Wear abl e and Mbhil e
Hu man Co mput er

| nt er acti on

Prof essor Thad S ar ner
Contextud Conputing Goup
GVU Center, Georg a Tech

What If You Cod d...

* Reference the worl d s know edge anyti e,
anywher e?

« Bereninded o your past experiences
when you nost needed t he m?

e Communi cate wth anyone, anywhere, a
anyti me?

e See critiques, historicd irformation,
di agnostics, etc. overladinappropriae
pl aces inthe physicd worl d?

Thad Sarner, GVU Center, Georga | CAT2004

Georg a Tech/ MT Gybor gs:
living expri ment

The Mohil e Advantage

« “Augmented me mory”
e “Augnmented redity”
e “Intdlectud advant ages”

Thad Sarner, G/U Center, Georg a | CAT2004

Qutli ne

M s on

Abt o hstory

Human Computer Interface
Chall enges d Mhility
Text entry

D sp ays

Cest ure systens

Experi nents

Thad Sarner, G/U Center, Georg a | CAT2004

Sciencels Begnningto
Look Li ke Sc ence Hction

0 Sci encefiction witers are payi ng atertion
and provi de good scenari os/ moti vati on
based on current research!

0 Synt hetic Serend pity, Fast Ti mes at
Fair mont Hgh (M nge)

o Hstoricd Qiss(Kngsbury) inFar Futures
ant hd ogy ( Benf or d)

0 The Damond Age, Snowcrash
(S ephenson)

hadQ@ahdl ARAs kehbe Net (Sirling) | CAT2004




Wearable Computing M s on

« Pocket or dathing based computing
— Core unt: CPU RAM storage, onbody net work, of-
body net work, and battery (Intd’s persona server)
¢ Runs entire day

« Wréess peripherds dstributed on the body
— Choose peri pherd s for the task
* MP3 payer: +headphones
* Wrdess messag ng +keyboar d
« Email & web browsi ng +dspay
» Cancorder: +canera
— Alows rapdtesting of interfacesin market

Mobil e Technd ogy Trends
(1990- 2003)

* Exponentid
technd ogy
i mpr ove ment .
— 256X RAM i.
— 900X CPU
— 4000X d sk

« Laggd ng technd ogy
— 30X wrdess speed

— 3X battery jo
‘ [| EEE Conputer2002] & ==
On- body Co mputing
Out sdls “Persond Brief Hstory

Co mputers” in 2003
* 533 M nobile phones

e 24M MP3 p ayers
* 164 Ml aptops, desktops, and servers
(Gartner, 1 DQ

* More e meil sent v a phonein Japan than
home PC ( Newsweek)

e Motorda “W don't make phones, we
make wearabl e conputers.”

Thad Sarner, G/U Center, Georg a | CAT2004
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M niaure Head-up Dspays

M croOpticd prescription
di sp ay eyed asses

0.094/48¢

Keyboar ds

e Tw dd er
—Chor d ng
—In5 nin dphabet
—1In 1 hr touch typ ng
— Speeds >60 wpm

« Embra der it i
j acket! ¥

Thad Sarner, G/U Center, Georg a
Tech

| CAT2004




Char M T Wearabl e
Co mput er

266 MHz Intd Pentiumor 800 MHz Trans neta

“Charmit" Wearable Kit

Qui ck Survey

*« How many peop e

S —Own one?
bosrd & ]
oA Y Pcy, 10, (
fVGA % gy, £
) ' jusB
i |
* Ethernet
e
Greg Priest-Dorman
\ gpriest-dorman@charmed.com
Thad S arner, ?:Ehaemer. QorEWVW\l char TTEd co TT) | CAT2004 Thad Sarner, (_?iu Center, Georga | CAT2004

Qui ck Survey

e How many peopl e
—Own one?
—Haveit wth you?

Thad Sarner, G/U Center, Georga | CAT2004
JTech

Qui ck Survey

 How many peop e

—Own one?

