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Motivation

Information is useful, but we often surrounded by 
information overload.

If an user is engaged with attention demanding 
task, then supplementary information is more or 
less distracting, sometimes dangerous even 
though it is useful.

The value of information remains important and 
useful when it is delivered in appropriate way.

Perceptually optimized information display that 
considers user’s certain situation might be a 
solution to this concern.
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Motivation

Driving context is a good example of this 
concern:

driving requires a lot of attention.

navigational information can enhance driver’s navigation 
performance but at the same time, it could seriously interrupt 
driving task.

However, current navigational information display 
does not consider driver’s cognitive load and 
attentional state.
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In-Vehicle Navigation

Shift from devising a route out of printed map, 
various forms of computer generated routes are 
used in vehicles.

e.g., Yahoo Maps, Map Quest, PDA, Laptop, GPS Navigators...

Each form has tradeoffs.
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Paper Maps 
(including computer generated maps)

+ Can see the overall route
- Complex visualization
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Paper Maps 
(including computer generated maps)

+ Can see the overall route
- Complex visualization

Turn by Turn Direction
+ Simple depiction of entire route
+ Easy to read
- Usually no visual cues
- No way to go back to the route when 
lostTr
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Paper Maps 
(including computer generated maps)

+ Can see the overall route
- Complex visualization

Turn by Turn Direction
+ Simple depiction of entire route
+ Easy to read
- Usually no visual cues
- No way to go back to the route when 
lost

GPS Navigators
+ Good geographic positioning
+ Dynamic visual cues
- Cannot see the overall route
- Provide similar visual complexity as the 
paper maps provide
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Issues?	

Driving requires concentration.
Need to minimize visual distraction caused by 
other information sources.

Current maps don’t focus on using 
minimal attention for visual displays

simple iconic depiction of a route or 

removal of visual information 
(e.g., turn by turn direction).

Mercedes-Benz
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Can dynamic visualization techniques be used to 
enhance navigation performance while reducing 
visual attention?

Visualization for 
Navigation?
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Power of Visualization
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Power of Visualization

London Underground Map 1920s
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River Thames

River Thames
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 Transport for London

Bakerloo

Central

District

No service Woodford - Hainault after 2000 daily.

Shoreditch station opens 0700 to 1030 and 1530 to 2030 Mondays
to Fridays. Closed Saturdays. Open from 0700 to 1500 Sundays.

Circle Cannon Street open until 2100 Mondays to Fridays.
Closed Saturdays and Sundays.

Cannon Street open until 2100 Mondays to Fridays.
Closed Saturdays and Sundays. Earl’s Court - Kensington (Olympia)
0700 to 2345 Mondays to Saturdays, 0800 to 2345 Sundays.

Northern

East London

Piccadilly

Certain stations are closed on public holidays.

Key to lines and points to remember

Hammersmith
& City

No service Whitechapel - Barking early morning or late
evening Mondays to Saturdays or all day Sundays.

Jubilee

Victoria

Metropolitan

Waterloo & City

National Rail

No entry to Marylebone on Mondays to Fridays between 0735 and
0930 until late 2004. Special fares apply for printed single and
return tickets to and from Harrow & Wealdstone.

For Chesham, change at Chalfont & Latimer on most trains.
Until February 2005 trains from Uxbridge do not stop at Wembley Park
and trains from Watford, Chesham and Amersham stop at Wembley
Park, but do not stop at Northwick Park or Preston Road.
Northbound Amersham trains do not stop at Wembley Park.
On Sundays between 1300 and 1730, Camden Town is open for
interchange and exit only.

0615 to 2130 Mondays to Fridays. 0800 to 1830 Saturdays.
Closed Sundays. 
All DLR stations are fully accessible. 

Trains from Stanmore do not stop at Wembley Park until
February 2005.

DLR

No service Uxbridge - Rayners Lane in the early mornings.

