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Human Computer Interaction
with Paper?
« Paperless office has not yet happened!

* Advances in technology makes it easier to use paper as
Interaction media
— Printing as output mechanism
— Scanning as input mechanism

« Paper as a temporary interface
— Multi-step process, e.qg.
» print out a check list on paper
 user interacts with the checklist on paper
« scan & recognize interaction and create a database entry
— for specific scenarios this can be a state of the art solution

Research (e.g. Xerox) and products (e.g. HP printers)
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Paper interface
for photo printing
« E.g. HP PSC 2210 all-in-one

« Steps
— Insert memory card
— print proof sheet (index)
— Select on paper
— Scan selection
— Get your selection printed
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Paper as input medium
(University of Karlsruhe & SAP cooperate research, 2000)

http://www.comp.lancs.ac.uk/~albrecht/pubs/pdf/gellersen mc2001 paper2webl.pdf

Paper-to-Web
« Using the CrossPad as Client for paper based input

 Transparent proxy between CrossPad and Web Server
— Conversion of web forms (HTML) into print documents
— Recognition of handwriting and marks in the paper forms and conversion

' HTML
. printer HTML-to-PDF |+
lMeta data WWW
= ooy > elnk-to-HTTP — .
CrossPad Proxy Server

Application, Results
+ Test in different domains (interviews, inventory)

« Usability: unobtrusive, transparent, custom interface

(additional: paper copy)
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Capture
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Media Capture
Text

« Legacy content (documents, books)

« Technologies for capture
— Scanner
— Digital photo camera
— Results in a bitmap of the text

« Technology for recognition / transformation into text
— OCR (optical character recognition)
— Recognize text and format
— less storage required (if only textual content is of value)
— Allow search in archived documents
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Media Capture
Still images, graphics

Drawing (e.g. cartoon, caricature)
— Atrtistic interpretation

— Digital input (pen, tablet, mouse?)

— Analog creation and digitizing

Photo capture (chemical) and digitizing

— High resolution (e.g. photo for a 4m x 8m poster or A1 Poster
with 100dpi)

Legacy content (e.g. slides, photos, book pages)

Technologies for still image digital capture
— Scanner
— Digital photo camera
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Scanner, examples

« Xerox DigiPath Network Scanner
— Up to 65 pages per minute

— Automatic duplex "“H—%

— document handler with ———N

a 100-sheet capacity 8 \_,..-—':""—'

« Polaroid SprintScan 120

— optical resolution 4000 dpi
— medium-format film scanner

— E.g. theoretical 6cm x 9cm ~
9400 pixel x 14000 pixel = 126 Mega Pixel

— 6cm X 6¢cm scan about 1 minute
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Media Capture
Video

« Record on photographic film and subsequent digitizing

 Digital capture, examples
— DV (e.g. Canon XL1 DV)
— Betacam digital (Sony Betacam SX Camcorder)
— D1 (8-bit uncompressed digital)

« Capture analog video signal
— Digitizing legacy content

http://videoexpert.nhome.att.net/artic3/256atab.htm
http://www.belle-nuit.com/dv/dvddix.html
http://www.jamesarnett.com/2-1-6-4.html
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Alternative Lo-Fidelity
Output Devices

* Visual
— analogue representations:
dials, gauges, lights, etc

* Auditory

— beeps, bongs, clonks,
whistles and whirrs

— used for error indications

— confirmation of actions e.g.
key click
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Incense Clocks

e [...Oneis a 19th-
century Chinese fire
clock (a slow fuse lights
successive
compartments, one at a
time) the other an
iIncense clock. Each
new smell (another
Incense) marks a
passage of time.]

