HEAD-MOUNTED DISPLAY VISUALIZATIONS TO SUPPORT
SOUND AWARENESS FOR THE DEAF AND HARD OF HEARING
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DEAF AND HARD OF HEARING USE VISUAL SIGNALS

BODY LANGUAGE, FACIAL EXPRESSIONS, LIP MOVEMENT (SPEECHREADING)
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DEAF AND HARD OF HEARING USE VISUAL SIGNALS

BODY LANGUAGE, FACIAL EXPRESSIONS, LIP MOVEMENT (SPEECHREADING)




W

HEARING AID a0 COCHLEAR IMPLANT
DO NOT IMPROVE SOUND LOCALIZATION
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COMMON PROBLEMS IN GROUP COMMUNICATION

1. SPEAKER TRANSITION
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COMMON PROBLEMS IN GROUP COMMUNICATION

1. SPEAKER TRANSITION
2. INABILITY TO FOLLOW SIMULTANEOUS SPEAKERS
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Video from Study 1: Part 1 (Formative Interview)



PARTICIPANTS RESPONSES FROM FORMATIVE STUDY
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“l almost always interact with Deaf people. i
When | converse with hearing people it’s
usuaIIy1 1 with mterpreters (P4)
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“l usually avoid large groups” (P16)
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“If one person finishes talking, | do not
know who to look at next—that is my
problem because hearing people can
hear who the next person is, and what
M they are saying.” (P20)
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Design and evaluate visualizations for spatially
locating sound on a head-mounted display (HMD)
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Traditional
Techniques



Ta\léing pillow....



Talking pillow....
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Talking pillow....
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Prior work on visual aids for persons with hearing
loss has focused largely on non-speech sounds
(e.g., an alarm or doorbell)
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These sounds are presented on external displays or
devices such as desktops or mobile devices






Moreover they require sophisticated algorithms to
identify sounds, which is an open area of research



MoOST RELEVANT WORK

SOUND COMPASS - KANEKO ET AL., IEEE SMC 13



MoOST RELEVANT WORK

SOUND COMPASS - KANEKO ET AL., IEEE SMC 13

Led light
N,S,E,W

SOV

ISO mm
84 mm

Weight: 52 g

Device Arm mounted



MOoOST RELEVANT WORK

SOUND COMPASS - KANEKO ET AL., IEEE SMC 13
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" Emphasis on sensing,
not visual feedback

Device placed on a table Arm-mounted use

Visualization



OUR APPROACH:
SOUND VISUALIZATION ON HMD

(Please download the powerpoint version to view the video)



1 Increasec
Glanceability

2 Privacy

3 Seamlessness



OUTLINE

Design Goals
and
Dimensions
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PART 1: PART 2: PART 3:
Formative Feedback on Design
Interview HMD approach Probe



OUTLINE

Design Goals Proof-of-Concept
and — Study 1
. . Prototype
Dimensions (
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PART 1: PART 2: PART 3:
Formative Feedback on Design
Interview HMD approach Probe

Study 2



OUTLINE

Design Goals
and
Dimensions



terative Design Process

Design Goals Sketch Design Dimensions
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DESIGN GOALS

1. Localize sound

2. Glanceable



DESIGN GOALS

1. Localize sound






DESIGN GOALS

1. Localize sound



DESIGN GOALS

2. Glanceable



Glanceable:

The directional information should be ea
rstand at a glance




DESIGN GOALS

Localize souna
Glanceable

Responsive

Augment, not substitute

360° sensing

S

Adaptable
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How does one go about the process of designing interfaces
for sound visualization for head-mounted display?
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8 DESIGN DIMENSIONS

WEARER'S PERSPECTIVE

_/,

Egocentric

Pulses Arrows Fingers

Exocentric

People Arrows Circles

SCREEN LAYOUT

Rectangula

4-Level 8-Level Continuous

N a

Circular

4

4-Level 8-Level Continuous

Ay

B-Level Continuous

DVS 3D

--

Rectanqular layout Circular layout From center

~
- ~
- ¢
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Rectangular layout Circular layout From center

CONVEYING SOUND SOURCE

From Center

>
r?

