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Abstract

Emotion is one of the key elements involved in learning and educdtadfects our decision

making, our communication and our ability to learn. Therefore in this project we proposed

the use of an electroencephalography (EEG) device called the Emotiv EP@Tetd a
user6s emotions vVvia br ai ystera (f®).sWeiaimedaortestithet el | i
accuracy and applicability of isndevice in an ITS called EERutor. First we aimed to test

t he EROECa@y dete¢t i ng emoti ons by comparing EPOC
participansd selfreported scores. Emotions were induced using the International Affectiv
Picture System (IAPS). Iz toa lack of reliable datthis study washenimproved upon and
re-conducted.The improved study still resulted in no significant findings as a imahip

between selfeport scores and EPOC emotional values could not be found. Therefore a
different approach was adoptéal test the accuracy and applicability of the ER@Cour

third study wetested thdePOC in EERTutor using a thinkaloud protocol The utterances of
participans were compared to themotional values EPO@roduced. These utterances were

defined by context of statement, action taken and timing and placed into categories. No
significant difference was found between categories. Theanaes of the readings for

various categories were also quite large, showing that individuals emotional responses can
vary greatly and a single emotional model cannot be developed for a group of people. Even
though no significant findings were found, certdimitations of the EPOC allowed us
conclude its unsuitability for use in ITSs.
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Chapterl: Introduction

Emotions areone of the keyfactorsfor developingadvancededucational systems that are
adaptive t o nwtionssae essentiaimarey dreas of Barning such as creative
thinking, inspiration,cone@ntration and maotation [1, 2]. A large portion of the currently

available educationadystems do notonsidert he af fects a userés emo
their learning.More recently new forms of technology have become available allowing an
emotional model to be incorpated into a system.

Electroencephalography (EEG) provides a way in which we can access and record neural
activity that can be used to detect emotional states. The use of electrical activity of the brain
as a form of emotion detection is becoming increglgi popular as it requires no physical
effort from the user. The use of an EEG also allows the system to build an emotional model
in real time without distracting the user from their current task.

EEG devices are usually very expensive and hard to obtithey are wstly used for
medical research howevetheaper consum@rade EEG devices have become available
such as the Emotiv EPOC. The Emotiv EPOC is a lightweight wireless headset that has a
significantly shorter setup time and allows for portapilinlike original EEG devices.

The EPOC was not originally intended for research however is becoming increasingly
popular due its flexibility and wide range of suites which it offers. The EPOC comes with a
series of soft war e samotioressfacial lexpressiang and abetrble ¢ t
objects in a virtual world. There have been some applications that have used the EPOC and
its emotional detection suites in an ITS. There have been no studies investigating the
accuracy of the emotional channelstohe EPOC i n c¢ompa+eposteadn t o
emotional state. This report will investigate the accuracy and applicability of the Emotiv
EPOC in an ITS.

1.1  Motivation

The Intelligent Computer Tutoring Group (ICTG) is focused on improving students learning
experiences and enhancing their performance in many different fields of education. They
have developed a variety of intelligent tutoring systems which aim to aclhisvgdal by
providing a supportive learning environment. The learning effectiveness of a system is not
only dependant on the environment but also on the emotional state of the user. Therefore it
has been proposed that intelligent tutoring systems shoilize uaffective computing in

which systems can detect and recognize emotional information. This information is then used
to enhance learning environments by avoiding negative emotions such as boredom and
disengagementAffective computing can be implemext in many different ways however

the use of EEG in intelligent tutoring systems looks promising.



The Emotiv EPOC is a lightweighhexpensive EEG devicthat allows greater flexibility
than traditional EEG device3here has beesomer e s e ar ¢ h capability & Odieots
emotions however there has been no formative evaluation lmww well the identified
emotions of EPOC correspond to selported statesWe are therefore interested in
determiningwhether or not there is any relationship betweenethetional states identified
by the EPOC and the emotional states reported by the user. We also interestetiedben
or not the EPOC is applicab#énd practical for use an ITS such as EERitor to measure
emotional states with the future aim of makemn affective model of the student.

1.2 Goals

Our aim was to investigate the EP®&ccuracy in detecting the emotions of boredom,
frustration, medation, excitement and engagement. We aimed to investigate which of these
emotions it most accurately measuredrder to test its applicability for use in &S. The
research questions were as follows:

1 How accurately does the Emotiv EPOC detect emotions?

1 Which emotions does EPOC detect the best?

1 How difficult is it to use the EPOC when measuring emotions?
1 Isthe EPOC useful/practical for measuring emotions iiT&?

1.3 Report Layout

In the next sections we expand upon how goals were accomplished agive a more
detailed explanation of the motivatiofehind this study. In Chapter twwe provide a
comprehensive review of previous literature valeto this study. In Chapter threfur and
five we describe the implementation and results of the studies conducted itooagéreve
our goals. Chaptesix provides aliscussiorof resuls and overall conclusions of the project.



Chapter 2: Background and Related Work

In this Chapter we provide a summary of background research relevant to our project. We
define emotion and its importance computing and the techniques used to incorporate it in an
educational system. We also provide a detailed explanation on EEG, the ERGIC, IAPS

and the Tobii eye tracking system.

2.1 Emotions

Emotions influence the decisions people make, how effectively they learn and how they
communicate with otherf3]. Psychol ogists define emoti on
largely visceral, resulting fromlaack of ef f ect i v emaia thgotes arene nt 0
defined for emotion and these are grouped into the following categoriglsysiological,
neurologicaland cognitive. These three categories diff@sedon the source of the emotions.

For example in th@hysiological approach the body is responsible for emotion whéreas
cognitive approach states that mental activates are accountable. In this studypvearily
concerned with thaeeurological approacivhich states thatlectrical signa play an essential

role in forming emotions. There are also two theoretqgiroaches to studying emotion
consisting of the categorical and dimensional approadtescategorical approach relies on

a discrete lexicon of emotional words to convey specific meaning. The dimensional approach

on the other hand assumes humans are in a constant affective state that can be represented by
the two underlying dimensions of eaice and arousgd]. Valence is the amount of positivity

or negativity which a person feels towards somethrgusalon the other hand is regarded
aswhatr ecei ves a p e]rEsmotions are exttetmedyrinhportant in ¢omipg as

they can inflencelearning effectivenesdn this study we examine the types of situations

which give rise to emotionsa a learning environment.

2.2 Intelligent Tutoring Systems

Intelligent tutoring systems (ITS) are designed to support student learning by pgovidin
effective feedback and adapting to students individual nggds$TSs have been found to
benefit users by significantly increasing learning e use of cognitive model$8].
However many are yet to incorporate an affective model which hasfoeedto have a

great impact orearning[8]. The use of an affective model in ITS will allow the system to
identify emotions and adjust the system accordingly avoiding emotions associated with a
decrease in leamng such as boredom. Nall emotions are relevant iif'S; specific emotions

that are associatedith learningare calledi a ¢ a d e mi ¢ [1@.mRekrunenas. {lL0]
developed the Academic Emotions Questionnaire (AEQ) in order to study academic
emotions. They found in their sties that a rich diversity of emotions was observed in an
academic setting and positive emotions were described just as frequently as negative



emotions. Examples of the fAacademic emoti on
enjoyment, anger, boredom aaxiety.

2.3 Affective Computing

The importance of the study of emotions has prompted the development of many new
research areas such as affective computing. Affective computing is a person's interaction with
technologythat relates to and arises froom deliberately influences emtions [4. This
research i s essenti al as peopl eds emotions
interactional experiences with a system. If we can understand @ ssertional state when

using a systenthen perhaps we c¢aimprove the system and enhance greater learning
avoiding negative emotions which have been found to decrease learning.

Considerable research has already been conducted demonstrating the importance and
effectiveness of affective computing. Affective systehave already been implemeniad

some ITS [§. Affective computing is a crucial element in using ITSs because learning new
concepts amh tasks can be very frustratimfghus I mpai ring peopl esd pe
gaps 1 n their knoadlaeiddyidual tolleard@ bydproadingncustosiized o
feedback and help without the need of a human tutor. Previous research has been conducted

in this area into systems that offer active support in helping users manage their emotions. An

ITS called EERTutor acknowledged its s er 6s emoti ons and respond
that appeared to be empatic when a user made a mistakecongratulatory when he she

gave the correct solution [LL1In this study valence and situational cues were used to
determne the level of affective response that was required. This was found to be an effective
technique and generally liked by users. Other research has been conducted into a system that
detects the affective state of users through the use of conversationgasiase and facial
expressions [6]. These techniques were used in a tutor called AutoTutor [12].

2.4  Electroencephalography (EEG)

Different approaches to measuring emotions have been used in the past suetepsrsiel,
annotation, webcamand physiological sensors [[LBL4] [15 cited in [16] However these
methods have been prone to human error, biases or have introduced unnecessary noise.
Therefore new techniques need to be investigated which provide greater accuracy in detecting
human enotions. In this project we propose of use EEG for measuring and detecting
emotions. EEG has been used in research and medical field€ord80 yearqd17]. Until

recently EEG has been difficult to obtain and extremely costly. EEG works by detecting the
electrical signals released by the braln. the human brain, each individual neuron
communicates with others by sending tiny electrochemical signals. When millions of these
neurors are activatethe signal becomes strong enough that EEG devices can igfied]

[19] cited in [20].EEG detects the electrical sign@itsougha series of electdes placedon

the head. These electrodes use th2A8ystem (see Figure 1). This systeictates thathe

actual distances between adjacent electrodes are &itéror 20% of the total frofitack or
right-left distance of the skulll7]. EEG detects four different types of brainwaves these



consistof: delta (0.13.5 Hz), theta (4.5 Hz), beta (180 Hz) and gmma (>30 Hz) waves.

Each of the waves represerderiin states of the brain. Delteaves are used during sleep
whereas lieta waveshave been associated with meditation and aroussth Biaves are

associated with concentration, high alertness and anxiety anchgwaves are associated
with focus and intellgcial acuity [17]

Figure 1: The 120 System [2]L

EEG devices are usually used in clinical research for stroke rehabilitationiovéstigating

epilepsy. The use of EEG devices to detect the electrical activity of the brain is becoming
increasinglypopular in other areas of research as it requires no physical effort from the user.
EEG devices can be time consumtogset up correctlgs a large number of nodes need to be
precisely placed on the users head. These nodes are kept in place tysobayels and

saline solutions EEGcan be very costly and difficult to obtain howeveaw inexpensive
EEGO6s have been r el amufasta tosehup suchaas the Ematis EPOC. t 0
EEG does have some limitations as the EEG signals caanpaensitiveto noise and pick

up unwanted artefact2P]. This noise introducectan be caused by many factors such as
facial movementsf blinking or mouth movemerj23].

