of an identical 

combination were played consecutively. The participants gave rating on the 

questionnaire after each batch of three identical trials. The sequence of combinations 

was decided randomly.  

Procedure 

A welcome talk to warm up was given when a subject showed up. After briefing, 

subjects were given an information sheet about this experiment with the goal, 

method and device explained. With critical information clarified, subjects were 

required to sign a consent form if they decided to participate into this experiment. 

Then the vibration generator belt was put on subjects, and the Eyesweb program was 

run to start the experiment. It took about 25 minutes to finish all 72 trials. Finally, 
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the recording was stopped and the vibration generator was taken off the subject. 

Debrief with the subject was performed.   

Result and Analysis 

A stimulation which was well-associated to laughter and one unassociated to 

laughter were required for the perceptual experiment. For the well-associated 

stimulation, in order to minimize confounding, it should be reported as comfortable, 

neither pleasant nor unpleasant and providing strong feelings of being associated 

with the laughter in the video clips. The second stimuli should have equal ratings of 

intensity and pleasantness with the well-associated stimulus, but have association 

ratings as low as possible.  

Data were analysed from perspectives of intensity, pleasantness and association 

with laughter. Figure 16 shows the relation between vibration patterns, vibration 

strengths and ratings of intensity, pleasantness and association. The selection of 

stimulation was made based on the results of ratings of intensity, pleasantness, 

association with laugher and the relation between areas under the curve and each of 

the three measures. 
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Figure 16 Intensity, Pleasantness and Association Ratings for the Four Patterns. The X-axis Represents 

the Vibration Strengths of the Patterns.  

Intensity: The relation between average intensity ratings and strength is shown 

in Figure 16 (left). As the chart demonstrated, it was obvious that stronger stimuli 

would be felt as more intense. From the perspective of vibration patterns, in the 

same strength of vibration, square pattern provided subjects with the strongest 

stimulation, while the derivative pattern was the weakest one. As participants 

reported, the most intense signals were painful, and signals whose ratings were 

neither too high nor too low were regarded as comfortable. Average intensity ratings 

of respiration pattern with 67% strength and triangle pattern with 67% strength were 

around 6, which was the rating representing the most comfortable vibration strength. 

Moreover, it was found that the perceived intensity of the stimulus also depended on 

the vibration pattern, not just the peak value of the vibrations. 

Pleasantness: As shown in Figure 16 (centre), the average rating for 

pleasantness caused by haptic stimulation was higher when the vibration strength 

was lower. Derivative pattern provided the most pleasant vibrotactile experience 

while the square pattern provided the most unpleasant experience. In order to 
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guarantee that the haptic stimulation would not affect the perception of laughter, the 

stimuli whose rating of pleasantness was neither high nor low (around 0) were 

regarded as acceptable. Consequently, derivative pattern with 100% strength, 

triangle pattern with 100% and 67% strength levels, respiration pattern with 67% 

strength, and square pattern with 33% strength were acceptable from the perspective 

of pleasantness caused by haptic stimulation. It was also found that the perceived 

pleasantness of the stimulus also depended on the vibration pattern, rather than only 

the peak value of the vibrations. 

Association with Laughter: As shown in Figure 16 (right), respiration pattern 

provided the subjects with the strongest feeling of association between vibration and 

the laughter in the video. Since the higher the average ratings were, the better would 

the experiment be, the respiration pattern with 67% and 100% strength and triangle 

pattern with 67% and 100% strength, whose ratings were higher than 5, were 

regarded as acceptable from the perspective of association.  

Table 2 shows the most suitable vibration patterns according to intensity, 

pleasantness and association. Both the respiration pattern with 67% strength and the 

triangle pattern with 67% strength appeared to be the most suitable vibration stimuli 

according to the stated criteria.  
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Table 2 Most Suitable Vibration Patterns According to Intensity, Pleasantness and Association. 

 Respiration Derivative Square Triangle 

Intensity 67%   67% 

Pleasantness 67% 100% 33% 67%, 100% 

Association 67%, 100%   67%, 100% 

Vibration Energy: It was found that the perceived intensity and pleasantness of 

the stimulus also depended on the vibration pattern, not just the peak value of the 

vibrations. Consequently, the relation between the vibration energy transferred to 

human body and the ratings from participants was considered. Vibration energy was 

represented by area under the curve of vibration output.  

The vibration energy of each vibration pattern was represented by the area under 

the vibration output wave. Figure 17 shows the plots of intensity, pleasantness and 

association with respect to the area under the curve of the vibration patterns.  
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Figure 17 Relations between the Area Under the Curve of Each Vibration Pattern and Intensity, 

Pleasantness and Laughter Association Ratings.  

As Figure 17 (left upper corner) shows, the rating of intensity was in positive 

correlation with the areas under the curve of the two laughs. When people felt more 

energy delivered, their feelings of intensity were higher. Since ratings around 6 were 

the most comfortable stimulation from intensity perspective, the area under the 

curve should be around 90 and 100. 

The ratings of pleasantness were in negative correlation with the areas under the 

curve, as Figure 17 (right upper corner) shows. People felt more pleasant with the 

vibration when the energy transferred onto their body was lower. Since ratings 

around 0 were the most appropriate stimulation from pleasantness perspective, the 

area under the curve should be around 90 and 100. 
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Figure 17 (bottom) shows the relation between area under the curve and 

association of vibration with laughter. It suggested that the ratings were higher when 

the areas under the curve were around 90.  

Analysis: Since the rating of respiration pattern with 67% strength was higher 

than the triangle pattern association (see Figure 16 (left)), and respiration pattern 

with 67% strength gave reasonable intensity ratings and 0 pleasantness (about 90) 

regarding its area under the curve, the respiration was selected as the well-associated 

stimulation.  

Results showed that square pattern vibration with 33% strength, whose area 

under the curve was 85, got rating of intensity near 5 and that of pleasantness near 0. 

As Figure 17 (bottom) shows, among the vibrations whose areas under the curve 

were around 90, square pattern vibration provided the least feeling of association 

with laughter. Thus square pattern was selected as the unassociated stimulation for 

perceptual experiment. Therefore, respiration pattern with 67% and square pattern 

with 33% were the ones selected for the perceptual experiment.  
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CHAPTER 6. PERCEPTUAL EXPERIMENT 

This chapter introduces the experiment designed to investigate the impact of 

haptic stimulation on laughter perception. Results of the previous experiments in the 

design study are utilized as selected input of this experiment.  

6.1. Hypothesis 

1) Haptic stimulation increases the perception of pleasure implied in 

laughter. 

2) Haptic stimulation increases the perception of laughter intensity. 

3) Haptic stimulation affects the perception of the nature of laughter. 

4) Female are influenced more by haptic stimulation than male. 

5) Laughter perception is influenced by vibration stimulation for people in 

different emotion traits. 

6) Laughter perception is influenced by vibration stimulation for people in 

different emotion states. 

