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transparency
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feedback compatibility consistency help support
Individualisation
- individual individu_al
flexibility Isneltle\gtigr? adaptation

actual degree of freedom

potential degree of freedom
(meta-dialog task)

(programming)




Differences between
the visual and the auditory sense

The two most Important
constrains in interface design

 thecontrol of user's attention

e thephysical size of the screen



feedback modalities

visual

acoustic

haptic

pros

cons

parallel in space

large information
transfer

active eye contact
neccessary

enforces attention
alocation

enables the perception
of background
activities

important for visually

noise through
environment

linear in time

existsonly for a

impaired people short time span

force perception linear intime

object recognition contact with
objects

textur and surface
perception

neccessary




human memory

remember rate
100%

80%
60%
40%
20%

0 3 6 9 12 15 18
timeinterval until remember items (in sec)

internal memory external memory




action
component

motoric
memory

user
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visual m \ haptic
Operation "memory" "memory" "memory" /
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visual output

output-handler (DC
C ¥ |

dialog dialog-

functions (DF)fa—\_0biects (00)/ |—— | states

dialog-component (DC)
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application- application-

Funktionen (AF) objects (AO) | transformation
application component (AC)
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output-handler (AC

representation

application
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user interface




usability

—( computer

training

user-oriented requirement analysis

know the user
describe the context of use
analyse the user‘stasks

decide for man-machine function allocation



the complete action cycle

1 task(s)
goal-, subgoal-setting
4 feedback 2 planning of execution
control of
action selection of means
33 mental operation
3b

physical operation




usability specification map (USM)

global design principles

high level goals

measuring concepts

criteria = metric + extent

control

customization

flexibility

fan degree




scale type examples in the context of HCI
nominal classification of interfaces

(e.g. command, menu, desktop etc.)
ordinal summative evaluation studies

(e.g. CUI versus GUI)
Interval checklist evaluation

(e.g. expert's opinion)
rational quantitative metrics

Methods to Measure Usability Quality

virtual

computer's
Involvement

real

user's involvement
virtua real

formal view: user-oriented view:

formal modelling inquieries,
interview,
mock-ups

product-oriented view: interaction-oriented view:

expert evaluation usability test

—
effort and costs

ecological validity



the advanced Seeheim-model:

application
manager

organisation i / 0 manager dialog manager organisation

[

socio-technical system ]




An abstract concept to describe
usability aspects

function space
FS

perceptible functions hidden functions
PF HF
_perceptible < PN [hidden]
dialog functions ~ dialog functions
PDFIP HDFIP
B
perceptible - — [hidden]
application functions application functions
PAFIP HAFIP




schema of the dialog structure

function: switch
HDFI P| PDFI P] HAFI P| PAFI P

11 10 0 0 “ I

function: file <@ | i n nenu - -
HDFI P [ PDFI P |HAFI P| PAFI P HDFI P| PDFI P | HAFI P| PAFI P
3 3 0 0 14 14 | O 0
nmodul : i nformation J ¢
HDFI P| PDFI P | HAFI P| PAFI P filter: data
10 10 0 0 HDFI P| PDFI P | HAFI P| PAFI P |3
v 2 2 46 1
modul : cal cul ati on -
program data _——
HDFI P| PDFI P | HAFI P| PAFI P HDFI Pl POEI PIRAFI Pl PARI P
10 10 0 0
2 2 56 9




schematic diagram

actual

dialog context i/o-interface HAFIP

| O__Q A.function-1

object space Q_—Q A.function-2

(2 Q__‘ A.function-3

PAFIP DO ® A.function-4

® A.function-5

PDFIP > ® A.function-6

OX©) |

HDFIP —— > ® ® application
component

D.F1| [D.F2| |D.F3| |D.F4

dialog-component
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command language interface (CUI)

act ual
di al og-
cont ext

percepti bl e
function
poi nt

(PF)  —]

di al og
specific

i nteraction
poi nt

i/o interface

application specific
i nteraction point
( HAFI P)