—Have it wththen?
e On averagein ny tdks

—~50% own

—~25-50% of owners haveit withthem
e Many probens - inefaceis key

Thad Sarner, G/U Center, Georg a | CAT2004

Tec)

Why not a PDA?

e Too much cognitivel oad
— Aug ment, not rep ace task
— Two hands, bot h eyes

e Soci dly awkwar d

e Lowfunctiondity
— Input speed
— Dat a storage
— “Hot sync” efect
— Appli cati ons

Thad Sarner, G/U Center, Georga | CAT2004
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Verticd Markets

War ehouse picki ng
I nspecti on

Mai nt enance
Repair

“Li ne- busti ng”
Security

e Mlitary (Land Warri or/ Pacific
Consutants)

Thad Sarner, G/U Center, Georg a | CAT2004
JIech




What is HO?

The study o peopl e and computi ng
technd ogy and t he way they
i fl uence each ot her

Thad Sarner, G/U Center, Georga | CAT2004
L

Why study HQ?

We are surrounded by unusabl e and
i neff ecti ve syst e ns!

It's not the user’s faut!

Costs are ighin $$, ti me, frustration,
m ssed opport unities

“Fdk HQ” isn't the answer

Thad Sarner, G/U Center, Georga | CAT2004
Iech

Concepts, Pindf es,
Gui ddi nes

* No “cookbooks”
* No si npl e universd checKists
» There are many concepts, prind f es,
and gu ddines
Under stand the h gher leve prind ges
that appy across situati ons, dsp ay
types, etc
e | mpl enent the standar ds and

gui ddi nes

Thad Sarner, G/U Center, Georg a
I

| CAT2004

U Design Aindpes (Dx et
a.)

e Categories
1. Learnahbility
« support for learning for users of al levds
2. Hexhlity
¢ support for multige ways o da ng tasks
3. Robust ness
* support for recovery

Thad Sarner, G/U Center, Georg a | CAT2004
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Faneworks for HQ

“Fdk HA”
e Humans as Sensory processors

—Hu man factors, experi nental psych
e Humans asinerpreters/predctors
—Cognitive psych, A
Hu mans as actorsin environnent
—Activity theory, ethnography, ecd psych

Thad Sarner, G/U Center, Georg a | CAT2004
Ie

What nakes a system
“usabl e”

e Humans as sensory processors
—Ht wth human li mts

e Humans areinerpreters/ predctors
—Ht wth know edge and task

e Humans as actors

—FHt wthtask environment and soci d
cont ext

| CAT2004

Thad Sarner, G/U Center, Georg a
Tec




HA WMet hods

* Hu mans as sensory processors
—Quantitati ve evd uati on

e« Humans areinterpreters/ predctors
—Task and ysis, Cognitive wa kt hr ough

e Humans as actors

— B hnographi cfid d work, partid patory
design

Thad Sarner, G/U Center, Georg a | CAT2004
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Cognitive Framewor ks

Model- Human P ocessor (Card,
Mor an and Newell)

Stuated Action (Such man)
Activity Theory (Wgot sky, Nard)
O stri but ed Cogniti on ( Hut chi ns)

Thad Sarner, G/U Center, Georga | CAT2004
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Two view o interacti on

e Interaction wth
— Softwere as atod or machi ne
— Interfaceis usability-eng neered me mbrane
— Human as processor &interpreter nodels
¢ Interactionthrough
— Software as mediumtointeract wthtask ohjects or
peopl e
— Inerface days ardeinsodd context
— Human asinterpreter &actor nodel s

Thad Sarner, G/U Center, Georg a | CAT2004
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Parad gmshifts

Net wor ks and ti ne-
shari ng

M deo dspay unts

Programm ngtod kits

Persona conputi ng

Drect mani pu ation

Language vs. action
(agents)

Hypertext/ WWW

W ndows Mul ti- nodality
Met aphor s CSCW
Ubi quit ous
## People/# Computers n/out Y “p'Fetéh' ) Style

Thad Sarner, G/U Center, Georg a | CAT2004
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Parad gm Shifter: Vannevar

_ Bush
« “As W May Think” - 1945 Alartic Monthy
“ ..publication has been extended far beyond our
present ahbilityto makered use o therecord.”
« Postuaed Memex device
— Sores dl records/ artid es/ communi cations

— Itens retrieved by indexing, keywords, cross ref erences
(now cdl ed hyperlinks)

— (Envisoned as mcrdil m not conmput er)

¢ Interactive and nonlinear conponents are key

Thad Sarner, G/U Center, Georg a | CAT2004
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Parad gm Shifter: JR L cKider