2D

3D

O utward

Egocentric

Inward

Egocentric Exocentric

DIRECTIONAL GRANULARITY

Discrete: 1-Level Discrete: 4-Levels Discrete: 8-Levels Continuous

LOUDNESS

Example: Arrows 1 Example: Arrows 2 Example: Arrows 3 Example: Circles

MAXIMUM SMULTANEOUS ICONS

Egocentric Arrows

Four

Egocentric Arrows

Egocentric Arrows Ejt\tﬂntr\c Pulses Exocentric Arrows Exocentric Circles

AUOMATIC OUND RECOGNITI

Example: Speaker Example* Captions Example: Gender Example: Speech vs.
Identity Non-Speech Sounds



wearer's
perspective

screen
layout

Automatic
sound
recognition

direction
granularity

the

GL()SSEar

design dimensions

Conveying
sound
source

maximum
simultaneous
lcons



the

GL()SSEar

design dimensions

wearer's
perspective

narrative mode
used to render visual
information




the |
GL()SSEar
design dimensions
screen
layout

where sound
indicators are drawn
on the display




the

GL()SSEar

design dimensions

direction
granularity

how precisely sound is
shown on the display




the
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design dimensions

WEEIEIRS
perspective

screen
layout

Automatic
sound
recognition

direction
granularity

visual shapes used to
represent sound

Conveying
sound
source

Mmaximum
simultaneous
lcons



the

GL()SSEar

design dimensions




the

GL()SSEar

design dimensions

maximum number of
visual indicators to
show simultaneously

maximum
simultaneous
lcons




the

GL()SSEar

design dimensions

point towards the
sound source or follow
the path of the sound

Conveying
sound
source



the

GL()SSEar

design dimensions

Automatic
sound
recognition

advanced features like
speaker recognition,
captioning, gender




| would explain only two dimensions, given the short time
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direction
granularity
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Discrete: 1-Level

Discrete: 4-Levels

Discrete: 8-Levels

Continuous
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DESIGN DIMENSIONS

WEARER'S PERSPECTIVE

_/,

Egocentric

Pulses Arrows Fingers

Exocentric

People Arrows Circles

SCREEN LAYOUT

Rectangula

4-Level 8-Level Continuous

N a

Circular

4

4-Level 8-Level Continuous

Ay

B-Level Continuous

DVS 3D

--

Rectanqular layout Circular layout From center

~
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Rectangular layout Circular layout From center

CONVEYING SOUND SOURCE

From Center

>
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2D

3D

O utward

Egocentric

Inward

Egocentric Exocentric

DIRECTIONAL GRANULARITY

Discrete: 1-Level Discrete: 4-Levels Discrete: 8-Levels Continuous

LOUDNESS

Example: Arrows 1 Example: Arrows 2 Example: Arrows 3 Example: Circles

MAXIMUM SMULTANEOUS ICONS

Egocentric Arrows

Four

Egocentric Arrows

Egocentric Arrows Ejt\tﬂntr\c Pulses Exocentric Arrows Exocentric Circles

AUOMATIC OUND RECOGNITI
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Example: Speaker Example: Captions Example: Gender Example: Speech vs.
Identity Non-Speech Sounds



OUTLINE

Design Goals
and
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OUTLINE

Study 1



People with hearing loss %

Y mr—— B8 Recruitment

o Online postings and social media

eabmw ‘ab o Received ~300 responses, recruited 24

People with Hearing Loss Needed for

Google Gla StUdy MethOd

We received an overwhelming response and all spots are filled. If you are interested in
participating in future similar studies (either online or in-person in the DC metro area),
please fill out this 1-minute form.

