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Multimodal interactions are natural.
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Usage of Modalities in Computer Systems

Vision—
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* Fallback input techniques  Redundancy

* Increased usability e Synergy effects
* Increased accessiblility * Increased bandwidth
 Realism

RWTH
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CHAPTER 33

Audio
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« Advantages

13

Undirected
Needs no screen space
No visual contact necessary

Gets attention even when
distracted

Reaches entire group
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Disadvantages

Undirected
Attention-grabbing
Annoying user and others
Transient

Dictates speed

Cannot overlap easily
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- Volume, duration
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Textual contents
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Two Ways of Listening

Musical Listening

Perceiving Notes
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Two Ways of Listening
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Musical Listening Everyday Listening

Perceiving Notes Perceiving Events
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e Only audio output that may be "natural”

* Also used artificially in applications:
 Play everyday sounds along with actions of the system
e Particularly useful in complex situations (too much to watch)

e But: not everything maps to a sound

RWTH
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* Prototype from 1989 that enhanced * Filling jug with water,
the Mac’s Finder rising pitch = progress

 Mostly satisfied users, but natural

e Auditory icons for desktop objects analogies are limited

and operations
e Also used In experimental Mosaic

* Files wooden, folders papery, .
L . web browser and commercial
applications metallic,
products

bigger = deeper sound

 Throw into wastebasket: smashing . ﬁﬂlgcce)ﬁl\i/lcaec System 7 Finder,

e Copying: a problem!

RWTH
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» Simulation of Coke bottling plant

2 remote users collaborating

BT T e
3:"’-‘5.1&[? iR
ix

3 5 S S
& Water
’ L.

* Noises reflect status (bottles clink
when released, liquid splashes if
wasted, bottles break if wasted)

 Result: improved collaboration

RWTH

19 Prof. Dr. Jan Borchers: Designing Interactive Systems 2



o (Blatthner 1989)
* Abstract, synthetic tones, non-verbal
* Building block: motif
e Short, rhythmic pitch sequence with variable intensity, timbre and register

 Combine into complex messages

RWTH
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Use instrument timbres for distinction

Pitch & register don't work well on their own,
unless with large differences, use pitches
150Hz-5kHz

Vary rhythms greatly, do not use notes shorter

than 8ths, vary number of notes. Can parallelize.

Intensity: Bad for distinction. Keep in small
range (10-20db over background noise), user
may adjust volume. Use localization.

Join motifs with .1s gaps
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 Use raw audio data to trigger events or control system

« Examples
e Clap to turn on an interactive room

 Monitor noise level to switch between remote sites displayed in multi-party
video conferences

* Localize current speaker to pan video conferencing camera

 Monitor noise level to adjust phone ringer volume

e Fairly simple, used in commercial applications (and devices) today
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 Data: Musical Input
e Record music

* Synthetic (MIDI) or real (audio) data

e Search: Query By Humming (QbH)

* Given a database of music, let users hum a melody to find the corresponding
piece in the database

 Difficult algorithmic problem

RWTH
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CHAPTER 34

Speech
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e Also known as Text-to-speech (TTS) systems
* Using recorded chunks of different size

e 3 Levels of quality:
Phonemes (flexible, small database) < words < sentences (more realistic)

RWTH
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« Advantages

20

 Natural, familiar, emotional
* For the visually impaired

 Eyes-free
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Disadvantages

e Slower than visual (bandwidth)
* Transient/ephemeral

 Hard to browse/search

e Synthetic missing "prosody"
(melody,...)

 Unlike noise, cannot fade into
background (hard to ignore)
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The primary way of
human
communication

|Q score as low as
50 Is sufficient to
speak

Speech implicates
more parts of the
brain then other
functions

Left brain
hemisphere is
specialized to
Process speech
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Speech Qutput: The Social Aspect
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Pitch
Cadence
Prosody
Pronunciation
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 Regardless whether a voice originated from a human

spgech or TTS system, the same areas in the brain are B it Fowaion
activated

How People Treat Compulers,
Television, and New Media

Liike Real People and Places

 The same rules are applied to make conclusions about
the speaker

* Opportunity for HCI to create voice interfaces that
increase liking, trust, efficiency, ...

| ,v"Bern Reeves & Clifford Nasg

* |In the following examples form “The Media Equation” by
Clifford Nass showing that computers are social actors

¥ ’/ " : ,/ f (' ! ! 1
fand fit (
/ / . 4 f J | ! \
/ / 4 ! ! _ '
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e Sample Experiment:
Five positive Amazon customer
recommendations read
by one vs. several voices

 Multiple voices more persuasive

e Does not work with multiple fonts
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6 Persuasiveness

1 Voice

5 Voices

Personal Opinion
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e Product reviews are most credible,
when gender of product, voice, and user match

4.4 Credibility 4 Credibility
\ELE
4.2 Product 3.9
4

38 Female

3.8 Female Voice
Female 3 7 Voice

3.6 Product Female .

Male Product
Product

3.6
Female Voice Male Voice Females Males

3.4
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 Speaker dependency * Continuous speech

(accent, intonation, stress, volume,...) » Humans disambiguate blurred word

ndari nd multipl manti
. Vocabulary dependency boundaries and multiple semantics

e "How to wreck a nice beach”

 Background noise very critical
* Higher cognitive load

* Detection precision is high, but
getting the semantics out of a
sentence still an issue

 Hand-eye coordination can happen
In parallel to planning and problem

solving
 Many syntax combinations for same o Speaking while thinking is more
semantics difficult

‘R\Nﬂ'l
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Haptics
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What makes these feel different?