(http://WWW.thisislimitededition.co.u

http://www.nawcc.org/museum/nwcm/

k/printversion_asp?|D=142) galleries/asian/incense.htm
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Aromatic Output for HCI

* From: Joseph "Jofish" Kaye, Making scents: aromatic
output for HCI, Interactions, Volume 10, Number 1
(2004), Pages 48-61

« Humans use their sense of smell
— |s food save to eat?
— |Is there danger due to a fire?
— Relationships

* An almost entirely unexplored medium in HCI

— There are reasons for this: technical difficulties in emitting scent
on demand,

— chemical difficulties in creating accurate and pleasant scents
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Physiology and Chemistry of Smell

« A thousand different kinds of olfactory receptors in our nose, and it

is thought that each can sense a single kind of chemical bond in a
molecule

* No abstract classification
— Examples: how does mint taste? It tastes like ...mint
— Compared to colors: green vs. spinach colored

« Rapidly acclimatized
— Less than 1 minute

« Human Olfactory Bandwidth
— ... hard to tell

— Perfumers and florist can distinguish many different smells - potentially
thousands
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Technology

* Explored in movie theaters and
VR... but not really successful

 Different technologies

www.scenturybd.com/

See for examples: http://www.aromajet.com/game.htm
and J. Kaye, Making scents: aromatic output for HCI

Butz/Schmidt — Medieninformatik — LMU Miinchen — Vorlesung MMI —WS04/05 2004-11-23 - 15


http://www.scentury5d.com/
http://www.scentury5d.com/

ldeas in Smell Output,

Open Questions

« Olfactory Icons

— Smell a shot fired each time you press the trigger in
Quake

« Ambient Notification
— Smell of rose to notify you of a date

The question of what information should be
displayed is fundamental. Olfactory display is
useful for slowly-moving, medium-duration
information or information for which an
aggregate representation is slowly changing.
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Further Uls...

* Bio sensors for
— Stress level
— Excitement
— Tiredness

* Other sensors
— Acceleration
— Proximity
— Force
— Weight
- see instrumented
environments
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Perception and Recognition

* How information is acquired from the world
and transformed into experiences

* Obvious implication is to design representa-
tions which are readily perceivable, e.qg.

— Text should be legible
— lcons should be easy to distinguish and read
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Color contrasts according to Itten (1)
Johannes lItten: ,Die Kunst der Farbe”

Farbe-an-sich-

Dunkel- Kontrast

Kalt-Warm-Kontrast . I
Komplementérkontrast

Komplementarkontrast
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Color contrasts according to Itten (2)

Simultankontrast  Qualitatskontrast
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Which is easiest to read and why?

What is the time?
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Visual Search

V
Voo
Y,
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Preattentative Search
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Attentative Processing

* Aggregation of several attributes
» Goal-oriented comparison of attributes

* Takes longer, but leads to better
memorization of images
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Visual Search 2
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Basic Elements (Julesz75 & Triesmang0)

* Lines and bows

* slopes

* End points of lines

* color

e movement

» Textones, orientation of textones
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Geons (Biederman87)

S BT
DD go%

Object recognition by breaking objects down
into elementary parts: geons (geometric ions)
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Gestalt Laws

* The perception of the whole is more than
the sum of its elements

* The laws are not strictly defined and
describe different classes of observations

* Not just valid for visual but more general
for all cognitive processes
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Gestalt Laws (some of them)

A) .. B) ..
% . o Gesetz der Niahe
.. ..
A) B) -
/N L
\ / Gesetz der Kontinuitat
A) B) \_

Pragnanzgesetz
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Gestalt Perception

» Grouping items into group based on

— Proximity 0000
0000
0000
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Gestalt Perception

» Grouping items into group based on

— Proximity PYPYPAP
9000
9000
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Gestalt Perception

» Grouping items into group based on

— Proximity ® 00
® 00
— Similarity O 00
® 00
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Gestalt Perception
Example

AR

. Keep %

red

o Off
line

o 777
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Gestalt Perception
Exam I

 Keep
off
red
lines
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Change Blindness

 phenomenon in visual perception
 large changes in a scene are not noticed

 Happens when there is a short distraction, e.g.

