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Summary 
 
Wearable mobile eye trackers have great potential as they allow the measurement of eye 
movements during daily activities such as driving, navigating the world and doing groceries. 
Although mobile eye trackers have been around for some time (e.g. Land & Lee, 1994; Pelz 
& Canosa, 2001), developing and operating these eye trackers was generally a highly 
technical affair. As such, mobile eye-tracking research was not feasible for most labs. 
Nowadays, many mobile eye trackers are available from eye-tracking manufacturers (e.g. 
Tobii, Pupil labs, SMI, Ergoneers) and various implementations in virtual/augmented reality 
have recently been released.  
 The wide availability has caused the number of publications using a mobile eye 
tracker to increase quickly. Mobile eye tracking is now applied in vision science, educational 
science, developmental psychology, marketing research (using virtual and real supermarkets), 
clinical psychology, usability, architecture, medicine, and more. Yet, transitioning from lab-
based studies where eye trackers are fixed to the world to studies where eye trackers are fixed 
to the head presents researchers with a number of problems. These problems range from the 
conceptual frameworks used in world-fixed and head-fixed eye tracking and how they relate 
to each other, to the lack of data quality comparisons and field tests of the different mobile 
eye trackers and how the gaze signal can be classified or mapped to the visual stimulus. Such 
problems need to be addressed in order to understand how world-fixed and head-fixed eye-
tracking research can be compared and to understand the full potential and limits of what 
mobile eye-tracking can deliver. 
 In this symposium, we bring together presenting researchers from five different 
institutions (Lund University, Utrecht University, Clemson University, Birkbeck University 
of London and Rochester Institute of Technology) addressing problems and innovative 
solutions across the entire breadth of mobile eye-tracking research. Hessels et al. present data 
on the definitions of fixations and saccades held by researchers in the eye-movement field 
and argue how they need to be clarified in order to allow comparisons between world-fixed 
and head-fixed eye-tracking research. Diaz et al. introduce machine-learning techniques for 
classifying the gaze signal in mobile eye-tracking contexts where head and body are 
unrestrained. Niehorster et al. compare data quality of mobile eye trackers during natural 
behavior and discuss the application range of these eye trackers. Duchowski et al. introduce a 
method for automatically mapping gaze to faces using computer vision techniques and 
Haensel et al. present a novel data-driven method for statistical analysis of mobile eye-
tracking data in a dyadic social interaction study. Finally, Pelz et al. employ state-of-the-art 
techniques to map fixations to objects of interest in the scene video and align grasp and eye-
movement data in the same reference frame to investigate the guidance of eye movements 
during manual interaction. 
 The six presentations in this symposium provide both novel directions for researchers 
who have already been active in mobile eye-tracking research, and a comprehensive 
foundation for researchers considering a transition into mobile eye tracking in virtual and real 
worlds in the near future.  
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Background: Eye movements have been extensively studied in a wide range of research 
fields. While new methods such as mobile eye tracking and eye tracking in virtual/augmented 
realities are emerging quickly, the eye-movement terminology has scarcely been revised. We 
assert that this may cause confusion about two of the main concepts: fixations and saccades. 
Methods: We conducted a survey among 124 eye-movement researchers to assess the 
definitions of fixations and saccades held in the eye-movement field.  
Results: Eye-movement researchers held a variety of definitions of fixations and saccades, of 
which the breadth seems even wider than what is reported in the literature. Definitions were 
not related to researcher background or experience.  
Conclusion: We urge researchers to make their definitions more explicit by specifying all the 
relevant components of the eye movement under investigation: (i) the oculomotor 
component: whether the eye moves slow or fast; (ii) the functional component: what purposes 
does the eye movement serve; (iii) the coordinate system used: relative to what does the eye 
move; (iv) the computational definition: how is the event represented in the eye-tracker 
signal. This should enable eye-movement researchers from different fields and using different 
eye trackers (world-fixed or head-fixed) to discuss without misunderstandings.  
 
 
Supervised Learned for the Classification of Gaze Events Made During Natural Task 
Execution 
 
Gabriel J Diaz, Rakshit S Kothari, Jeff B Pelz, Zhizhuo Yang, Chris Kanan, Reynold Bailey 
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The study of visual-motor behavior benefits from the classification of gaze events into 
distinct categories, such as saccade, pursuit, and fixation. Although there are several solutions 
for the classification of the eye-in-head signal, the field is still in need of solutions for gaze 
classification contexts in which the head and body are unrestrained. Our approach was to 
apply supervised learning techniques to a custom dataset of eye+head behavior. Twenty 
subjects were instrumented with a head-mounted 6-axis 100 Hz inertial measurement unit, a 
30 Hz ZED stereo camera, and a 120Hz Pupil labs eye tracker as they made tea, walked down 
a hallway, performed mobile visual search, or caught a ball.  This yielded over 6 hours of 



recorded behavior, approximately 2 hours 20 mins of which was manually annotated by 5 
labelers.  A subset of labelled data was used to train a series of machine learning gaze-event 
classifiers. The performance of our classifier was evaluated using various event based 
metrics, which revealed near-human level classification levels.  Moreover, we found that 
fixation-pursuit confusion is largely resolved through the incorporation of head movement 
data. 
 
