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Outline
• Modes of Interaction
• Embodied Conversational Agents
• Cross-modal Interaction: Fusion and Fission
• Example 1: MATCH
• Example 2: SMARTKO M
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Input Modalities
• Natural Language:

– Text and Speech
• Haptic:

– Buttons, Joystick, MouseClick
• Graphics:

– Sketching, Highlighting
• Gesture:

– Pointing at a region of display, pointing at or manipulating 
objects in a visual scene (using full visual recognition/data-
glove/augmentd reality)

• Mimics:
– Eye gaze, lip movement

(Wahlster, 2004)
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Output Modalities

• Natural Language:
– Text and Speech

• Menus, tables
• Sounds
• Graphics, Animation 
• Pictures, Videos
• Further Modalities (Gesture, Mimics) coming with 

embodied conversational agents

(Wahlster, 2004)
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Multimedia - Multimodal

• Basic distinction between
– Medium: physical carrier of information
– Mode: particular sign system

• Examples:
– Circling objects on a map by visually processed gesture vs. data-

glove vs. pen: multimedia + monomodal, 
– Speech plus pointing gesture: multimedia + multimodal
– Speech vs. Text: mono/multimodal?

(Wahlster, 2004)
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Types and Function of Multimodality
• Choice between alternate modalities for (monomodal) 

turn realisation: Adaptation to the needs of situation 
• Simultaneous realisation of (system) turns in parallel 

modalities, e.g., Speech + Displayed Table: User-
friendly redundancy

• Mixed or composite modality in a single (user) turn 
("cross-modal dialogue"): User can select best suited 
mode for certain kind of content
– Manfred Pinkal's phone number is 3024343 (typed)
– Zoom in here (+ Ink or Gesture)

• Concomitant modalities (mimics, gesture): Support 
recognition/understanding of spoken utterance 

(Wahlster, 2004)
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Posture Shifts mark the 
beginning of new discourse 
segments (Cassell et al., ‘01)

Gestures are more 
likely to occur with 
rhematic material 
than thematic 
material (Cassell et al. 
’94)

Looks towards the 
listener indicate that 
further grounding is 
needed (Nakano, et 
al. ’02) 

Small talk occurs 
before face-threatening 
discourse moves 
(Bickmore & Cassell, 
‘02) (Cassell, 2005)
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Relationship between Linguistic 
Structure & Behavioral Cues

Gesture

Head nod

Eyebrow raise

Eye gaze

Posture shift

Information structure
(Emphasize new info)

Conversation structure
(Turn taking)

Grounding
(Establish shared knowledge)

Discourse structure
(Topic structure)

(Cassell, 2005)
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Anthropomorphic Interfaces
• Interfaces which have a “persona”, i.e. at least a face 

or a whole body
often also called Embodied Conversational Agents 
(ECA)
– Talking heads
– Virtual animated characters

• Added aspects of social interaction
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Sam

Mack

Grandchair

Rea

Laura

Dilbert

BEAT

weatherman

SPARK

Rea

Gandalf

(Cassell, 20
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Composite Multimodality

• From alternate modes of interaction to composite multimodality
• Careful coordination of different media and modes in a coherent 

and cooperative dialogue is required

Coexistence of input and output 
in different media and modes Effective user interface≠
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Composite Multimodality: Input
• Composite input:

– Enabling users to provide a single contribution (turn) 
which is optimally distributed over the available input 
modes
e.g., speech + ink “zoom in here”

• Motivation
– Naturalness
– Certain kinds of content within a single communicative 

act are best suited to particular modes, e.g., 
• Speech for complex queries or constraints, reference to 

objects currently not visible or intangible
• Ink/gesture for selection, indicating complex graphical 

features
(Johnston, 2004)
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Composite Multimodality: Input Fusion

Dialog Context

Fusion: Mutual reduction of uncertainties or errors 
by the exclusion of nonsensical combinations

Presupposes synchronisation

Mutual disambiguation and synergistic combinations: semantic fusion of 
multiple modalities in dialog context helps to reduce ambiguity and errors

Speech
Recognition

Prosody
Recognition

Gesture 
Recognition

Facial Expression
Recognition

(Wahlster, 2003)
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Composite Multimodality: Output

• Composite output:
– Allowing for system output to be optimally 

distributed over the available output modes, e.g., 
• High level summary in speech, details in graphics: “Take this 

route across town to the Cloister Café”
• Multimodal help providing examples for the user: “To get 

the phone number for a restaurant, circle one like this and 
say or write phone.”
(Hastie et al. 2002)

– Output should be dynamically tailored to be 
maximally effective given the situation and user 
preferences

• Same motivation as for multimodal input
(Johnston, 2004)
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Input

Speech Gestures
Facial

Expressions

Multimodal Fusion

Full Symmetric Multimodality
Symmetric multimodality means that all input modes (speech, gesture, 
facial expression) are also available for output, and vice versa.

