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Many problems suggest themselves to the psychologist whose 
solution would be greatly furthered by an accurate method of 
recordin the movements of the e e. 
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Many problems suggest themselves to the psychologist whose 
solution would be greatly furthered by an accurate method of 
recordin the movements of the e e. 

Delabarre (1898) The American Journal of Psychology

_ I am indebted to Dr. Lough, my assistant 
last year in the laboratory at Harvard, for the suggestion that 
plaster-of-Paris will attach itself firmly and immovably to any 
moist surface. Acting on this snggestion, I made a few plaster 
casts over the cornea of an artificial eye. I thus produced a 
smooth concave surface that would fit fairly well the curvature 
of the cornea of a natural eye. This I trimmed with a knife to 
the diameter of the cornea, and to a thickness that would make 
it as light as possible while retaining the requisite firmness. 
Then I made the eyeball amesthetic by applying two or three 
drops of a two to three per cent. solution of cocaine, and on fit-
ting the cast over the cornea found that it held there perfectly, 
without ain or discomfort. 
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Delabarre (1898) The American Journal of Psychology

No trouble was experienced in getting the cup to stick for 
as long as was desired, when the lids were kept well separated; 
indeed, it was somewhat difficult to remove it on several occa-
sions. The experiments have so far been made on but two sub-
jects Prof. Hodge and myself. I am especially indebted to 
Prof. Hodge, as it has been difficult to get subjects; partly from 
an exaggerated notion of the danger to the eye, partly from the 
defective vision of those who were otherwise available. 

No trouble was experienced in getting the cup to stick for 
as long as was desired, when the lids were kept well separated; 
indeed, it was somewhat difficult to remove it on several occa-
sions. The experiments have so far been made on but two sub-
jects Prof. Hodge and myself. I am especially indebted to 
Prof. Hodge, as it has been difficult to get subjects; partly from 
an exaggerated notion of the danger to the eye, partly from the 
defective vision of those who were otherwise available. 

Huey (1898) American Journal of Psychology 
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Corneal Reflection (CR) 
film-based eyetracker systems

Buswell (1935) How people look at pictures
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Yarbus (1967) Eye movements and vision
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Yarbus (1967) Eye movements and vision
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Corneal Reflection (CR) 
Video-based eyetracker system

Mackworth & Mackworth (1958) JOSA

6 fps 16mm

(100X)
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Electrooculograph (EOG)
Video-based eyetracker system

Shackel (1960) JOSA
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Electrooculograph (EOG)
Video-based eyetracker system

Shackel (1960) JOSA
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Mackworth & Thomas (1962) JOSA
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 Thomas (1968) Scientific American
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 Thomas (1968) Scientific American
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 Young & Shea (1975) BRMI

Corneal-reflection
film system with
fiber-optic coupling
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Pupil - Corneal Reflection (P-CR) 
eyetracker systems

Merchant (1967) NASA Tech Report CR-805 Merchant (1969) NASA Tech Report CR-1422
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Pupil - Corneal Reflection (P-CR) 
eyetracker systems

Merchant (1969) NASA Tech Report CR-1422
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Pupil - Corneal Reflection (CR) 
eyetracker systems

Eye movement
(rotation)

Camera movement
(translation)
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Pupil - Corneal Reflection (CR) 
eyetracker systems

Eye movement
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Camera movement
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Pupil - Corneal Reflection (CR) 
eyetracker systems

Eye movement
(rotation)

Camera movement
(translation)

16Sunday, September 18, 11                      Jeff B. Pelz    PETMEI 2011  Keynote



Pupil - Corneal Reflection (CR) 
eyetracker systems

Merchant (1967) NASA Tech Report CR-805
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Pupil - Corneal Reflection (CR) 
Video-based eyetracker systems

(Merchant - 1974)

Merchant, Morrissette, & Porterfield (1974) IEEE Trans Biomed Eng
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Pupil - Corneal Reflection (CR) 
Video-based eyetracker systems

(Merchant - 1974)

Merchant, Morrissette, & Porterfield (1974) IEEE Trans Biomed Eng
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Pupil - Corneal Reflection (CR) 
Video-based eyetracker systems