Heathrow Terminal 4 Underground station closed until September 2006. 
Replacement bus service

between Hatton Cross and
Heathrow Terminal 4 

Bermondsey

Southwark
Waterloo East

Chalfont &
Latimer

Moor Park

Northwood

Northwood Hills

Pinner

Eastcote North Harrow

Maida Vale

Queen’s Park
Kensal Green

Neasden

Dollis Hill

Willesden Green

Kilburn
West
Hampstead

Swiss Cottage
St. John’s Wood

Finchley Road

Amersham

Ruislip Manor

Chesham

Chorleywood

Rickmansworth

Watford

Croxley

Harrow-
on-the-Hill

Preston
Road

Hillingdon Ruislip

Rayners Lane

West Harrow Northwick
Park Wembley

Park

Ealing Common

Ealing
Broadway

Great
Portland

Street
Baker
Street

Farringdon
Barbican

Moorgate

Aldgate

Euston
Square

Acton
Town

Chiswick
Park

Turnham
Green

West
Acton

East
Acton

Shepherd’s
Bush

Stamford
Brook

Ravenscourt
Park

Hammersmith

West
Kensington

West Brompton

Fulham Broadway

Parsons Green

Putney Bridge

East Putney

Southfields

Wimbledon Park

Wimbledon

VictoriaSouth
Kensington

Gloucester
Road

Earl’s
Court

Embankment

Blackfriars

Mansion
House

Temple

Cannon Street

Bank

Monument

Barons
Court

Fenchurch Street

Whitechapel

Tower
Gateway

Tower
Hill

Aldgate
East

Stepney Green

Mile End

Bow
Road Bow

Church
Bromley-
by-Bow

West Ham

Plaistow

Upton Park

East Ham

Becontree

Dagenham Heathway

Elm Park

Upney

Dagenham East

Hornchurch

Upminster Bridge

Upminster

High Street
Kensington

Notting
Hill Gate

Bayswater

Kensal Rise Brondesbury

Edgware
Road

St. James’s
Park

Sloane
Square

Westminster

Barking

Latimer Road

Westbourne Park

Finchley Road
& Frognal

Ladbroke Grove

Royal Oak

Shepherd’s
Bush

Goldhawk Road

West Ruislip

Greenford

Ruislip Gardens

South Ruislip

Northolt

Hanger Lane

Perivale

North
Acton

White
City

Holland
Park

Lancaster
Gate

Paddington

Paddington

Chancery
Lane

Bond
Street

Oxford
Circus

Tottenham
Court Road

Holborn

St. Paul’s

Queensway

Marble
Arch

Bethnal
Green

Stratford

Leyton

Leytonstone

Snaresbrook

South
Woodford

Woodford

Epping

Theydon Bois

DebdenLoughton

Buckhurst Hill

Redbridge

Chigwell
Roding
Valley

Hainault

Fairlop

Barkingside

Newbury
Park

Grange
Hill

Wanstead Gants
Hill

South Ealing

Knightsbridge

Hyde Park
Corner

Green Park

Piccadilly
Circus

Leicester
Square

Russell
Square

Caledonian
Road Caledonian

Road & 
Barnsbury

Dalston
Kingsland

Homerton

Holloway Road

Arsenal

Manor House

Turnpike Lane

Wood Green

Bounds Green

Arnos Grove

Southgate

Oakwood

Cockfosters

Uxbridge Ickenham

Acton
Central

Waterloo

Morden

Colliers Wood

Tooting Broadway

South Wimbledon

Tooting Bec

Balham

Clapham South

Clapham Common

Clapham North
Clapham High Street 100m

Stockwell Oval

Kennington

Borough

South
Acton

Old Street

Silvertown

North
Woolwich

Angel

Goodge
Street

Euston

Mornington
Crescent

Camden Town

Chalk Farm

Belsize Park

Hampstead

Golders Green

Hampstead
Heath

Gospel
Oak

Canonbury
Hackney
Central

Hackney
Wick

Kentish
Town West

Camden
Road

Brent Cross

Hendon Central

Colindale

Burnt Oak

Mill Hill East

High Barnet

Totteridge & Whetstone

Woodside Park

West Finchley

Finchley Central

East Finchley

Highgate

Archway

Tufnell Park

Kentish
Town

Canada
Water

Canary Wharf
North
Greenwich

Elverson Road
Deptford Bridge

Harrow &
Wealdstone

Kenton

Stanmore

Canons Park

Queensbury

Kingsbury

South Kenton
North Wembley

Wembley Central
Stonebridge Park

Harlesden

Willesden Junction

Kilburn Park
Warwick Avenue

Edgware
Road

Brondesbury
Park

Marylebone

Regent’s
Park

Lambeth
North

King’s Cross
St. Pancras

Charing
Cross

Covent Garden

Highbury &
Islington

Blackhorse
Road

Seven
Sisters

Walthamstow
Central

Tottenham
Hale

Finsbury
Park

Pimlico

Brixton

Shoreditch

