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ABSTRACT

INVESTIGATING COGNITIVE AND EMOTIONAL FACTORS THAT
TRIGGER PUPIL DILATION IN HUMAN COMPUTER INTERACTION

Uyanik Civek, Ceren
M.S., Department of Biomedical Engineering
Supervisor : Assist. Prof. Dr. Didem Gokgay

Co-Supervisor : Dr. Serdar Baltaci

July 2018, 105 pages

Human-computer interaction can be enhanced if emotional arousal of the user can be
predicted. Measurement of pupil dilation is an effective indicator to achieve a suc-
cessive classification for categorizing the psychological state of a user. In this study,
rather than trying to identify several psychological states, we focused on the identi-
fication of stress. There exist several factors that shift the state of a computer user
from relaxation to stress. In this study, we mainly focused on the cognitive factors
that cause stress by increasing the difficulty level of a task. We also evaluated the
effect of color on emotional responses. We hypothesized that assigning more difficult
tasks and looking at a colored image produce higher pupil dilation signals than the
signals in a neutral state. In order to evaluate the effectiveness of these factors, we
conducted experiments including two phases by using TOBII T120 eye-tracker sys-
tem. In the first phase, a baseline was constructed by showing neutral IAPS images
to record measurements during neutral emotion. In the second phase, some modifica-
tions on stimuli were made to increase cognitive load. Pupil measurements collected

during these experiments were used to train supervised classifiers for categorizing



stressful versus neutral states of the computer users. Both collective and individual
subject-based analyses were performed. Better classification results are obtained for

individual subject-based classification.

Keywords: Cognitive Factors, Emotional Factors, Eye-Tracking, Pupil Dilation
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INSAN-BILGISAYAR ETKILESIMINDE GOZBEBEGI BUYUME
REFLEKSINI TETIKLEYEN ZIHINSEL VE DUYGUSAL FAKTORLERIN
ARASTIRILMASI

Uyanik Civek, Ceren
Yiiksek Lisans, Biyomedikal Miihendisligi Boliimii
Tez Yoneticisi : Yrd. Dog. Dr. Didem Gokcay
Ortak Tez Yoneticisi : Dr. Serdar Baltaci

Temmuz 2018 , 105 sayfa

Insan-bilgisayar etkilesimi kullanicilarin duygusal uyarilmalarinin tespit edilmesi ile
tyilestirilebilir. Gozbebegindeki biiylime-kiiciilme reflekslerinin anlik dl¢timii, kul-
lanicilarin psikolojik durumlarmin basarili bir sekilde tanimlanip siniflandirilmasi
amaciyla kullanilan etkili bir yontemdir. Bu ¢alismada, farklh psikolojik durumlarin
tanimlanmasi yerine stresin belirlenmesi {izerine yogunlasmaktayiz. Gevseme duru-
mundan gergin duruma ge¢cmeye sebep olacak bir¢ok faktor bulunmaktadir. Bu ca-
lismada temel olarak, bir gérevin zorluk diizeyini artirarak strese neden olan zihinsel
faktorlere odaklandik. Ayrica rengin etkisini duygusal bir stres faktorii olarak deger-
lendirdik. Daha zor gorevlerin verilmesi ve renkli bir goriintiiye bakmak, notr durum-
daki gdzbebegine kiyasla gozbebegini daha fazla biiyiittiigli varsayiminda bulunduk.
Bu faktorlerin etkinligini degerlendirmek amaciyla TOBII T120 goz takip sistemi ile
iki asamal1 deneyler yaptik. Ilk asamada kullanicilarin duygulart nétr diizeyde tut-
mak icin notr IAPS goriintiileri gosterilerek bir referans olusturuldu. Ikinci asamada,

zihinsel yiikii arttirmak icin uyarici tizerinde bazi degisiklikler yapildi. Bu deneyler

vii



sirasinda toplanan gozbebegi Slgiimleri bilgisayar kullanicilarinin stresli ve notr du-
rumlarini kategorize etmek i¢in egitimli siniflandirma algoritmalarinin gelistirilme-
sinde kullanildi. Hem toplu hem de kullanict bazli analizler yapildi. Kullanict bazli

analizlerde daha yiiksek siniflandirma oranlari elde edildi.

Anahtar Kelimeler: Zihinsel Faktorler, Duygusal Faktorler, G6z Izleme, G6z Bebegi
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CHAPTER 1

INTRODUCTION

Human Computer Interaction (HCI) is an ongoing interdisciplinary research area that
interprets human actions to establish a reliable communication environment between
machines and people. In the case of human-human interactions, when interpreting the
actions of a human being, one should consider his/her current emotional state. This
would result in more accurate responses since the emotions play an important role on
human actions (Beale et al., 2008; Picard, 1997). Similarly, performance of the HCI
systems can be improved, if the emotional states of the users are accurately detected

(Hudlicka, 2003; Picard, Vyzas, & Healey, 2001).

One of the most dominant emotional states observed in human beings is stress. Many

scientific findings indicat



























































































































































































































































































































