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Abstract. In this paper we describe an exploratory experiment conducted in the 
early stages of the design and development of a screening program for non-
communicative individuals. The system incorporates eye-tracking and 
biosensor technologies for objectively measuring affective states by combining 
measures of ElectroDermal Activity (EDA), temperature and eye gaze metrics 
of pupil dilation. The objective is to provide individuals with cognitive 
disabilities who experience difficulties in expressing their feelings with an 
alternate form of communicating their emotional states in clinical screening and 
occupational therapy sessions. The interactive computer-based screening 
program is comprised of stimuli-sets designed to elicit emotional response from 
viewers with a trend analysis component designed with an interface for health 
care providers. The focus of this paper is the feasibility of including pupil 
dilation as a measure reflecting affective states of individuals in the overall 
emotional intelligence screening system. 
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1 Introduction 

Assistive technology has developed at a rapid pace in the areas of motor and sensory 
disabilities. While notable efforts have been made in supporting people with cognitive 
disabilities and social-verbal communication difficulties such as autism, it was not 
until recently that researchers explored ways of understanding and measuring human 
emotions of non-communicative individuals with physiological sensors [1]. 
Physiological measures such as pupil dilation and gaze metrics have been shown to be 
indicative of cognitive processing in both adults and children [2]. Recent studies have 
established novel methods for people to communicate affective-cognitive states 
through creation of innovative wearable sensors, remote tracking devices of motion 
and eye gaze such as those described in [3]. However, much of this research has 
examined isolated measures of emotional states using physiological sensors. 
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An exploratory experiment which was conducted in the early stages of development 
for an emotional intelligence screening program for non-communicative individuals is 
described in this paper. The system incorporates eye-tracking and biosensor 
technologies for objectively measuring affective states by combining measures of 
ElectroDermal Activity (EDA), temperature and eye gaze metrics of pupil dilation. The 
objective is to provide individuals with cognitive disabilities who experience 
difficulties in expressing their feelings with an alternate form of communicating their 
emotional states or measuring their emotional arousal in clinical screening and 
occupational therapy sessions. This study examined whether variations in pupil dilation 
were indicative of affective states of individuals during visual emotion stimulation. 

2 Related Work 

In recent years, researchers have explored the relationship between pupil size and 
viewing behavior of humans. A review of recent studies shows variations in 
methodological approaches used to detect, recognize and classify emotions; there is 
increasing evidence that the emotional states can be mapped to their corresponding 
specific physiological signals [4]. Investigations of pupil size and cognitive 
processing have reported positive correlation between the two measures; increases in 
pupil size corresponding to tasks that involve more cognitive load [5].  

Previous research on the relationship between variation of pupil size and affective 
states of individuals has presented varied results and is debated in the literature. For 
example, one research suggested that "there is a continuum ranging from extreme 
dilation to interesting or pleasing stimuli to extreme constriction to unpleasant or 
distasteful material" [6]. In contrast, another study argued that there is no constriction 
of the pupil size in case of negative stimuli, or that contraction perhaps is confined to 
a small number of individuals and small group of stimuli [7]. Loewenfeld had also 
argued that none of the stimuli used in their experiments led to contraction pupil, 
except the light [8]. Partal and Surakka have examined the variation of pupil size 
during auditory emotional stimulation and they have found that the pupil size 
increases in size when subjects experience positive or negative emotions [4]. There 
are several arguments which could explain the variations in findings; variation could 
be due to the use of different stimuli, differences in the accuracy of devices used for 
acquiring and measuring pupil dilation, and individual differences in humans. 
Individual differences could vary in two ways; namely, the emotional state of the 
person at the moment of conducting the experiment and the nature of the person (e.g. 
personality traits, developmental abilities).  Recent developments in eye tracking 
technologies and the feasibility of designing configurable systems, which can 
facilitate the development of bespoke screening sessions with stimuli, have sparked 
the interest of this line of research for deciphering affective states from non-verbal 
cues such as pupil dilation. 
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3 Method 

An exploratory eye tracking experiment was conducted to examine the feasibility of 
including pupil dilation as a measure of affective state of individuals in the context of 
an emotional intelligence screening system. 

3.1 Participants 

Thirty one participants took part in an exploratory eye tracking experiment, ages 
ranged between 20 and 37 years (M = 24.21, SD = 4.3). Data from 11 participants 
was excluded from analysis due to low readings of eye gaze data. Thus, the eye gaze 
analysis was reported for participants who exhibited high data capture rates exceeding 
60%; percentage referring to the number of samples captured by the eye tracking 
device. All subjects included in the analysis had normal to correct-to-normal vision. 

3.2 Tasks and Procedures 

The sessions ranged in duration from 2:57 to 4:15 minutes, with a 3:12 minute 
average duration. Participants were asked to complete a demographic survey, after 
obtaining consent for their participation in the study. Following that, they were 
introduced to the eye tracker, the experimental setup, and the purpose of the study 
was explained. Calibration was conducted next to ensure that the eye tracker 
accurately identifies the characteristics of the subject's eyes in three dimensions. 

