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Overview
 Eye movements and Cognition

 Why do the eyes move?
 Tracking eye movements
 Factors affecting eye movements
 Analyzing eye movements

 Some research fields applying the eye‐tracking technique
 Language processing
 Eye‐hand coordination
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Why the eyes move？

中央小窩（fovea)
 視覺敏銳度最高的地方
 眼睛視線凝視的位置
 視角兩度(60cm遠，2cm
寬）

Fovea

Retina

www.BrainConnection.com
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Change blindness
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動動眼，看的更清楚

（科學人，2007.09)
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The eye tracking systems
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Detecting pupil and corneal reflection
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Calibration

Mapping eye movements to eye fixation locations
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Eye‐tracking lab and experiment procedure

Camera Setup

Calibration

Recording

Data Processing

Subject

Operator

Eye positions
and pupil size

Eye tracking PC

Time information of
trials and stimulus 
presentation 

Subject PC
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Eye movements: 
When viewing a scene

Eye Movement and Reading Laboratory
Department of Psychology, National Chengchi University

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
• Stimulus features
• Goal
• Task/Context
• Strategies
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Reading the mind in the eyes
1. Free examination
2. Estimate the material circumstances
3. Give the ages of the people
4. 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

(Yarbus, 1967)
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Female Male

Preference and motivation
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Kindergartener First grade

Preference and reading skill
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Analyzing Eye Movements
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 Mean fixation duration, Total viewing Time
 Mean saccade length

Analysis without AOI
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Fixational map
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拿 著 拐杖 慢慢

下雨 的 時候，外公 會 拿 著 拐杖 慢慢 走到 學校 接 我 回家。

拿 著 拐杖 慢慢
skipping

1 2
4 3

rereading

refixation

regress out

FFD(first fixation duration):
GD(gaze duration):       +
TVD(total viewing duration):        +       +  
SFD(single fixation duration):

1
1 2

1 2 4
3

Analysis with AOIs
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Analysis with AOIs
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Analysis with AOIs
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Analysis with AOIs

Eye Movement and Reading Laboratory
Department of Psychology, National Chengchi University

小一(N=11) 大班(N=8) 小一(N=11) 大班(N=8)
目標圖區 字區

提問式 5.58% 25.30% 64.30% 30.36%
陳述式 3.63% 15.60% 65.81% 26.43%

0%

10%

20%

30%

40%
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80%

凝
視
時
間
比
例

*
目標
圖區

字
區

Fixation duration proportions

(Chang & Tsai, 2011; 張雅嵐，政大幼教所碩士論文，2011)
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FD‐proportions in time periods

目標
圖區

字
區

0%

10%

20%

30%

40%

50%

60%

70%

80%

0~5s 5~10s 10~15s 15~20s 0~5s 5~10s 10~15s 15~20s

目標圖區 字區

小一(N=11) 提問式 小一(N=11) 陳述式 大班(N=8) 提問式 大班(N=8) 陳述式

(Chang & Tsai, 2011; 張雅嵐，政大幼教所碩士論文，2011)
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Analyzing dynamic AOIs
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AOIs change along the timeline
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Eye movements:
when reading a passage

Eye Movement and Reading Laboratory
Department of Psychology, National Chengchi University

Eye movement control and reading

Perception
visual acuity, 

physical features

Attention
word by word or 

processing gradient

Language
Lexical properties
Contextual info.

EM control
when & where
to move the eyes

地球暖化問題日趨嚴重，節約能源成為全人類的重要課題

Word 
Recognition

Semantic 
Integration
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Basic characteristics in reading

 Sequence of fixations and saccades, not moving smoothly.
 Each fixation lasts about 250 msec, with intra‐ and inter‐reader 

variability.
 Each saccade lasts about 20‐40 msec and the saccade length is 2‐3 

Chinese characters (7‐9 English letters) in average.
 Processing all words but not fixating every word, some are skipped
 About 10 to 15% of regressive saccades to reprocess earlier  words
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Kid_G5(N=14,D= 93271)
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Developmental change of reading Chinese

(Tsai, in prep.)
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Developmental change of reading Chinese

(Tsai, in prep.)
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地球暖化問題日趨嚴重，節約能源成為全人類的重要課題

Perceptual span and parafovea preview

，節約能源
成

Parafoveal
preview

• Perceptual span
• 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 Fn‐1 could be foveally processed 
again in Fn.
• Integration of currently fixated word with its preview is necessary.

約能源成為

Perceptual 
span

Eye Movement and Reading Laboratory
Department of Psychology, National Chengchi University

Eye movement research in reading
 Factors affecting eye movements

 Perceptual
 Lexical 
 Contextual

 Multiple eye movement indices reflecting processing 
difficulty in details
 Global measures
 Local measures
 Regressive behaviors
 Temporal sequence
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 Chinese syntactic processing
 The Role of Semantics in Syntactic Processing: Eye-tracking 

Experiments of Reading Chinese Relative Clauses
(呂翠屏,政大語言所碩士論文, 2010)

 Chinese semantic ambiguity resolution
 The Influence of Contextual Predictability on Processing Chinese 

Polysemy (高佩如,政大語言所碩士論文, 2011)
 Revisiting the Subordinate Bias Effect of Lexical Ambiguity 

Resolution (盧怡璇,政大語言所碩士論文,準備中)
 Shared picture-book reading (K & G1)

 成人共讀策略對兒童繪本閱讀理解之影響
(張雅嵐,政大幼教所碩士論文, 2011)

 Sight translation
 Tracking Eye Movements in Sight Translation: the Comprehension 

Process in Interpreting (黃致潔,師大翻譯所碩士論文, 2011)
 Spoken word recognition

Some language issues

Eye Movement and Reading Laboratory
Department of Psychology, National Chengchi University

Seeing, Listening, and Speaking
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(Allopenna, et al., 1998)

Visual World Paradigm

Eye Movement and Reading Laboratory
Department of Psychology, National Chengchi University

Language‐mediated anticipatory 
eye movements

• The man will drink the beer. 

• The man has drunk the wine.

(Altmann & Kamide , 2007)
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互動策略對學前兒童繪本理解的影響
兒童閱讀繪本的凝視軌跡

(Chang & Tsai, 2011; 張雅嵐，政大幼教所碩士論文，2011)
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Seeing cooperates with listening 

Fixation Area

Utterance

(Chang & Tsai, 2011; 張雅嵐，政大幼教所碩士論文，2011)

Eye Movement and Reading Laboratory
Department of Psychology, National Chengchi University

Translation and Interpretation:
The locus of reformulation in sight translation

( Huang, Tsai, & Chen, 2011; 黃致潔，師大翻譯所碩士論文)

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%)
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Eye‐hand coordination

(Hayhoe & Ballard, 2005)

• Fixations are tightly linked in time to the evolution of the task
• Eye‐hand coordination: just–in‐time strategy
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Driving: Steering on winding roads
Gazed: the tangent points
(the up‐coming band)

(Land, 1998)

Eye Movement and Reading Laboratory
Department of Psychology, National Chengchi University

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

Driving: Steering on winding roads

(Land & Lee, 1994; Land, 1998)
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The linking Assumptions
 Seeing is tightly linked to cognition

 Computation
 Constraint

 Cognition coordinates seeing in time with
 Listening
 Speaking
 Action (hands, head, body)

 Seeing is ahead of action
 Anchoring
 Anticipation

Eye Movement and Reading Laboratory
Department of Psychology, National Chengchi University

Thank you !

http://emrlab.nccu.edu.tw