— “mud splashes”
— “brief flicker”
— “cover box”

http://nivea.psycho.univ-paris5.fr/ECS/ECS-CB.html

Butz/Schmidt — Medieninformatik — LMU Miinchen — Vorlesung MMI —WS04/05 2004-11-23 — 36


http://nivea.psycho.univ-paris5.fr/ECS/ECS-CB.html

Change blindness
example: mud splashes

Butz/Schmidt — Medieninformatik — LMU Miinchen — Vorlesung MMI —WS04/05 2004-11-23 - 37



Change blindness
example: flicker
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Change blindness
example: box
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Thank you for trying WinZip!

Thiz i1z not free zoftware.
Thiz iz a fully functional unregistered wersion for evaluation uze only,
The registered verzion does not dizplay thiz notice.

* For a GERMAM LANGUAGE verzion pleaze ™
* contact Top Svstems, phone 02834-93320 *

Wiew Ewvaluation License | | Enter Heaqistration Code...

| understand that | may use Wincip only for evaluation
purposes, subject to the terms of the Evaluation Licenze, and
that any other use requires payment of the registration fee.

| Agree | | Lt | | Ordening Info
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References

» Change blindness demo applet
http://www.usd.edu/psyc301/Rensink.htm

* Encyclopedia of Cognitive Science:
Change blindness
http://nivea.psycho.univ-
parisS.fr/ECS/ECS-CB.html
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* Involves encoding and recalling knowledge and acting
appropriately

« We don’t remember everything - involves filtering and
processing

« Context is important in affecting our memory

* We recognize things much better than being able to
recall things
— The rise of the GUI over command-based interfaces

« Better at remembering images than words
— The use of icons rather than names
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The problem with the classic 7+2’

« George Miller's theory of how much information people
can remember

o http://www.well.com/user/smalin/miller.html
(The Psychological Review, 1956, vol. 63, pp. 81-97)

« People’s immediate memory capacity is very limited

 Many designers have been led to believe that this is a
useful finding for interaction design
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What some designers get up to...

* Present only 7 options on a menu

* Display only 7 icons on a tool bar

 Have no more than 7 bullets in a list

* Place only 7 items on a pull down menu

* Place only 7 tabs on the top of a website page

« But this is wrong! Why?
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Why??

 |nappropriate application of the theory

* People can scan lists of bullets, tabs, menu
items till they see the one they want

* They don’t have to recall them from memory
having only briefly heard or seen them

« Sometimes a small number of items really is
good design

« But it depends on the task and the available
screen estate
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More appropriate application of
memory research

* File management and retrieval is a real problem
to most users

« Research on information retrieval can be
usefully applied

 Memory involves 2 processes
— recall-directed and recognition-based scanning

* File management systems should be designed
to optimize both kinds of memory processes
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Mental models

« Users develop an understanding of a system
through learning & using it

« Knowledge is often described as a mental model
— How to use the system (what to do next)

— What to do with unfamiliar systems or unexpected
situations (how the system works)

* People make inferences using mental models of
how to carry out tasks
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Mental models

* Craik (1943) described mental
models as internal constructions of
some aspect of the external world
enabling predictions to be made

* |nvolves unconscious and conscious
processes, where images and
analogies are activated

» Deep versus shallow models (e.qg.
how to drive a car and how it works)
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Everyday reasoning & mental models

* You arrive home on a cold winter’s night to a cold
house. How do you get the house to warm up as
quickly as possible? Set the thermostat to be at its
highest or to the desired temperature?

* You arrive home starving hungry. You look in the fridge
and find all that is left is an uncooked pizza. You have
an electric oven. Do you warm it up to 375 degrees first
and then put it in (as specified by the instructions) or
turn the oven up higher to try to warm it up quicker?
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Heating up a room or oven that is
thermostat-controlled

 Many people have erroneous
mental models (Kempton, ‘96)

« General valve theory, where
‘more is more’ principle is
generalised to different
settings (e.g. gas pedal, gas
cooker, tap, radio volume)

 Thermostats are based on the
model of an on-off switch
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Heating up a room or oven that is
thermostat-controlled

« Same is often true for understanding how
iInteractive devices and computers work:

— Poor, often incomplete, easily confusable,
based on inappropriate analogies and
superstition (Norman, 1983)

— e.g. frozen cursor/screen - most people will
bash all manner of keys
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External cognition

« Concerned with explaining how we
Interact with external representations
(e.g. maps, notes, diagrams)

« What are the cognitive benefits and
what processes involved

« How do they extend our cognition?