Wapping

Rotherhithe

Surrey Quays

New CrossNew Cross Gate

Vauxhall

Limehouse

Westferry

Devons
Road

Pudding
Mill Lane

West India
Quay

Cutty Sark
for Maritime Greenwich

Greenwich

Lewisham

Blackwall

East
India

Royal Victoria

Custom House
for ExCeL

Prince Regent

Royal Albert

Beckton Park

Cyprus
Gallions Reach

Beckton

Warren Street

Edgware

All Saints

Heron Quays
South Quay

Crossharbour &
London Arena

Mudchute
Island Gardens

Shadwell Canning Town

Gunnersbury

Richmond

Kew Gardens

Bus to London City Airport
Poplar

London Bridge

100m

100m

Elephant & Castle

Euston 200m

150m

Charing Cross 100m

200m

Heathrow
Terminal 4

Heathrow
Terminals

1, 2, 3

Hounslow Central

Osterley

Northfields

Boston Manor

Hounslow East

Liverpool
Street

200m

South Harrow

Sudbury Hill

North Ealing

Park Royal

Alperton

Sudbury Town

Kensington
(Olympia)

Hounslow West

Hatton Cross
for Heathrow Terminal 4

Bu
s s

er
vic

e

Heathrow Terminal 4
Underground station closed

until September 2006.
Replacement bus services

run from Hatton Cross.

Key to symbols

Connections with National Rail

Airport interchange

Served by Piccadilly line trains
early morning and late evening

Closed Sundays

Interchange stations

Connection with Tramlink

Connections with riverboat services

Stations with wheelchair access
(call 24 hour travel information
for details)

Stations with wheelchair access
for one direction of travel only

Stations with restricted
wheelchair access -

Hounslow East (Piccadilly line only)

Shadwell (Docklands Light
Railway only)

Waterloo (Jubilee line only)

West Ham (Jubilee line only)

Brixton (Victoria line only)

Human-Computer Interaction Institute

Power of Visualization

London Underground Map 1920s

Recent London Underground Map
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Up | route map, Microsoft Streets and Trips
Down | hand-drawn route map

Map Visualization 
Example



MOVE Design
- replicated from previous hand-drawn map -
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MOVE: Maps Optimized for Vehicular 
Environments

Presents optimized geographic information
works on our principle that different information have different 
importance within a given situation.

driver’s attention should be expended on the more important 
information than the less one.

Navigation interface takes only appropriate 
amounts of attention

abstracted visual information

sensitive to driver's context

What is MOVE
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Overview

Navigation Study and Related Work

Visual Search Study

Design Principles

Design of MOVE

Evaluating Prototype Design

Implementation of the MOVE System

Evaluating the Final System

Contribution and Schedule
14

Continuing Work
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Purpose: to get general understanding about 
navigation practice

Participants drew a route map with given map 
and navigated the route 

Findings
Landmarks, intersections, paths are primary form of 
representation

Divide route into several chunks and setup sub-goal for 
navigation

Abstracted form was more preferred

Navigation Study
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LineDrive (Agrawala et al)

Successfully used abstraction for static maps accompanied by 
line-by-line directions.

Leverage importance of each segment of 
a route through optimization.

Compared LineDrive with MOVE

Human-Computer Interaction Institute

Related Research
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Related Research

Cartography and Navigation
Monmonier (1996) categorizes the map generalization technique 
used in cartographic history.

MacEachren (1995) explores map visualization in the frame of 
perception organization and grouping.

