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Situational Impairments (SIIDs)
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Situational Impairments in Daily Lives
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Prior Research: Task-specific SlIDs
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SwitchBack (CHI “15) WalkType (CHI ‘12) Driving Mode (Android
Auto, Apple Carplay)
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However, SlIDs are Dynamic and Pervasive

‘/c',\’ Can’t see things when

getting up at night (« Can’t move freely in a
crowded subway

JV Can’t smell when
having a cold

(<§ Can’t hear things in

a loud restaurant Q,,) Can’t respond to home assistants

when brushing teeth

Can’t use touchscreens
when hands are wet % Can’t use Face ID
when wearing a mask
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SlIDs as Human I/O Channel Availability

Human Input

Example use cases

| s
75X Vision

(<§ Hearing

Read text message, watch video, etc.

Hear notification, phone call, etc.

Haptic feedback, feel temperature, etc.

Drink, eat, etc.

Smell, eftc.

Human Output

s
o\ Eyes/ Gaze Face ID, gaze-based interaction, etc.

Q» Vocal System Conversation, voice assistants, etc.

@ Hands / Fingers Touch screen, gesture control, eftc.

( Limbs / Movement

% Head / Face

Walk, reach, etc.

Nodding, facial expression, efc.
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SlIDs as Human 1/O Channel Availability
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Formative Study

awn 10 participants

] Remote whiteboard session

Boot Up Note Taking:

Copy this slide for your brainstorming

Vision
- cannot read text messages
— automatically enable
text-to-speech

Input - cannot watch a movie
- your eye contact disappear,
not polite in a conversation —
automatically turn on gaze
correction? Or notify the
message in a low-res way

Eyes

- cannot use eye gaze inar
devices — use handtracking
instead if it's available

- cannot use faceid —
automatically switch to
password without having to
swipe up multiple times

Qutput

Hearing

- cannot hear news — turn on
subtitles

- cannot hear announcement

- fire alarm —* cannot hear at
the regular volume — increase
volume { turn on captions or sound
event detection

- in a noisy restaurant — run
live transcription

Vocal System

- cannot use voice assistants
=

- cannot talk to other people
—+ automatically generate a
message to let people know
- cannot make a phone call —
auto generate / reply to
messages
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Touch

- cannot feel temperature —
measure and display
temperature of objects

- cannot feel the vibrations of
phones — use sound

- lose haptic feedback (thus
decrease selection accuracy)
— switch the feedback to
another modality

Hands / Fingers

- cannot type — make typing
easier

- cannet use hand gestures —
use body movements

- cannot hold objects

- cannot reply to text
messages with fingers —
automatically enable
speech-to-text
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Formative Study

o< ((? i Is it involved in an activity or No o Available
constrained by environment?

(\/ J S ¢Yes

@ Q,»» Can you use it to multitask, easily
pause and resume to the activity, —)»
or overcome the situation easily?

'LNO

Would it be highly inconvinience or
impossible to use it without finishing the _NO 5, Atfected
current task or changing environment?

| es

Unavailable

':||:Jr,;| .
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Human I/O System

1. Egocentric
Device

2. Processing
Module

3. Reasoning
Module

RESEARCH
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Video & Audio Stream
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[ Image Caption: “a person is preparing food in a kitchen” ]
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Activity Environment I Hands: Holding a bow/ | | Volume: 65 dB I
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I User is preparing food in 1 I User is in a kitchen ! A e T e e e S ]
1 a kitchen I I | I Brightness: 0.52 11 Audio Class: Sillence 1
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Chain-of-thought ] :

@ Vision/Eye: “liohly Alleciad
Hearing: Available

& Vocal System: Available
Hands / Fingers: Affecied

Q: <Description of Context>
A: Reasoning

<Availability Prediction>

Q: <Description of Context>
A:

Smoothing
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Human |/O: Data Capture

Video & Audio Stream

1. Egocentric av-
Device S
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Human |/O: Data Capture

Video & Audio Stream

-

1. Egocentric .
Device N

AR Wearable

“a Display adapfations
[
7
. '/-
’

Microphone
Capture audio

Egocentric

Camera
Caplure video
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Human I/O: Processing

[ Image Caption: “a person is preparing food in a kitchen” ] l
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Human I/O: Processing

Activity Environment
r-=-=-=-=-=-=-==== A r—--——--- - - - - = A
| User is preparing food in 1 | Useris in a kitchen |
| a kitchen I |
b = e e e o e e e e e e o4 = .

I Hands: Holding a bow! I | Volume: 65 dB |
I Brlghtness 0.52 I'I Audio Class: Sillence I
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Human I/O: Processing

= Direct - ¥isual
Silence (0.8017)
Sound effect (0.008)
Speech (0.004)

Object_Detection '+

= Direct - Audio
Sound_Level
Audio_Classifi...

1 ~ Control

Interval
BlackCanvas

- Simulation
SimulationTest [l

Close Controls

A 5

Activity: (

Environment: Cisina Iﬁ
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Human 1/O: Reasoning

y __

L
Chain-of-thought ] .
3.R ; Q: <Description of Context> ® Vision/Eye: “/iohiy Alieciad
. héasoning A: Reasoning Hearing: Available —> & Ad.
. - — apt
Module quana—bﬁfry Prediction> & Vocal System: Available J
f;' <Description of Context> Hands / Fingers: Affecied
b e e e e e e - 1
Smoothing
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Human |/O: Reasoning
. Modl Input (Chain-ot-thought Prompiing) |

<Instruction>

<Few-shot Examples with CoT>
Q: C Is washing dishes in a kitchen sink. C is in a kitchen.
C's hand is washing dishes. The environmental
volume is around 65 dB ...
A: Let's think step by step.
Hand Reasoning:
As C's hand s currently engaged in washing
dishes, it is not available for other tasks.
Hand: Mot Available;
Eye/vision Reasoning: ...

<Current Context>
: C is showering a dog in a bathtub. C is in bathroom.
C's hand is showering a dog ...
k.&: Let's think slep by step. B

Hand Reasoning:
C's hand Is actively being used o wash the dog.
This means their hand |s occupled and ...

Hand: Mot Available;
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Human 1/O: Reasoning

Activity Environment
r-=-=-=-=-=-=-==== A r—--——--- - - - - = A
| User is preparing food in 1 | Useris in a kitchen |
| a kitchen I |
b = e e e o e e e e e e o4 = .

® Vision / Eye:
Hearing: Available

& Vocal System: Available
Hands / Fingers: Affected
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Technical Evaluation
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Technical Evaluation

MAE = 0.22
96% of the predictions have a discrepancy of 1 or less

Human I/0 Human I/0 Lite
Channels MAE ACC VAR MAE ACC VAR
Vision/Eyes 025 076 017 045 0.62 0.16
Hearing 0.23 0.87 0.05 0.37 0.63 0.11

Vocal System 0.08 092 0.01 0.23 0.87 0.20
Hands/Fingers  0.33 0.73 0.18 0.70 0.47  0.30

Total 0.22 082 0.10 044 0.65 0.19
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User Study

‘.- 10 participants

/A UCLA HCl
5\// RESEARCH



User Study

IS == Raw

B Human I/O

Mental Demand
Physical Demand
Temporal Demand

Sy 0 0w

Frustration
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