Five stimuli were selected to depict four emotions; fear, happiness, sadness, and 
disgust. They were presented to users in the session in random order to control for 
order effects. Eye gaze of participants and pupil dilation were measured during their 
exposure to visual stimuli using a Tobii X120 eye tracker.  Participants were 
requested to classify the emotion depicted in each video clip immediately after 
exposure to the video in the session. After each video, participants selected which 
emotion they thought was depicted in the video to elicit their understanding of the 
emotion that they experienced while watching the video as well as to validate our 
experimental design in selecting emotional visual stimuli. This was presented as an 
on-screen questionnaire in which the selection was made with a mouse while the 
participants kept their eyes on the screen. After the questionnaire, a blank screen was 
presented as a buffer in the session before the presentation of the following video 
stimuli resumed. 

3.3 Apparatus and Data Analysis 

For analysis across participants, the left eye was used based on the procedure reported 
in Partala and Surraka [9]. Gaze was captured using Tobii x120 stand-alone device 
connected to a monitor, and pupil size stream obtained from the tracker was measured 
in millimeters. It is known that individual differences in the eyes of subjects and the 
strength of glasses often cause errors in these values. However, none of our subjects 
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used in analysis wore glasses and thus erroneous data due to readings was not a 
concern in this sample. Patterns of pupil size variation that were exhibited by 
participants were mapped to events in the video clips to gain an insight into the 
affective state of participants during the viewing. An example is depicted in Fig. 1. 

 

Fig. 1. Patterns of pupil dilation in response to emotional video stimuli 

The average of pupil sizes of participants across the video’s timeline was 
calculated to show patterns of changes in pupil size for each video separately. This 
was for the purpose of examining trends and patterns of arousal, both negative and 
positive, and this was the objective of this study to assess the feasibility of detecting 
arousal by pupil size as an object metric of affective states in the emotional 
intelligence system. 

4 Results and Discussion 

Pupil size variation was examined in viewing videos depicting four emotions, namely 
fear, sadness, disgust, and happiness. For each emotion, pupil size variation patterns 
are presented and a discussion on how the observed trends in pupil dilation relates to 
incidents or events in the video stimuli. 

For the emotion of fear, pupil size of participants ranged between 1.63 and 6.46mm 
in the duration of exposure which was 58 seconds. Patterns of emotional arousal were 
found which reflected several points of anticipated action in the video stimuli. The 
video clip depicts a child alone in his room in a stormy night with an intruder 
approaching. Trends in pupil size variations showed increase in dilation suggesting 
slow emotional arousal of participants as they viewed the segment in which the child 
is seeing the hooded person in his room approaching him. This pattern of increased 
pupil size was found to continue until the point in the video where the child switches 
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the side-table lamp on. Interestingly, a trend of decreasing measures of pupil size was 
observed across participants in viewing this particular segment of the video, which 
might reflect relief of viewers for a short period. However a cyclic pattern of 
increasing and decreasing pupil size is exhibited after that as the action accelerates at 
the end of this video clip. 

For the emotion of happiness, the pupil size ranged between 1.62 and 4.60mm in 
the duration of exposure which was 7 seconds. The video depicted a small child 
exhibiting giggling behavior followed by laughing behavior. The trend observed 
across participants was a consistent increase in pupil size across the exposure to the 
visual stimuli. 

For the emotion of sadness, pupil size ranged between 1.98 and 5.03mm in the 
duration of exposure which was 25 seconds. The video was a promotional video for a 
local charity for supporting orphans; and the clip presents an orphan child sketching 
an image of his lost mother. In examining the patterns of pupil size of participants 
viewing this visual stimulus, it was interesting to find that specific points of variation 
in pupil sizes reflect significant parts of the story being presented in the video. A 
trend of increasing pupil size was observed as the concept of the 'lonely child' in the 
video is being presented. Following that, arousal drops when the focus of the camera 
moves away from the subject which might reflect inattention exhibited by viewers for 
a short period of time, followed by an increase in pupil size until the end of the video 
clip when the child is shown in the video cuddling the drawing of his lost mother that 
he drew on the floor of the room as shown in Figure 1. 

For the emotion of disgust, pupil size ranged between 1.66 and 5.1m in the 
duration of exposure which was 31seconds. The video depicted an actor digging for a 
worm, explaining the type of species, followed by swallowing it at the end of the 
video segment. Trends of increasing pupil size were observed in the session 
suggesting that pupil size increases with escalating emotions of disgust. This 
observation is in line with previous work reported in [10]. 

Across all emotion stimuli examined in the session, patterns of pupil size variations 
corresponding to critical incidents in the visual stimuli were evident. This variation 
was consistent across participants, albeit at different variation levels of pupil dilation.  
 

 

Fig. 2. Trends of decreasing pupil size as viewers observe segments which involve cognitive 
processing; trends of increasing pupil size were observed in segments which were perceived as 
triggering emotions of 'disgust' 
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Nevertheless, this suggests that this video-based corneal reflection eye tracking device 
was sufficient to capture trends in pupil size variations of viewers. Consequently, this 
metric was found to be indicative of emotional arousal and was considered for 
inclusion in the design of the emotional intelligence screening system. 

5 Conclusion 

This exploratory study has provided an insight into using pupil dilation as a metric for 
objectively measuring affective states. Pupil dilation is envisioned to be used in 
combination with physiological sensors of electrodermal activity in interactive 
screening systems for affective states. These systems are designed to recognize 
emotional states of non-communicative individuals and understand affective states of 
people with developmental disorders such as autism spectrum disorders. 
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