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Abstract (Updated) !

Eye movements while watching video: comparisons across viewer groups

Identifying the area of interest (AOI) on a video frame may be necessary: (1) to develop a television magnifying aid for
people with low vision; (2) to implement some data compression schemes; and (3) to transform images for rendering on
devices with small display areas. We determined the AQOI in video frames by recording and analyzing the eye movements
of 4 groups (Young Male-YM, Young Female-YF, Older Male-OM and Older Female-OF) of 5 subjects each while they
watched 4-8 minute video segments of 6 movies. Within-group AOI (temporal and spatial coincidence) was marked on a
frame if valid eye position data was available for at least 4 of the 5 subjects and the bivariate contour ellipse area (BVCA)
(k=1, P=63.2%) was < 9 deg? (the screen was 27x15 deg). Within group, temporal coincidence occurred for a minimum
of 58% of frames in all movies.

Within-group 9 deg? AOI rates ranged from 39% (YF) to 72% (OM) of all video frames (chance coincidences ranged from
11% to 32%). Between age and gender groups, the AOIls were < 3 deg apart at least 65% of the time. This was not due
solely to the AOIls being clustered around the center of the screen, since they were within 3 deg of the center of the
screen an average of 54% of the time. For a < 25 deg? BVCA, the AOIs were within 5 deg of the screen center at least
91% of the time, accounting for almost all of the time that the AOls were within 5 deg of each other.

Conclusion: The high level of AOI coincidence within and across age groups, even away from the screen’s center,
suggests that a single AOI might be appropriate for varied audiences in many applications. Analysis of the frames where
group AOQIs differ might be of interest in determining what type of visual or content categories account for difference
between gender and age group AOls.



Background

2
We want to: o
. . e s : : For static images, the scanpath!-?
* Develop a television magnifying aid for people with
. . depends on
low vision

* Gender and age characteristics of
the observers

 Task they are asked to perform

* Types of images

* Implement some data compression schemes

» Transform images for rendering on devices with small
display areas

To do that, we need to know where people
look when watching video. In particular, do
they look at the same thing (i.e. in the same
area on the screen)?

Area of Interest (AOI) - the
most 1mportant part of a video
frame — where people look

In watching a movie video:
*To what degree do people look at the same or different areas?
*[s there a consistency within gender and age groups in AOI?
*Does the AOI vary among groups?

*Does it vary with video content?

We have found little prior work on eye movements while watching video, but did find a
suggestion that there might be differences between gender groups?



How to determine AOI 3

Eye movements are not
limited to the center of
the screen?

1. Should we record eye movements

from a single observer? 5 Network"
—Some data 1s lost due to blinks and loss of 4
fracking o b e
2. Should we record a single observer T T
watching multiple times? T
—Possibly different viewing strategy with T eimomeetsen

repeat viewing (different study)

8 7 "RiA"

3. We recorded eye movements from N P
several observers EoL Lk &}” ::«“M ‘
—Different observers may look at different L i

objects
S
We merged these multlp 16 eye-coordinate ﬁles Fixation grouD;i‘,rei(::(:ror;n ;er;:ir;;s::;d in this (and

prior study with smaller screen area) show
wide distribution across the screen

into groups based on age and gender



Recording

Remote ISCAN

Image is 27 % 15 deg
Subject at 46 inches

DVD —[ 27" TV }
.|:. (diagonal)

16x9 format on a

Data File contains frame number and 4x3 NTSC
X,y coordinates of eye position at
60 samples/sec
Three Types of Calibrations Pursuit, Fixation and Saccades To a Point Target
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Subject Groups and Videos
Education [Hours of TV
N=5 for every Age VA Level Per Week Refractive
Average Average ) :
group ) () Median Average Correction
& (range) (range)
24 20/13 BS 10 .
Young Male 1 h6.36) | @011 -2017) | s —Bs) | (125 | Glasses:?
Youne Female 25 20/15 BS 11 Contacts: 2
- (18-29) | (20/14 —-20/17) | (HS—PhD) | (1-30) Glasses: 1
58 20/16 PhD 8 .
OldMale 1 43 66) | 20114 —2018) | BS—PhD) | (3-20) | Gl2sses:2
58 20/14 MS 13 .
Old Female {51 65y | 20/11-2020) [ (s —Phpy | @ —20) [ Glosses:2
Category Title Time
Romance Shakespeare in Love (1998) 7:06 video only once. Some had
Sports Any Given Sunday (1999) 4:12 seen a few of the movies in
Documentary Blue Planet (2001) 8:14 .
the distant past
News Network (1976) 4:02
Comedy Big (1988) 6:29
Total (min:sec) 37:29