Challenge: A dialogue system with symmetric multimodality must not only 
understand and represent the user's multimodal input, but also its own.

Output

Speech Gestures
Facial

Expressions

Multimodal Fission

USER

SYSTEM

The modality 
fission 
component 
provides the 
inverse 
functionality of 
the modality 
fusion 
component.

(Wahlster, 2003)
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Multimodal Understanding

• Associate word sequence + gesture 
sequence with meaning
– Early integration: compute meaning of a 

composite word+gesture sequence: MMFST 
(Johnston&Bangalore 2002,2004)

– Late integration: first compute meaning of 
word sequence and meaning of gesture 
sequence, then “merge” the meanings, e.g., 
(Pfleger 2002)
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MATCH:
Multimodal Access to City Help

• Interactive city guide and navigation for 
information-rich urban environments
– Finding restaurants and points of interest, getting info, 

subway routes for New York and Washington, D.C.
• Composite input and output

– Speech, ink, graphics
• Mobile (standalone on a PDA or distributed WLAN)
• MATCHKiosk (deployed at AT&T visitor center in 

DC)
– Social interaction
– Also printed output

(Johnston, 2004)
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MATCH

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

(Johnston, 2004)
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MATCH
• Finding restaurants

– Speech: “show inexpensive italian places in chelsea”
– Multimodal: “cheap italian places in this area”
– Pen:

– Getting info: “phone numbers for these”
– Subway routes: “how do I get here from Broadway 

and 95th street”
– Pen/zoom map: “Zoom in here”

(Johnston, 2004)
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MATCH

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

(Johnston, 2004)
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User-Tailored Generation

• User-tailored summaries, comparisons or 
recommendations can be generated using a model 
of user preferences

“compare these restaurants”

Compare-B: Among the selected 
restaurants, the following offer exceptional 
overall value. Babbo’s price is 60$. It has 
superb food quality. Il Mulino’s price is 65$. 
It has superb food quality. Uguale’s price is 
33$. It has excellent food.

Compare-A: Among the selected 
restaurants, the following offer 
exceptional overall value. Uguale’s
price is 33$. It has excellent food quality 
and good decor. Da Andrea’s price is 
28$. It has very good food quality an 
good decor. John’s Pizzeria’s price is 
20$. It has very good food quality and 
mediocre decor. Johnston et al. (2004)
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MATCH: Early Multimodal Integration
• Speech and gesture parsing, multimodal 

integration, and understanding in single MM 
grammar model
– (Johnston&Bangalore 2000,2004)
– Compiled from a declarative multimodal CFG  

(terminals are triples W:G:M = 
Words:Gestures:Meaning)

– Compiled to efficient finite state device
• G:W transducer aligns speech and ink
• G_W:M transducer takes a composite alphabet of speech 

and gesture symbols and outputs meaning
• Robust, efficient
• Enables compensation for errors

(Johnston, 2004)
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MATCH MM Grammar Fragment

12.07.2006
Beyond Spoken...

Language Technology II: Language-Based Interaction
Manfred Pinkal & Ivana Kruijff-Korbayová

24

A Fragment of the Fragment

COMMAND tell:ε:<info> me:ε:ε about:ε:ε
DEICTICNP ε:ε:</info>

DEICTICNP DDETSG SELECTION ε:1:ε RESTSG
ε:ε:<restaurant> ε:SEM:SEM ε:ε:</restaurant>

DDETSG this:G:ε
SELECTION ε:area:ε ε:selection:ε
RESTSG restaurant:restaurant: ε
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Semantic Information 

COMMAND tell:ε:<info> me:ε:ε about:ε:ε
DEICTICNP ε:ε:</info>

DEICTICNP DDETSG SELECTION ε:1:ε RESTSG
ε:ε:<restaurant> ε:SEM:SEM ε:ε: </restaurant>

DDETSG this:G:ε
SELECTION ε:area:ε ε:selection:ε
RESTSG restaurant:restaurant: ε
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Semantic Information
COMMAND tell:ε:<info> me:ε:ε about:ε:ε

