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Gaze-­‐enhanced	
  
Scrolling

Implicit	
  execution	
  of	
  
scrolling	
  events	
  based	
  on	
  

gaze	
  activity



Design	
  a	
  new	
  gaze-­‐enhanced	
  scrolling	
  
technique

• Gaze	
  activated	
  scrolling,	
  akin	
  to	
  its	
  manual	
  counterpart

• Record	
  how	
  users	
  scroll	
  when	
  consuming	
  digital	
  text

• Analysed	
  their	
  behaviour	
  /	
  strategies

• Applied	
  findings	
  to	
  derive	
  a	
  technique



Region&Structure	
  Technique

• Gaze	
  as	
  input

• Scrolling	
  triggered	
  by…
• gaze	
  entering	
  specific	
  zones	
  of	
  the	
  
viewport
• gaze	
  entering	
  specific	
  zones	
  of	
  a	
  
document’s	
  structure

• Detail	
  the	
  study	
  – how	
  we	
  arrived	
  
at	
  this	
  technique
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  Scrolling	
  Techniques	
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Trigger	
  zones

• Techniques
(a)	
  Eye-­‐in-­‐the-­‐middle -­‐ Estimation	
  of	
  
reading	
  speed

(b)	
  Smooth	
  scrolling	
  -­‐ variable	
  speed

(c)	
  Discrete	
  scrolling	
  -­‐ page-­‐by-­‐page

• Gaze	
  Marker	
  to	
  aid	
  orientation
• Middle,	
  or	
  page	
  by	
  page	
  reading

a b

c



Preferred	
  Regions

• Preferred	
  reading	
  regions

• Distribution	
  of	
  gaze	
  activity	
  on	
  
screen	
  throughout	
  reading	
  (heat	
  
maps)

• Technique	
  to	
  recognise	
  preferred	
  
region	
  and	
  auto-­‐scroll	
  within	
  that	
  
region

• Smooth	
  auto-­‐scrolling
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Reading	
  On-­‐Screen	
  Text	
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  Gaze-­‐based	
  Auto-­‐Scrolling	
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Where	
  do	
  users	
  look	
  as	
  they	
  scroll	
  during	
  
reading?

• Analyse	
  input	
  from
• Gaze
• Scroll	
  Wheel

• Gaze	
  position	
  at	
  the	
  moment	
  of	
  a	
  
scroll	
  action

• Commonality	
  in	
  gaze	
  points	
  

• Used	
  cues	
  for	
  gaze-­‐only	
  auto-­‐
scrolling



Data	
  Collection



Setup

• 18	
  Participants
• 6	
  Female,	
  12	
  Male
• Age	
  24-­‐55	
  (M=30	
  SD=8.9)

60-­‐70cm

Tobii TX	
  300

Mouse	
  with	
  
Scroll	
  Wheel



Text	
  Consumption	
  Types

Reading
• Entire	
  document
• Complete	
  Understanding
• ~250	
  words	
  per	
  minute

Skimming
• Gist
• Key	
  words
• ~650	
  words	
  per	
  minute

Visual	
  Search
• Not	
  analysed



Tasks

Reading
• Articles	
  of	
  ~500	
  words
• No	
  time	
  limit	
  (~2mins)
• Fully	
  comprehend

Skimming
• Articles	
  of	
  ~500	
  words
• 60	
  seconds
• Comprehend	
  as	
  much	
  as	
  
possible

1	
  training	
  trial	
  +	
  10	
  recorded	
  trials	
  per	
  task
2	
  Comprehension	
  Questions
All	
  scrolling	
  with	
  scroll	
  wheel



Reading	
  Material

• Stripped	
  down	
  Wikipedia	
  articles
• Text-­‐only
• Various	
  topics

• 1	
  heading	
  and	
  1	
  paragraph	
  from	
  
each	
  original	
  section

• Font	
  2em	
  (due	
  to	
  eye-­‐tracking	
  
inaccuracy)