 What computer-based representations
can we develop to help even more?
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Externalizing to reduce memory load

« Diaries, reminders,calendars, notes, shopping lists, to-do
lists - written to remind us of what to do

« Post-its, piles, marked emails - where placed indicates
priority of what to do

« External representations should:

— Remind us of the fact that we need to do something (e.g. to buy
something for mother’s day)

— Remind us of what to do (e.g. buy a card)

— Remind us when to do it (e.g. send a card by a certain date)
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Computational offloading

 When a tool is used in conjunction with an external
representation to carry out a computation (e.g. pen and
paper)

« Try doing the two sums below (a) in your head, (b) on a
piece of paper and c) with a calculator.

— 234 x 456 =77
— CCXXXIV x CDVI =777

* Which is easiest and why? Both are identical sums
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Annotation and cognitive tracing

* Annotation involves modifying existing
representations through making marks
— e.g. crossing off, ticking, underlining, dog-ears

« Cognitive tracing involves externally
manipulating items into different orders or
structures

— e.g. playing scrabble, playing cards
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Design implication

* Provide external representations at the
interface that reduce memory load and
facilitate computational offloading

e.g. Information
visualizations have
been designed to
allow people to make
sense and rapid
decisions about
masses of data
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Informing design based on our
understanding of users

 How can we use knowledge about users to
inform system design?

* Provide guidance and tools
— Design principles and concepts
— Design rules

* Provide analytic tools
— Methods for evaluating usability
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Mental models & system design

 Notion of mental models has been used as a basis for
conceptual models

« Assumption is that if you can understand how people
develop mental models then can help them develop
more appropriate mental models of system functionality

 For example, a design principle is to try to make systems
transparent so people can understand them better and
know what to do
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The design principle of transparency

Goal: the mental model of the user should match
the conceptual model developed by the designer

* NOT to be understood as literal

» useful feedback

 easy to understand

* intuitive to use

e clear & easy to follow instructions
« appropriate online help

 context sensitive guidance of
how to proceed when stuck
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Summary

« Cognition involves many processes including attention,
memory, perception and learning

 The way an interface is designed can greatly affect how
well users can perceive, attend, learn and remember
how to do their tasks

« The conceptual framework of ‘mental models’ and
‘external cognition’ provide ways of understanding how
and why people interact with products, which can lead to
thinking about how to design better products
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Models and Users

* Why models

» Psychology of everyday things
* Psychology of everyday action
« Seven stages of action

* Models — human and computer
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Skilled Computer Users Answers

* Win2000 desktop

« Text and figures

* |cons and toolbars

* Overlapping windows
« Scroll bars and Menus
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 Task bar and status information

 Handles and a pointer

* Representations of documents
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Basic (Naive) Technical Answers
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* Image with a resolution of 1400x1050 pixels
* For each pixel the colour can be set
* The change of colour can be controlled rapidly
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Perfect User's Answers
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« Background information on a psychological phenomenon
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Example | — Overlaying Windows
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Example || — Scrolling vs. Hand

moving up the scroll bar
moves down the document

N =10 x|

p MIEY

10M% = ‘ 10N .|| F

 What happens really? ;_ﬂ ® DORL™ S
What do we imagine? = >
What is the metaphor? :
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Example || — Scrolling vs. Hand

* moving up the hand
moves up the document

| =10 x|
P =18 x|
@hox =« @ 0NN O - A
° D .
nat happens really” Y

W
What do we imagine?
What is the metaphor?

g ¢ Do S lille » 'k & Sgan + Hadon 8 Jioie

il e e e
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