DEICTICNP ε:ε:</info>
DEICTICNP DDETSG SELECTION ε:1:ε RESTSG

ε:ε:<restaurant> ε:SEM:SEM ε:ε: </restaurant>
DDETSG this:G:ε
SELECTION ε:area:ε ε:selection:ε
RESTSG restaurant:restaurant: ε

Input utterance: "Tell me about this restaurant"

XML Representation read off the semantic slot of the 
parse-tree terminals:
<info> <restaurant> SEM </restaurant> </info>
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Gesture Lattice
G:G

area:area

selection:selectionlocation:location

[...points...]:SEM
2:21:1

restaurant:restaurant theatre:theatre mixed:mixed

[id1]:SEM [id2 ]:SEM [id1,id2 ]:SEM
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COMMAND tell:ε:<info> me:ε:ε about:ε:ε
DEICTICNP ε:ε:</info>

DEICTICNP DDETSG SELECTION ε:1:ε RESTSG
ε:ε:<restaurant> ε:SEM:SEM ε:ε:</restaurant>

DDETSG this:G:ε
SELECTION ε:area:ε ε:selection:ε
RESTSG restaurant:restaurant: ε
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Cosntraints on Gestural Information

COMMAND tell:ε:<info> me:ε:ε about:ε:ε
DEICTICNP ε:ε:</info>

DEICTICNP DDETSG SELECTION ε:1:ε RESTSG
ε:ε:<restaurant> ε:SEM:SEM ε:ε:</restaurant>

DDETSG this:G:ε
SELECTION ε:area:ε ε:selection:ε
RESTSG restaurant:restaurant: ε

G area selection 1 restaurant SEM
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Gesture Lattice
G:G

area:area

selection:selectionlocation:location

[...points...]:SEM
2:21:1

restaurant:restaurant theatre:theatre mixed:mixed

[id1]:SEM [id2 ]:SEM [id1,id2 ]:SEM



16

12.07.2006
Beyond Spoken...

Language Technology II: Language-Based Interaction
Manfred Pinkal & Ivana Kruijff-Korbayová

31

• SEM variable is instantiated by the appropriate 
reference object from the gesture lattice:

• <info> <restaurant> SEM </restaurant> </info>

• <info> <restaurant> [id1] </restaurant> </info>
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MM
Dialogue

Back-
Bone
Home:

Consumer Electronics
EPG

Public:
Cinema,

Phone, 
Fax,
Mail, 

Biometric
s

Mobile:
Car and
Pedestrian
Navigation

Application
Layer

SmartKom-Mobile
Mobile Travel Companion
that helps with navigation

SmartKom-Public:
Communication

Companion
that helps

with phone, fax, email,
and authetification

SmartKom-Home/Office:
Infotainment Companion

that helps select media content

SmartKom

(Wahlster, 2003)
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SmartKom

Input by 
the User

Output by the 
Presentation agent

Speech

Gesture

Facial
Expressions

+
+
+

+
+
+

(Wahlster, 2003)
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SmartKom

User
specifies goal
delegates task

cooperate
on problems

asks questions
presents results

Service 1Service 1

Service 2Service 2

Service 3Service 3

Webservices

Personalized
Interaction Agent

See: Wahlster et al. 2001 , Eurospeech (Wahlster, 2003)
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I‘d like to
reserve tickets
for this movie. Where would

you like to 
sit?

I‘d like
these two

seats.

SmartKom – An Example

User Input: 
Speech and Gesture

Smartakus Output:
Speech, Gesture and
Facial Expressions

User Input: 
Speech and Gesture

(Wahlster, 2003)
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Please reserve these 
three seats.

SmartKom – An Example

(Wahlster, 2003)
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The High-Level Control Flow of SmartKom

(Wahlster, 2003)
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Multimodal Fusion

(Wahlster, 2003)
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Late Modality Integration in SmartKom
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Late Modality Integration in SmartKom
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I would like to
see this movie.

Reference Resolution based on a Symbolic 
Representation of the Smart Graphics Output  
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Here is a map with movie 
theatres.

Generating Maps, Animations and Information Displays on the Fly



22

12.07.2006
Beyond Spoken...

Language Technology II: Language-Based Interaction
Manfred Pinkal & Ivana Kruijff-Korbayová

43

The route from Palais Moraß
to Kino im Karlstor is marked

on the map.

Synchronization of Map Update and Character Behaviour
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Spoken 
Dialogue

Graphical User
interfaces

Gestural
Interaction

Multimodal
Interaction

Merging User Interface Paradigms

Facial 
ExpressionsBiometrics

(Wahlster, 2003)
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