2.5 Affective Computing and EEG

Research conductdaly Inventadoand colleagues [8JusdEG t o det ect a userl
state in order to identify the appropriate time to intervene with learning. An affective model
wasalso applid in order to measure feedba&lobison et al[24] found certain emotionare

affeced by feedback more than others aheé timeat which feedback is given is crucial in

avoiding negative stes.

A | arge majority of researchers wuse a mul ti
state. For example EEG data has been used along withfothex of detecting behaviours
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such as mouse click behawrs. In a study conducted by Azcarraga et al. {@&y found that
brainwave data collected froan EEG had low accuracy of predicting emotiondowever
when combined with mouse featutéss accuacy increased to 92 %Another example of a
multimodal approachwas a system called ABE [26]. ABE usedcombination of the
EMOTIV EPOC, skin conductance, MIT mind reader system and pressure stendetsct
emotions This system was created to run inglkal to an already existing'S with the aim
of providing a more empathic systg&6] reducing the likelihooaf negative emotions such
as frustration occurring. However this systeras not implemented in real time asanly
analysed data after the panpant had finished using the system.

The use of EEG to detect emotibas also been used in many other fields such as astronomy.
NASA developed an EE@®ngagement index for switching between manual and@latb

with the aim of improving performance. tineir study they combined the use of physiological
sensors and EEG to record emotions and engagd@iégntThey foundthat these factors
impact response time variability. Thigoe of systentould be applied tan ITS where the
systemrecognizesvhenit is appropriateo push users harder based on their emotional state
and engagement levels.

2.6 The Emotiv EPOC

The Emotiv EPO(see Figure 2was originally developed for gamingvith a variety of

games and virtuaénvironmentsavailable through th&motiv app storeGamers usdhe

EPOC device to contreariousaspects of a gaming environme@ierthe past few years the
EPOC has been increasipgised in various areadr e sear ch. The EPOC can
thoughts, feelings and expressions bgtaang the brainwaves produced by the wearer. The
EPOC has 14 sensors and 2 references following tH#0 Kystem(see Figure 1) [29]The

signals received from the headset are transferred to a computer through a wireless USB
dongle. The electrodes on thEPOC are equired to be slightly moistened with a saline
solution whch also acts as a disinfectaptpvided in the EPOC kits¢29]. These properties

along with it being lightweight make the EPOC extremely portable and easy to(agse

Figure 2)

Figure 2: The Emotiv EPOC headse8]2
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Data is constantly collected by the EPOC. Upon collection the data is then converted into
digital data which is themwirelessly transmitted to the USB dongle. A ppsicessing
software called the Emotiv EmoEngie&poses the Emotiv detection resultshe Emotiv

API and the Emotivcontrol panel[29]. The control panel displays the battery level, signal
guality and system statudt also provides a Graphical User Interface (GUI) to the
EmoEngine through the EmotiAPl and demonstratesE mo Engi ne 6 s. Theapabi |
EmoEngine providea selection obuilt in detection suitegicluding theExpressiv Affectiv

and Cognitiv suitesThe control panel has a tab for each of these suites with visual
representations of theattime data. Other tools such as the EmoKey and EmoComposer are
also availableThe Emokey is a tool which translates EmoStates given by the EmoEngine
into signals that emulate input devices such as a keyboard. The EmoComposer is an
EmoEngine emulator degned to speedp the development of Emotoompatible software
applications. Resetwo tools are not used in this study. The Emotiv SDK also allows
researchexto develop their own systenesllecting data straight from the EPOC integrating

the SDK with both C++ and Jav§29].

The Cognitive suite allows users to move objects in a virtual environment using just their
thoughts [29]. The Cognitive suite, unlike the other suites, requires extensive training in order
for it to be used effectively. The Expressuite on the other hand allows for the detection of
facial expressions such as blinking, winking, looking left or looking right. These suites are
not used in this study; however multiple suites can be used in parallel if desired.

This study is primarilyconcerned with the Affectiv suite which records real time changes in
emotion experienced by the user. Each person who wears the EPOC has their own user
profile and their data is rescaled overtimen or der to i mproV29l. t he E
How this resaling is achieved by EPOC is unknown; it is necessalyne per sonos |
|l evel s of excitement may s lbfeexciementt Regefore per s o
normalizing of data is used to account for variation. The EPOC can detect five different types

of emotions (channels): instantaneous excitement, long term excitement, meditation
engagement and frustration. The EPOC scores eacmalhan a scale from zero to one

where ahigher channel score corresponds to a greater intensity of the emotion. Instasitaneo
excitement is defined as a afrfoeueslailn g nora apwasrie
[29] . Engagement i's defined as fithe alertnes:c
direction of attention towds atask el ev ant § The moelengaged a préon is

the highertheir channel score is [R90On the opposite end of the scaldower scorean be

attributed to feelings of boredom. Meditation represents how calm a person is: the higher the
score the calmer they are. A higher scordrastration channel represents a higher level of
frustration. The user does not require any training in order for the EPOC to beoable t
successfully detect emotioBmotiv has not publicly releasedeth classification algorithms;

therefore it is unknowas tohow these emotions are detected.

The EPOC data whickve obtain in this study is collected from the Affectiv suite of the
EmcEngine on aremotional intensity scale from zero taedfrom each of the four channels
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[29]. The emotion model of EPOC was built using data collected from over one hundred
volunteers. This was achieved by having volunteers play video games, watch movies and
view photos in order to invoke emotions. While participating, videos of the volunteszs we
taken, along with data from physiological sensors and EEG data usirgrbiey EPOC.

After this volunteers filled out a questionnaire about their experience and psychologists
labelled thefour emotional channels of: short term excitement, long termtesment,
frustration and meditation [9]

Previous studies have found that there are some limitations to the. EHeO€xampleit has
been found that the device set up time can be extremelyetpegially if the participant has
long or thick hair. Somparticipantsalso noteddiscomfortwhen wearing the device [23]. It
was also found by Mampusti et al. [23] that the EPOC can be very sensitoisdéas noise
can be introducelly a weak signal or through tiaplementation of data collectidrom the
EPOC. Noise may also bentroduced throughthe electronic amplifier, power line
interference or external interference [3fted in [23]

NeuroXy is another inexpensive lightweight EEG that is aldé for public purchase.
NeuroXy has a slightly larger équency range than EPOC with NeukySmeasuring 0.5
50HZ and EPOC with 0:23HZ[17]. NeuroSky measures attention, meditation, anxiety and
drowsiness. EPOC on the other hand measures long term excitement, short tiemeestcit

frustration, engagemebtirad o m and meditation. EPOCO6s set
channels more accurately matches the academic emotions prevalent in Jehangfgre is
mor e appropriate for academic research. E

functionalities by allowing faciakxpressions whereas NeuroSky only identifies blinking.
EPOC also follows the 1R0 system when NeuroSky does not [17], timeking it the more
superior inexpensive EEG for academic research.

2.7 International Affective Picture System (IAPS)

Many techniqus for eliciting emotions have been usadhe past, withvideos andmages
being two of the most commonly used anesernational Affective Picture SysteAPS)

[17] is a very important system as it aats emotional stimuli for experimentalvestigation

of emotion and attentiohAPS is a set of colouimagesthat includesnany different objects
and situations which have been found to invoke an emotional response such as cupcakes,
snakes or riding a rollercoastdihe official evaluation ofAPS was conducted using a Ron
verbal picture assessment technique caBetFAssessment ManikigSAM). In this study
images from IAPS were evaluated using SAM on a one to nine soaerepresentow
intensity of emotion and 9 represents a high intgnsi emotion. SAM was then used to
measure th@leasure, arousal and dominance of each infieye IAPS in association to a
per sonb6s af f38]cA study¢33] greupedIARSamages into categories which
were associated with specific emotions saslexcitement, boredom, anger etc. For example
images in relation to adrenalin correlated with the emotional category of excitement.

13



Previous studies have been conducted investigating IAPS and EEG brainwaves. One of these
studies was condted by Heraand Frasson [34in which they used the IAPS along with an

EEG called Pendant in order to assess the three main dimensions in IAPS and its correlation
to brainwavesThey found that there washagh correlationbetween the three dimensions
measured by IAB and the braimaves detected by Pendant EEG. Délainwaves showed
negative correlationof pleasure and dominance. The theta aeth tbrainwaves showed
negatie correlation with arousal antépha had a significant negative correlation with arousal

and dominance[34]. To the best of our knowledge, there have been no previous studies
conducted directly mapping the EPOC channels to IAPS images.

2.8 Tobbi Eye tracker

The Tohi eye tracker uses infrared sensors and cameras builtairftéd inch computer

monitor [35]. Tobi has the ability to capture the screen, video the user while also tracking

their eye movements.dBore using Tobiusers have to complete a calibration &ssuring

there eye level is at the correct height. This catibn testinvolves tracking a circle that

appears on screemth their eyes [353]D 6 Me | | o a n [85] conducted a sjudyeusing

Tobii in which they aimed to promote engagement with the aid of the Tobii. They achieved

this by having thdTS dynamich | y respond to studentds dise
atempt to reengage the student. This was <co
determine when a participant looked away from the screen. Tobii is a useful tool for allowing

a multimodal aproach to studying emotion by providing eye tracking along with video data.
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Chapter 3: Study One: Accuracy of the EPOC

This Chapterdescribes the first study we conductedrder to determine the accuracy of the
EPOC. In this studyen participants viewd a series of images from IAPS in order forithe
selfreported emotionalscoresto be compared to their corresponding EPOC values.
However, due to headset malfunctions only

3.1 Study Design

Participants viewed images from IAPS and their emotions were detected using the Affectiv
suite provided by Emotiv We chose to use IAPS to invoke emotions due to its proven
accuracy and validity imducingemotional stateszorty eight carefully selectedhages were
chosenfrom IAPS to invoke the emotions of frustration, medion, excitement and
engagemeriboredom Bradley and colleagues [30] classified the images of IAPS into
categories of emotions and we used these categories to select appropriatagteeFor
example excitement photos were related to categories of extreme sport andteoehs
categories such as anger retate images ofpollution. Each of the different categories
corresponded tone of the emotional channels provided by EP€¥& (Figure 3)

The photosveresplit into 4 blocks. Each of these blocks contairtead images from ezh of
the six categories. Thielocks are separated by a fifteen second rest period. We decided to
have these resepods irbetween blocks in order tohibit fatigue

Azcarraga et al. [233uggested that the EPOC needsrall amount of time tanormalizea

u s edata.dn their study they told the participants to relax for a period of three minutes in
order br the EEG to create a baseline EifG dataTherefore in this study participants are
instructed to play m onlinegame for5 minutesbefore starting the studpur participants
viewed each of the images for 5 seconds. After viewtimg image, the participaspecified

their current emotional state regards to each of the six categories: engagement, excitement,
irritated, anger calm andboredom The questionnaire consisted of a Snpscale on the
intensity of emotion

We decidedto prompt participants oscreen immediately after each of thhotos were
shown in order to decrease the delay between viewing the photo anepseting. A timer
of fifteen seconds was also shommscreen in order to force users to-seffort as instantly
as possible. Thig5 secondime frame was decided based the amount of time which was
used dung the SAM assessment of IAPS.