 Hardness * Friction

 Height maps o Flexibility

e [emperature e Spatial / temporal features
 Damping
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* Bidirectional

e Socially intentional-committing, invasive

* Gestural-expressive (functional and emotional signals)

 Many parameters: force, texture, temperature, moisture,...

 Poor absolute but high relative resolution

 Touch to do, probe, poke, fidget, communicate, verify, enjoy, connect,...

* Inhibitions: dirty, painful, forbidden, too intimate,...

RWTH
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 Cutaneous stimuli
 On the skin, i.e. tactile
 E.Q., heat, pressure, vibration,
slip, pain
* Kinesthetic stimuli
* Bodily movements

e Detected In muscles, tendons,
and joints

* E.g., limb position/motion/force

RWTH
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« Advantages

43

Realistic
Intimate
Eyes-free

Needs no screen space
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 Disadvantages
e Limited resolution
e |ntimate

 Unexpected
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the possible criminal connection of the heavy meg
eventually taken her away. These people knew eve;
everyone and were not slow in discussing it. There was
reserve, self-preservation.

Rosemary had talked about it being natural that peg]
assume she was gay since she was single and had a sister
already ‘out’ with a partner who was a lawyer. Gertie had
about her husband’s problems coping with drink and viol
spoke as if Jack had been prone to getting chest colds in the
Colm had approached their table with a casual apology 6
incident as if it had not been the most excruciatingly emb;
moment of her life. The two women had told her how thi
initially thought Ria was mad to go to America and lea¥
children but they hoped it would all work out for the best:

Marilyn could not take in the degree of involvement and i
interference that these people felt confident to have in every
else’s life. They thought nothing of discussing the motives di
private sorrows of their friend with Marilyn who was after
complete stranger, here purely because of an accidental home
exchange. While she felt sympathy for Ria and all that had
happened to her, she also felt a sense of annoyance.

Why had she not kept her dignity, and refused to allow all these
people into her life? The only way to cope with tragedy and grief
was to refuse to permit it to be articulated and acknowledged. Deny
its existence and you had some hope of survival. Marilyn got out of,
bed and looked down on the messy garden and the other large reg
brick houses of the neighbourhood. She felt very lost and alogfin
this place where garrulous people wanted to know everythingffbout
you and expected you to need the details of their lives toof

She ached for the cool house and beautiful garden in Westville. If
she were there now she could go and swim lengths of her pool safe
in the knowledge that no one would call and burden her with posd(
mortems about last night. Clement the cat who slept on her be
every night woke up and stretched and came over to her hopefully:
He was purring loudly. The day was about to begin, he was
expecting a game and a bowl of something. .

Marilyn looked at him sadly. ‘I don’t usually talk to ammll:é
Clement, but ’'m making an exception in your case. I made [dc
wrong decision coming here. It was the worst decision I ever ma
in my life

302

@IHAPTER SIX

call her Nora?’ Brian asked.
‘What?* Annie looked up from her book.
*You know ... if we call Bernadette’s mother by her first name
:iarybe we should do the same with Granny.” Brian wanted to be

¢ . 0 you think when we’re talking to Granny we should

‘No, Brian, and shut up,” said Annie.
I"',You always say shut up, you never say anything nice, not ever at

‘Who could say anything nice to you, Brian, honestly?’

‘Well, some people do.”

‘Who apart from Mam and Dad? And they have to because
Y°“’_re what they got.’

‘Finola often says nice things.’

:TCH me one nice thing she said to you today, go on tell me.’

She said it was good that I had remembered to let my knights
t©ommand the centre of the board.’

‘And had you?” Annie still refused chess lessons and she couldn’t
dccept that Brian had mastered it.
dWell, only by accident in a way. I just sort of put them out there
;n. d”)"werc commanding and she was very pleased with me.”
fian smiled at the triumph of it all.

S‘,’me“mes he was more pathetic than awful, Annie thought,
you'd fee] sorry for him. And he didn’t really understand that their
V&S Were going to change. He thought that after the summer

8O3
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 \What can the computer see?
* Brightness
* Color

 Edges

e Shapes

* ODbjects

RWTH
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o Capture frame

* Apply basic filtering to enhance image
* ook for regions / objects in scene

e (Classify, match with world model

 React as result of observed state change in model world

RWTH

47 Prof. Dr. Jan Borchers: Designing Interactive Systems 2



Creating Multimodal
Interaction
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How does the computer
see us?
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Visual

Input Output

Control

Auditory

Input

Output

Input

Haptic
Output

Data
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How to process inputs from
multiple modalities?
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* For a single sensor
* Noise (sensor, channel, modality-specific)

 Non-universality

Classifier

 For multiple sensors

 Ambiguity due to contradicting information

e Different formats and sampling rates
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Classifier A

Classifier C

Classifier B

Source of Truth Sensors Classifiers Interpretation

o3 Prof. Dr. Jan Borchers: Designing Interactive Systems 2



Example: Support Vector Machines
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