Several researchers have introduced models for how navigation 
occurs during a driving task (Michon 1985; Burnett 1988; Ross 
and Burnett 2001). 

e.g., trip planning - preview - identify - confirm - trust - 
orientation (Burnett 1988)
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Related Research

Dynamic information visualization
Zoomable UI (Bederson et al)

Magic lenses (Bier et al)

Fish-eye views (Furnas et al)

Detail-in-context visualizations (Mackinlay et al)

Dynamic news reader (Ishizaki)

.... saturate detailed information when needed while other contexts 
are perceptually minimized.
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Overview

Navigation Study and Related Work

Visual Search Study

Design Principles

Design of MOVE

Evaluating Prototype Design

Implementation of the MOVE System

Evaluating the Final System

Contribution and Schedule
20

Continuing Work
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Visual Search Study

Designed map renditions to be used in the 
MOVE display

Need to know the perceptual effect of the 
renditions when they are used as target or 
distracter

Target: provide positive communicative benefit

Distracter: induce negative effect
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Finding a targeted information in a map is a visual 
search task

Two major types of visual search mechanism
Bottom-up vs Top-down

Map Reading 
and Visual Search
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Top-down: goal driven and implemented our 
cognitive strategies 

Bottom-up: thought to operate on raw 
sensory input, rapidly and involuntarily shifting 
attention to salient visual features of potential 
importance 

Neither type of mechanism works in isolation in 
a particular situation; instead, the mechanisms 
work together interactively.

Typically bottom-up acts early and the top-down 
takes over (Conner et al. 2004)

Map Reading 
and Visual Search
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Pop-out is a bottom-up drawing of attention to 
an object, which occurs when an object within 
the visual field is distinctive along some visual 
dimension (Baldassi & Burr 2004)

e.g., possession of a distinctive color or brightness when 
compared with other objects in the field.

Bottom-up and Pop-out
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Prior studies identified a range of visual features 
which can induce pop-out effects:

color, brightness, movement, direction of illumination, distinct 
curvature, and tilt (Beck 1982; Julesz 1984; Treisman 1986; 
Treisman 1998)

Size has not been shown to strongly induce this 
effect (Baldassi and Burr 2004)

Bottom-up and Pop-out
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Participants were asked to find target information 
from a display

A map stimulus with a road depiction containing 
several symbols was presented

Participants were verbally prompted 
to select a target rendition from a 
map stimulus, indicating the position 
of the rendition by pressing 
a keyboard key

Visual Search Study: 
Overview
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20 participants from university community 
participated in the study (12F, 8M, aged 18~33)

After signing a consent form, participants read 
instruction of the study to be familiar with the 
study and the renditions used in the study

At the end of the instruction, they were 
presented 5 sample session of the study

Finally participants completed main study

Visual Search Study: 
Procedure
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During the study trials, the participants were presented with a 
voice prompt using a pre-recorded female voice, indicating which 
symbol they should select.

To record reaction time, the experiment software started a timer 
when the visual stimulus was placed on the screen and stopped 
when a participant pressed a key.

Visual Search Study: 
Procedure
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During the study trials, the participants were presented with a 
voice prompt using a pre-recorded female voice, indicating which 
symbol they should select.

To record reaction time, the experiment software started a timer 
when the visual stimulus was placed on the screen and stopped 
when a participant pressed a key.

Visual Search Study: 
Procedure

press a key
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Stimuli were generated based on 13 renditions chosen from our 
earlier MOVE design

13 renditions: 6 different node renditions, 5 forms of road labels, 
and 2 other renditions (route start/end)

In addition, a McDonald's logo was included for highly salient 
rendition (used for manipulation check)

Visual Search Study:
Stimuli



To create the stimulus for each trial, we selected 
two renditions out of the 14 and placed them in 
2 of 3 position 

One used as target, the other used as distracter

Visual Search Study:
Stimuli



3 different type of road renditions were 
employed

e.g., local road, highway, and intersection road

Human-Computer Interaction Institute

Visual Search Study:
Stimuli

31



3 different type of road renditions were 
employed

e.g., local road, highway, and intersection road

Trials covered every target-distracter pair for 
total of 182 (=14x13)

Human-Computer Interaction Institute

Visual Search Study:
Stimuli

32



3 different type of road renditions were 
employed

e.g., local road, highway, and intersection road

Trials covered every target-distracter pair for 
total of 182 (=14x13)

Human-Computer Interaction Institute

Visual Search Study:
Stimuli

32



And then 3 road types were multiplied: total trials 
are 546 (=182x3)

The placement of selected renditions in the road 
positions and ordering of trials was randomized

Human-Computer Interaction Institute

Visual Search Study:
Stimuli
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McDonald’s logo was used for manipulation 
check

Overall, highly salient as expected
because of its distinctive shape and color scheme makes it 
likely to induce pop-out effects

eliminated this rendition from the remainder of the analysis to 
avoid skew

Visual Search Study:
Result and Discussion
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For analysis, we categorized the renditions:

Visual Search Study:
Result and Discussion
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Visual Search Study:
Result and Discussion

Major findings...