6.2. Method  

Participants 

18 participants were recruited as subjects of this experiment, including nine male 

and nine female. All of them were current postgraduate students in University 

College London with their age between 22 and 30 years old (Mean=24.1, Standard 
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Deviation=2.3). Each participant was given £8 as reward for his or her contribution 

and time. 

Material 

Stimulation 

The vibration generator was driven by the computer through the Arduino UNO 

electric board, which was connected to a serial port of a computer. The Arduino 

program used was the same with the one used in the vibration pattern experiment 

(see Appendix B). Data were read from the serial port, and outputted through 

analogs with which the vibrator circuits were connected. Eyesweb program read 

data from text files and outputted them to Arduino through the serial port. 

54 videos were selected from the 60 laughs longer than or equal to 5 seconds 

gathered in the laughter capture experiment presented in section 5.1. Six videos 

were excluded, which were the four longer than or equal to 12 seconds and the two 

used in the vibration pattern experiment, in order to make all the videos the same 

length of 20 seconds, and also to guarantee that there were at least 8 seconds left 

blank for participants to fill in the questionnaire and take a break.  

For data processing, Matlab was used to resample respiration data from 120 

numbers per second into 100 numbers per second, as in the vibration pattern 

experiment. According to the results of vibration pattern experiment, respiration 

with 67% strength was selected as the main stimulation. The second stimulus was 

the square pattern with 33% strength. However, what was different from the 
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vibration pattern experiment was that, in order to reflect the differences between 

people’s actual respiration, peak value could not be used as the criterion of strength. 

That was because that more intense vibration should be produced if chests of the 

people expanded largely when they laugh. Given that the data from the design study 

suggested that the intensity and pleasantness were related to the vibration energy, it 

was more relevant that the majority of stimuli had an area under the curve that 

corresponded to 0-pleasantness (neither pleasant nor unpleasant) and still 

maintained decent perceived intensity (about 6/10). On this basis, respiration data 

were processed to make the majority of stimuli have an area under the curve about 

90. In order to exclude the confounding of vibration energy, vibration data of square 

pattern were also processed to make sure that the areas under square curves equalled 

to those under the related respiration curves. 

Questionnaires 

The State-Trait-Cheerfulness-Inventory (STCI) was used to measure current 

mood states and traits of participants. There were 30 questions in STCI-State and 60 

in STCI-Trait. Participants were required to answer the whole questionnaire before 

starting the experiment. The standard version of the STCI-T (with 60 items) (see 

Appendix D) and STCI-S (with 30 items) (see Appendix E) measured three 

dimensions: trait-cheerfulness (CH), trait-seriousness (SE), and trait-bad mood 

(BM). The results may represent the current moods of the participants.  

A questionnaire was designed to measure the perception of the participants to 

the laughter in the videos (see Appendix F). This questionnaire included the PAD 
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emotional state model. The PAD was used for the participants to indicate the 

emotional state of the people in the video. The PAD emotional state model was a 

psychological model to describe and measure emotional states in three dimensions, 

which were pleasure, arousal and dominance. The Pleasure-Displeasure Scale 

measured the degree of pleasantness within an emotion. The Arousal-NonArousal 

scale measured the intensity of the emotion. The Dominance-Submissiveness scale 

represented the dominant nature of the emotion (Mehrabian, 1980). The scale from  

-3 to 3 was selected to represent each of these dimensions to represent different 

feelings, because Szameitat et al. (2009) used both positive and negative values to 

represent the three dimensions to unify the ranges, even though only the pleasure 

scale has positive and negative as opposite. 

Design 

There were three dependent variables, which were pleasure, arousal and 

dominance of the people in the videos, as defined in the PAD emotional model.  

There were four independent variables, which were vibration patterns, gender of 

participants, emotion traits and states of the participants measured in STCI. Three 

vibration levels were respiration pattern, square pattern and none vibration. 

Vibration pattern was a within subject variable. Three data files were created, which 

were for respiration pattern, square pattern and no vibration respectively.  

For each subject, 1/3 of the 54 trials were with vibration of respiration pattern, 

1/3 were with square vibration and the other 1/3 were without any vibration. The 

sequence of trials was randomly decided. This randomized design ensured that all 
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participants experienced vibration patterns equally, and all three vibration patterns 

presented equally for each video clip. Thus each subject experienced 18 trials with 

vibration of respiration pattern, 18 trials with square vibration and 18 trials without 

any vibration, while each video was presented with three conditions 6 times. 

Procedure 

The experiment started with a welcome talk to warm up the participants. After 

briefing, subjects were given an information sheet about this experiment with the 

goal, method and device explained. With critical information clarified, subjects were 

required to sign a consent form if they decided to participate into this experiment. In 

the first step subjects were asked to complete the questionnaires of STCI-T and 

STCI-S, which took about 15 minutes. After that the questionnaire for the 

experiment was given to the subjects. After they read the instruction part, a further 

explanation about PAD emotional model was delivered. Then the vibration 

generator belt was put on subjects, and the Eyesweb program was run to start the 

experiment. 54 trials were conducted consecutively and after each trial the 

participants were asked to give ratings on the questionnaire. It took about 25 

minutes to finish all the trials. Finally, the vibration generator was taken off the 

subjects, and debrief was performed.   

6.3. Results 

SPSS v.20 was used as the statistic tool to analyse data gathered from the 

questionnaire. Method of Repeated-Measures was used because, based on the 
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within-subject design of this experiment, the same subject participated in all 

conditions, and Repeated-Measures reduced the unsystematic variability in the 

design so that it provided greater power to detect effects (A. P. Field, 2009). 

In order to guarantee that Repeated-Measures ANOVA was valid, the first step 

was to test whether the distribution of data was normal. As shown in Table 3, the 

Kolmogorov-Smirnov and Shapiro-Wilk tests were all non-significant (𝑝 > .05) on 

the variables except for Dominance in respiration pattern with K-S test. However, 

since Dominance in respiration pattern was not significant (𝑝 > .05) in Shapiro-

Wilk test, the distribution of this data was regarded as normal.  

Table 3 Tests of Normality 

 Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 

Pleasure_Respiration .115 18 .200* .943 18 .324 
Pleasure_Square .144 18 .200* .955 18 .501 
Pleasure_None .131 18 .200* .946 18 .362 
Arousal_Respiration .118 18 .200* .953 18 .469 
Arousal_Square .167 18 .198 .951 18 .439 
Arousal_None .132 18 .200* .956 18 .526 
Dominance_Respiration .219 18 .023 .915 18 .106 
Dominance_Square .157 18 .200* .941 18 .303 
Dominance_None .135 18 .200* .930 18 .197 
*. This is a lower bound of the true significance. 
a. Lilliefors Significance Correction 

Effects of Vibration Types and Gender 

A Repeated-Measure ANOVA was conducted to investigate the effect of the 

type of vibration over the perception of pleasure, arousal and dominance of the 

laughter clips. Data from all the 18 participants were included in the analysis, of 



 - 59 - 

which half of them were female and half male. This ANOVA included gender as a 

between-subjects factor. Both effects of different vibration types and interaction of 

gender and vibration types were analyzed in this ANOVA. 