. 1960 - Postu a ed F
“man-conput er sy mbi osis”

e

e Couple human bra ns
and computi ng machi nes
tightly torevd uti on ze
ifor mati on handing

Thad Sarner, G/U Center, Georg a | CAT2004
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Parad gm Shifter: lvan
Sut herl and

e SketchPad - ‘63 PhDthesisa MT
—Herarchy - pctures & subpictures
—Master pcture wthinstances (ie OOP)
—Constrants E 7\
—Icons : "
— Copyi ng
—Light penforinput
— Recursive oper ati ons

Thad Sarner, G/U Center, Georg a | CAT2004
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Parad gm Shifter: Dougdl as
Engd bart

e Land mark systen de mo:
— Mouse, wndows
— Hypertext
— Multi nedi a
— Hghres dspay,
— Sharedfiles, CSCW r
— Hectronic nessag ng, td econferencing, ...

e Inventor of nouse and a chord ng keyboard

Thad Sarner, G/U Center, Georga | CAT2004
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Parad gm Shifter: A an Kay

e “Persond Conputing”

» Dynabook: Notebook s zed
comput er | oaded wth
mul ti medi a and can
st ore everyt h ng

» Desktopinterface nmetaphor

Thad Sarner, G/U Center, Georg a | CAT2004
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Parad gm Shifter: Ted
Nel son

e Computers can hd p
peop e nat just busi ness

e Coinedter m“hypertext”

Thad Sarner, G/U Center, Georg a | CAT2004
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W MP

« Wndows, Icons, Menus, Po nters

* Ti meshari ng=nulti-users; now we
need mutitask ng

W MPinterface dl ows you to do
severd thngs s nultaneously

Has becone the famliar GU
interface

Xerox Ato, Sar; early Appl es

Thad Sarner, G/U Center, Georg a | CAT2004
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Orect Mani pu ation

e 82 Shne der man descri bes apped o
gr aphi cdly-based i nt er acti on
—ob ect Vg hblity
—incrementd action and rap d feedback
—reverd hility encour ages expl or ati on
—rep acel anguage wth action
—syntactic correctness o dl acti ons

* WS WG Apple Mac

Thad Sarner, G/U Center, Georg a | CAT2004
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Met aphor

o Al useis problemsdving or | earn ng
to some extent

* Rel ating conputing torea-world
activityis efectivelearnng
mechani sm
—FHle manage ment on dfice deskt op
—Hnancid andysis as spreadsheets

Thad Sarner, G/U Center, Georg a | CAT2004
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Speech, Language?

e Actions do not d ways speak | ouder
than wor ds

e Inerface as nedi ator or agent

e Language parad gm

e How good does it need to be?
—“Tricks”, vocabu ary, donei ns

e How “human” do we want it to be?
—(HAL, Bob, Paper Gip)

Thad Sarner, G/U Center, Georga | CAT2004
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Multi nodality

* Modeis a human
communci ai on channe

—Not just the senses
e. g, speech and non-speech aud
aretwo nodes

« Emphasis on s multaneous
use o multipge channdsfor I/ O

Thad Sarner, G/U Center, Georg a | CAT2004
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Hy pert ext

e Think of irfor mation not as linear fl ow but as

0o f Hype (=]

i nterconnect ed nodes
¢ Nel son's hypertext
e Bush's MEMEX
¢ Non-linear browsi ng
« WWW* 93

e Hyper ned a

Thad Sarner, G/U Center, Georg a | CAT2004
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The I nterconnected Web

= 00k .
' | o« The Networkisthe Computer
metmens | : e g sei @home

O
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Lecn

CSCW

Co mput er- Supported Cooper ative
Wor k

No | onger sind e user/sing e system
Socid aspects are crucid (mcro
soci d)

E nmeil as proninent success but

ot her groupwar e still nat w dely used

Thad Sarner, G/U Center, Georg a | CAT2004
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Ubi quity

Personis nolonger user of virtud
devi ce but occupant o \rtud,
comput ati ondly-rich environment

Can nolonger ned ect macro-sod d
aspects

Late‘90s - PDAs, VEs,

Thad Sarner, G/U Center, Georg a
Tech
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Copy Experi nent

Bet ween-sulyj ects desi gn
Pair-up (second hands?)