“Semantic” renditions can reduce reaction time.

Pop-out effect was found with colored renditions.
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Comparison of the mean reaction times of 
semantic and symbolic renditions

Faster RT when searching for semantic renditions 
(t(19)=-6.24, p<0.01)

Visual Search Study:
Result and Discussion
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Comparison of finer semantic and symbol subcategories shows 
that reaction time for semantic text was the fastest, followed by 
semantic numbers, simple symbols and complex symbols 
(F(3,57)=39.11, p<0.01)

Visual Search Study:
Result and Discussion
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Comparison of target-distracter combinations:
Semantic(T)-Semantic(D), Semantic(T)-Symbolic(D), Symbolic(T)-Semantic(D), 
Symbolic(T)-Symbolic(D)

RT was faster when semantic renditions were involved.

If the target and 
distracter were of the 
same rendition type, 
then RT was increased

(F(3,57)=35.10, p<0.01)

Visual Search Study:
Result and Discussion
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Prior research found that if clear pop-out occurs 
in a search task, RT is consistently fast no matter 
how many distracters are present (Goldstein 
2002)

Pop-out effect has also 
found in our result 
(t(19)=7.79, p<0.01)

Visual Search Study:
Result and Discussion
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However, size was not effective as pop-out.
Accordance with other research on bottom-up search 
(Baldassi and Burr 2004; Julesz 1984; Treisman 1896; Treisman 
1998)

No interaction effect between road types, 
semantic and symbolic renditions.

Visual Search Study:
Result and Discussion
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In any given situation, not all information in the 
display will be of equal importance

by using the most salient and attention demanding display 
elements only for the likely high importance items, while 
lowering the salience or even removing others, we can expect 
to achieve a perceptually efficient display

Design Implications:
Using Importance Difference

42



With the result, we generated simple diagram of using different 
importance of renditions
Semantic renditions should be 
used primarily for important areas
(region A and sparingly in region B)

Symbolic renditions should be 
used in area that need less visual salience 
(region B and occasionally in region C)

Pop-out inducing renditions should be 
used very sparingly and only in locations 
of most likely current interest

Design Implications:
Using Importance Difference
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Overview

Navigation Study and Related Work

Visual Search Study

Design Principles

Design of MOVE

Evaluating Prototype Design

Implementation of the MOVE System

Evaluating the Final System

Contribution and Schedule
44

Continuing Work
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Developed design principles based on navigation studies and 
review of existing systems and cartography.

1. Abstraction

2. Dynamics

3. Minimal Interaction

Design Principles

45
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Abstraction

Not every road detail is important for navigation

Abstraction by map generalization can enhance map reading

Map Generalization

Feature Selection

Simplification/Smoothing

Relative Scaling

Displacement

Enhancement

Design of MOVE
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Feature Selection
to determine which renditions to be drawn

Map Generalization

1. Original Route Map

2. MOVE Route Map

47
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Feature Selection
to determine which renditions to be drawn

Map Generalization

1. Original Route Map

2. MOVE Route Map

47



Human-Computer Interaction Institute

Simplification/Smoothing
change road length, and shape 

Map Generalization

1. Original route 2. MOVE Route Map
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Simplification/Smoothing
change road length, and shape 

Map Generalization

1. Original route 2. MOVE Route Map
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Relative Scaling
relative scale factor for each feature

Map Generalization

1. MOVE Route Map 2. MOVE Route Map
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Relative Scaling
relative scale factor for each feature

Map Generalization

1. MOVE Route Map 2. MOVE Route Map

49
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Relative Scaling
relative scale factor for each feature

Map Generalization

1. MOVE Route Map 2. MOVE Route Map
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Displacement
to avoid interference of features 
- road label moved up to avoid landmark label

Enhancement
selectively increase detail
- Fifth Avenue has more detailed intersection info than other roads

