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Overview

® Eye movements and Cognition
e Why do the eyes move?
¢ Tracking eye movements
¢ Factors affecting eye movements
¢ Analyzing eye movements
® Some research fields applying the eye-tracking technique
e Language processing
e Eye-hand coordination

Why the eyes move ?
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Detecting pupil and corneal reflection

y"'_‘ TN e
o < -

R Threshold .—J_

[ Display A01 [¥] Dynamic Thresholding 52 Advanced

The eye tracking systems
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Mapping eye movements to eye fixation locations
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Cognitive operation and eye movements

*Eye movements are driven by
* The demands of a task in the spatial and temporal
dimensions

* Eye movements are affected by
e Stimulus features
* Goal
* Task/Context
e Strategies

T

When viewing a scene

. Free examination

. Estimate the material circumstances

. Give the ages of the people

. Surmise what the family had been

doing before the visitor arrivals

5. Remember the clothes worn by the
people

6. Remember the position of the
people and objects in the room.

7. Estimate how long the visitor had

been way from the family
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(Yarbus, 1967)
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Preference and motivation

Female

Preference and reading skill

Kindergartener First grade
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Analyzing Eye Movements
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Analysis without AOI

® Mean fixation duration, Total viewing Time

® Mean saccade length
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Fixational map
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Analysis with AOIs
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Analysis with AOIs
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> FFD(first fixation duration): ¢

>GD(gaze duration): ¢+

>TVD(total viewing duration): €0 + @+
»>SFD(single fixation duration): ¢
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Analysis with AOIs
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FD-proportions in time periods
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Ar_i’alyzing dynamic AOIs
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Perception
Word
Recognition

visual acuity,
physical features

Language

Semantic
Integration

Lexical properties
Contextual info.

Attention

word by word or
processing gradient
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when reading a passage
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m Sequence of fixations and saccades, not moving smoothly.

m Each fixation lasts about 250 msec, with intra- and inter-reader
variability.

m Each saccade lasts about 20-40 msec and the saccade length is 2-3
Chinese characters (7-9 English letters) in average.

m Processing all words but not fixating every word, some are skipped
m About 10 to 15% of regressive saccades to reprocess earlier words
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Developmental change of reading Chinese

Distribution of All Fixation Duration
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Developmental change of reading Chinese

Distribution of Saccade Length
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Perceptual span and parafovea preview

Perceptual Parafoveal

span preview
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* Perceptual span m
* A limit number of characters can be perceived and processed in a fixation

 Chinese: 1L3R (characters); English 3-4L 14-15R (letters)
* Asymmetric to the right side
* Parafoveal preview
* A word which was parafoveally previewed on F,_; could be foveally processed
againinF .
 Integration of currently fixated word with its preview is necessary.

Eye movement research in reading

® Factors affecting eye movements
¢ Perceptual
e Lexical
¢ Contextual
® Multiple eye movement indices reflecting processing
difficulty in details
¢ Global measures
¢ Local measures
® Regressive behaviors
e Temporal sequence
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Chinese syntactic processing
e The Role of Semantics in Syntactic Processing: Eye-tracking
Experiments of Reading Chinese Relative Clauses
(F BB 5 3F7 “TH L%k, 2010)
e Chinese semantic ambiguity resolution
e The Influence of Contextual Predictability on Processing Chinese
Polysemy (% 4o, 5c = 3# 3 T L # <, 2011)
o Reuvisiting the Subordinate Bias Effect of Lexical Ambiguity
Resolution (jg 1+, 5% 3F 3 AL~ G 7))
. Shared picture -book reading (K & G1)
. AEFREHTIEARF L LR
(-:E e FTk BT L2 2011)
e Sight translation
e Tracking Eye Movements in Sight Translation: the Comprehension
Process in Interpreting (% 3% 7%, F# < f:37/ L 3% ~ , 2011)
o Spoken word recognition

A DA | _Language-mediated-antici
- Visual World Paradigm Uage-media atory
eye movements

(Altmann & Kamide , 2007)
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o The man will drink the beer.
e The man has drunk the wine. /

Table |

Experiment 1. Froportion of trials on which the eyes were fisating the wine gliss or the Beer in the future ml[ st tense conditions -

(Allopenna, et al., 1998) oL 200 400 500 '800 1000 fre=
Time since target onset (msec) 3

=@ Referent (0.g.. "beaker”)
—®&— Cohort (e.g.. "beetle”)
—#&— Rhyme (e.g.. "speaker’)
Unrelated (e.g., “carmage”)
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MM and Interpretation:
The locus of reformulation in sight translation
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Reading ahead analysis

* Fixating on sentence N+1 when orally
. translating sentence N (72.8%)

. . || * Fixating on sentence N when orally

=" translating sentence N (26.6%)

* no oral production (0.6%)

( Huang, Tsai, & Chen, 2011; & &% » [F x L H )
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Eye-hand coordination

» Fixations are tightly linked in time to the evolution of the task
* Eye-hand coordination: just-in-time strategy

TRENDS > Cogrte Scmces

(Hayhoe & Ballard, 2005)
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Driving: Steering on winding roads

Gazed: the tangent points
(the up-coming band)
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(Land, 1998)
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The linking Assumptions

e Seeing is tightly linked to cognition
¢ Computation
¢ Constraint
e Cognition coordinates seeing in time with
e Listening
e Speaking
e Action (hands, head, body)
e Seeing is ahead of action
¢ Anchoring
¢ Anticipation

 gaze direction and steering wheel angle are very similar
e gaze direction precedes steering wheel angle by about 0.8s

(Land & Lee, 1994; Land, 1998)

Thank you !
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http://emrlab.nccu.edu.tw
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