15
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EPOC Channel Emotional Category
Engagement Engagement
Excitement Excitement
Frustration Irritated
Frustration Anger
Meditation Calm
Boredom Boredom

Figure 3: EPOC channel tanotional category mapping.

3.2 Method

In this studyl0 participants were recruitedll participants were healthy and none had any
previous experience with EEG or IAPS. Participation in ¢igly was rewarded with a $20
Reboot voucher.

Participants were sabmfortably in front of the Tobcomputer screerlTheexperimenter sat

to the side wat chi nagd nomteringghe status ofithe heads@s a ct |
another screen. The EPOC headset was fitted with moist serdes ad connected up to

the Tobii computer.

The Emotiv control panelsee Figure 4was used to ensure that good sensor contact was
established. The experimenter constantignitored the control panein another computer

during the experiment to ensure goodnsil quality was maintained To control the
experiment a program was written in Java that displayed the images and questionnaire and
recorded the userds responses. Anot her prog
EPOC. This program used the Emot®DK to integrate a Ja application with the
EmoEngine in order to read values directly from the EPOC headset. The program lyonstant

polls for new states, and once a new state is found it then records the emotional values
associated witlthatstate. Theate at which polling is conducted varies greasyit can have

a sampling rate of multiple polls per second or one every few seconds.

1€



[ £POC Control Panel 1,0.0.0 .

Apphcation  Tool  Emokey Melp

Status: 0K,

ENGINE STATUS

Emotie Envgne s ready Headse

USER STATUS

0 :] I'a(mm

ADD USER | | REMOVE USER | SAVE USER

Expressiy Sulte l Affectiv Suite | Cognitiv Suite | Mouse Emulator

5] epoc control panel Q:}i

=101

+ [Headset Setup Guide

whie aroady in place

{scurces of elactromagret iterd,
lr.wmnm

Before putting on the Emotiv headset, ensure that each of the 16 slectrode recesses are fited
with & moist felt pad. I the pads are not slready moist, wet them with saline soltion before
raartng o the headset, or, Sternitively, ute & madcne dropper to Carefiully monten the pads

£ the back of the
0 the off postion and
4 wth the

Figure 4: EPOC Control Panel [26]

Participants first fikd out an emotional intensity questionnaire (Appendix AJ an
demographic questionnaif@ppendix B) Each of the sensor nodes are moistened with a
saline solution and then clicked into placetba headset. Once the headset veasly, it is

wast h en

pl aced

upon a wuseraos

h e aedthat edch efthe ont r o

sensor nodes have a good signal. Obtaining a good signal can be quite diffixdtyatiche
consumingf a participant has long or thick hadnce all the sensor nodes had a good signal,
the participants then played an online gameTefris for 5 minutes while the EPOC
normalizes theirdata Participantsthen completd a Tobii calibration test. Calibration
consistedf partidpants following a red ball oscreen \th their eyes ensurinidpat their eyes
can be accurately trackedOnce calibration is completed participants then start the
experiment. Participants first vied two trial images and fi#ld out the questionnaire
allowing them to get familiar with the procedure of the stldiyon completion of the trials
participans were given 15 seconds to rest, after which the experiment staP@dicipans
viewedthe first block of imagesconsisting ofL2 images viewed for 5 secondach After
viewing animage, the participant then hdd seconds to answer a six level sefjort
guestonnaire regarding their emotional state. Upon completion of this questigntiaiye
viewedthe next photograpbnd so forth Once the first block is complete participants then
receivel another 15 second rest periddter this rest period finishethey tren completd the
second block and so forth. There were 4 blocks to complete and this took participants around

30 minutes.

3.3 Results and Analysis

In this study only three participants data was used to analyse the accuracy of the EPOC. This
lack of data s caused by headset failure as two of the sensors failed to receive any signal
after the third participant. The experiment continued as normal however the data obtained



from participants after the headset failure was deemed invalid and unreliable escteses
involved in collecting the emotional data from the headset was unknown. For all images
viewed by participants EPOC values were obtained. There were no significant findings of this
study and the results remain inconclusive. However there wereigmbicant correlations:

of selfreported anger with EPOC meditation and -sefforted boredom with EPOC
meditation (Table 1). A larger data sample needs to be obtained in order to justify any
significant findings as these were the results of only threeipants.

Table 1: EPOC values versus SReéported (SR) Scores

EPOC EPOC EPOC EPOC EPOC
Excitement | Engagemen| Frustration| Meditation | Boredom
Pearson
SR Cotrelation|  0-168 0.133 0.226 -0.923 0.416
Engagement Pvalue| 0.892 0.915 0.855 0.251 0.727
N 3 3 3 3 3
Pearson
SR Cotrelation|  0-168 0.133 0.226 -0.923 0.416
Excitement Pvalue| 0.892 0.915 0.855 0.251 0.727
N 3 3 3 3 3
Pearson g5 0.783 0.838 -0.932 0.930
SR Irritated Correlation
Pvalue| 0.405 0.428 0.367 0.26 0.239
N 3 3 3 3 3
Pearson /g, 0.45 0.533 -0.998 0.691
SR Anger Correlation
ge P value 0.68 0.703 0.642 *0.039 0.514
N 3 3 3 3 3
Pearson ) 61 0.429 0.513 -0.996 0.674
SR Bored Correlation
ore Pvalue| 0.695 0.718 0.657 *0.054 0.529
N 3 3 3 3 3
Pearson
SR Correlation|  0-352 0.318 0.406 -0.979 0.581
Meditation Pvalue| 0.771 0.794 0.734 0.130 0.606
N 3 3 3 3 3

* Correlation is significant at the 0.05 levehédled)

We also compared the EPOC and-sefforted scores for each of the categories to the image
categories valence and arousal scores depicted by IAPS. This comparison produced some
interesting findings (Table 2). It was found that calm photos valence valdes gignificant
correlation with the EPOC scores of boredom (p <0.05). It was also found that anger photos
arousal had a strong positive correlation with EPOC frustration values. Suggesting that as
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arousal levels increased in images proven to induce aB§€&C frustration values also

increased.
Table 2:0ther Significant Findings

Category One Category Two Pearsonds | Pvalue| N
Calm Valence EPOC Boredom -0.998 0.035 3
Anger Arousal EPOC Frustration 0.999 0.025 3
Engagement Arousal EPOCMeditation -0.999 0.031 3
EPOC Excitement EPOC Frustration 0.988 0.038 3
EPOC Excitement | EPOC Engagement 0.99 0.023 3

We found EPOC meditation and engagensousalto have a strong correlation (Tablg.2
This is an interesting finding, as meditatiand engagement are quite different emotions.
Interestingly we also found in this study that two of the EPOC channels haveng stro
positive correlation (Table)2We found that excitement values from the EPOC had a strong
positive correlation with the engament values. This is an interesting finding as it suggests

t hat as

participants?®o

exci

t ement

i ncreased

expected as excitement and engagement often occur in parallel. However, another positive
relationship wasound between EPOC frustration values and EPOC excitement values. This

relationship also suggests that perhaps frustration is strongly linked with arousal, as it would
seem unlikely that a person is excited and frustrated at the same time.

3.4  Discussion

The aim of this study was to determine if the EPOC headset accurately measured

participants®o

A

emot i

ons.

Thi s

was

achieved

invoking images from IAPS and sekporting their own emotional responsesile wearing
the EPOC. The seleport scores were then compared to the values obtained from the EPOC.

Although there were some significant correlations, the overall results of the study were
deemed inconclusive due to the small size of the data seefdtedue to a lack of reliable

data, the results from this initial study were inconclusive and no findings could be reached.
The relationship between EPOC excitement and EPOC engagement was found to have a high
correlation; this was expected as both iweohigh levels of arousal. However, the
relationship between the excitement and frustration channels is an unexpected result. Given
that anger arousal was also found to have a relationship with frustration this suggests that
perhaps the frustration chatng related to arousal and not frustration. However these are
only preliminary results and further testing needs to be conducted to justify these findings.
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We did notice some limitations during this study that could be improved upon in order to
potentialy achieve significant results. First, we would need to obtain more participants in
order to get a more representative sample and acquire another headset which is fully
functioning. Second, we need to adjust our emotional scale to account for moreityanmabil
emotions as 5 point does not have enough range. Therefore we propose to use a similar scale
to one that has already been used in studies such agpthiet$cale used in SAM. Another
improvement to be made would be to have fewer images, as pantimentioned that
wearing the EPOC headset is uncomfortable for an extended period of time. This could affect
their emotional state in a negative way therefore fewer images will be used to decrease the
overall time which participants wears the headsethis study the initial setup for the EPOC
seemed to be very time consuming in regards to connecting the headset to the computer. In
the second study this will be improved upon by using another computer which is closer to the
dongle and has faster USB fmohopefully decreasing setup time.
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Chapter 4: Study Two: Accuracy of the EPOC (improved)

This Chapterdescribes theecondstudy we conductenh order to determine the accuracy of
the EPOC. This study improved on the limitations of the first study as fewer images were
used, a larger sample size was obtained and a larger scale was constructed. In gesatudy
participants viewd a series ofmages from IAPS in order for theself-reported emotional
scoredo be compared to their corresponding EPOC values.