The results of the multivariate test show no significant main effect of the types 

of vibrations on ratings from all three dimensions of perception of the laughter, 

which included pleasure, arousal and dominance of laughter, 𝐹 6, 11 =. 930,𝑝 >

0.05. This was confirmed by the univariate tests. Figure 18 shows the distribution of 

data collected on perceived pleasure valence, which was not significantly different. 

However, contrasts revealed that ratings of arousal during square pattern vibration 

feedback were almost significantly higher than the ratings obtained during viewing 

without vibration, (𝐹 1, 16 = 2.632,𝑝 =. 062  for 1-tail test). The mean of square 

pattern vibration 𝑀 = 1.39, 𝑆𝐷 =. 65   was higher than that of no vibration 𝑀 =

1.29, 𝑆𝐷 = .73 . Data distribution shows that, according to boxplot in Figure 19, the 

top 25% and median of ratings for square pattern were higher than those for no 

vibration, and the middle 50% of ratings were slightly higher than that for no 

vibration, thus it seemed that people perceived the laughter as more arousal with 

square pattern vibration than with no vibration. Given that the univariate test did not 

detect any significant difference, it would be appropriate to gather further data to 

confirm these findings. 
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Figure 18 Ratings Distribution of Perceived Pleasure 

 

Figure 19 Ratings Distribution of Perceived Arousal 

Contrasts also revealed that ratings of dominance with square pattern vibration 

were significantly higher than with no vibration (𝐹 1, 16 = 4.14,𝑝 =. 030 for 1-

tail test). The mean of square pattern vibration 𝑀 = −.15, 𝑆𝐷 =. 63   was higher 

than that of no vibration 𝑀 = −.35, 𝑆𝐷 = .74 . Data distribution shows that, 

according to Figure 20, the top 25% and median of ratings for square pattern were 
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higher than those for no vibration, and the middle 50% of ratings for square pattern 

were slightly higher than that for no vibration. It seemed to suggest that perceived 

dominance with square vibration might be higher than that with no vibration. Given 

that the univariate test did not detect any significant difference, it would be 

appropriate to gather further data to confirm these findings. 

 

Figure 20 Ratings Distribution of Perceived Dominance 

The results of multivariate tests also show that there was a significant interaction 

effect between the type of vibration and the gender of the participant, 𝐹 6, 11 =

3.68,𝑝 =. 030. This indicated that gender had different effects on people’s ratings 

depending on the different types of vibrations they experience. To break down this 

interaction, univariate tests were performed to test in which measures there was a 

significantly interaction effect between the type of vibration and gender. The 

univariate however did not identify any differences. However, contrasts revealed 

that ratings of dominance with square pattern vibration were almost significantly 
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higher than with no vibration (𝐹 1, 16 = 2.97,𝑝 =. 052 for 1-tail test). The post 

hoc adjusted with Bonferroni correction confirmed that the difference of dominance 

perception between square pattern vibration and no vibration was significant for 

male with t-test 𝑝 =. 034. But none was identified for female. As Figure 21 shows, 

ratings of male on dominance with square vibration was higher than that with no 

vibration, but ratings of female for the two types of vibrations were very similar to 

the non vibration condition. Given that the univariate test did not revealed the same 

significant difference, it would be appropriate to gather further data to confirm these 

findings. 

 

Figure 21 Effect of Sex in Perceptions of Laughter Dominance with Haptic Stimulation (Error Bar as SD) 

Effect of Emotion Trait  

The emotion traits of subjects were measured by STCI-T. Their scorings at traits 

of cheerfulness, seriousness and bad mood were calculated. For each measure, the 

subjects were median-split into two groups based on their scores. 
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Trait Cheerfulness 

After the median-split, data of two subjects whose scores were equal to the 

medians were excluded to avoid confounding. A Repeated-Measures ANOVA was 

conducted to investigate the difference between groups, with emotion trait of 

cheerfulness as the between-subject variable. 

The results of multivariate tests show that there was no significant interaction 

effect between the type of vibration and emotion trait cheerfulness, 𝐹 6, 7 =

1.18,𝑝 >. 05. This indicated that emotion trait cheerfulness had no different effects 

on people’s ratings on different types of vibrations. The univariate tests show that 

there was an almost significant interaction effect between the type of vibration and 

emotion trait cheerfulness for laughter arousal perception, 𝐹 2, 24 = 3. 10,𝑝 =

.087. The post hoc adjusted with Bonferroni correction confirmed the difference of 

arousal perception between respiration pattern vibration and no vibration was 

significant for people in a less cheerful emotion trait, with t-test 𝑝 =. 034. Figure 22 

shows that people in less cheerful emotion traits perceived more arousal from 

laughter with square pattern vibration than with no vibration. Given that the 

univariate test only approached significance, it would be appropriate to gather 

further data to confirm these findings. 
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Figure 22 Effect of Cheerful Emotion Trait in Arousal Perceptions with Haptic Stimulation (Error Bar as 

SD) 

Contrasts also revealed that ratings of dominance with square pattern vibration 

were significantly higher than with no vibration (𝐹 1,12 = 3.48,𝑝 =. 044 for 1-

tail test). The post hoc adjusted with Bonferroni correction confirmed the difference 

of dominance perception between square pattern vibration and no vibration was 

significant for people in less cheerful emotion traits, with t-test 𝑝 =. 010. As Figure 

23 shows, square pattern vibration may increase perception of dominance of people 

in less cheerful emotion traits. Given that the univariate test did not detect any 

significant difference, it would be appropriate to gather further data to confirm these 

findings.  
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Figure 23 Effect of Cheerful Emotion Trait in Dominance Perceptions with Haptic Stimulation (Error 

Bar as SD) 

Trait Seriousness 

Subjects were median-split to form the two groups with scores of trait 

seriousness, which were more serious trait and less serious trait. Among the 18 

subjects with nine male and nine female, there were five male regarded as more 

serious and four as less cheerful, and four female were identified as more serious 

and five as less serious. A Repeated-Measures ANOVA was conducted to 

investigate the difference between groups, with emotion trait of seriousness as the 

between-subject variable. 

The results of multivariate tests show that there was no significant interaction 

effect between the type of vibration and emotion trait seriousness, 𝐹 6, 9 =

. 380,𝑝 >. 05. This indicated that emotion trait seriousness had no different effects 

on people’s ratings on different types of vibrations. This was confirmed by the 

univariate tests and contrasts tests.  
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Trait Bad Mood 

After the median-split, data of two subjects whose scores were equal to the 

medians were excluded to avoid confounding. A Repeated-Measures ANOVA was 

conducted to investigate the difference between groups, with emotion trait of bad 

mood as the between-subject variable. 

The results of multivariate tests show that there was no significant interaction 

effect between the type of vibration and emotion trait bad mood, 𝐹 6, 5 =

. 615,𝑝 >. 05. This indicated that emotion trait bad mood had no different effects on 

people’s ratings on different types of vibrations. This was confirmed by the 

univariate tests and contrasts tests.  