Task 1 Copy “Thanksto’ page
Task 2 Copy “Ubi quity” page
Two courses (A B

NASA TLX

[vest video, experi nentsinthe fidd

Thad Sarner, GVU Center, Georga
h

| CAT2004

Contrdled S ud es

CMU VuMan3 (Seworek/ Smail agi ¢)
— Mlitaryinspecti on task
— 2:1 savingsin personnd
— 40 %faster
— Custom desi gn ( many desi gn gener ati ons)
Georg a Tech Task Qi dance (Qcker man)
— Small arpaneinspection by plas
— Basic manua emul ati on— no feedback
— Wearabl einterface hi ndered expert!

* 9 nil ar to checKist?

* Providng context he ped

Thad Sarner, G/U Center, Georga
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Sy mbol Technd ogies W5
series

Thad Sarner, G/U Center, Georg a

Tec)
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Sy mbal’s Success

$5 nillion deve op ment costs

— Peopl e sweat

—Body ar nor

— R astic wears

—Wearer buy-inthrough denonstration
> 100, 000 units; $3500-$5000 list
Uni que dfferentiat or

New markets

Thad Sarner, G/U Center, Georga

Iec)

| CAT2004

Speed of Access Experi ment

Pair up
Person A ti ner
Person B sulject?

Show of hands hi st ogram

Thad Sarner, G/U Center, Georg a

Tec)

| CAT2004




Application: Cd endari ng

* One of the nbst common PDA
appli cati ons
* One of the nost desired functi ons

e Cccursroutindyinsodd
conver sati on

Scheduling Device Survey

e 138 subects
— Georg a Tech student center
— 90%students; 88% age 18 25; 70% male
e Survey
— What is your pri mary scheduling system while nobil e?

— 8 Likert scd e questions on efectiveness, ease of use,
speed, and rdiahility

— Open response questi ons

— One-on-one .
* Schedu efour appa nt ments
— Conf erences
— Meeti ngs
e AN ecect diobservati on of | CAT2004 Thad Sarner, G/U Center, Georga 1 CAT2004
Tech Tech

Appo nt ment Tasks

e “Cou d we neet soneti me next
Monday?”

* “Cou d we schedu e atime to neet in
the second week o February?’ (three
monthsinfuture)

* “Cou d we schedu e atime to neet
tomorrow?”

e “Cou d we reschedu e our
appa nt ment i n February fromt he
Thad Sarleo'l;:ybld'rv@, mﬁa 11t h?” | CAT2004

M deot aped I nt er acti ons

Scheduli ng device Subj ect v ew

Ti med retrievd, navi gation, and entry

Thad Sarner, G/U Center, Georg a | CAT2004
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Actud vs. Ga ned Usage

Me nory | Scrap A anner | PDA Q her # Used

vemory (24 |9 |16
srap 11 |13 13

FIEEEES
~
w
N

A anner 14 1 16
PDA 8
Qi |9 1 6 8

el 2| 26 22 44 14 15 121
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Actud vs. Ga ned Usage

Me nmory | Scrap A anner |PDA Q her # Used
Selonlion 9 16 4 4 57
Serap |1 13 13 1 4 32
TS 14 |1 |1 16
PDA 8 8
Q her 1 1 6 8
zaa ™26 22 44 14 15 121

Thad Sarner, G/U Center, Georg a | CAT2004
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Actud vs. Ga ned Usage

Me mory | Scrap P anner |PDA Q her # Used
Memory | 24 9 16 4 4 57
Serap 11 13 13 1 4 32
Fanner 14 |1 1 16
PDA 8 8
Q her 1 1 6 8
308‘“ 26 22 44 14 15 121

Thad Sarner, G/U Center, Georga | CAT2004
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Actud vs. Ca ned Usage

Me mory | Scrap Hanner |PDA Q her # Used
Memory | 24 9 16 4 4 57
Serap 1] 13 13 1 4 32
Flanner 14 |1 1 16
PDA 8 8
Q her 1 1 6 8
zaa ™ 126 22 44 14 15 121

Thad Sarner, G/U Center, Georga | CAT2004
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Abandonnent rates

* 43 % of PDA users swtched
* 68% of danner users swtched
« Me mory and scrap paper dom nated

* Hypothesis. Wsers swtchto
mechanisns that arefaster to access
(s nilar to Mller68?)