4.1 Study Design

Uponreceivinginconclusive results due tdack of reliable data, some improvable aspetts

the previous studwere noted. It was decided that in a second study new headsets needed to
be purchasedn orderobtainreliable and accurate resuliBheseheadsets werthenused in

this study and in the following study. Thaseno significant differenceetween the heiset
previously used and the one currently obtained. The scale which we previously used was up
upgradedo a nine point scale. This aWedfor a more diverse range of emotioaad was

based on the IAPSAM scale. Fewer images were also used in this stDdying the
previous study some images were found to invoke more emotional responses than others,
with some images having no effect on any participants at all. Therefore in this second study
only images which held the strongest emotioeaponsevere usedin this study two sets of
eightimagesand one set of nineere used and this took around 20 minutes to complete.

4.2 Method

This study recruited seveparticipantsaged 1&9. This study consisted of all male
participants The ethnicitiesof participantswere New Zealand European, Chinese, Korean,
South African and Taiwanese (see Appendix IB)this study one participant had viewed
IAPS before in the previous studyParticipation in thisstudy was rewarded with a $20
Reboot voucher.

The physicaketup of this experiment was identical to that of the first experiment exeept th
EPOC was connected to a Soaptoprunning Windows 7 with 2 GB RANNhstead of the

Tobi.i machi ne. This was due to the USB por
software used in thistudyis identical to thesoftware used in the firgtudy. However the

Java programcontrolling the experiment was adjustéal display fewerimages andhe
guestionnairevas adjusted to mine point scale instead of a five point sq@ke Figure 5)
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|£) Questions S —_——. = : x [ I:. [=] &

The photo made me feel engaged
Strongly Disagree  Slightly Disagree  Neutral Slightly Agree  Strongly Agree 1 1

U1 O2 O3 04 O Oe U7 L8 U9

The photo made me feel excited
01 02 O3 04 O5 Oe L7 L8 09
The photo made me feel irritated
01 02 O3 04 O5 Oe O7 L8 09
The photo made me feel calm
01 02 O3 04 O5 Oe OL7 L8 09
The photo made me feel bored
U1 02 03 0O4 0O>5 UOe U7 L8 O9
The photo made me feel angered ,

U1 02 03 0O4 0O5 Oe O7 OU8 09

Figure 5: Improved guestionnaire with timergdint scale)

4.3 Resultsand Analysis

In this experiment the EPOC data for images was grouped into the categories of excitement,
engagement, frustration, meditation and boredom basedptieeiefined image category (see
Figure 3). W managed to obtaidata for allseven participantfor the 25 images viewed
However not all participants selfeported data could be accurately mapped to EPOC data.
For example only five out of seven participmrhad usable EPOC values for mapping
engagement photos to the engagement category. All participants had usablel&gBda
mapping excitement images to the excitement cateddnjortunately due to noise and
disengaging channelssome samples collectedere also deemed unusable. Fathe
engagement categor91% of samples for participamgthin that categoryvere usable. For
excitement imagesl00% of samples were usable. For irritated and angry images only 88%
of samples were usable and for boredony @8% of samplesra used in analysis (see Table

3). Meditation is not represented in analysis as only one image in the reduced set of images
corresponded to this emotion as it is not one of the main emotions focused on in this study.
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Table 3 Usable xta

Engagement| Excitement| Irritated | Bored | Angry
Participants 5 7 5 4 5
Total Participants 7 7 7 7 7
Percentage Used | 71% 100% 71% 57% 71%
f’)g';'t‘lgl'gzn({g)' 35 43 36 13 36
Unusable Sample 3 0 4 5 4
Percentage Used 91% 100% 88% 61% 88%

In this study we wanted to determine the accuracy of the EPOC in detecting emotions. In
p a +repadrtedisqpreawtittstideir coreeksponding
EPOC scores by inducing emotions using IAR&wever, even afterecruiting more
participants and improving the experimental design, there were still no significant findings
and the results remain inconclusive. Although a significant relationship was found between
selfreported meditan and EPOC engagement (Table this finding is inconsistent with

order to achieve thissec o mpar ed

previous results.

We also compared the EPOC and-sefforted scores for each of the categories to the image
categories valence and arousal scores depicted by IAPS. This comparison produced some
interesting findings. ltwas found that arousal for anger and irritated images strongly
correlatedto selfreported anger (Table).5 However some other relationships were found

that were not expected. For example it was also found that valence for anger and irritated
images strogly correlated with EPOC excitaant and EPOC engagement (Tab)e It was

also found that EPOC excitement and EPOC engagement had @ rstigative relationship

(Table 5). This result contradicts the findings of the previous study in which EPOC
excitementand EPOC engagement had a strong positive relationship. This contradiction

demonstrates the unreliability of collected data from the device.

The values for themotional intensity questionnaire (see App&rlj varied greatly between
participants for somemotions and remained reasonably similar for otless.example, for
the statement il
statement
(strongly agree), showing howifferently people rate their own emotions

Wher eas t he

am easily
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Table 4 EPOC Scores versus S&eéport (SR) Scores

EPOC EPOC EPOC EPOC EPOC
Engagemen| Excitement| Frustration| Meditation| Boredom
Pearson
SR Correlation 0.039 0.089 -0.505 0.087 0.747
Engagement P value 0.934 0.849 0.247 0.913 0.147
N 7 7 7 4 5
Pearson
SR Correlation -0.541 0.409 -0.586 0.944 -0.064
Excitement P value 0.21 0.362 0.167 *0.056 0.919
N 7 7 7 4 5
Pearson 139 -0.256 -0.537 0.122 0.183
SR Irritated Correlation
P value 0.766 0.58 0.214 0.878 0.769
N 7 7 7 4 5
Pearson ) /33 -0.079 -0.365 0.539 -0.444
SR Anger Correlation
9 P value 0.332 0.867 0.421 0.461 0.454
N 7 7 7 4 5
Pearson 495 .0.32 -0.808 -1.00 -0.389
SR Bored Correlation
P value 0.609 0.599 0.098 0 0.517
N 7 7 7 4 5
Pearson
SR Correlation 0.885 -0.76 0.474 0.22 0.437
Meditation P value *0.046 0.136 0.42 0.778 0.712
N 7 7 7 4 5

* Correlation is significant at the 0.05 levehédled)

Table5: OtherSignificant Results

Category One Category Two Pearsonos P value| N
Self-report Anger Arousal Anger 0.851 0.015 | 7
Selfreport Anger Arousal Irritated 0.851 0.015 | 7

Valence Angerlrritated EPOC Excitement -0.789 0.035 | 7
Valence Angerlrritated EPOC Engagemer -0.783 0.037 | 7
Valence Engagement EPOC Frustration 0.775 0.041 | 7
Engagement EPOC Excitement EPOC -0.847 0.016 | 7

4.4 Discussion

This study was an adaption of the previous study in which participants viewed a series of
emotionally invoking images from IAPS, while the Emotiv EPOC recorded the emotional
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data collected from measuring brainwaves. Participants also recorded their amotion
responses in the form of a sedfported questionnaire. These two items were then compared

and it was found that there were two =signif
reported scores and the EPOCdste ang telatership Th e s
between EPOC and sekported scores as the correlations produced did not make sense. For
example, selfeported excitement had a high correlation with EPOC meditation and self
reported meditation had a high correlation with EP@gagement.

Some significant findings were found such as-sghiorted anger having a strong positive
relationship with IAPS images of irritation and anger arousal values. This is an interesting
finding as it suggests that as arousal increases in anguyitating images participants
recorded higher levels of frustration. This suggests that perhaps otepmaif questionnaire

is accurate; however this finding alone is not sufficient to justify any significance between
IAPS values and the saiéport qustionnaire. Other relationships were found in analysis;
however they are disregarded as isolated findings as they do not allow for any meaningful
interpretation. It is interesting to note, that in both studies the channels of engagement and
excitement arehighly correlated. However the first study found a positive correlation
between the two channels and the second study found a negative correlation. Therefore
although there is a relationship, due to this contradiction no conclusions can be made from
theseresults.

Not all EPOC data was included in analysis due to several factors. The first factor being that

the sampling rate of the EPOC was not consistent, given that some seconds there were several
samples and sometimes there were no samples for up &z@0ds. This meant that some of

the images and séleported scores could not be mapped to EPOC values as mappings are
reliant on timestamps. Thus not all images were accounted for in this study. This
inconsistency could be caused by the change of comgsithie second study used a different
computer, to record the data in order to improve the signal and decrease set up time. Emotiv
does not state any factors which could effect data collection; therefore there is no way of
diagnosing whether or not this sva factor. Another factor which affected the amount of

usable data was the channels reliability. The engagement channel for example would
sometimes | ose its signal and get deactivat
values projected by the EXC for this period of time would be invalid. This was deactivation

of the channel was identified through a constant string of identical values in the data over a
large period of time as our emotional states vary rapidly. The last factor that affected the
amount of samples was the sensors contact quality. If the device was worn for a large period

of time the participantds sensors would | os
causing channels to become disengaged or increase noise.
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Chapter 5: Study Three: Implementation in a tutoring system

This Chapterdescribes théhird study we conductenh order to determine the applicability of

the EPOC in an ITS. In this study eleven participants used the-dlook protocol to
determine if users emotional statements hac
statements were grouped into a seriesaiegories based on context of statement, action

taken and timing.

5.1 Research Design

Participants in this study used EHRtor" [36] while wearing the EPOC headset in order to
determine its accuracy drapplicability in an ITS. EERutor is tutoringsystem in which
students learn to design databases from textual problem deswif@i7/]. We choose to use
EER-Tutor because our participant pool was accustomed to it. Participants were instructed to
attempt one easy and one difficult task of their cihmgpsThis was designed so that it would

be possible to compare the emotions experienced during both difficult and easy tasks and
determine if there were any differences.

Since our previous studies produced inconclusive results, we proposed to use atdiffere
approach for users to identitaflyutdideipr o¢ maecbi o
which participantsé state everything they a
was implemented using Tobii eye tracker to record on screen everkspardicipants eyes

and record a video of the participant. We determined all three of these techniques would be
needed to determine the context in which the emotions were stated. These techniques also
allowed us to segregate the emotional statements magarticipants into context specific
categories as explained in the results section.

52 Method

In this study 11 participastwere recruited, from the COSB5 database course and
throughout the computer science department. Some of the participants participated in the first
study and had used the EPOC device before. Participants received a $20 Reboot voucher for
participation.

The physical setup of this exjp@ent was identical to that of theecond study except an
additional microphone was placed in front of the participant to record participant dialogue.