Map Generalization
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Overview

Navigation Study and Related Work

Visual Search Study

Design Principles

Design of MOVE

Evaluating Prototype Design

Implementation of the MOVE System

Evaluating the Final System

Contribution and Schedule
51

Continuing Work
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Design of MOVE

Dynamic Information Interaction
Presenting information well can compensate for small screen
MOVE uses the most detail to render the section of the route 
that the driver is traversing
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Design of MOVE

Designed 4 presentation styles
Zoom in Context (ZC)
Route Scrolling (R)
Zoom in Context + Route Scrolling (ZC+R)
Zoom in Context + Overview (ZC+O)
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MOVE Presentation Styles

Zoom in Context (ZC)

+ Driver can see entire route
− Target position move back 
and forth
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MOVE Presentation Styles

Route Scrolling (R)

+ Target position is always in 
the center of the screen
− Driver cannot see entire 
route
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MOVE Presentation Styles

Zoom in Context + 
        Route Scrolling (ZC+R)

+ Driver can see the remaining 
route chunks
− Driver cannot see entire 
route
− Target position still move 
back and forth
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MOVE Presentation Styles

Zoom in Context + 
        Overview (ZC+O)

+ Driver can see both entire 
route and the detailed route 
at once 
− Two target positions make 
it complicated
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Overview

Navigation Study and Related Work

Visual Search Study

Design Principles

Design of MOVE

Evaluating Prototype Design

Implementation of the MOVE System

Evaluating the Final System

Contribution and Schedule
58
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Evaluating MOVE Design

Purpose: to evaluate feasibility and effectiveness of prototype 
design

Map reading performance study 

compare MOVE with the most optimized current static map 
(LineDrive)

Hypothesis: 
MOVE presentation methods can reduce the number of glances 
and fixation times to comprehend information 
→  reduce perceptual load
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Evaluating MOVE Design

Study Overview

Dual task study

Simple simulated driving task to saturate 
attention plus navigation display

Subjects were told to maintain a central 
position on the road and prompted to 
glance at the navigation system and 
verbally report what was seen.
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Evaluating MOVE Design

20 participants (12M, 8F; aged 19-56)

Within subject study: performed all conditions

Conditions (counter balanced)

Baseline - check primary task performance without map display

Static Route Map: LineDrive

4 MOVE presentation styles (ZC, ZC+R, R, ZC+O)

ZC w/o car location cursor - to compare with static map 
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Evaluating MOVE Design

Measures

Total number of glances per task

Total fixation time

Average distance off the road
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Avr Distance Off Road (px)
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Evaluating MOVE Design

Explanation of under performing designs:
Route Scrolling

Route was just moving, not zooming into the context 

Zoom in Context + Overview
Two information sources (Route and Overview) make 
the map complicated. 
Sometimes information within the route overlaps the 
overview, so position of overview will move.

These two conditions least effective: not using screen 
real estate effectively 
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Implementation of MOVE

Four implementation processes.

Planned to address five map generalization techniques.
Simplification/Smoothing, Relative Scaling, & Enhancement → Road Layout

Map Feature Selection → Rendition Selection 

Map Feature Selection & Enhancement → Scoring Rendition 

Displacement → Final Placement Tuning
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Road Layout

To place a route within the space of the screen 
display

To generate the entire route as simply as possible 
while making the importance portions of the 
route segment salient. 
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Road Layout

We treat road layout as an optimization problem
optimization can smoothly handle exceptional cases

Goal of optimization
Display the route within a given screen boundary, emphasizing 
the segment of interest without losing the entire context of the 
route.

1. route segment of interest should occupy most of the screen 
real estate.

2. the entire route should be displayed within the display 
boundary
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Road Layout

“Segment of interest” 
corresponds sub-goal that people use for navigation.

could mean a route segment containing car or more segments 
depending on the situation.

Internal areas for road layout
focus area: majority of the entire screen

screen boundary: 
slightly offsetting from 
the borders of the entire screen
(safe margin)

Focus Area

Screen Boundary

route segment of interest
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Road Layout

Optimization process
uses Simulated Annealing (Kirkpatrick, Gelatt &Vecchi 1983)

Simulated Annealing is an iterative method to solve optimization 
problems of large scale, especially ones where a desired global extremum is 
hidden among many local extrema. 