Results



Scrolling	
  Strategies

• Last	
  fixation	
  before	
  
scroll

• Discrete	
  scroll	
  events
• Classified	
  by	
  greater	
  
than	
  1s	
  scrolling	
  pause

• Scroll	
  Distance
• Viewport
• Document Last	
  fixation	
  

before	
  scroll

Viewports	
   for	
  
each	
  scroll	
  
event



Scroll	
  Distance

• Viewport	
  1024x768	
  /	
  22	
  lines

• Reading
• M	
  =	
  182px	
  /	
  5	
  lines	
  (SD	
  =	
  4	
  lines)
• Median	
  =	
  3.5	
  lines

• Skimming
• M	
  =	
  174px	
  /	
  4.8	
  lines	
  (SD	
  =	
  3.8	
  lines)
• Median	
  =	
  3.8	
  lines

• Keeping	
  previously	
  read	
  content	
  visible
• Rarely	
  full	
  page
• No	
  significant	
  difference



Viewport	
  Regions	
  of	
  Interest

Top	
  1/3

Middle	
  1/3

Bottom	
  1/3

Top	
  1/2

Bottom	
  1/2



Viewport	
  Regions	
  of	
  Interest	
  (Reading)
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• 51%	
  top	
  region	
  
• 49%	
  bottom	
  region

• 50%	
  middle	
  region
• 26%	
  top	
  region
• 24%	
  bottom	
  region



Viewport	
  Regions	
  of	
  Interest	
  (Skimming)
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• 51%	
  middle	
  region	
  
• 33%	
  top	
  region	
  
• 16%	
  bottom	
  region	
  

• 61%	
  top	
  region
• 39%	
  bottom	
  region



Document	
  Structure	
  
Regions

• Divided	
  each	
  page	
  in	
  to	
  regions	
  of	
  
interest
• Section	
  Title
• Paragraph

• Start
• Middle
• End

Section	
  Title

Paragraph	
  Start

Paragraph	
  Middle

Paragraph	
  End



Content	
  Regions	
  of	
  Interest

• Reading
• 18%	
  section	
  title
• 33%	
  para	
  start
• 17%	
  para	
  middle
• 32%	
  para	
  end	
  

• Skimming
• 16%	
  section	
  title	
  
• 32%	
  para	
  start
• 23%	
  para	
  middle
• 29%	
  para	
  end

• No	
  clear	
  preference	
  for	
  specific	
  ROI	
  

• Intersection	
  between	
  paragraphs



Summary

• No	
  difference	
  in	
  scroll	
  distance	
  for	
  Reading	
  and	
  Skimming
• Users	
  scroll	
  just	
  enough	
  to	
  bring	
  in	
  new	
  chunks	
  of	
  text

• Rarely	
  by	
  page
• Not	
  smooth

• There	
  are	
  individual	
  differences	
  with	
  regard	
  to	
  preferred	
  reading	
  regions
• i.e.,	
  users	
  have	
  a	
  preferred	
  region
• New	
  information	
  is	
  brought	
  to	
  the	
  preferred	
  region

• Scroll	
  at	
  the	
  intersection	
  between	
  paragraphs

• Leave	
  some	
  previous	
  context	
  in	
  new	
  viewport



Region&Structure	
  
A	
  Gaze-­‐enhanced	
  Scrolling	
  Technique



Region&Structure

• Support	
  preferred	
  read	
  regions
• Fixed	
  – Top	
  /	
  Bottom
• Set	
  as	
  parameter

• Trigger	
  scrolling	
  based	
  on
• Gaze	
  position	
  within	
  the	
  view	
  port	
  (top	
  or	
  bottom)
• Gaze	
  position	
  within	
  the	
  document	
  (para	
  end,	
  
section	
  title)

• Leave	
  previous	
  context	
  for	
  orientation
• 1	
  line	
  (36px)	
  from	
  top	
  of	
  preferred	
  region



Preferred	
  Top	
  Region



Preferred	
  Bottom	
  Region



Future

• Run	
  user	
  study

• How	
  does	
  Region&Structure	
  compare	
  to	
  manual	
  scrolling?

• Different	
  reading	
  material
• Varied	
  structures
• Full	
  multi-­‐media	
  web	
  pages
• Column	
  layouts



Questions?