The Emotiv control panelsee Figure 3as used to ensure that good sensor contact was
established. Tdn experimenter constantiymonitored the control panein another computer

! http:/lictg.cosc.canterbury.ac.nz:8005/
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during the experiment to ensure good signal qualias maintainedThe Tobii studio

software suite was used to record the participants screen, the participant his/herself and their

di alogue. The Tobii al so tr ackuwodwasthemuspdar t i c |
to assess EPOCOs applicability in @ragramnTS anc
which was used to collect data in the previous two studies was alsinubesl study. This

program used the Emotiv SDK to integrateasalapplication with the EmoEngine in order to

read values directly from the EPOC headset. The progoarstantly polls for new states and

once a new state is fournitlithen records the emotial values associated withatstate. The

rate at which polling is conducted varies greattyit can have a sampling rate of multiple

polls per second or one every few seconds.

B Test - Tobii Studio - 3.2.1

pa
© parts

4 Events

Filer by category: [_Select
Filter by test
Category Time
B ScreenRecSiar.. 00.0001.162
B ScreenRecSto. 00:20:34.150

g (oI ) =] () [ )
00:02:15.000 00:04:30.000 00:06:45.000 00:09:00.000 00:11:15.000 00:13:30.000 00:15:45.000 00:18:00.000

Figure 6: Tobii Studio Eye Tracking, Video & Sound

First the EPOC is setup the same manner as described in the previous studies. Once the
EPOC is on the participants head and a good signal quality is achieved, participants then
completa a calibration test with Tobii, and then log onto E&ifor. Participantsverethen

asked ¢ attempt one easy and one difficult task of their choosing. Herevikeyalso
instructed on the concept of the think aloud protocol. Participeststold to say everything

which they are thinking and or fee§f aloud. Once participants hacclear understanding of

the protocol, theyverethen instructed to start the first task. Participamsenot given any
specific amount of time to complete each of these tasks however an overall time limit of 20
minuteswasgiven. Once they produced tberrect answer, theyerethen prompted to select

a second task from the menu bar. Participamieable to determine the difference between

a difficult and easy task by his/herself, as the tasks are categorized in this fashion in the
menu. However, if @articipant was unsure of task selection, the experimenter then instructed
them to choose a difficult task above question thirty and an easy task below question ten.
Whil e participants are completing thelr tas
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quality to make sure the signal remains strong and is available for any questions which the
participants may have.

5.3 Categorizing data

Before any results could be analystee data collected from the thialtoud protocol had to

be categorized in meaningful way. Significant events were determined by listening to the
audio and watching the screen recordings of each participant. Significant events could be
statements, gestures or expressions. These events were then placed into a range of categories.
These categories are determined by the context of the statement (whether it is positive,
negative, or confused), the action taken (such as performing a task, reading a question,
reading feedback or obtaining a correct answer), and the timing involveasbelfore, after

or while committing an action.

Each statement that elicits some emotion is classified as positive, negative, or confused
depending on the context of the statement. Positive statements are usually said in a positive
tone, f or exanipAlwe sfo¥Yrnelba Neutr al statement s
following categories. Negative statements are usually stated in a higher tone and include
swearing and exasperation such as AWhat?! ?0
only included in the confused statement category if the participant explicitly states they are
confused fil am really confusedo or @Al donot

For each statement that is recorded, a participant is known to be performing some action. The
first action is pedrming a task: any action that is associated with constructing the diagram

(see Figure 8). Another action which could be taken by a participant is reading the question

or reading feedback. These actions are found by looking at the eye tracking dataeddmerat

Tobii (see Figure 9 & Figure 10). Another significant action is receiving a correct answer;

this is determined by the screen recording of each participant. Another action was also
created called the fAno action itigaktesaid aacti o
statement, usually of confusion without taking any action. This action category was
determined by no mouse movement on screen, and stable or no eye tracking data.

After mapping each of the statements to a particular action, we then deigtimine whether

the statement happened before, during or after the action was taken. This was executed by

|l i stening to the participantds statements wkh
timing category each mapping was placed in. If a Sit event was gesture or expression,

actions and timing were also paired with the event. In some categories not enough samples
were obtained, thus categories had to be combined and consisted of gesture/expression and
action. Thirteen categories were ated (see Figure 7).
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Category Category (Full Name) Frequency
PSACA Positive Statement After Correct Answer 5
TWRQ Touching Face While Reading Question 9
NSARQ Negative Statement After Reading Questio 6
NSAPT Negative Statement After Readi@uiestion 12
CSWPT Confusion Statement While Performing Tas 3
CSWTNA | Confusion Statement While Taking No Actig 6
SLRQ Smiling/Laughing Reading Question 4
SLPT Smiling/Laughing Performing Task 3
NSWPT Negative Statement While Performing Tas 8
CSARQ Confusion Statement After Reading Questiq 5
PSAPT Positive Statement After Performing Task 5
PSWPT Positive Statement While Performing Task 4
CSWRQ | Confusion Statement While Reading Questi 3

Figure 7: Categories

| aughing

Figure 9: Tobiidata for reading a question
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Figure 8 shows the eye trackindpta for a
particular participant
Participants express many different responses
when performing a task such as smiling,
or s tl am ffeeligg

performing a task.

Figure 9 shows the eye tracking ddta a
participant reading a question.
often stated confusioil T h a t

s e n s ®urh tbeifacewhen reading text.
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5.4 Results and Analysis

From this study we managed to obtain eleven participants data. However not all participants

At hhaln&kudo statements ¢ oulPQl ditee AsalepctadrimmTaldel6y ma p
some participants had lower percentages of usable data. This was causeddfyseveral

factors such as loss of signal, noise or channel deactivation. Categories which only had one or

two samples were not included in analysis due to lack of data, whereas some categories were
combined such as smiling/laughing.

The emotional irgnsity datgsee Appendix A)and the demographic questionnaire date
Appendix B)for this study was the same as study two as eaclkeipartt participated in both
studies.

Table 6 Usable data

- . Events successfully mappe
Participant | Events obtaineo to EPOC y mapp % Used
One 21 17 81%
Two 10 5 50%
Three 33 13 39%
Four 14 10 71%
Five 4 4 100%
Six 11 7 63%
Seven 13 12 92%
Eight 18 14 78%
Nine 10 7 70%
Ten 8 6 75%
Eleven 25 9 36%
Table 7 Variance in each sample
Number of | Variance | Variance Variance Variance
Category participants EX EN FR ME
PSACA 4 0.0165 0.009 0.028 0.0006
TWRQ 4 0.034 0.003 0.009 0.0002
NSARQ 3 0.008 0.0002 0.009 0.0002
NSAPT 8 0.12 0.014 0.07 0.0007
CSWPT 3 0.02 0.001 0.008 0.00009
CSWTNA 5 0.02 0.003 0.09 0.0003
SLRQ 4 0.02 0.014 0.062 0.00003
SLPT 3 0.0003 0.0008 0.06 0.0004
NSWPT 5 0.06 0.002 0.04 0.0002
CSARQ 4 0.071 0.002 0.027 0.0027
PSAPT 4 0.041 0.005 0.083 0.00046
PSWPT 3 0.087 0.024 0.0099 0.000001
CSWRQ 3 0.088 0.013 0.00026 0.00009
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In order todetermine whether the values for participants in each of the categories varied
greatly we calculated the variance for each of the channels within the spmtiigories. As
shown in Table 7he variance for each of the categories is big. For examplategary
ANSAPTO excitement has a variance of 0.12.
found in excitement levels when stating negative dialogue. Howneelarge variability also
suggests that some negative statements were mapped to highdéwcitement, which
seems slightly contradictory. Meditation has the least variance out of all the channels and
remains reasonably stable over all the categories. However the larger amount of variance
shown in the other remaining channels demonstragisidual differences of emotional
reactions to various learning situations. This result was to be expected as participants
emotional responses vary greatly and demonstrates how one emotional model will not fit all
participants.

We compared th&POC datdor various categories with theruskalWallis non parametric

test. We found no significant differerecbetweerthe categoriesn any of the four channels

of excitement (p = 0.068)engagement (0.275), frustration (p=0.236) aretlitation (p =

0.139) This finding was unexpected as it was predicted that certain emotional statements of a
positive, negative or confused context would depict a trend in EPOC emotional values.
However this insignificance could be attributed to inaccurate readings from the dedice

to large variances found in each of the categories.

Table 8 Mann-Whitney Results

Category Ong Category Two MannWhitney Value P value
SLRQ SLPT
(Frustration) | (Frustration) 0.000 0.050
CSWPT | CSWITNA L 000 053
(Engagement] (Engagement)
CSARQ CSWPT
(Engagemeny| (Engagement 0.000 0.034
PSACA PSWPT
(Meditation) | (Mediation) 0.000 0.034

In order to determine if any of the channels of a specific categerysignificantly different

to the other categories channels, a Manihitney test was conducted. Four significant
differenceswere found.SLRQ frustratiorwas found to be sigficantly differentthanSLPT
frustration p<0.05 (Table8). This suggests that smiling and laughing cauddtérent
amounts of frustration measured by EP@SWPT engagement and CSWTNA engagement
were also found to be significantly differept< 0.05 as did CSARQ engagement with
CSWPT engagementThis suggests that faronfusedstatements, engagement levels were
quiet different for each of thitiree categoriedNo significantdifferences weréound for any

of the other channel®SACA meditatiorwas also found tobe significantly different than
PSWPT meditatiorp<0.05 (Table8). This is an interesting finding as littleariancewas

31



displayed in the meditation channel over all categories (see Tallore analysis needs to
beconducted in ordeo determinavhether or not these are isolated findings.

Table 9 Comparison of Statements

Category One Category Two Pearsonds | Pvalue| N
Confusing Statement{ Negative Statements

(Excitement) (Excitement) 0.889 0.007 !
Confusing Statement{ Negative Statement;

(Frustration) (Frustration) 0.87 0.01 !
Confusing Statement{ Negative Statement; 0.889 0.007 7

(Engagement) (Engagement)
Confusing Statement{ Negative Statement;

(Excitement) (Frustration) 0.758 0.048 !

Each of the existing categories were then regrouped into simply positive, negative or
confused statement groups, without actions or timing. Only participants who were in all of
these three groups were included. Each of the groups were then comparedcosiai@tion

test to determine if there were any interesting relationships. The positive statement group did
not have any significant relationships with any of the other two groups. However there were
some interesting relationships between the negative camdused group. For example
excitement in the confused group had a strong relationship with negative excitement p<0.05.
Frustration and engagement also had a strong positive relationship p<0.05. Interestingly
excitement in the confusion group also hadt@rg positive relationship with negative
frustration p<0.05 (see Tablg. These findings suggest that there was a strong relationship
between confusion statements and negative statements and perhaps these were heavily linked.