 
When glasses slip: Data quality of mobile eye trackers during natural behavior 
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Mobile head-worn eye trackers allow researchers to record eye-movement data while a 
participant freely moves around and interacts with their surroundings. However, is the data 
quality of these devices affected by participant activity during natural behavior? To answer 
this question, we designed testing scenarios mimicking participant natural behaviors that can 
cause a mobile eye tracker to slip relative to the participant’s head. Specifically, for four 
mobile eye-tracking setups – Pupil Labs hardware with Pupil Capture (3D) and EyeRecToo 
software, SMI glasses 60Hz and Tobii Pro Glasses 2 at 50Hz – we investigated data quality 
when participants talk, make facial expressions, adjust the eye tracker, and reposition the eye 
tracker after it has slipped. Our results show that only the Tobii Glasses 2’s gaze estimates 
remained stable across tasks. All other setups exhibited large errors in recorded gaze position 
that increased with glasses slip magnitude, and were over one degree even for the small 
amounts of glasses slip that occurred during speech and facial expressions. We recommend 
that users of mobile eye trackers perform similar tests with their devices to become aware of 
their setup’s characteristics with an aim to design experiments that are robust to its 
limitations.  
 
 
Automatic Face Detection for Applied Eye-Tracking Studies 
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Automatic Area Of Interest (AOI) demarcation of facial regions is not yet commonplace in 
applied eye-tracking research (e.g., during social interaction), partially because face detection 
methods are prone to error. The current eye-tracking state-of-the-art concerning face 
scanning relies on manual frame-by-frame labeling of facial AOIs. Although an early study 



used automated software for face detection (developed at the Fraunhofer Institute for 
Integrated Circuits), the software was otherwise unnamed. More recent work used OpenFace 
software to detect 68 facial landmarks from which a Voronoi diagram was constructed.  
Voronoi cells (polygons) acted as facial AOIs. A limitation of the Voronoi tessellation is that 
the regions extend to infinity (they are borderless). This may hinder delineation of gaze from 
falling in a facial region or outside the face. 
 
We present a method built from OpenCV open-source software suite that uses Haar cascaded 
filters to detect the face, eyes, mouth, and nose. As this approach is prone to error (i.e., a 
large number of false positives), we employ heuristics derived from art to eliminate regions 
that are improbable, thus eliminating false positives. The method is fully automatic, appears 
to be fairly stable, and tracks multiple faces in the scene. 
 
 
Cultural differences in naturalistic face scanning: a data-driven analysis method for 
mobile eye-tracking  
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Face scanning strategies during social interactions have exclusively been examined using the 
area-of-interest (AOI) approach, which involves the selection of individual facial regions and 
spatial pooling of gaze data to compute fixation times separately for each area. Although this 
represents a statistically sensitive method for detecting differences between groups or 
conditions, pre-defining the number and locations of AOIs can hinder novel insights. Data-
driven methods provide an alternative approach, but such techniques do not currently exist for 
mobile eye-tracking given that changes in AOI position, size, and angle between scene frames 
complicate collapsing data across time and/or participants.  
 We conducted a face-to-face interaction study using mobile eye-tracking to compare 
face scanning patterns of British and Japanese participants, providing also a solution to perform 
data-driven analysis. We identified faces semi-automatically and subsequently mapped face 
regions and corresponding gaze points to a unified coordinate space, allowing fixations to be 
collapsed across time and participants. Monte Carlo permutation testing was applied to 
statistically compare the resulting density maps, revealing greater eye scanning in Japanese 
participants and more mouth looking in British individuals. This demonstrates cultural 
differences in naturalistic face scanning for the first time and highlights the applicability of 
data-driven methods for exploratory purposes. 
 
 
Analysis of Gaze and Grasp Behavior Recorded with a Mobile Eye Tracker and Aligned 
within a Common Reference Frame 
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When engaging in visually guided behavior, sequential eye movements gather the task-
relevant information related to decision making and the motor-relevant information needed to 
guide movements of the hands. We present a new technique to study these distinct types of 
eye movements during natural interaction with 2D printed Objects Of Interest (OOIs), as 
participants performed basic tasks, such as sorting printed items by indicated numerical 
value.  Gaze behavior was monitored by a head-mounted Pupil Labs eye tracker, which 
recorded gaze position at 120 Hz, and the ego-centric view of the scene at 60 Hz. Prior to 
analysis, a custom algorithm was used to map fixations to OOIs detected in the scene video to 
a static photomontage of all OOIs used in the study. Similarly, custom computer vision 
algorithms were used to identify when the hands were overlaid upon an OOI, and used to 
align grasp data within the same photomontage. The result is gaze and grasp data aligned 
within a single, static frame of reference, regardless of the original orientation of the 2D 
printed media in the scene view. Analysis focused on the role of task, salience, and motor-
relevance of information sources in guiding eye movements during manual interaction. 
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