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•Dates back at least to Crosby and Stelovsky [1990]

- used Pascal and English description of binary search algorithm


- found visual scanning differences in code- vs. comment-oriented participants


- compared expert/novice programmers (former looked more at complex statements)

Introduction

Eye Movements in Programming



•More recently Sharafi et al. [2015] review various metrics

- traditional metrics include fixations, fixation durations, pupil size, blink rate


- scanpath comparison including Levenshtein distance also available


- collectively, except for Levenshtein similarity, these are first-order analyses

Introduction 

Eye Movements in Programming



•Gaze-transition entropy [Krejtz et al. 2015]

- typically used to represent 2D gaze transitions between source     and destination    AOIs


- uniform grids or other sensibly defined AOIs suffice


- gaze transition probabilities       yield transition matrices from which entropy is computed

Background

Gaze-transition Entropy
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•Gaze-transition entropy

- transition matrices are intuitively easy to understand


- they are also useful for gaze synthesis [Duchowski et al. 2019]


-                                                         defines normalized entropy for set of AOIs

Background

Gaze-transition Entropy

<latexit sha1_base64="MPwaUxNIvzVAkF68pMmV9BtCLcc="></latexit>

Ht = � 1

log2s

X

i2S

X

j2S
pij log2 pij

<latexit sha1_base64="3XrSp2/LwaCWqODoj5eBr/4/wsc=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBRSmJFHUjFARxWdE+oAllMpm0QyeZMDMRSsjGjb/ixoUibv0Hd/6NkzYLbT1w4XDOvdx7jxczKpVlfRulpeWV1bXyemVjc2t7x9zd60ieCEzamDMueh6ShNGItBVVjPRiQVDoMdL1xle5330gQlIe3atJTNwQDSMaUIyUlgbmoRMiNcKIpXcZvIROatcc5nMla9LJBmbVqltTwEViF6QKCrQG5pfjc5yEJFKYISn7thUrN0VCUcxIVnESSWKEx2hI+ppGKCTSTadfZPBYKz4MuNAVKThVf0+kKJRyEnq6M79Zznu5+J/XT1Rw4aY0ihNFIjxbFCQMKg7zSKBPBcGKTTRBWFB9K8QjJBBWOriKDsGef3mRdE7r9lm9cduoNq+LOMrgAByBE2CDc9AEN6AF2gCDR/AMXsGb8WS8GO/Gx6y1ZBQz++APjM8fimmX/A==</latexit>

S = {1, . . . , s}

Pilot gr., emotion discr., emotion: disgusted

mouth

nose

reye

leye

le
ye

re
ye

n
o
se

m
o
u
th

Destination AOI (to)

S
o
u
rc

e
 A

O
I 
(f

ro
m

)

0.06 0.81 0.12 0.00

0.04 0.52 0.26 0.17

0.35 0.37 0.16 0.12

0.44 0.48 0.04 0.04

Pilot gr., emotion discr., emotion: sad

mouth

nose

reye

leye

le
ye

re
ye

n
o
se

m
o
u
th

Destination AOI (to)

S
o
u
rc

e
 A

O
I 
(f

ro
m

)

0.17 0.58 0.17 0.08

0.14 0.57 0.14 0.14

0.36 0.44 0.10 0.10

0.34 0.64 0.02 0.00

Pilot gr., emotion discr., emotion: neutral

mouth

nose

reye

leye

le
ye

re
ye

n
o
se

m
o
u
th

Destination AOI (to)

S
o
u
rc

e
 A

O
I 
(f

ro
m

)

0.00 1.00 0.00 0.00

0.00 0.80 0.00 0.20

0.34 0.43 0.12 0.11

0.40 0.60 0.00 0.00

Pilot gr., emotion discr., emotion: happy

mouth

nose

reye

leye

le
ye

re
ye

n
o
se

m
o
u
th

Destination AOI (to)

S
o
u
rc

e
 A

O
I 
(f

ro
m

)