5.5 Discussion

In this gudy users adopted the thiakoud protocol while using EERutor and wearing the

EPOC in order to determine its accuracy and applicability in an ITS. In this study participants
stated everything they were thinking and feeling aloud. This dialogue wagrihgred into
categories based on the context of the statement, the action taken and the timing of the action.
We found the differences between categories were not significant. The lack of difference
between the categories suggests that alike the prexgsaarch the EPOC was not accurate

in capturing the wuseré6s emotions, as some
positive and negative statements should have been observed. However this result could also
be attributed to the large variance foundeach of the categories. The large amounts of
variance in channels such as frustration and excitement suggest that the individual difference
in emotional responses is too great to be mapped to a single model. People respond very
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differently when making @ositive or negative statement and these differences make it very
difficult to apply emotion recognition to learning systems.

There was also a relationship found betweenfusioncategories engagement channels,
however this finding alone is not meaningful as engagement had a small variance over all
categories. We also found confusion statements EPOC channel scores and negative
statements EPOC channel scores to have a very striatgnship for multiple channels.

This is an interesting finding as it suggests that perhaps confusion and negativity are strongly
related, however more research needs to be conducted to explore and verify this relationship.
The limitations of the devicexperienced in previous studies were again experienced in this
study such as long, laborious setup, noise, channel disengagement, participant discomfort and
poor signal quality. These limitations experienced reaffirms the conclusion that the device is
unsutable for use in an ITS.
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Chapter 6: Conclusions

This Chaptermprovides a discussion and comparison of the results of all three siv@iedso
discuss the limitations which we have found with the device and its applicability in an ITS.
We also provide a section discussing future work and overall conclusions of the study.

6.1 Discussion

While previous studies have shown that usingBR®C for detecting emotions is possible,

they did not attempt to investigate its accuracy and validity. In our studies we have found that
the EPOC is not reliable in detecting emotions as no significant relationships were found
bet ween par-tepoded praotidna 8tates and fEPOC emotional values. Other
studies such as [32] and [24] have used multimodal approaches when using EPOC increasing
its accuracy. For example, [24] found that the EEG had a low accuracy rate for predicting
emotions but whenambined with another form of detection such as mouse click behaviours
this increased dramatically. However in our third study we also used a multimodal approach
with the use of eye tracking and cameras and still found no significant findings.

We also foundEPOC to be very inconsistent in its outcomes for the first two studies as we
obtained conflicting results. For example, in the first study, EPOC channels excitement and
engagement were found to have a positive relationship, which is to be expectechijie to
amounts of arousal caused by both emotions. However, in the second study engagement and
excitement had a negative relationship, suggesting that as engagement increased excitement
decreased. These conflicting results suggest that the EPOC is natliadrler The first study

also found that frustration had a significant relationship with excitement. This is an
unexpected finding as excitement and frustration are opposite emotions. This finding suggests
that perhaps the frustration channel is highlkeith to arousal and perhaps frustration is
incorrectly labelled by Emotiv.

In the third study we found no significant difference between each of the event categories we
defined. This was attributed to either inaccurate data obtained from the EPOC ortlueie t
large amount of variance found in each of the different categories. However this variance was
to be expected due to individuals having different emotional responses. Although significant
relationships were found between the EPOC channels in negtditeenents and confusion
statements suggesting that perhaps these emotions are strongly related. However more
research needs to be conducted to explore this relationship further. Although we achieved
insignificant resultst h e fatl loiudlko s t usdoydis@\Vel certaip aspects of EER
Tutor which participants found frustrating or difficult to understand. For examsplae
participants who had not used the tutor in a while had difficulty in determining how to set
labels. Therefore we suggest thatiuser new to the system then the tutor should display
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instructional information on how to complete this task with the aim of reducing participants
perceived frustration.

In this study we also experienced several challenges when using the device. Wéé&und
EPOC signal to be very temperamental, as it would constantly fade in and out of signal and
disengage the channels during the study. Secondly, we also found the set up time for the
device was extensively long, such as 15 minutes if the participatdmgadr thick hair. We

also experienced device malfunctions; after conducting three successful sessions during the
first study, the headset failed to function and two of the sensor nodes could not receive any
signal. After much investigation, this failumas attributed to the buHdp of copper
corrosion on the headset caused by moistening the sensor nodes. This is a design flaw of the
device and reduces its longevity suggesting that a new device need to be acquired yearly.
Participants in our studies alsioted discomfort after wearing the headset for an extended
period of time. Therefore, we tried to limit the amount of time which participants wore the
headset to reduce this discomfort. This discomfort is most likely due to the sideways pressure
that hotls the headset in place. Other studies also noted participants experienced discomfort
[28]. This limitation alone make the headset unsuitable for use in an ITS as tutorial sessions
last for around 2 hours. We also found that the wireless signal receovedhe headset was
extremely noisy and if too much noise was detected then channels such as engagement
became useless. Noise could be introduced in many ways such as facial movements or
environmental noise. This makes the data less accurate if too msehsimtroduced. Given

these limitations and the lack of conclusive findings we would deem this device to be
unsuitable for use in an ITS.

6.2 Conclusions and Future Work

The Emotiv EPOC certainly has advantages over traditional EEG, being less expensiv
portable and easy to obtain. It also comes with a variety of software suites which can be used
with other programs in order to obtain raw or processed data straight from the EPOC headset.
While investigating the EPOC our main focus was to determinehehét emotional values
accurately map to participants sedported emotional state. In the first two studies we
performed, participants viewed a series of IAPS images to invoke emotions allowing a direct
comparison between sekéported scores and EPGnotional values. We found that there

was no significant relationship between selborted scores of each of the channels and the
emotional values obtained from the EPOC. This suggests that the EPOC is not accurate in
identifying us er asénone mfo thea ohanmdls carraldted ewsth their
corresponding selfeported categories.

Our second focus was to determine its use in an ITS. Since we found no significant findings

in our previous studies, we adopted a diffe
the third study detailed in this report, we used the thalokid protocbin which participants

stated everything they were thinking and feeling aloud while using HE&. We found no

significant differences between categories. The lack of difference could be attributed to
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inaccuracy of the EPOC or the large variances fowitkin the categories. However, these
variances showed the potential individual differences when expressing emotion and
demonstrated how people cannot be mapped to one affective model.

A large number of limitations were found when using the device aesethimitations
prevented the device from being applicable in an ITS. However, future researchers should
explore the practicality of other lightweight EEG to determine their use in ITS and their
accuracy in depicting emotions. Even though the EPOC prddacenclusive findings and

its | imitations make it currently wunsuitabl
low cost, portability and capabilities still make the it a useful research tool even though it
might not be applicable in this context.f the EPOCG6s | imitations

produced consistent and meaningful results then perhaps it could be usable in ITS as affective
computing still needs to be accurately incorporated more effectively in ITS. Raw data can
also be obtained strdigfrom the headset instead of using the provided software suites. This
would allow us to use our own classification and noise reduetigorithms;however this

was outside the scope of this projdaiture researchers could attempt to replicate theestudi
conducted to determine if using raw data increased accuracy and consistency.
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| am easilyexcited
Strongly Disagree

1 2
| am easilyengaged
Strongly Disagree

1 2
| am easilycalmed
Strongly Disagree

1 2
| am easilypored:
Strongly Disagree

1 2
| am easilyrritated:
Strongly Disagree

1 2
| am easilyangered
Strongly Disagree

1 2

Appendix A:

Neutral

5 6
Neutral

5 6
Neutral

5 6
Neutral

5 6
Neutral

5 6
Neutral

5 6
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L
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Strongly Agree
8 9

Strongly Agree
8 9

Strongly Agree
8 9

Strongly Agree
8 9

Strongly Agree
8 9

Strongly Agree
8 9



Appendix B:

Questionnaire: a,ig;,.

UNIVERSITY OF
CANTERBURY

What is yourage? Please circle

18-23 24-29 30-35 3641 42-47 48+

What is your genderP{ease circle

Female Male

What is your ethnicity?Rlease circle

New Zealand/European Maori Asian Pacific Island

Other

LT &2dz OANDf SR d20KSNEZT LI SIFasS aLISOATeyY

Have you ever participated in a study using the IAPS befdtiesage circle

Yes No

Have you ever participated in a study using the EPOC headset beffbea8€d circle

Yes No
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Appendix C:

FOR STUDENT RESEARCH UP TO AND INCLUDING MASTERS LEVEL

ETHICAL APPROVAL OF LOW RISK RESEARCH INVOLVING
HUMAN PARTICIPANTS REVIEWED BY DEPARTMENTS

Pleaseread the important notes appended to this form before completing the sections below

RESEARCHERO®G FSegdhAMee:Harrison

NAME OF DEPARTMENT OR SCHOOL Department of Computer Science and Software
Engineering

EMAIL ADDRESS:tgh28@uclive.ac.nz

TITLE OF PROJECT The Emotiv mind: Investigating the accuracy of the Emotiv EPOC in
identifying emotions and its use in Intelligent Tutoring System.

