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Motivation
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: Why Attention matters

The enhancement of operator
situation awareness has become
the leading design goal for the
development of operator

interfaces

Understanding how and when
attentional shifts occur from a

neurophysiological standpoint is
critical for neuroergonomic research
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Introduction

What is Attention?

» Early selection?

e |Late selection?

The “mind’s spotlight”

e Effects of arousal
on selection?

 Different attentional

mechanisms based on
context?
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Introduction

Visual Attention
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Shift of center of gaze (interfoveal) from bee to butterfly
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Visual Attention
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Physiological Correlates of Attention

Pupil Diameter and LC-NE Activity

— Dilate
Constrict

LC neuron activity (spk/s)

-1000 0
Time since change in pupil size

Higher spike rate in LC precede pupil dilation than constriction. When spikes are aligned to pupil dilations (red trace) and
constrictions (blue trace) the example neuron shown here exhibits higher finng before pupil dilation and decreased finng before
constriction. Image courtesy of Costa and Rudebeack (2016).

» Strong correlation between activity in the LC and pupil
size

* Pupil diameter as a useful index of both control state, and

indirectly, LC function
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Physiological Correlates of Attention

Pupil Diameter and Attentional Disengagement

» Coupling to internally generated information increases pupil
diameter

« Larger pupil sizes have been associated with mind-wandering

- Schonol of
ﬁ Biomedical Engineering,

H{'ii.‘] 10Ce ilI]{.l I [‘L.:.llt I'I H} -:""tL‘].-I-I.H- ' I l-..:-:;. ':':::i:.'l::. -: | ‘i .. I: l'll :'_"I . 'I.III' .=-I' l- I-l : 'i.ll::.::.l :E! :.:; ::-::: ‘| It ?-h:':-.l i |::-;": 'I . I uf _ : I i.:.i-. Hlation Tor davdreams: a



Take a break!
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Part 2:
Remote Eye-tracking and
Gaze Detection
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Remote Eye-tracking

(X, v) location on the screen
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Remote Eye-tracking

Pupil Detection
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Remote Eye-tracking

Light Pupil
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Remote Eye-tracking

Pupil Detection Challenges

Viewpoint

Glasses

Occlusion from eyelids
Eye lashes

Variation in eye shapes
Image quality
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Remote Eye-tracking

Pupil Detection Algorithms

CNN based

Edge detection

Ellipse fitting

IHHEX| 9 KS51ITY
Sehioal of Lea, ¥ W, Him, K. W, Heang, T. M., Arsalan, M., & Park K. R (2019). Deep residual CHN-based ooular recognition basad on mough pupll datecon in the images by NIR camarm
(p )

. % Biomedical Engineering,
Science and Health Systems

16




Eye Model & Image Formation
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Eye Model & Image Formation

reflected and |
emitted light

optic nerve

visual cortex
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Eye Model & Image Formation
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Eye Model & Image Formation

1. The location of the fovea varies across users FOVEA

2. Visual Axis can not be estimated using 5
images directly

KAPPA '|
ANGLE .~
3. User specific calibration is needed p
7
7
7
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Fundamentals of Gaze Mapping

User Calibration

1. Ask user to focus on one dot at a time

2. Estimate gaze direction

3. Calculate offset between real
gaze and estimated gaze
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Fundamentals of Gaze Mapping
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Fundamentals of Gaze Mapping

Pupil Center Corneal reflection
(PCCR) Algorithms
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Fundamentals of Gaze Mapping
I

1. Pupil (center, radius)
2. Corneal rerlection location
3. Iris location (center,radius)

4. Eye contour (polygon)
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Fundamentals of Gaze Mapping
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Part 3:
The Human Visual Field
and Types of Eye
Movements
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Human visual field
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Human visual field

Rods and Cones
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Human visual field

Parafoveal
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Types of Eye Movements
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Types of eye movement

Fixations 1

« Object or area of visual scene is held in
fovea

 Period of visual information intake

« Contain miniature eye movements that
stabilize the retina relative to an object
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Types of eye movement
I

Saccades

« Movement of the eyes that brings
an area of the visual scene onto
the fovea

Saccade

-
e

Saccade

Fixation

 The "main sequence” of eye
movement

« Rapid movement of the eyes
between fixations

« Movement of gaze from one object
of interest to another
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Types of eye movement