Effect of Emotion State 

The emotion traits of subjects were measured by STCI-S. Their scorings at states 

of cheerfulness, seriousness and bad mood were calculated. For each measure, the 

subjects were median-split into two groups based on their scores. 

State Cheerfulness 

After the median-split, data of four subjects whose scores were equal to the 

medians were excluded to avoid confounding. A Repeated-Measures ANOVA was 

conducted to investigate the difference between groups, with emotion state of 

cheerfulness as the between-subject variable. 
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The results of multivariate tests show that there was no significant interaction 

effect between the type of vibration and emotion state cheerfulness, 𝐹 6, 5 =

1.07,𝑝 >. 05. This indicated that emotion state cheerfulness had no different effects 

on people’s ratings on different types of vibrations. However, the univariate tests 

show that there was a significant interaction effect between the type of vibration and 

emotion state cheerfulness for laughter pleasure valence perception, 𝐹 2, 20 =

3. 93,𝑝 = .036. Contrasts revealed that ratings of pleasure valence perception with 

respiration pattern vibration were significantly different with that with no vibration 

(𝐹 1, 10 = 5.21,𝑝 =. 023 for 1-tail test). Contrasts also revealed that ratings of 

pleasure valence perception with square pattern vibration were significantly 

different with that with no vibration (𝐹 1, 10 = 4.54,𝑝 =. 030 for 1-tail test). As 

Figure 24 shows, people in a more cheerful emotion state perceived less pleasure 

with vibrotactile stimulation, while people in less cheerful emotion state perceived 

more.  
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Figure 24 Effects of Emotion States of Cheerfulness and Pleasure Perception with Haptic Stimulation 

(Error Bar as SD) 

The univariate tests also show that there was a significant interaction effect 

between the type of vibration and emotion state cheerfulness for laughter arousal 

perception, 𝐹 2, 20 = 3. 99,𝑝 = .035. Contrasts revealed that ratings of arousal 

perception with respiration pattern vibration were significantly different with that 

with no vibration (𝐹 1, 10 = 5.84,𝑝 =. 018 for 1-tail test). Contrasts also revealed 

that ratings of arousal perception with square pattern vibration were significantly 

different with that with no vibration (𝐹 1, 10 = 6.05,𝑝 =. 015 for 1-tail test). The 

post hoc adjusted with Bonferroni correction confirmed the difference of arousal 

perception between respiration pattern vibration and no vibration was significant for 

people in a less cheerful emotion trait, with t-test 𝑝 =. 014. It also confirmed the 

difference of arousal perception between square pattern vibration and no vibration 

was significant for people in a less cheerful emotion trait, with t-test 𝑝 =. 032. As 

Figure 25 shows, people in a more cheerful emotion state perceived less arousal 
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with vibrotactile stimulation, while people in less cheerful emotion state perceived 

more.  

 

Figure 25 Effects of Emotion States of Cheerfulness and Arousal Perception with Haptic Stimulation 

The univariate tests show that there was no significant interaction effect between 

the type of vibration and emotion state cheerfulness for laughter dominance 

perception, 𝐹 2, 20 = 1.14,𝑝 > .05. This was confirmed by the univariate tests 

and contrasts tests. 
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After the median-split, data of four subjects whose scores were equal to the 

medians were excluded to avoid confounding. A Repeated-Measures ANOVA was 

conducted to investigate the difference between groups, with emotion state of 

seriousness as the between-subject variable. 

The results of multivariate tests show that there was no significant interaction 

effect between the type of vibration and emotion state seriousness, 𝐹 6, 5 =
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. 255,𝑝 >. 05. This indicated that emotion state seriousness had no different effects 

on people’s ratings on different types of vibrations. This was confirmed by the 

univariate tests and contrasts tests.  

State Bad Mood 

Subjects were median-split to form the two groups with scores of trait 

seriousness, which were more serious trait and less serious trait. A Repeated-

Measures ANOVA was conducted to investigate the difference between groups, 

with emotion state bad mood as the between-subject variable. 

The results of multivariate tests show that there was no significant interaction 

effect between the type of vibration and emotion state bad mood, 𝐹 6, 9 =

. 990,𝑝 >. 05. This indicated that emotion state bad mood had no different effects 

on people’s ratings on different types of vibrations. This was confirmed by the 

univariate tests and contrasts tests.  
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CHAPTER 7. GENERAL DISCUSSION 

In this chapter, the process and findings of the critical phases of this study are 

discussed, with limitations identified. Directions of further research are suggested. 

7.1. Device Design 

A respiration sensor and a vibration generator were designed and built in this 

study, in order to demonstrate the possibility of building an inexpensive and user-

programmable system. In order to build the respiration sensor, the materials and 

components selected and used were simple and inexpensive, compared to 

commercially available systems. The sensor was not very stable because of the 

inexpensive components used therefore algorithms to correct and smooth the data 

were created, in order to minimize the noise caused by the instability of the sensor. 

In this study, it was found that the resistance of the conductive fabric was not 

linearly correlated with its extension, and it tended to overshoot when rapidly 

stretched, which would cause noise when the sensor was capturing data. 

Consequently, the Arduino code had to make up for instability. A correction 

function was developed to make the resistance linearly correlated with its extension 

in the Arduino code. An array of 5 was also used in the code to store data collected 

from the sensor, and the final output to the computer was the average of the array to 

smooth the data. After correction, the data captured were linear correlated with the 

extension of the sensor. 
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To guarantee that the device was able to capture valid data, the homemade 

sensor was evaluated with a commercial sensor. This was crucial because even 

though the working principle of the homemade respiration sensor was the same as 

the commercial sensors, inexpensive materials and components, together with 

possibly inaccuracy in construction, may cause noise. In this study, the result of the 

evaluation showed that the data captured by homemade sensor after correction was 

not as smooth as the commercial sensor, but the direct comparison proved that data 

captured by the homemade sensor was not substantially different from those 

captured by the commercial sensor, and the homemade sensor was able to capture 

the respiration pattern of laughter. The evaluation justified that the homemade 

sensor was usable, in other words, was able to capture valid data. 

Correction and evaluation were very important in designing and building of the 

respiration sensor. What could be improved was that, the work of building the 

sensor could be done better, which included better sewing and soldering, since 

workmanship might also cause noise. In addition, the algorithms in the Arduino 

code to smooth the data could be further optimised in future. 