At e e Moty i o Semi-structured interview, feedback on HMD
approach and design probe
R o Average 6/ minutes
' o Participated communicated verbally (N=9) or
by typing (N=15), according to preference

pps Hearing Sparks [ SensoryPrimitives [ Travel [ Collab [] ATHack

Participants
o 12 female/12 male
o, o 20 with profound, the remaining 4 had at

least moderate hearing loss
o 19 employed lip-reading during conversations




OUTLINE

Study 1 (N=24)

PART 1:
Formative
Interview

Semi-structured interview on
problems in group conversations




OUTLINE

Study 1 (N=24)
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PART 2:
Feedback on
HMD approach

Evaluation of HMD approach
for sound visualization




OUTLINE

Study 1 (N=24)

PART 3:
Design
Probe

Feedback on preference for
individual design dimensions




OUTLINE

Study 1 (N=24)

A

PART 1:
Formative
Interview



STUDY 1 PART 1: FORMATIVE INTERVIEW

Problems encountered in group conversations

How the participant accommodated those
problems

Prior experience with computing or mobile
devices to support group conversation

Ideas for future technology



OUTLINE

Study 1 (N=24)

A

PART 2:
Feedback on
HMD approach



Initially, we described two scenarios to participants

Participants also viewed the corresponding designs on Glass



SCENARIO ONE: AROUND A TABLE
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SCENARIO TwO: IN A CLASSROOM



An example video shows a participant viewing the scenarios



Pl Participant: P13
Moderate hearing loss
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OUTLINE

Study 1 (N=24)

A

PART 3:
Design
Probe



Design Probe



Design Probe

IPAD GLASS
Two VISUAL MEDIUMS



Design Probe

Which one do you prefer: 3D or 2D? Why?

--

Rectangular layout Circular layout

Rectangular layout Circular layout

IPAD (GLASS



Design Probe

SCENARIO 1: AROUND A TABLE
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SCENARIO 2: IN A CLASSROOM



STUDY 1: PART 3 (DESIGN PROBE)

We evaluated the design dimensions by showing examples

We asked for open ended feedback and
specific preference with rationale

Two example videos demonstrate this
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Participant: P8
Profound hearing loss

- Sequence shown
on Google Glass

-




Sequence shown on iPAD

Which one do you prefer: 3D or 2D? Why?

~
“>
3D
-

Rectangular layout

From center

2D

Rectangular layout Circular layout From center



When asked to sketch their own designs...

Participant: P14
* Profound hearing loss
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Results

Study 1: Evaluating Design Dimensions



OUTLINE

Study 1 RESULTS

A

PART 1:
Formative
Interview



Two researchers iteratively coded the formative interview






[F'one person Tfinishes talking, | do not know
who to look at next—that is my problem
because hearing people can hear who the
next person is, and what they are saying.

-P20, profound hearing loss



Participants mentioned various strategies for group communication
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OUTLINE

Study 1 RESULTS

A

PART 2:
Feedback on
HMD approach
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OUTLINE

Study 1 RESULTS

A

PART 3:
Design
Probe



PREFERENCES FOR DESIGN DIMENSIONS

Recall that we asked participants about
their preferences for each design dimension



3D

2D

Which one do you prefer: 3D or 2D? Why?

— - —
\(
. -
Rectangular layout Circular layout From center

Rectangular layout Circular layout From center




PREFERENCES FOR SOME DESIGN DIMENSIONS

Chi-Square Test on Distribution of Preference

One vote for “Yes”
Zero vote for “"No”
0.5 vote each for “"Maybe”, "I like both”




wearer's |
perspective |

= . A , % ;
EGOCENTRIC
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Fingers
& | &
(13 VOTES) .
\\ People pw—

Circles

XZ(I’N=24) = 004! p =ns /

Pulses




wearer's |
perspective |

= . A , % ;
EGOCENTRIC

Arrows

Fingers

Pulses

XZ(I’N=24) = 004! p =ns /



EGOCENTRIC PERSPECTIVE (11 VOTES)

v

Fasier to Interpret

(4 Participants)

| ess cluttered

(3 Participants)



wearer's |
perspective

(13 VOTES)

People

8

Arrows

Circles

XZ(I’N=24) = 0.04, p =ns /



EXOCENTRIC PERSPECTIVE (13 VOTES)

