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Saccade diagnostics



Saccade diagnostics

https://www.dailymail.co.uk/health/article-2225792/New-100-accurate-test-diagnose-

schizophrenics.html

https://www.scotsman.com/news/eye-test-gives-flicker-hope-psychiatric-patients-1470640



Why eye movements?

 Quick testing

 Does not require reading ability / special skills

 No expert needed (third world countries)

 Difficult to fake?

 Unconscious?

 May detect problems early



Tasks

 Smooth pursuit

 Free viewing

 Fixation

Benson et al. (2012). Biological psychiatry, 72(9), 716-724.



https://portal.convergechallenge.com/alumni/case-studies/saccade-

diagnostics/



Examples of classifications

 Azheimer's disease

 Parkinson's disease

 Eating disorders

 Expert and novice surgeons

 Sex offenders



Parkinson's disease (PD)

 Multi step saccades most prominent eye movement feature

 "good sensitivity (87%) and excellent specificity (96%)"

Blekher et al.(2009). Parkinsonism & related

disorders, 15(7), 506-510.



Expert and novice surgeons

 Eye-hand coordination in key-hole surgery

 Decision on who to assign which complexity of cases

 Decision on who to start training as a surgeon



Measuring eye movements



Measuring eye movements

 Desktop eye trackers

 Highly accurate

 More accurate with head fixation

 Present images / videos / text

https://www.youtube.com/watch?v=6Mm03_cvXM4

https://www.youtube.com/watch?v=6Mm03_cvXM4


Measuring eye movements

 Mobile eye trackers

Head-mounted camera

Less accurate

Analysis: Image varies per participant

https://www.youtube.com/watch?v=6Rtg_pcRVig&t=1s

https://www.youtube.com/watch?v=6Rtg_pcRVig&t=1s


Eye tracking without eye tracker?

 Google glass?

 Central bias



Eye tracking without eye tracker?

 Webcam?

https://www.youtube.com/watch?v=NRLlRh2apA8&t=32s

https://www.youtube.com/watch?v=NRLlRh2apA8&t=32s


Eye movement analysis



Heatmaps

"Just read"

"Count parentheses"



Scanpaths



General eye movement properties

 Fixation durations

 Saccade amplitudes

 Total viewing time



Regions of interest (ROIs) analysis

• Dwell times

• Refixations

• Number of fixations



Regions of interest (ROIs) analysis



Current study



Dynamic stimuli

 More ecologically valid

 Not used often, because of labour intensive nature 

for analysing data



Analysis dynamic stimuli

 Dynamic heatmaps

 General eye movement properties

 ROI analysis often more complicated:

 Frame by frame annotation of ROIs
(computer vision may help)

 Subjective (eye-of-the-beholder / 
researcher)

 Not always clear for all types of 
stimuli (e.g., surgical images)



Study aim

 Develop method, that:

 Detects group differences in eye movements

 Helps to select relevant stimuli / sections of videos

 Is easy to apply

 Does not require (extensive) manual annotation

 Is data driven

 Validate method



Political orientation: Methods

 Student sample (40 participants)

 No expert surgeons / offenders / patients needed

 Ethics: waste of valuable time if unsuccessful

 Group difference

 Political orientation (left-wing / right-wing)

 Stimuli: Videos of politicians (4 politicians; 20 videos each)

 Eye tracking: Tobii T60 with head stabilization



Method: General idea

 Compare x- y- locations separately between groups

 Compare distance to group center



Traces



T-tests



Compare videos

Corbyn12

Corbyn13



Causes differences?

 Inspect sections of videos with

'significant' differences

 Inspect videos with 'significant' 

differences



Video aspects



Average viewing location



Predict group membership

 Use the 2 UK-based politicians (Corbyn, May)

 Split data in training and test set

 Compute average distance to group center per video (training)

 Apply filters:

 No filter

 Select videos (high % difference)

 Select frames (only 'significant')

 Select videos and frames

 Train classifier

 Compute performance on training set (cross-validation) and test set (confusion

matrix / accuracy)



Predict group membership



Results



Variable importance



Summary

 New method based on simple t-tests

 Can find videos with large group differences

 Can find frames with large group differences

 Can predict group membership

 Group membership seems related to fixating mouth 

(conservatives) or eyes (labour)

 Effects larger for left-wing politician



Future directions

 Test method with other types of groups

 Create videos highlighting 'significant' frames

 Better understand machine learning predictions

 Use computer vision to automatically annotate regions
of interest

 Test the method on other types of behavioral data (e.g., 
mouse clicks, webpage scrolling, activity trackers)

 Use knowledge about oculomotor system

 Ethics