7.2. Laughter Collection 

In the laughter capture experiment, laughs and related respiration data of the 

subjects were recorded as stimulation of the following studies. The laughs were 

evoked by a game and several amusing videos. The game played was a cooperative 

game, which could evoke some hilarious laughter and some social laughter. The 

videos evoked simply hilarious laughter. Two ways to evoke laughter were used 
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because participants might be bored if they were only shown videos for the entire 

duration of the session. Both ways were successful in evoking laughter, as there 

were more than 41 laughs evoked in average in each 15-minute session. Participants 

also reported that they had a good time in the experiment. It could be concluded that 

the two ways succeeded in evoking enough laughter. However, in this study which 

focused on hilarious laughter, social laughter and hilarious laughter were not 

separated, which might cause a slightly difference as people might perceive social 

laughter in a different way as hilarious laughter, according to the study of social 

laughter by Fuller (1974), which suggested that social laughter were often facilitated 

by the sound of other people’s laughter. Thus, in this study, the perception of social 

laughter might be affected more by auditory stream, which might reduce the effect 

of haptic stimulation. Many previous studies controlled this factor by using single 

source to evoke laughter, such as the humorous video clips (Chapman, 1983; 

Devereux & Ginsburg, 2001). Consequently, in further study focusing on hilarious 

laughter, the material used should avoid evoking other sorts of laughter. 

7.3. Vibration Pattern Testing 

The goal of the vibration pattern experiment was to create an algorithm to 

translate respiration patterns in haptic feedback, to measure people’s reactions to 

various sorts of vibration patterns and, on the basis of these results, to select two 

stimuli for the perceptual experiment. In the vibration pattern experiment, data were 

analysed from perspectives of intensity, pleasantness and association with laughter. 

It was deduced from results that, for patterns with stronger stimulation, people might 
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feel the vibrations as intense and unpleasant, while for patterns with weaker 

stimulation, people might feel less intense but more pleasant.  

The strength of vibration discussed above represented the peak value of the 

vibrations. However, it was found that the perceived intensity and pleasantness of 

the stimulus also depended on the vibration pattern, not just the peak value of the 

vibrations. Different vibration patterns provided different feelings of intensity and 

pleasantness even if their peak values were the same. This was because that different 

vibration patterns transmitted different amount of energy to human body. The 

vibration energy of each vibration pattern was represented by the area under the 

vibration output curve. It was discovered that the vibration patterns with large 

energy obtained lower ratings of the pleasantness perceived from the vibration. 

Average rating of perceived pleasantness was around 0 when the value of energy 

transmitted was around 90-100, while vibration patterns with energy around 90-100 

were rated as having medium intensity. Consequently, in this study, it was found 

that appropriate vibration patterns were with energy value around 90-100.  

As there were no previous studies focusing on perception with different 

vibration patterns, the vibration pattern testing provided further studies about haptic 

stimulation with a thought of exploring differences caused by vibration patterns. It 

was proved in this study that intensity of the stimulation and pleasantness caused by 

the vibrotactile stimulation could be used as measures to investigate the feelings of 

the people to the stimulation. Comparing energy of different vibration patterns 
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transmitted to the human body could also provide insights of the stimulation 

perceived by people. 

The limitation of the vibration pattern experiment was that there were only 6 

subjects participated in this study, which was limited by time and resource. 

Consequently, gender of participants was not considered as a between-subject 

variable. However, previous studies showed that perception thresholds of vibration 

were not the same among people: Frenette et al. (1990) claimed that vibrotactile 

perception threshold was significantly different with genders. Neely and Burstrum 

(2006) reported no gender differences, but they found many phenomena between 

both genders. Therefore, by simply collecting ratings of all the subjective was not 

fully reliable. If there were a larger sample of subjects, the testing of perceptions to 

various vibration patterns might consider gender as a between-subject variable, 

which may provide with a more accurate result. 

7.4. Perceptual Study Findings 

Since little research on vibrotactile stimulation about laughter has been 

conducted, there are few similar studies based on which the results of this study 

could be discussed. In this section, the results are summarized and discussed with 

related previous studies, possible reasons of the results are deduced. 

First, it was found in this study that no significant main effect of the types of 

vibrations on ratings of perception of the laughter from the video was identified. 

This result was supported by Fukushima (2010), who used vibrating dolls whose 
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vibration was synchronized with laugh tracks of comedy, as no significant 

differences were observed. However, in present study it was discovered that ratings 

of arousal with square pattern vibration were almost significantly higher than the 

ratings obtained without vibration, and that ratings of dominance with square pattern 

vibration were significantly higher than the ratings obtained without vibration. This 

may be because that vibrotactile stimulation provided people with energy, which 

made people feel that the laughter was stronger and more meaningful to people after 

perceiving the additional energy. The theory of additional energy may also be 

explaining that tactile modality was effective in expressing the urgency of incoming 

messages and notifications, as Heikkinen claimed (2011). However, respiration 

pattern vibration did not significantly enhance the perception of arousal and 

dominance, which may be because it was more associated to the laughter than the 

square pattern. The feeling that the vibration pattern was associated with the 

laughter might reduce the perception of the vibration stimulation. In this study, the 

respiration pattern was more associated with the laughter may have made it less 

noticeable than the square wave.In other words, people might feel that the energy 

perceived from the square pattern vibration was more than that perceived from the 

respiration patter vibration, even though they transmitted the same amount of 

energy.  

Second, there was a significant interaction effect between the type of vibration 

and the sex of the participants. However, since the univariate did not identify any 

differences, no difference in perception of pleasure, arousal or dominance between 

genders was found. This finding was not consistent with many previous studies 
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about the effect of vibrotactile stimulation, which claimed that there was no 

significant effect of genders on vibration perception (Haans, et al., 2007; Jonghyun, 

et al., 2010; Kang, et al., 2012). However, this finding of the present study was 

similar with that concluded by Karuei et al. (2011), which was that gender did have 

some impact, but the difference is not consistent or large. The reason may be that, 

since laughter was emotional, which was not like the tasks of the previous studies, 

the perceptions of laughter between genders were different. As Provine (1993) 

discovered that the numbers of laughs were different between genders in speech 

context. Results also showed that ratings of male on dominance with square 

vibration were higher than that with no vibration, but ratings of female with two 

vibrations were close. Consequently, it suggested that vibration stimulation in 

square pattern might lead males to judge laughter in the screen as more meaningful 

than simply hilarious.  

Third, there was no significant interaction effect between the type of vibration 

and emotion trait cheerfulness, seriousness or bad mood. However, there was an 

almost significant interaction effect between the type of vibration and emotion trait 

cheerfulness for laughter arousal perception, in which ratings with respiration 

pattern vibration was significantly higher than with no vibration. This was different 

from the first finding, as the respiration pattern vibration enhanced the perception of 

arousal. It was possible that, for people with more cheerful emotion traits, the 

respiration pattern vibration, which was more synchronized and associated with the 

laughter, was able to cooperate with other media of laughter transfer by providing 

more perceptual cues of the intensity of laughter. It may be deduced that people with 
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more cheerful emotion traits are able integrated perceptions from various streams to 

perceive positive emotions. 