Similar to hill climbing method - heuristically good, but cannot find global 
extrema.

To avoid the local extrema, each step of the SA algorithm considers some 
neighbor solution of the current solution, and probabilistically decides between 
moving the system to the neighbor solution or staying put in the current 
solution.  

SA has been proved its effectiveness and stability in many problems including 
the LineDrive.
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Road Layout

Optimization process

parameterized by two functions: 
- perturb_map_layout(): randomly generates an iteration 

by modifying some of its values

- score_map_layout(): evaluates the iteration and returns a 
score of the iteration as a result of the evaluation
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Rendition Selection

Rendition selection process takes the large 
information set of the original map and presents 
it in a less information demanding manner.

Also achieved through the optimization with 
simulated annealing.

use two functions to find a final solution

- perturb_rendition_selection(): randomly selects a 
rendition and raise or lower its rendition choice to the one 
which is next higher or lower in salience.

- score_rendition_selection(): evaluates each iteration and 
eventually chooses a final solution minimizing the sum of 
score of given rendition selection.
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Rendition Selection

The score of the current map’s rendition 
selection can be calculated as follows:

Each map feature or layout decision has:
- Communicative potential score (C)

- Importance score (I)
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C(Rs) * I(S)
S∈Route
∑

where	 S is a route segment or feature
	 Rs is a rendition choice for segment S
	 C(Rs) is communicative potential score for rendition choice Rs
	 I(S) is importance score for route segment S
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Scoring Renditions

For the rendition selection process, each map 
rendition must be scored.

Two types of scores:
Communicative Score
- how easily a rendition is delivered to a user.
- fixed score.

Importance Score
- fluctuating score for each rendition that would be changed 
over the time as a vehicle traverses a route.
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Scoring Renditions
To get scores...

Communicative Score

- planning to perform a set of user study similar to 
prior visual search study.

- to create a more generalizable theory, 
more detailed feature analysis will be needed.

Importance Score

- will be established through a heuristic
(e.g., use of distance between a rendition and 
a critical point)

- importance score changes for being close to the 
given type of critical point (e.g., next turn, landmark, 
or current vehicle position)
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Scoring Renditions

Importance circles may also be overlapped each 
other to calculate a more delicate importance 
score for each rendition
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Final Placement Tuning

When the renditions placed on the display, we 
may experience unexpected overlapping or 
clutter of renditions.

Final Placement Tuning intervene for 
possible conflicts in the process of allocating map 
renditions.
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Final Placement Tuning

Related work explores point-feature label 
placement (PFLP) (Christensen, Marks & Shieber 1992, 
1994, 1995)

attempts to resolve overlapping issues when placing multiple 
labels on a 2d space.

only focuses on the placement of 
point-feature labels.

to be used with the MOVE system, 
various types of renditions must be 
taken into consideration.

need to determine if we can benefit 
from this work or extend this work.
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Evaluating the Final System

We plan a set of evaluation study to verify 
whether our initial goal has been successfully 
achieved in the MOVE system.
1. Evaluation of algorithms used in the MOVE system.

- a heuristic evaluation study with several interaction design 
experts

- ask designers to generate route maps and compare them 
with the MOVE

2. Comparison to the current in-vehicle navigation systems.

- dual task study in a simulated driving context

- navigational performance and safety measures
(similar to our feasibility study)
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Contributions

This work will contribute a method to present 
situationally appropriate information.

To demonstrate the purpose, this work will 
contribute a design of the in-vehicle navigation 
system that demands less attention while driving.

85



Human-Computer Interaction Institute

Schedule
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Implication of Cursor

Reading the static map - need 2 tasks

Searching for context

Finding needed information

Reading MOVE w/o cursor

Zooming into the context helped the 
participant to reduce search time
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GPS Navigation Examples
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GPS Navigation Examples
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GPS Navigation Examples
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Screen Size	

After market product
relatively small screen display

3.5” ~ 4.5” physical size

320 x 240 (QVGA) ~ 640 x 480 (VGA)

Installed with vehicle
large display

most high-resolution is 1440 x 234, 6.5”

High resolution is important for legibility, details.

Big physical size is important for available amount 
of information.
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