Shows the' location of the wearer
(12 Participants) ‘.’
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Both egocentric and exocentric were
well received, so either could be used



direction
granularity

-

1-LEVEL
(1 VOTE)

4-LEVELS
(3 VOTES)

8-LEVELS
(5.5 VOTES)

CONTINUOUS
(14.5 VOTES)

Xsneony = 17.75, p < .001 \

Circle
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Pulses Arrows Fingers
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Pulses Arrows Fingers
Z [ ™ sl N &
. ' 3 /
Pulses Arrows Fingers
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direction
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Xe3,n=24) = 17.75, p < .001
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Pulses
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Fingers




Precision is valued,
use high directional granularity



PREFERENCES FOR SOME DESIGN DIMENSIONS

WEARER’S PERSPECTIVE DIRECTIONAL GRANULARITY

E?%EONTTEZ'C EXOCENTRIC CONTINUOUS 585-LEVEL Hleve o
13 vOTES 14.5 VOTES = VOTES
2D vs. 3D MAXIMUM SIMULTANEOUS ICONS
™~ O
L .
- N 4 Y
<FOUR FOUR >FOUR
3D 2D 5.5 VOTES 10 VOTES 8.5 VOTES
12 VOTES 12 VOTES
SCREEN LAYOUT CONVEYING SOUND SOURCE

RECTANGULAR CIRCULAR

11.5 VOTES 10.5 VOTES

OUTWARD pARD
19 VOTES




PREFERENCES FOR SOME DESIGN DIMENSIONS

WEARER’S PERSPECTIVE

EGOCENTRIC EXOCENTRIC
11 VOTES 13 VOTES
2D vs. 3D

3D 2D
12 VOTES 12 VOTES

SCREEN LAYOUT

RECTANGULAR CIRCULAR Q! CENTER
11.5 VOTES 10.5 VOTES

DIRECTIONAL GRANULARITY

8-VEL 4-LEVEL 1-LEveL
CONTINUOUS DILEVEL TS o
14.5 vOTES :

MAXIMUM SIMULTANEOUS ICONS

design
e U s

<FOuR FOUR >FOUR

5.5 VOTES
10 VOTES 8.5 VOTES

CONVEYING SOUND SOURCE

OUTWARD e
19 VOTES




DESIGNS SKETCHED BY PARTICIPANTS
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P19: Extended Egocentric Pulses
To show recent speaking order

P14: Extended Egocentric Design
Pulses represent recent speakers, 3D

arrow shows current speaker

P14: Different Exocentric Design
Visualize all potential speakers

P7: Different Exocentric Design
Room layout and people locations



OUTLINE

Study 1



OUTLINE

Proof-of-Concept
Prototype



Laptop for
interfacing

! =il Visualization thatis "

~4" shown on Google Glass
V 4 '




We implemented live versions of two popular designs:

Egocentric Pulses Exocentric Arrows



OUTLINE

Proof-of-Concept
Prototype



OUTLINE

Study 2



STUDY 2

4 new participants
Two scripted conversations for each design
One open ended conversation for each design

Qualitative interview after each design



SCRIPTED CONVERSATION

SCRIPT: GHOSTBUSTERS

(Please download the powerpoint version to view the video)



Preliminary
Feedback

oof-of-Concept P
Study 2: Evaluating P
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‘I might not ne IUS
(hearing friends) want |
understand better eal convers

rather expecting to read

Google

1

Participant R4
Profound hearing loss
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RESULTS OF STUDY 2

Please refer to the paper for more details on
real-time implementation and evaluation



CLOSING THOUGHT FOR STUDY 2

PARTICIPANT'S OVERALL EXPERIENCE WITH PROTOTYPE

werpoint version to view the video)
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Primary Contributions

First work to design and evaluate sound
visualizations on HMDs for the deaf and hard
of hearing

Explored a broad range of novel designs

Implemented a preliminary working
prototype



Reflections















HMDs as glanceable displays
offer an interesting opportunity

to

transform the auditory sense
to the visual sense

leading to

new solutions for accessibility
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