 Finally, no significant interaction effect was discovered between the type of 

vibration and emotion state cheerfulness, seriousness or bad mood. However, the 

univariate tests show significant effects between the type of vibration and emotion 

state cheerfulness for laughter pleasure valence perception and arousal perception 

were discovered. According to the data, vibration stimulation was able to enhance 

laughter perception of people in less cheerful emotion state. It could be explained 

that for people who were in the happy emotion state, vibration stimulation might be 

a comparatively negative impact, because that might distract the perception of 

laughter to that of the vibration stimulation. Conversely, for people in the less 

cheerful emotion state, one reasonable explanation was that the energy transmitted 

to people from the vibration stimulation might increase the sense of presence of 

laughter, which was a positive feeling for laughter perception. As previous studies 

suggested, haptic stimulation provided a strong interpersonal link between people, 

and raised levels of presence (Brave & Dahley, 1997; Fogg, et al., 1998; Lok, 2002). 

It was also found that for people in less cheerful emotion states, their ratings of 

perceived arousal with respiration pattern vibration was higher than those with 

square pattern vibration. This was consistent with Bennett and Stevens (2006), who 

suggested that the sense of presence was significantly higher when correct haptic 

feedback for material properties was provided, because the respiration pattern 

vibration was more associated than the square pattern vibration.  
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In summary, vibration stimulation was able to enhance pleasure perception for 

people in less cheerful emotion states. From the arousal perception perspective, 

generally square pattern vibration enhanced perception, but respiration pattern 

vibration worked better for people in less cheerful emotion traits. Vibration 

stimulation also increased arousal perception for people in less cheerful emotion 

states. Perception of dominance for male was enhanced by square pattern vibration.  

The limitation of this experiment was the small sample of subjects. 18 

participants were recruited. When dividing the subjects into groups, there were less 

than 10 subjects in each group, which might not provide enough support to statistics. 

If a larger sample of subjects could be tested, the results could be more significant. 

7.5. Applications 

These findings suggested that laughter perception of people might be positively 

enhanced with a haptic device providing square pattern vibration, especially for 

those in less happy emotion states. Considering the haptic devices that were built in 

previous studies, such as the rotating fingertip stimulator of Salminen (2008), the 

one-degree freedom haptic knob of Smith and MacLean (2007), and  vibration 

device of Heikkinen (2011) connected with mobile, a potential application is that 

some vibrators and a respiration sensor could be fixed into some clothes, such as T-

shirts, at the position of chest. The respiration sensor would collect the respiration 

data and send them to the vibrators on others’ clothes as stimulation. The vibrators 

would provide vibrotactile stimulation as soon as the respiration pattern of laughter 

is detected. Arduino could be used to connect the sensor and vibrator together, and 
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the experience of interaction would be significantly improved if wireless signal 

receiver and transmitter were installed. This sort of device would be inexpensive but 

still robust, as the materials and components used are not complex.  

This design could be applied to various scenarios. In virtual non-colocated 

environment, including online chatting between two people and group video talk 

among groups of participants, the haptic device may help optimize the interaction by 

enhancing perception of laughter. For interaction with Virtual Environment, the 

haptic device may help increase the quality of interaction with the avatar, such as 

the conversational agents described by Traum and Rickel (2002).  

7.6. Suggestions for Further Study 

Four suggestions are described for further study on this topic. Firstly, gender of 

people in the video should be considered as a variable, with same-sex versus mixed-

sex dyads as a condition to control. In the experiment, although without special 

consideration, there were 27 videos of male and 27 of female in the 54 videos. 

However, the sequence of video and the vibration were all randomized without 

considering the gender of people in the video. In addition, the durations of laughter 

were controlled but the number of laughs from one person was not. Consequently it 

was not fitted for controlling sex dyads. It may cause difference since male and 

female may react differently towards laughter of the same or opposite sex. 

Secondly, whether subjects know the people in the video laughing should be 

considered as a variable. It is not hard to imagine that people may feel more intimate 
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when they know or are even friends with the people in the video, which may 

influence their perception.  

Thirdly, in this experiment, the unassociated haptic stimulation was tested. 

Moreover, unsynchronized vibration, which is vibration with time delay or advance, 

could also be considered because that may affect the sense of association with 

laughter. Chang (2008) suggested that multimodal stimulation in interaction design 

had been considered as a way to enhance experience, in which synchronization was 

regarded as one of the most critical principles. Bresciani (2005) proved that the 

modulation was connected with time interval of stimulation, by discovering that the 

auditory modulation of tactile perception turned weaker when the auditory stimuli 

were presented before the onset or after the end of the tactile sequences. Altinsoy 

(2003) tested the time interval to judge synchronization, and the result showed was 

from approximately –25 to 50 ms. 

Finally, it is possible and reasonable to do a real interaction instead of a 

perceptual study. Two non-co-located people look at the video together on a social 

media space. In one condition, they receive vibration each time the other laugh. In 

the other condition they do not receive any vibration. The aim would be to see if 

they laugh more when they receive the vibration feedback, and if they rate the 

movie funnier than when they don’t receive vibration. This could be a more 

informative study than this perceptual study because subjective ratings are not fully 

reliable. The PAD measures used in this study were an explicit measure, so that 
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participants had to make calculated judgements about their perception. In a natural 

interaction, people would respond more instinctively. 
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CHAPTER 8. CONCLUSION 

Theories were concluded from the data gathered in the experiment. First, no 

significant main effect of the types of vibrations on ratings of perception of the 

laughter from the video was identified. But ratings of arousal and dominance with 

square pattern vibration were almost significantly higher than the ratings obtained 

without vibration. Second, there was a significant interaction effect between the type 

of vibration and the sex of the participants. Third, there was no significant 

interaction effect between the type of vibration and emotion trait cheerfulness, 

seriousness and bad mood. However, there was an almost significant interaction 

effect between the type of vibration and emotion trait cheerfulness for laughter 

arousal perception, in which ratings with respiration pattern vibration is significantly 

higher than with no vibration. Fourth, no significant interaction effect is discovered 

between the type of vibration and emotion state cheerfulness, seriousness and bad 

mood. But there was a significant interaction effect between the type of vibration 

and emotion state cheerfulness for laughter pleasure valence and arousal perception. 

If more data could be obtained, the effects which were almost significant may be 

more significant. Consequently, it is possible that a haptic device might positively 

enhance laughter perception of people by providing square pattern vibration, 

especially for those in less happy emotion states. 
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The limitations of this study approach included that social laughter were not 

separated from hilarious laughter, which may cause difference to perception of 

laughter. Both the samples of subjects for the vibration pattern experiment and 

perceptual experiment were small. The number of participants cannot provide 

sufficient support to statistics. Four suggestions for study direction are given. First, 

gender dyads between participants and people in the videos should be considered. 

Second, whether subjects and people in the videos know each other should be 

concerned. Third, other forms of unsynchronized or non-associated stimulation 

should be taken into account in future studies, such as time delay or advance. 