PROJECTED START DATE OF PROJECA9/05/2013

STAFF MEMBER/SUPERVISOR RESPONSIBLE FOR PROJEE®faf. Tanja Mitrovic

NAMES OF OTHER PARTICIPATING STAFF AND STUDENT $4offat Mathews

STATUS OF RESEARCH(e.g. class project, thesidpnours Research Project

BRIEF DESCRIPTION OF THE PROJECT:

Please give a brief summary (approx. 300 words) of the nature of the proposal in lay language,
including the aims/objectives/hypotheses of the project, rationale, participant description, and

procedureshethods of the project:

The objective of this project is to investigate the use of the Emotiv EPOC and the software that

comes with it as a way to determine if the de
EPOC is a small, wirelesso n s u me r gcomapdieri niitberrafianc e 6 devi ce t h;
head. |t is designed for gaming and all ows f¢
thought s. Our aim is to investigate how accul

Volunteers will receive a $20 café voucher rewards for participation. The study will be done in
the Department of Computer Science and Engineering in the Erskine building in room 200. This
study is open to anyone over 18 willing to take part in this rekeRarticipants will typically be

400 level computer science students. We aim to have approximately 10 participants. A short
introduction to the research will be given at the start of the experiment, and participants will
receive a project description aadconsent form which they will read and sign, should they wish

to participate in the study. Participants will then be told that they can elect to opt out at any point
during the experiment. Participants will then be given a demographics questionngiiia ent

an emotional 5 point Likert scale questionnaire. The demographic questionnaire allows factors
such as ethnicity to be measured as previous research has indicated that the expression of
emotions is culturally dependant. This consists of 5 questasking participants to sedport

their how easily they feel certain emotions such as engagement, excitement, frustration etc. The
participants will then be equipped with the device: this is simply aimasive headset with 14
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10

11

sensors that sit on éhhead. Participants will then be required to play an online game (Angry
birds, Tetris or Bejewelled) for approximately 15 minutes in order for the device to normalize
their emotions. Participants will then be placed in front of a Tobii eye tracker camput
Participants will then be required to complete a couple of eye calibration tests, where the
participant is told to look at certain parts of the screen in order for the computer to track their eyes
accurately. Once this is completed participants widhtbe shown a series of 48 images from the
International Affective Picture System (IAPS). These images will be separated into 5 blocks of 12
images. These images are known to correlate with the following emotional responses of
excitement, engagement, calboredom, neutral, anger and irritation. We have carefully selected
photos from the IAPS that will not induce stress or offend participants and that are only relevant
to the 7 emotional categories mentioned above. Each image will be displayed on screen for
approximately 5 secondhe image will then disappear and the participeititbe asked to self

report their emotional state as a questionnaire appears on screen. Participants will receive 15
seconds to complete the questionnaire. Once they have ddme garticipant will then view the

next image and so forth. Once a block has been completed participants will receive a 15 second
rest period and told how many blocks they have left to go. While participants are viewing the
photos the Emotiv EPOC is meagy their emotional state and saving this in correlation to each
image viewed. The Tobii eye tracker is also measuring their eye movements when viewing the
images, in order to determine whether or not participants are actually looking at the images for
thefull 5 seconds. This experiment should take no longer than 50 minutes. After the experiment,
a short questionnaire will be administered to find out their perceptions of the system.

WHY IS THIS A LOW RISK APPLICATION?

Description should includissues raised in the Low Risk Checklist

Please give details of any ethical issues which were identified during the consideration of the
proposal and the way in which these issues were dealt with or reselved

This is a low risk application becauseldtes not raise any issue of deception, threat, invasion of
privacy, mental, physicalr cultural risk or stress, and does not involve keeping personal
information of sensitive nature about individuals. gdirticipants will be given an information
sheet dscribing the research project and will give consent for their resultsuseuokfor

analysis. The participants will be fully aware that they can withdraw themselves or their results
from the research ainy stage. All the data will be kept in a securdremment and only those
listed above allowed access to it.

PROVIDE COPIES OF INFORMATION & CONSENT FORMS FOR PARTICIPANTS

These forms should be on University of Canterbury Departmental letterhead. The name of the
project, name(s) of researcher@ntact details of researchers and the supervisor, names of who
has access to the data, the length of time the data is to be stored, that participants have the right to
withdraw participation and data provided without penalty, and what the data will defarse
should all be clearly stated. A statement that the project has been reviewed approved by the
appropriate department and the University of Canterbury Human Ethics Committee Low Risk
Approval process should also be included.
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Please ensure that Semi A, B and C below are all completed

APPL I CAMNGNABIRE //’?w

.. 16/05/2013......cceii Date .....oevvveeeeiieieeeeeeeee

Date

A  SUPERVISOR DECLARATION:

1 | have made the applicant fully aware of the need for and the requireimsegking HEC
approval for research involving human participants.

2 | have ensured the applicant is conversant with the procedures involved in making such an
application.

3 In addition to this form the applicant has individually filled in the full agglan form
which has been reviewed by me.

Mudrov: ¢

SIGNED (Supervisor). Date 16.5.2013

B SUPPORTED BY THE DEPARTMENTAL/SCHOOL RESEARCH COMMITTEE:

Name ...NEVIlI& ChUICNEE..... oo

e

Signature ...... Date ..20" May

C APPROVED BY HEAD OFDEPARTMENT/SCHOOL:

NAME ... TIM Bl .o

NS
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SIGNALUIE ...oeiiiiiiiiie e Date.23 May 2013.........

SUBMISSION OF APPLICATION:
1 Please attach copies of any Information Sheet and Consent Form
1 Forwardtwo hard copieso: The SecretapyHuman Ethics Committe@®keover House.

NOTES ON PROCEDURE
9 The Chair of the University of Canterbury Human Ethics Committee will review this
application.
1 In normal circumstances queries will be forwarded via email to the applicant within.7 days
1 Please include a copy of this form as an appendpoim thesis or course wark
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ACTION TAKEN BY HUMAN ETHICS COMMITTEE:

Added to Low Risk Reporting Database

Referred to University of Canterbury HEC

Referred ® another Ethics Committee please specify:

ReVIEWE DY:. .o Date
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Appendix D:

HUMAN ETHICS COMMITTEE

Secretary, Lynda Griffioen
Email: human-ethics@canterbury.ac.nz

Ref: HEC 2013/67/LR
31 July 2013

Tegan Harrison
Department of Computer Science and Softweamgineering
UNIVERSITY OF CANTERBURY

Dear Tegan

Thank you for forwarding your Human Ethics Committee Low Risk application for your research
proposal AThe Emotiv mind: investigating the &
emotions and its use in intelligent tutoring s

| am pleased to adse that this application has been reviewed and | confirm support of the
Department 6s approval for this project.

With best wishes for your project.

Yours sincerely

D

Lindsey MacDonald
Chair, Human Ethics Committee
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Appendix E:

FOR STUDERESEARCH UP TO AND INCLUDING MASTERS LEVEL

ETHICAL APPROVAL OF LOW RISK RESEARCH INVOLVING
HUMAN PARTICIPANTS REVIEWED BY DEPARTMENTS

Pleaseread the important notes appended to this form before completing the sections below

RESEARCHERO®G FSegdhAMee:Harrison

NAME OF DEPARTMENT OR SCHOOL Department of Computer Science and Software
Engineering

EMAIL ADDRESS:tgh28@uclive.ac.nz

TITLE OF PROJECT The Emotiv mind: Investigating the accuracy of the Emotiv EPOC in
identifying emotionsand its use in Intelligent Tutoring System.

PROJECTED START DATE OF PROJEQO®6/08/2013

STAFF MEMBER/SUPERVISOR RESPONSIBLE FOR PROJEE®faf. Tanja Mitrovic

NAMES OF OTHER PARTICIPATING STAFF AND STUDENT $4offat Mathews

STATUS OF RESEARCH(e.g. class project, thesibjonours Research Project

BRIEF DESCRIPTION OF THE PROJECT:

Please give a brief summary (approx. 300 words) of the nature of the proposal in lay language,
including the aims/objectives/hypotheses of the project, ratiopalticipant description, and

procedureshethods of the project:

The objective of this project is to investigate the use of the Emotiv EPOC and the software that

comes with it as a way to determine iThet he de
EPOC is a small, wi r ecbngpusteri nct cerr sf uanceerd gdreavd ec efi htrha
head. |t is designed for gaming and all ows f¢

thoughts. Our aim is to investigate how accurate this deviceisd et ect i ng user 6s e
using the intelligent tutoring system S@utor. Volunteers will receive a $20 café voucher

rewards for participation. The study will be done in the Department of Computer Science and
Engineering in the Erskine building inom 200. This study is open to anyone over 18 willing to

take part in this research. Participants will be COSC265 students. We aim to have approximately

10 participants. A short introduction to the research will be given at the start of the experiment,

and participants will receive a project description and a consent form which they will read and

sign, should they wish to participate in the study. Participants will then be told that they can elect

to opt out at any point during the experiment. The pagitip will then be equipped with the

device: this is simply a neimvasive headset with 14 sensors that sits on the head. Participants

will then be placed in front of a Tobii eye tracker computer. Participants will then be required to
complete a couple ofye calibration tests, where the participant is told to look at certain parts of

the screen in order for the computer to track their eyes accurately. Participants will then be
instructed thalkoudd sstiwdya ifint hwhmikc hheitcareyt ar e |
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10

11

emotional state out loud. Once this is completed participants will then be asked to log into SQL
tutor and complete a couple of problems of their choosing. While participants are working on
problems they will be saying out loud what theg #ninking and how they are feeling. While
participants are doing this the Emotiv EPOC will be measuring their emotional state and saving
this into a data file. The Tobii eye tracker is capturing their voice, facial expressions and
measuring their eye mornents. This experiment should take no longer than 30 minutes.

WHY IS THIS A LOW RISK APPLICATION?

Description should include issues raised in the Low Risk Checklist

Please give details of any ethical issues which were identified during the catisid@f the
proposal and the way in which these issues were dealt with or reselved

This is a low risk application because it does not raise any issue of deception, threat, invasion of
privacy, mental, physicalr cultural risk or stress, and does mylve keeping personal

information of sensitive nature about individuals. gdirticipants will be given an information

sheet describing the research project and will give consent for their resultssedo®r

analysis. The participants will be fullyvare that they can withdraw themselves or their results
from the research any stage. All the data will be kept in a secure environment and only those
listed above allowed access to it.

PROVIDE COPIES OF INFORMATION & CONSENT FORMS FOR PARTICIPANTS

These forms should be on University of Canterbury Departmental letterhead. The name of the
project, name(s) of researcher(s), contact details of researchers and the supervisor, names of who
has access to the data, the length of time the data is to éd, 4t@t participants have the right to
withdraw patrticipation and data provided without penalty, and what the data will be used for
should all be clearly stated. A statement that the project has been reviewed approved by the
appropriate department and tbhaiversity of Canterbury Human Ethics Committee Low Risk
Approval process should also be included.
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Please ensure that Section A, B and C below are all completed

APPL I CAMNGNABIRE //’?w

Date .26/07/2013

A SUPERVISOR DECLARATION:
1 | have madehe applicant fully aware of the need for and the requirement of seeking HEC
approval for research involving human participants.
2 | have ensured the applicant is conversant with the procedures involved in making such an
application.

3 In addition to thisform the applicant has individually filled in the full application form
which has been reviewed by me.