Thad Sarner, G/U Center, Georg a | CAT2004
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Ti mng (i n seconds)

Devi ce|Retrv. |Navig |Retrv. |Entry |Totd

+
Scrap |17.8 NaveG 181 [35.9

Pann [11.8 |7.6 19.4 (125 (319
er

PDA (11.0 |12 7 |23.7 |140 |37.7

Thad Sarner, G/U Center, Georg a | CAT2004
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Ti mng (i n seconds)

Devi ce|Retrv. |Navig |Retrv. [Entry |Totd

+
Scrap |17.8 Naveg 1181 [35.9

Rann [11.8 |7.6 19.4 (125 |319
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PDA (110 |12.7 |23.7 (140 |37.7
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Ti mng (i n seconds)

Devi ce|Retrv. |Navig |Retrv. |Entry |Totd

+
Scrap |17.8 NaveG 181 [35.9

Rann [11.8 |7.6 19.4 (125 (319
er

PDA (11.0 |12 7 |23.7 |140 |37.7

Thad Sarner, G/U Center, Georg a | CAT2004
Tech

10



Ti mng (i n seconds)

Ti mng (i n seconds)

Device|Retrv. |{Navig |Retrv. |Entry |Totd Device|Retrv. {Navig |Retrv. |Entry |Totd
+ +
Scrap |17.8 Naved 1871 [35.9 Scrap |17.8 Naved 118 1 [35.9
Rann [11.8 |7.6 19.4 |12.5 (319 Fann [11.8 |7.6 19.4 |12.5 |31L9
er er
PDA |11.0 (127 |23 7 |140 |37.7 PDA |11.0 (127 |23.7 (140 |37.7
Thad Sarner, GVU Center, Georg a | CAT2004 Thad S arner, G/uh(kmen Gorga | CAT2004
Ti mng (i n seconds) Actud vs. Ga ned Usage
Me nmory | Scrap A anner |PDA Q her # Used
Devi ce|Retrv. |Navig |Retrv. [Entry |Totd
4 Selonlion 9 16 4 4 57
A Scrap
Scrap |17.8 NavB3 (181 [35.9 1 s N Ca
) TS 14 1 1 16
Fann [11.8 |7.6 [19.4 (125 |319 PoA 8 8
er Q her 1 ‘1 6 8
PDA |[11.0 (12.7 |23.7 |140 |37.7 #dam |06 22 ‘44 ‘14 15 121
d

Thad Sarner, VU

Center, Georg a
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Abandon ment by Task
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Scrap Planner

Primary device claimed on questionnaire

Thad Sarner, G/U Center, Georg a
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Buff ering | nfor mation
for Later Entry

« 42%aof scrap and nenory users sa d
they wou dlaer enter appa nt ment
inanot her systemfor first (“next
week”) appo nt ment

* 86 %for second (3 nonths away)
appoi nt ment

¢ Reduce cognitivel oad? Socid efect?

Thad Sarner, G/U Center, Georg a | CAT2004
Tech
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Summary

¢ Overdl usage speedis s nilar between net hods

e Userstendtoswtchtofaster access systens
when scheduing appa nt nents when nobile

* Appoint ments buffered for later entry

— Eventhough 2Xin overhead (waste a minutelaer to
save a second duri ng conver sati on)

— Transfer to norefor mel devices for nore dstant events

¢ Future work: Larger study on dofice workers

Thad Sarner, G/U Center, Georg a | CAT2004
h

Just-i nrti me | fformati on
Retri evd

e Automaticdly provi deinfor mati on
« Based onlocd environment
e Do it wthout driving peopl e nuts

Speech Agent Experi nent

* What if you want ed a speech-enabl ed
agent runni ng dl the ti ne?

« What wou d you do wthit?
e How woul d youi npl ement it?

Thad Sarner, G/U Center, Georg a | CAT2004
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The Jane Experi ment

e Conti nuous aud o based agent
— Inspired by Card s “Ender’'s Game”
— Accessto user’'s e nail
— Internet search eng nes
e Wzard of &z experi nent faled:
— “Agent” cou d not respond qui cky enough
— Audi 0 out put was i nterruptive
— Not enough context to be pro-active

— Context cou d not accumul at e due to

experi ment d

Thad Sarner, G/U Center, Georg a | CAT2004
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Vocdl ect Series

Thad Sarner, G/U Center, Georg a | CAT2004
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