0.13 0.80 0.07 0.00

0.20 0.50 0.00 0.30

0.38 0.35 0.10 0.16

0.32 0.61 0.05 0.02

Pilot gr., emotion discr., emotion: fearful

mouth

nose

reye

leye

le
ye

re
ye

n
o
se

m
o
u
th

Destination AOI (to)

S
o
u
rc

e
 A

O
I 
(f

ro
m

)

0.09 0.91 0.00 0.00

0.04 0.52 0.30 0.13

0.35 0.44 0.14 0.07

0.39 0.58 0.02 0.02

Pilot gr., emotion discr., emotion: angry

mouth

nose

reye

leye

le
ye

re
ye

n
o
se

m
o
u
th

Destination AOI (to)

S
o
u
rc

e
 A

O
I 
(f

ro
m

)

0.15 0.69 0.00 0.15

0.11 0.67 0.11 0.11

0.38 0.44 0.09 0.10

0.36 0.58 0.02 0.04

Pilot gr., emotion discr., emotion: surprised

mouth

nose

reye

leye

le
ye

re
ye

n
o
se

m
o
u
th

Destination AOI (to)

S
o
u
rc

e
 A

O
I 
(f

ro
m

)

0.17 0.75 0.00 0.08

0.00 0.75 0.25 0.00

0.37 0.41 0.10 0.12

0.27 0.71 0.02 0.00

angry disgusted fearful happy neutral sad surprised



•We introduce word span entropy based on Rayner’s [1998] model

- reading consists of re-fixations, skips forward, or regressions backwards


- most reading models are expressed in similar terms of span distribution [Thibadeau et al. 1982]


- reading models can include lexical analysis (e.g., SWIFT or EZ-READER)

Background 

Second-order Metrics

wordi-1 wordi wordi+1 wordi+2

10% regressions 20% refixations 50% forward 20% skips



•Word span entropy

- codifies re-fixations, skips, or regressions numerically as probability of jumping    words


-            regressions,            re-fixations,             skips


-     observed probability, is used to compute entropy

Background

Second-order Metrics

tcq

−18 −16 −14 −12 −10 −9 −8 −7 −6 −5 −4 −3 −2 −1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Word Span

0.00 0.00 0.00 0.00 0.00 0.08 0.04 0.00 0.00 0.00 0.00 0.04 0.00 0.04 0.00 0.00 0.04 0.04 0.25 0.08 0.08 0.04 0.08 0.00 0.00 0.08 0.00 0.04 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00

<latexit sha1_base64="rIn6vkNp+rooEsKSrFdPVhRwlQQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BQTwmYB6QLGF20ptMMju7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ArGd3O/9YRK81g+mkmCfkQHkoecUWOl+qhXLLlldwGyTryMlCBDrVf86vZjlkYoDRNU647nJsafUmU4EzgrdFONCWVjOsCOpZJGqP3p4tAZubBKn4SxsiUNWai/J6Y00noSBbYzomaoV725+J/XSU1460+5TFKDki0XhakgJibzr0mfK2RGTCyhTHF7K2FDqigzNpuCDcFbfXmdNK/K3nW5Uq+UqvdZHHk4g3O4BA9uoAoPUIMGMEB4hld4c0bOi/PufCxbc042cwp/4Hz+ANUjjPs=</latexit>

j
<latexit sha1_base64="c6Nfntufv2FsPaXVnbATucyh1JU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1IOHgiAeK5i20Iay2U7atZtN2N0IpfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEquDau++0UVlbX1jeKm6Wt7Z3dvfL+QUMnmWLos0QkqhVSjYJL9A03AlupQhqHApvh8GbqN59QaZ7IBzNKMYhpX/KIM2qs5D+Sa+J2yxW36s5AlomXkwrkqHfLX51ewrIYpWGCat323NQEY6oMZwInpU6mMaVsSPvYtlTSGHUwnh07ISdW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJroIxl2lmULL5oigTxCRk+jnpcYXMiJEllClubyVsQBVlxuZTsiF4iy8vk8ZZ1buont+fV2q3eRxFOIJjOAUPLqEGd1AHHxhweIZXeHOk8+K8Ox/z1oKTzxzCHzifP3Atjc8=</latexit>