Mudrov: ¢

SIGNED (Supervisor) Date 26.7.2013

B SUPPORTED BY THE DEPARTMENTAL/SCHOOL RESEARCH COMMITTEE:

Name Prof. Krys Pawlikowski

Signature Date26.07.2013

C APPROVED BY HEAD OFDEPARTMENT/SCHOOL:

Name .Prof. TiM Bell......cooooooiii et

Signature m Date27 July 2013

SUBMISSION OF APPLICATION:
1 Please attach copie$any Information Sheet and Consent Form
1 Forwardtwo hard copie$o: The SecretaryHuman Ethics Committe@®keover House.

NOTES ON PROCEDURE
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The Chair of the University of Canterbury Human Ethics Committee will review this
application.

In normalcircumstances queries will be forwarded via email to the applicant within 7 days
Please include a copy of this form as an appendix in your thesis or course work
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ACTION TAKEN BY HUMAN ETHICS COMMITTEE:

Added to Low Risk Reporting Database

Referred to University of Canterbury HEC

Referred ® another Ethics Committee please specify:

ReVIEWE DY:. .o Date
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Appendix F:

HUMAN ETHICS COMMITTEE

Secretary, Lynda Griffioen
Email: human-ethics@canterbury.ac.nz

Ref: HEC 2013/67/LR

31 July 2013

Tegan Harrison
Department of Computer Science and Software Engineering
UNIVERSITY OF CANTERBURY

Dear Tegan

Thank you for forwarding your Human Ethics Committee Low Risk application for your research
proposal AThe Emotiv mind: investigating the &
emotions and its use in intelligent tutoring s

| am pkased to advise that this application has been reviewed and | confirm support of the
Department 6s approval for this project.

With best wishes for your project.

Yours sincerely

ﬁ

Ao

Lindsey MacDonald
Chair, Human Ethics Committee
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Appendix G

Department of Computer Science and Software Engineering ' N :
Telephone: +64 3578422 LS

Email: tgh28@uclive.ac.nz UNIVERSITY OF
CANTERBURY
The Emotiv mind: Investigating the accuracy of the Emotiv EPOC
in identifying emotions and its use in Intelligent Tutoring System.

Project Consenftorm for participants:

| have been given a full explanation of this project provided in the project description and
have had the opportunity to ask questions. | understand what is required of me if | agree to
take part in the research. | understand thatrpcipation is voluntary and | may withdraw at
any time without penalty. Withdrawal of participation will also include the withdrawal of
any information | have provided should this remain practically achievable.

| understand that any information or opoms | provide will be kept confidential to the
NBE&SIFENOKSNI yR Ffaz2z GKS NBaSFNOKSNRa adzZJSN
researcher on this project, Dr. Moffat Mathews and that any published or reported results

will not identify the participantsl understand that a thesis is a public document and will be
available through the UC library.

| understand that all data collected will be kept in locked and secure facilities and in
protected password electronic form and will be destroyed after fiveryelunderstand the

risks associated with taking part and how they will be managed. | understand that | am able
to receive a report on the findings of the study by contacting the researcher at the
conclusion of the project.

| understand tlat | can contac Tegan Harrisontgh28@uclive.ac.nzor Prof. Tanja
Mitrovic, tanja.mitrovic@canterbury.ac.rfpr further information. If | have any complaints,
| can contact the Chair of the University of Canterbury Huthics Committee, Private Bag
4800, ChristchurcthUman-ethics@canterbury.ac.fz

By signing below, | agree to participate in this research project.

Name:

Signed:

Date:

Please return this consefiirm to the researcher,

Tegan Harrison
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Appendix H

Department of Computer Science and Software Engineering %
Telephone: +64 3578422 P

Email:tgh28@uclive.ac.nz

28" May 2013 UNIVERSITY OF
CANTERBURY

The Emotiv mind: Investigating tlaecuracy of the Emotiv EPOC in identifying
emotions and its use in Intelligent Tutoring System.

Project Descriptiofior participants

| am Tegan Harrison and | am an honours student majoring in computer science at the
University of Canterbury. This resehrproject is part of my honours research project in
order to determine the effectiveness of the Emotive EPOC headset in detecting emotions.

Thank you for participating in this study. This study will take approximately 50 minutes to
complete. Firstly yowvill be expected to fill out a short demographic questionnaire and
emotional survey. Then you will be fitted with the Emotiv EPOC headset device. This device
consists of 14 sensors that measure your brainwaves in order to detect your emotions. This
is a wreless device and perfectly safe to use. Once the device has been fitted you will be
seated before a screen and will be required to complete some short eye calibration tests.
Then you will be shown a series of photographs on screen in blocks of 12na¢.aAtiter

each block you will receive a short 15 second rest. There will be 5 blocks in total. After
viewing each photo you will be asked to record your current emotional state by selecting an
answer on screen. You will be asked to select at least onedjpenotion but may select
more than one. Once you have finished viewing the photos you will then be asked to fill out
a short positest questionnaire. You may receive a copy of the results by contacting the
researcher at the conclusion of the project.

There are no foreseeable risks in participating in this research project. Participant of this
research is voluntary and you have the right to withdraw at any stage without penalty. If
you withdraw, | will remove information relating to you once the datm&le anonymous.

The results of the project may be published, but you may be assured of the complete
confidentiality of data gathered in this investigation: your identity will not be made public
without your prior consent. To ensure anonymity and confidalityy, you will be assigned a
random id number by which each participant will anonymously be identified. Tegan
Harrison will have access to the data as well as Prof. Tanja Mitrovic and Dr Moffat Mathews;
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the data will be stored on a secured machine thatuires authenticated password to
access. The data will be destroyed after five years. A thesis is a public document and will be
available through the UC Library

This project is being carried out Bggan Harrison, who is postgraduate student at the
Univessity of Canterbury. This study is being conducted for her honours research project
under the supervision of Dr Tanja Mitrovi@rja.mitrovic@canterbury.ac.fizShe will be
pleased to discuss any comns you may have about participation in the project.

This project has been reviewed and approved by the University of Canterbury Human Ethics
Committee, and participants should address any complaints to The Chair, Human Ethics
Committee, University of dhterbury, Private Bag 4800, Christchurch (human
ethics@canterbury.ac.nz).

If you agree to participate in the study, you are asked to complete the consent form and
return it to Tegan.

Tegan Harrison
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Appendix |

Department of ComputeBcience and Software Engineering

Telephone: +64 3578422

Email:tgh28@uclive.ac.nz UNIVERSITY OF
CANTERBURY

The Emotiv mind: Investigating the accuracy of the Emotiv EPOC in identifying
emotions and its use in Intelligent Tutoring System.

Project Consent Form for participants:

| have been given a full explanation of this project provided in the project description and
have had the opportunity to ask questions. | understand what is required of me if | agree to
take part in the research. hderstand that participation is voluntary and | may withdraw at
any time without penalty. Withdrawal of participation will also include the withdrawal of
any information | have provided should this remain practically achievable.

| understand that any infonation or opinions | provide will be kept confidential to the
NBE&SIFENOKSNI yR Ffaz2z GKS NBaSFNOKSNRa adzZJSN
researcher on this project, Dr. Moffat Mathews and that any published or reported results

will not identify the participants. | understand that a thesis is a public document and will be
available through the UC library.

| understand that all data collected will be kept in locked and secure facilities and in
protected password electronic form and will be destrdyafter five years. | understand the
risks associated with taking part and how they will be managed. | understand that | am able
to receive a report on the findings of the study by contacting the researcher at the
conclusion of the project.

| understand hat | can contact Tegan Harrisomgh28@uclive.ac.nzor Prof. Tanja
Mitrovic, tanja.mitrovic@canterbury.ac.rfpr further information. If | have any complaints,

| can contact the Chair of the University of Cabtey Human Ethics Committee, Private Bag
4800, ChristchurcthUman-ethics@canterbury.ac.fz

By signing below, | agree to participate in this research project.

Name:

Signed:

Date:

Please returrihis consent form to the researcher,

Tegan Harrison
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Appendix J

Department of Computer Science and Software Engineering %
Telephone: +64 3578422 P

Email:tgh28@uclive.ac.nz

28" May 2013 UNIVERSITY OF
CANTERBURY

The Emotivmind: Investigating the accuracy of the Emotiv EPOC in identifying
emotions and its use in Intelligent Tutoring System.

Project Descriptiofior participants

| am Tegan Harrison and | am an honours student majoring in computer science at the
University & Canterbury. This research project is part of my honours research project in
order to determine the effectiveness of the Emotive EPOC headset in detecting emotions
when using an intelligent tutoring system.

Thank you for participating in this study. Thisidy will take approximately 30 minutes to
complete. Firstly you will be fitted with the Emotiv EPOC headset device. This device
consists of 14 sensors that measure your brainwaves in order to detect your emotions. This
is a wireless device and perfectafe to use. Once the device has been fitted you will be
seated before a screen and will be required to complete some short eye calibration tests.
,2dz gAff GKSY NBOSAOS I R3S 2OMKELIBAIAIRE2 YA YK 266K )
required to say bw you are feeling and what you are thinking about out loddu will then

log onto SQitutor and work on a couple of questions of your choosing. While you are
working on the problems you will be required $tate how you are feeling and what you are
thinking out loud and your voice will be recorded. You may receive a copy of the results by
contacting the researcher at the conclusion of the project.

There are no foreseeable risks in participating in this research project. Participation of this
research isvoluntary and you have the right to withdraw at any stage without penalty. If
you withdraw, | will remove information relating to you once the data is made anonymous.

The results of the project may be published, but you may be assured of the complete
confidentiality of data gathered in this investigation: your identity will not be made public
without your prior consent. To ensure anonymity and confidentiality, you will be assigned a
random id number by which each participant will anonymously be identifiétegan
Harrison will have access to the data as well as Prof. Tanja Mitrovic and Dr Moffat Mathews;
the data will be stored on a secured machine that requires authenticated password to
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access. The data will be destroyed after five years. A thesis islia gobument and will be
available through the UC Library

This project is being carried out Bggan Harrisonwho is postgraduate student at the
University of Canterbury. This study is being conducted for her honours research project
under the supervision of Dr Tanja Mitrovi@rja.mitrovic@canterbury.ac.fizShe will be
pleased to discuss any concerns you may have about participation in the project.

This project has been reviewed and approved by the University of Canterbury Human Ethics
Committee, and participants should address any complaints to The,Ctaman Ethics
Committee, University of Canterbury, Private Bag 4800, Christchurch (Rhuman
ethics@canterbury.ac.nz).

If you agree to participate in the study, you are asked to complete the consent form and
return it to Tegan.

Tegan Harrison
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