ASL EyeLink

Tobii

SMI

SMIFaceLab

Arrington Positive 
Science

mirametrix

Dikablis
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Michael Land
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camera
(eye & scene)
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camera
(eye & scene)
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camera
(eye & scene)
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“0th Generation” (1996)

RIT Wearable Eyetracker
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RIT Wearable Eyetracker

1st Generation (1998)
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RIT Wearable Eyetracker

4th (2004)3rd (2003)

5th (2006) 6th (2008)

2nd (2000)
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Positive Science    Wearable Eyetracker™
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EyeSeeCam
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Tobii Glasses
(IR markers)
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SMI Glasses

SMI IView X
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ASL MobileEye XG Dong & Luo, PETMEI 2011
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WearCam
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...

Data Analysis:

Huey (1898) American Journal of Psychology 
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Analysis
Buswell, 1935
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Data Analysis:

Shackel (1960) JOSA

The main purpose and usefulness of this head camera 
technique is to give an immediate picture of on what 
the subject is fixating, whatever his body, head, and 
eye movements may be, without the need for analysis 
and computation to reconstruct his pattern of move-
ments with respect to the scene before him. The film 
record can also be analyzed in detail in the usual way 
to study the relative movement of head, eyes, and 
scene; from examining the behavior of a few subjects 
and analyzing their performance in this way fruitful 
hypotheses may well result which can then be tested 
on a larger number of subjects with simpler experi-
mental methods. 
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Analyzing lab-based gaze data
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Analyzing Video-based Gaze Data
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Analyzing Video-based Gaze Data

Define Areas of Interest (AOIs)
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Analyzing Video-based Gaze Data
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Analyzing Video-based Gaze Data

Sequence:  1  
Entry time:  0.250
Dwell time:  8.187
Hit ratio: 1.00
Revisits: 0.45
Average fixation: 0.243
First fixation: 0.285
Fixation count: 23.66

Sequence:  2  
Entry time:  0.250
Dwell time:  4.634
Hit ratio: 1.00
Revisits: 2.63
Average fixation: 0.217
First fixation: 0.385
Fixation count: 14.76

Sequence:  5  
Entry time:  11.845
Dwell time:  5.488
Hit ratio: 0.50
Revisits: 0.87
Average fixation: 0.408
First fixation: .505
Fixation count: 12.84 

Sequence:  4  
Entry time:  10.650
Dwell time:  6.104
Hit ratio: 0.66
Revisits: 0.83
Average fixation: 0.608
First fixation: .505
Fixation count: 10.87 

Sequence:  3  
Entry time:  8.437
Dwell time:  14.323
Hit ratio: 1.00
Revisits: 4.63
Average fixation: 0.414
First fixation: .265
Fixation count: 9.12
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RITCode
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instructor interpreter display
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Susan Munn: FixTracer

2D POR 3D model

Object ID

Susan Munn
RIT PhD, 
now at ASL

Support: P&G
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SLAM
MonoSLAM:  Davison et al., IEEE Trans PAMI 2007

Visual SLAM: Takemura et al., ETRA 2010 
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Object recognition

Brône, Oben, & Goedemé, PETMEI 2011
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SemantiCode
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Fixations can be ‘tagged’ 
as class exemplars

Color histogram intersections
(Swain & Ballard, ’90)

SemantiCode
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Using only RGB color histograms:
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Other features (spectral, spatial, temporal) 
can be used to identify exemplars.
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SemantiCode

56Sunday, September 18, 11                      Jeff B. Pelz    PETMEI 2011  Keynote



SemantiCode
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SemantiCode
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SemantiCode
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SemantiCode
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SemantiCode
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SemantiCode
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SemantiCode
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SemantiCode
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SemantiCode
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Analyzing Video-based Gaze Data

50% of clusters 
have 1-3 objects

67Sunday, September 18, 11                      Jeff B. Pelz    PETMEI 2011  Keynote



Limited resolution of scene video
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Panoramic image capture
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Panoramic image capture
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Panoramic image capture
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Novice:  o

Expert:  o

Common reference frame
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Novice:  o

Expert:  o
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Semantic Analysis of Mobile Eyetracking Data

Jeff B. Pelz
Rochester Institute of Technology
Rochester, NY, USA
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