Eye Movement Pre-processing Filter

 Filter Purpose

Remove zero data (due to blinks, other loss of tracking)

Reject questionable data due to DVD-ISCAN timing interactions (DVD only
provides a time-stamp at most at 2 Hz)

Reject data due to pupil diameters out of expected range
Apply calibrations to data

« Convert data to visual angle and calculate eye movement velocities
Tag data as fixations, smooth pursuits or saccades (not used here)
Calculate statistics on fixation and smooth pursuit sections (not used here)

e Filter Criteria

Made very “liberal” here to provide maximum yields for the merge process
» Velocity threshold for saccades set at 200 deg/sec
» Pupil diameters allowed to be almost the entire range possible from ISCAN
* As few as 2 samples (33ms) in fixation and pursuit groups are allowed

The following process (see panels 7 and 8) will tend to eliminate questionable
data as they will not contribute to a high coincidence rank



Temporal and Spatial Coincidence

Temporal Coincidence Count

Samples are taken at 60 Hz, about one sample per video
field, but not synchronized. Each sample is allocated to a

field
Time Overlap Count for Every Time Slice
(Only use data that are not tagged as saccades)
SubjectA -§ — XX ) —— —
Subject C \ — XX \
SubjectD — [ ) — S e EE—— ——
SUbJeCt E — — ® 00 mummm I S E—

Horizontal line segments represent samples for which valid
eye position data was available. A spatial coincidence must
FIRST be a temporal coincidence. Temporal coincidence
counts of 4 and 3 are shown for 2 non-consecutive fields.

Spatial Coincidence Count

The spatial count for every video field is
based on the Bivariate Contour Ellipse
Area (BVCA ) statistic®

[ o and o, are the standard deviations in the x and y
directions. p is Pearson correlation coefficient]
500

BVCA =2kro,0,(1-p*)"?

400 4 (k=1,P=63.2%)

300 -

Vertical
*

200 -

100 - Schematic Ellipse outline
encompasing 63% of points

0

0 160 260 360 4(50 500

Horizontal
Individual points are removed one at a time (in arbitrary
order) until the BVCA falls below the criterion (9 deg? or
25 deg?). Spatial coincidence count is N (number of
observers) minus the number of points that had to be
removed. Spatial coincidence of 4 is shown



Coincidence Rank (CR))

T = Temporal coincidence count

P = Spatial coincidence count

Pz
CR, =N —
T
5-Subject Coincidence Ranks
Temporal .Sp?tlal Coincidence
Coincidence Coincidence Rank
(within Time)
3) 5 25
4 4 20
5 4 16
3 3 15
4 3 11.3
2 2 10

CR i1s increased if the prior adjacent (in time)
record has a higher CR

CR formula 1s extensible to different numbers
of subjects and time overlaps

25 -
Scale Representation of Screen

20 -
Television Screen

Image Area
15 - O 25 sq. deg
10 |

( '9 sq. deg

9 deg? is 2% of the image area
25 deg? is 6% of the image area

CR 1s dependent upon which criterion is used
(CRg or CR,5)

AOI 1s defined when CR. > 16
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Eye Position Traces
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The size of each marker is monotonically related to the Coincidence Rank. Black points are rejected data.
Incidents of spatial coincidence, probable scene changes (where all subjects change fixations
simultaneously), pursuits of moving targets, and saccades are evident in these traces



Pre-Processing Filter Yields 10

% Accepted Records from Filter

FILTER The 5 subjects with the best yields are chosen
YIELDS L
For Inclusion in the Group Analyses
Group ID Sunday Big Blue | Network| Quiz Shakes | Avg.
OldMale OM1 92% 93% 90% 91% 91% 91% 91%

OoM2 91% 89% 85% 85% 86% 85% 87%

OM3 95% 94% 94% 92% 93% 92% | 94% °® Young Female group had

OM4 94% 93% 93% 92% 93% 92% 93%

OM5 83% 86% 80% 87% 86% 87% 85%

OM6 91% 91% 90% 89% 91% 89% | 90% lowest Overall y1€1ds

YoungMale YM1 85% 91% 90% 90% 90% 90% 89%

YM2 89Y% 86% 87% 88% 87% 88% | 88Y% h d b th
YM3 80% 82% 79% 82% 80% 82% | 81% (per aps Causc y C