j < 0
<latexit sha1_base64="5tjtn/a5OGl6n0CYlfpXsMYIXUw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQEMRjBdMW2lA220m7drMJuxuhlP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wF18Z1v53Cyura+kZxs7S1vbO7V94/aOgkUwx9lohEtUKqUXCJvuFGYCtVSONQYDMc3kz95hMqzRP5YEYpBjHtSx5xRo2V/EdyTdxuueJW3RnIMvFyUoEc9W75q9NLWBajNExQrduem5pgTJXhTOCk1Mk0ppQNaR/blkoaow7Gs2Mn5MQqPRIlypY0ZKb+nhjTWOtRHNrOmJqBXvSm4n9eOzPRVTDmMs0MSjZfFGWCmIRMPyc9rpAZMbKEMsXtrYQNqKLM2HxKNgRv8eVl0jirehfV8/vzSu02j6MIR3AMp+DBJdTgDurgAwMOz/AKb450Xpx352PeWnDymUP4A+fzB3GzjdA=</latexit>

j = 0
<latexit sha1_base64="oH92VaPE+O96IR7Z8zVYLIYUz+c=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUBPFYwbSFNpTNdtKu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewsrq2vlHcLG1t7+zulfcPGjrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHN1O/+YRK80Q+mFGKQUz7kkecUWMl/5FcE7dbrrhVdwayTLycVCBHvVv+6vQSlsUoDRNU67bnpiYYU2U4EzgpdTKNKWVD2se2pZLGqIPx7NgJObFKj0SJsiUNmam/J8Y01noUh7YzpmagF72p+J/Xzkx0FYy5TDODks0XRZkgJiHTz0mPK2RGjCyhTHF7K2EDqigzNp+SDcFbfHmZNM6q3kX1/P68UrvN4yjCERzDKXhwCTW4gzr4wIDDM7zCmyOdF+fd+Zi3Fpx85hD+wPn8AXM5jdE=</latexit>

j > 0
<latexit sha1_base64="csZRv0zgDY50nk/ksSAJk/ZTCWU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBEI8V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9cS1EbF6wHHC/YgOlAgFo2il+6T32CtX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F9fzuvFK7yeMowhEcwyl4cAk1uIU6NIDBAJ7hFd4c6bw4787HvLXg5DOH8AfO5w9aBo3e</latexit>pj

tcq

−18 −16 −14 −12 −10 −9 −8 −7 −6 −5 −4 −3 −2 −1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Word Span

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.03 0.00 0.00 0.00 0.12 0.06 0.29 0.24 0.12 0.03 0.03 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

reading text

reading code



-           mixed experimental design with within-subjects reading task (code vs. text) and between-
subjects prior experience with R (yes vs. no)


- Experimental sample N = 22 (17 F) social science students


- Reading tasks (code vs text syllogism) assumed logical reasoning processes involved

Method 

Experimental Design, Stimuli & AOI definitions

Text (logical proposition) reading task 
exemplary stimuli with AOIs

Code (R language for statistical analysis) reading 
task exemplary stimuli with AOIs
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Method 

Procedure and experimental settings
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•Response accuracy:

- significantly higher in text reading than in code reading


•Response time:

- significantly lower when the response was accurate than  hen it was not. 


• Increase in average fixation duration and number of fixations predicts longer response time. 

•Entropy is inversely related to response time (greater entropy reduces response time). 

Results 

Response accuracy & time (main effects)
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• Increase in fixations predicts longer code reading (but not text)


• Decrease in entropy predicts shorter code reading 


• Increase entropy reduces response time but only for code reading

Results 

Predicting response time in text and code reading tasks 
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• Implications of word span entropy for code reading

- greater word span entropy can possibly lead to better comprehension of code


- greater gaze switching strategy seems applicable to reading code, which differs from text


- gaze switching over code could give reader better sense of structure (of the code)


•Word span entropy

- promising measure of the reading process


- second-order metric that is easy to implement


- future studies should consider differences between experts and novices 

Discussion & Conclusions
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