Finally, a real interaction with instant vibration stimulation about laughter could 

provide interesting results.   
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APPENDIX A. ARDUINO CODE FOR LAUGHTER CAPTURE 

EXPERIMENT 

int sensorValue = 0; 
float EWin= 0; 
float EWOut = 0; 
int x = 0; 
float Sdata[5]; 
int rangeAdjuster = 100; 
 
void setup() { 
  Serial.begin(1200); 
  pinMode(9, OUTPUT); 
} 
 
void loop() { 
  int sensorValue = analogRead(A0); 
  for (x=0;x<5;x++) { 
    Sdata[x] = pow(sensorValue,2); 
      if(x=4){ 
      EWin = (Sdata[0]+Sdata[1]+Sdata[2]+Sdata[3]+Sdata[4])/10; 
      EWOut = 18*pow(2.71828,((EWin-45)/80)); 
      Serial.write(EWOut); 
      } 
  } 
} 
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APPENDIX B. ARDUINO CODE FOR VIBRATION OUTPUT 

int incomingByte = 0; 
int ledPin3 = 3;     
int ledPin5 = 5;  
int ledPin6 = 6;  
int ledPin9 = 9;  
int ledPin10 = 10;  
int storeByte = 0; 
 
void setup() { 
        Serial.begin(9600);     
} 
 
void loop() { 

  if (Serial.available() > 0) { 
                incomingByte = Serial.read(); 
                analogWrite(ledPin3, incomingByte); 
                analogWrite(ledPin5, incomingByte); 
                analogWrite(ledPin6, incomingByte); 
                analogWrite(ledPin9, incomingByte); 
                analogWrite(ledPin10, incomingByte); 
                storeByte = incomingByte; 
        } 
        else 
        { 
                analogWrite(ledPin3, storeByte); 
                analogWrite(ledPin5, storeByte); 
                analogWrite(ledPin6, storeByte); 
                analogWrite(ledPin9, storeByte); 
                analogWrite(ledPin10, storeByte); 
         } 
} 
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APPENDIX C. VIBRATION PATTERN EXPERIMENT 

QUESTIONNAIRE 

The first page of the questionnaire is shown. Pages following are in the same 

structure. 

Condition 1: 

How intense did you feel this vibration was? 

Not felt                                                                                                            Very intense 

0	   1	   2	   3	   4	   5	   6	   7	   8	   9	   10	  

 

How pleasant did you find this vibration? 

Very unpleasant                                                                                             Very pleasant 

-‐3	   -‐2	   -‐1	   0	   1	   2	   3	  

 

How much did you feel that this vibration was associated with the laughter in the 
video? 

Not at all              Very much so 

0	   1	   2	   3	   4	   5	   6	   7	   8	   9	   10	  

 

Other comments on this vibration: 
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APPENDIX D. STATE-TRAIT-CHEERFULNESS-INVENTORY-

TRAIT (STCI-T)(WILLIBALD RUCH, KOHLER, & VAN 

THRIEL, 1996) 

Name/Code: ____________________ Age: |__|__|  

Gender: O male O female Instructions: 

The following statements refer to your moods and mentality in general. Please try as 

much as possible to describe your habitual behavior patterns and attitudes by 

marking an X through one of the four alternatives. Please use the following scale: 

(1) strongly disagree (2) moderately disagree  

(3) moderately agree (4) strongly agree 

For example: 

I am an active person. .............................................................................(1) (2) (3) (4) 

If you strongly agree with this statement, that is, if you are in general an active 

person, mark an X through (4). If you strongly disagree, that is, if you are habitually 

not active at all, mark an X through (1). If you have difficulty answering a question, 

pick the response that most applies. 

Please answer every question, do not omit any. 

1 People often have reason to ask if something is eating me. ............... (1) (2) (3) (4) 
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2 My way of life can be described as positive and carefree. ................. (1) (2) (3) (4) 

3 I very seldom act without a proper reason. ........................................ (1) (2) (3) (4) 

4 I am a cheerful person. ....................................................................... (1) (2) (3) (4) 

5 Most of my friends are more likely to be serious and reflective. ....... (1) (2) (3) (4) 

6 Some annoying circumstances are capable of spoiling my mood for quite a while. 

................................................................................................................ (1) (2) (3) (4) 

7 I prefer conversations that deal with important things and are very profound. ... 

................................................................................................................ (1) (2) (3) (4) 

8 Sometimes I have the feeling of an inner emptiness. ......................... (1) (2) (3) (4) 

9 I can be made to laugh easily. ............................................................ (1) (2) (3) (4) 

10 I find it unnecessary when people exaggerate in talking to me. ...... (1) (2) (3) (4) 

11 Compared to others, I really can be grumpy and grouchy. ............. (1) (2) (3) (4) 

12 I plan my actions and make my decisions so that they are useful to me in the long 

run. ....................................................................................................... (1) (2) (3) (4) 

13 I often feel despondent. ................................................................... (1) (2) (3) (4) 

14 I can easily unwind and enjoy the moment. .................................... (1) (2) (3) (4) 

15 I am a serious person. ...................................................................... (1) (2) (3) (4) 
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16 Everyday life often gives me the occasion to laugh. ....................... (1) (2) (3) (4) 

17 I often think, "For heaven's sake, don't bother me today.” .............. (1) (2) (3) (4) 

18 In my life, I like to have everything correct. ................................... (1) (2) (3) (4) 

19 I have a "sunny" nature. ................................................................... (1) (2) (3) (4) 

20 When I watch TV, I prefer informative reports to "shallow" programs. 

............................................................................................................... (1) (2) (3) (4) 

21 When I am distressed, even a very funny thing fails to cheer me up. 

............................................................................................................... (1) (2) (3) (4) 

22 I often smile. .................................................................................... (1) (2) (3) (4) 

23 In everything I do, I always consider every possible effect and compare all pros 

and cons carefully. ................................................................................ (1) (2) (3) (4) 

24 When friends try to cheer me up by joking or fooling around, I sometimes 

become more morose and grumpy. ....................................................... (1) (2) (3) (4) 

25 Laughing has a contagious effect on me. ......................................... (1) (2) (3) (4) 

26 I often find that the small things in everyday life are really funny and amusing. 

............................................................................................................... (1) (2) (3) (4) 

27 There are many days on which I think, "I got up on the wrong side of bed.". .... 

............................................................................................................... (1) (2) (3) (4) 
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28 In most situations, I initially see the serious aspect. ........................ (1) (2) (3) (4) 

29 Sometimes I am sad without any reason. ......................................... (1) (2) (3) (4) 

30 I like to laugh and do it often. .......................................................... (1) (2) (3) (4) 

31 My mood is often not the best one. .................................................. (1) (2) (3) (4) 

32 I am a merry person. ......................................................................... (1) (2) (3) (4) 

33 When I am in contact with others, I often find that I have thought many things 

through more thoroughly than they. ...................................................... (1) (2) (3) (4) 

34 Even if there is no reason, I often feel ill-humored. ......................... (1) (2) (3) (4) 

35 Many adversities of everyday life actually do have a positive side.. (1) (2) (3) (4) 

36 In conversation, I always avoid exaggerations, embellishments, and ambiguities, 

all of which do not contribute to the meaning of my statements. ……..(1) (2) (3) (4) 