YM4 92% 87% 89% 92% 88% 92% 90%

YM5 85% 89% 91% 93% 93% 93% 90%
use of contact lenses —

OldFemale OF1 87% 88% 88% 87% 87% 87% 87% 1 5
OF2 91% 7% 86% 89% 87% 89% 86% See pane )

OF3 91% 57% 84% 1% 42% 71% 69%

OF4 87% 90% 91% 91% 89% 91% 90%

OF5 89% 91% 91% 90% 89% 90% | 90% L t . ld
OF6 89% 87% 85% 87% 87% 87% | 88% * OWCS average yle

OF7 87% 87% 87% 88% 85% 88% 87%

YoungFemale YF1 81% 80% 80% 83% 75% 83% 80% Was greater than 80%

YF2 90% 89% 88% 90% 88% 90% 89%

YF3 79% 82% 78% 79% 80% 79% 79%

YF4 87% 87% 82% 80% 89% 80% 84%

YF5 83% 82% 86% 84% 85% 84% 84%

YF6 91% 91% 92% 90% 90% 90% 91%

Lowest yield subjects 1n every group
rejected to keep 5 in each group



Within Group Results (Temporal and Spatial Coincidence)

Percent Temporal Coincidence

(4 or 5 Subjects Have Data at Same Time) Average Multiple
Sunday Big Blue Network Quiz Shakes
OldMale 73% 73% 72% 70% 71% 69% 71% 73%
YoungMale 67% 69% 69% 69% 70% 71% 69% 69%
OldFemale 72% 73% 72% 72% 71% 73% 72% 72%
YoungFemale 69% 69% 59% 67% 68% 59% 65% 66%
Average 70% 71% 68% 70% 70% 68% 70%
9 Sq. Deg. . . : .
Criteria Percent of The Above Temporal Coincidences With AOI (CR 2 16) Average % of Clip Multiple
Sunday Big Blue Network Quiz Shakes
OldMale 76% 64% 71% 76% 68% 76% 72% 51% 26%
YoungMale 47% 38% 52% 59% 51% 74% 53% 37% 19%
OldFemale 78% 55% 61% 71% 59% 76% 67% 48% 32%
YoungFemale 44% 27% 21% 47% 36% 57% 39% 25% 12%
Average 61% 46% 51% 63% 53% 71% 58% 22%
25 Sq. Deg. . : : .
Criteria Percent of The Above Temporal Coincidences With AOI (CR 2 16 ) Average % of Clip Multiple
Sunday Big Blue Network Quiz Shakes
OldMale 95% 87% 95% 91% 90% 94% 92% 66% 71%
YoungMale 84% 77% 88% 86% 83% 93% 85% 59% 56%
OldFemale 96% 83% 91% 90% 86% 96% 90% 65% 76%
YoungFemale 83% 63% 62% 75% 69% 86% 73% 48% 48%
Average 90% 78% 84% 86% 82% 92% 85% 63%

11

“Multiple” 1s a merging
of DIFFERENT video
clips to determine the
chance coincidence rate

As expected, the
temporal coincidence
rate of each group 1s
similar to the chance
rate



Between-Group Results (AOI Coincidence) 12

For those AOI's that have temporal coincidence, the
percent that have spatial coincidence

oM

YM

OF

YF
Blue is the 5 degree criterion results
Yellow is the 3 degree criterion results
Percent of AOls with spatial coincidence that were
within 3° or 5° of the center of the screen

oM

YM

OF

YF

Blue is the 5 degree criterion results
Yellow is the 3 degree criterion results

25 -
AOIl Coincidence Determination

20 1 Television Screen

15 | Image Area

Group A AOI
10 -
Group B AOI
5 ]
0 I I I I I
0 5 10 15 20 25

If the distance between the two Group
AOI positions is less than the criterion,
there is AOI coincidence



Summary 3

« Between all groups, when the AOIs had temporal coincidence, they were less than 3
degrees apart from 65% to 85% of the time (panel 12, table 1)

» The high level of AOIs and AOI coincidences between groups, even away from the screen
center, suggests that a single AOI might be appropriate for varied audiences in many
applications

« Within groups, the Old Male group had the highest AOI rate and the Young Female group
had the lowest AOI rate (panel 11). The AOI rate was 2-3 times the chance coincidence rate
(for 9 deg? criteria)

* The Young Female group had lowest overall yields, perhaps due to the use of contact lenses

* Analysis of the frames where group AOIs differ might be of interest in determining what
type of visual or content categories would account for such difference between observers
and among gender and age group AOIs

Conclusion: People tend to look at the same things in videos, independent of age and gender
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