Vergence Smooth Pursuit
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Types of eye movement

Eye Features/ Metrics for Attentional State Assessment

g I Microsaccade Amplitude
Pupil Diameter

# of Microsaccades Fixation Duration

AoEV variance (degree”2)

# of Fixations

Blink Count Blink Duration

AoEV (degree) # of Saccades
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Taxonomy of eye-tracking metrics ot

Time to first
fation on AQI

Mumber of fixations pnor 1o
) - ) R the first fixation in ACI
Area noticeability, visibility of an area , object prominence _
Total dwell (total time

or perceived importance spent in AOI)

Percentage of time spent
Area of interest maintained in attention n AO
Pupil Diameter

Emotional Arousal Pupil Diameter
Eye-Tracking Mental Workload , g
- - Average fixation duration
Metrics
ngnitive Frncegsing Number of fcations prior (o
the first fixation on the
target

Target Detection Time to first fixation on the

target

Mumber of gaze visils to
target before target

Target Recognition selection

Time from first fixakion on
targel to target selection

Bojko, A. (2013). Eye tracking the user experience: A practical guide to research. Rosenfeld Media.

DHEXEL UNIVERSITY
Sehool of

- % Biomedical Engineering, 37
Science and Health Systems




Take a break!

"'.H_'Ill HI-I|-|Ir.

s Biomedical Engineering,
Science and Health Systems




Part 4.
Experimental Design
for Visual Attention
Assessment
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Assessing the Effects of
Human Face Images In
Advertisement Design

Using Eye-tracking

" orovs Gorom |- 1 ROSENBLUM
e~ / . INJURY LAW

* Ship and lall
‘ .‘ * Lar AcCudents
- ' * Medical Malpractice
- * NUrSing HOMe ADUSE
A * Truck Accidents
L

ForThePeeple.com

Representational sample of the personal injury advertisements used in the study.
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Experimental Design

=stimated that human faces are depicted in more than % of print
advertisements globally

Human perceptual processing has been observed to be uniquely
affected by human face features

Investigate the relationship between the presence of a

human face image in an advertisement and viewer affinity for
ad content
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Experimental Design

Gaze Mean Fixation Duration (ms)

« Correlate of viewer engagement

* |nformation extraction and processing
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Experimental Design
I

Eye-tracking data acquisition & processing

* Binocular gaze data sampled at 60
Hz for each eye separately

» Blinks removed and dispersion-
type algorithm with moving
window applied

« [Fixations= movements not
exceeding 30°/sec for 100 ms
minimum duration
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Experimental Design

t= ~45 minutes

5-point calibration

Self-Report/
I Ad
I Questions 5-point calibration

I Self-Report/
Ad
Questions

Diagrammatic representation of experimental protocol.
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Experimental Design

Measures of Advertisement Affinity

Ad Impression

How much did you like this ad?

Affinity Towards Firm impression

the Ad Based on the ad, the firm is dependable

Intentions to Contact

Based on the ad, | will contact the firm when |

need a lawyer

1 2 3 4 9 6 7
[ i 1 i L L ]
Mot at all Meither Disagrae Very Much
(Strongly Disagree) Nor Agree (Strongly Agree)
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Results
I
Comparison of mean fixation durations for

Low Affinity vs High Affinity Ads when face
iImages were present

Presence of Human Face
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Ad Affinity

High Affinity advertisements had significantly greater fixation allocation towards
messaging text compared to Low Affinity ads when a human face was present in the
advertisement
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Results

I
Comparison of mean fixation durations for

Low Affinity vs High Affinity Ads when no face
images were present

Mo Human Face Present
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Low High
Ad Affinity

No differences were observed between Low Affinity and High Affinity ads when
there was NOT a human face in the advertisement
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Conclusions

Negatively perceived human faces adversely effect
the impression of an advertisements message

Eye-tracking and self-reported measures provide a
comprehensive assessment of ad preference and
engagement
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Conclusions

Results are In support of the hypothesis that not all
face Images improve viewer advertisement
preference

Findings warrant further investigation into the
relationship between visual face perception and
its effect on viewer advertisement attention,
engagement and influence
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