37 I am often in a bad mood. ................................................................ (1) (2) (3) (4) 

38 I feel completely contented being with cheerful people. ................. (1) (2) (3) (4) 

39 My everyday life is filled mainly with important things and matters. ...... 

................................................................................................................ (1) (2) (3) (4) 

40 Sometimes I am distressed for a very long time. ............................. (1) (2) (3) (4) 

41 The good mood of others has a contagious effect on me. ................ (1) (2) (3) (4) 



 - 97 - 

42 I don't understand how others can waste their time on senseless matters. 

.................................................................................................................(1) (2) (3) (4) 

43 I am often sullen. .............................................................................. (1) (2) (3) (4) 

44 I often find the slight mishaps of everyday life amusing, even if they happen to 

me. ......................................................................................................... (1) (2) (3) (4) 

45 My acquaintances often get on my nerves. ...................................... (1) (2) (3) (4) 

46 I am often in a good mood, even without a specific reason. ............ (1) (2) (3) (4) 

47 I tend to plan far in advance and to set long-term goals for myself.  (1) (2) (3) (4) 

48 I often feel so gloomy that nothing can make me laugh. ................. (1) (2) (3) (4) 

49 Even seemingly trivial things have to be treated seriously and responsibly. 

................................................................................................................ (1) (2) (3) (4) 

50 I am often in a joyous mood. ............................................................ (1) (2) (3) (4) 

51 If I am in a bad mood, I can't stand the presence of cheerful people.(1) (2) (3) (4) 

52 I try to spend my free time doing things as useful as possible. .........(1) (2) (3) (4) 

53 Experience has shown me that the proverb "Laughter is the best medicine" is 

really true. .............................................................................................. (1) (2) (3) (4) 

54 I am a rather sad person. ................................................................... (1) (2) (3) (4) 

55 I prefer people who communicate with deliberation and objectivity. (1) (2) (3) (4) 
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56 I often feel so weary that I cannot rouse myself to do anything. .......(1) (2) (3) (4) 

57 I like to kid around with others. ........................................................ (1) (2) (3) (4) 

58 When I communicate with other people, I always try to have an objective and 

sober exchange of ideas. ........................................................................ (1) (2) (3) (4) 

59 It is easy for me to spread good cheer. ...............................................(1) (2) (3) (4) 

60 One of my principles is: "first work, then play.” .............................. (1) (2) (3) (4) 

Please check to see that you have answered every statement. 
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APPENDIX E. STATE-TRAIT-CHEERFULNESS-INVENTORY-

STATE (STCI-S)(WILLIBALD RUCH, ET AL., 1996) 

Name (Code): __________________ Age: |__|__|  

Gender: male O female O 

Instructions : 

The following statements refer to your current mood and mental state. Please try as 

much as possible to describe your 

current feelings and state of mind by marking an X through one of the four 

alternatives. Please use the following scale:  

(1) strongly disagree (2) moderately disagree  

(3) moderately agree (4) strongly agree 

For example: 

I have an even temper. ........................................................................... (1) (2) (3) (4) 

If you strongly agree with this statement, that is, if you have an even temper at this 

moment , mark an X through (4). If you strongly disagree, that is, if you at present 

do not have an even temper at all , mark an X through (1). 

If you have difficulty answering a question, pick the solution that most applies. 

Please answer every question, do not omit any. 
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1. I am in a bad mood. ........................................................................... (1) (2) (3) (4) 

2. I am set for serious things. ................................................................. (1) (2) (3) (4) 

3. I feel chipper. ..................................................................................... (1) (2) (3) (4) 

4. I am sad. ............................................................................................. (1) (2) (3) (4) 

5. I have important things on my mind. ................................................. (1) (2) (3) (4) 

6. I am cheerful. ..................................................................................... (1) (2) (3) (4) 

7. I am in a thoughtful mood. ................................................................ (1) (2) (3) (4) 

8. I could laugh at the drop of a hat. ...................................................... (1) (2) (3) (4) 

9. I feel grouchy. .................................................................................... (1) (2) (3) (4) 

10. I have a serious mental attitude. ...................................................... (1) (2) (3) (4) 

11. I feel merry. ..................................................................................... (1) (2) (3) (4) 

12. I feel downhearted. .......................................................................... (1) (2) (3) (4) 

13. I am in a pensive frame of mind. ..................................................... (1) (2) (3) (4) 

14. I am ill-humored. ............................................................................. (1) (2) (3) (4) 

15. My thoughts are profound. .............................................................. (1) (2) (3) (4) 

16. I feel great. ....................................................................................... (1) (2) (3) (4) 
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17. My mood is spoiled. ........................................................................ (1) (2) (3) (4) 

18. I am in a serious frame of mind. ..................................................... (1) (2) (3) (4) 

19. I am amused. ................................................................................... (1) (2) (3) (4) 

20. I am peeved. .................................................................................... (1) (2) (3) (4) 

21. I see the funny side of things. ......................................................... (1) (2) (3) (4) 

22. I regard my situation objectively and soberly. ............................... (1) (2) (3) (4) 

23. I'm walking on air. .......................................................................... (1) (2) (3) (4) 

24. I feel gloomy. ................................................................................. (1) (2) (3) (4) 

25. I am in a crabby mood. .................................................................. (1) (2) (3) (4) 

26. I am delighted. ............................................................................... (1) (2) (3) (4) 

27. I feel dejected. ............................................................................... (1) (2) (3) (4) 

28. I'm prepared to do a task in earnest. .............................................. (1) (2) (3) (4) 

29. I am ready to have some fun. ......................................................... (1) (2) (3) (4) 

30. I am in a sober frame of mind. ....................................................... (1) (2) (3) (4) 
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APPENDIX F. PERCEPTION EXPERIMENT QUESTIONNAIRE 

The first page of the questionnaire is shown. Pages following are in the same 

structure. 

The Pleasure-Displeasure Scale measures how pleasant an emotion may be. For 
instance both anger and fear are unpleasant emotions, and score high on the 
displeasure scale. However joy is a pleasant emotion. 

The Arousal-Nonarousal Scale measures the intensity of the emotion. For 
instance while both anger and rage are unpleasant emotions, rage has a higher 
intensity or a higher arousal state. However boredom, which is also an unpleasant 
state, has a low arousal value.  

The Dominance-Submissiveness Scale represents the controlling and dominant 
nature of the emotion. For instance while both fear and anger are unpleasant 
emotions, anger is a dominant emotion, while fear is a submissive emotion. 

Video 1 

Pleasure-Displeasure Scale 

Displeasure                                                                                                            Pleasure 

-‐3	   -‐2	   -‐1	   0	   1	   2	   3	  

Arousal-Nonarousal Scale 

Nonarousal                                                                                                              Arousal 

-‐3	   -‐2	   -‐1	   0	   1	   2	   3	  

Dominance-Submissiveness Scale 

Submissive                                                                                                         Dominance 

-‐3	   -‐2	   -‐1	   0	   1	   2	   3	  

 

 