-

A. Function-1

A. Function-2

A. Function-3

( HDFI P) ——\>>

A. Function-4

A. Function-5

A. Function-6

A. Function-7

D. F1

D. F2

application
manager

dialog manager
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menu driven interface (CUI)

application specific

act ual 1/o0 interface i nteraction poi nt
di al og- ( AFI P)
cont ext )/
repr esent a- NC Q__. A. Function-1
tion of an
appl i cation Q__. A. Functi on-2
specific
i nteraction A Function-3
poi nt O‘/_‘ une? on
( RAFI P) 4@ ° A. Function-4
)
repr esent a- O__. A. Function-5
tion of a
di al og specific Q——o A. Functi on- 6
i nteraction
poi nt " O——. A. Function-7
( RDFI P) )
J
di al og application
specific
interaction DFY|DF2| .. manager
poi nt
( DFI P)

dialog manager
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direct manipulative interface (GUI)

act ual : ; P
) . . application specific
di al og- i/o interface i nteraction point

cont ext (AF| P)
repr esent a-\ﬁ/—\ )(

tion of an O o A. Function-1
application
specific O A. Function-2
i nteraction
pol nt .() Py A Function-3
( RAFI P)
O ® A. Function-4
representation
of a dial og Q PS A. Function-5
specific
i nteraction O ° A Function- 6
poi nt
( RDFI P) : :
& application
di al og
specific manager
Ip(r)];[ ﬁ{ action D.F1 | D.F2
(DFI P)

dialog manager



——quantitative measure of "functional feedback":

D
FB = 1/D ) (#PFa / #HFd) * 100%
d=1

guantitative measure of "fan degree":

D
FD =1/D ) > Post ( Dy, t)
d=1 fOHAFIP

——(quantitative measure of "dialog flexibility":

D
DFI = 1/D ) #HDFIPd
d=1

——quantitative measure of "application flexibility":

D
AFl = 1/D ) #HAFI Pd
d=1




guantitative measure of "feedback":

D
FB = 1/D ) (#PFda / #HFd) * 100%
d=1

——(quantitative measure of "interactive directness":

P
ID={1/P > mn[lng(PATH)] }-t * 100%
p=1
[visual] feedback (FB)
low high
menu
batch _
low interface
Interactive M
directness Jeskiop syle
(|D) command
. direct
high language mani pul ation
Cl DI




The outcomes of nine (9) different comparison studies between

command (Cl) and menu (MI) interfaces.

"Cl < MI" means that the average usage/preference with/for Ml is better than with/for ClI;
"Cl = MI" means that there are no published data to decide;
"Cl > MI" means that the average usage/preference with/for Cl is better than with/for Ml;
"sig." meansthat p < 0.05; "not sig." means that p > 0.05

Reference

Streitz et al. (1987)

Chin et al. (1988)

Ogden & Boyle (1982)

Roy (1992)

Roberts & Moran (1983)

Chin et al. (1988)

Peters et al. (1990)
Peters et al. (1990)
Peters et al. (1990)
Ogden & Boyle (1982)

Roy (1992)
Antin (1988)

interface
Cl, Ml

Cl, Ml

Cl, MI, HY
Cl, Ml

Cl, Ml, DI
Cl, Ml

Cl, Ml, DI
Cl, Ml, DI
Cl, Ml, DI
Cl, MI, HY
Cl, Ml

Cl, MI, KMI

Hauptmann & Green (1983) CI, MI, NO

Hauptmann & Green

1983) CI, MI, NO

Hauptmann & Green (1983) CI, MI, NO

Whiteside et al. (1985)

Antin (1988)

Roberts & Moran (1983)
Whiteside et al. (1985)
Streitz et al. (1987)

Antin (1988)

Whiteside et al. (1985)

Cl, MI, 10
Cl, MI, KMI
Cl, Ml, DI
Cl, MI, 10
Cl, Ml

Cl, Ml, KMI
Cl, MI, 10

skill leve
beginner
beginner
beginner
advanced
experts
experts
experts
experts
experts
beginner
advanced
advanced
beginner
beginner
beginner
beginner
advanced
experts
advanced
advanced
advanced
experts

usability metric
task solving time
subjective rating
preferences
error rate

task solving time
subjective rating
slips

recognition errors
efficiency

task time

task solving time
subjective rating
task solving time
number of errors
subjective rating

task completion rate

preferences

outcome
Cl<MI
Cl<MI
Cl<MI
Cl<MI
Cl<MI
Cl<MI
Cl<MI
Cl<MI
Cl<MI
Cl<MI
Cl<MI
Cl<MI
Cl=MI
Cl=MI
Cl=MI
Cl> Ml
Cl> Ml

error-free task time  Cl > Ml

task completion rate ClI > Ml

task solving time

Cl> Ml

task completion rate CI > Ml

task completion rate CI > Ml

result
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.

not sig.
not sig.
not sig.
not sig.
not sig.
not sig.
not sig.
not sig.
not sig.
sig.
sig.
sig.
sig.



The outcomes of twelve (12) different comparison studies between
command (Cl) and direct manipulative (DI) interfaces.

"Cl < DI" means that the average usage/preference with/for DI is better than with/for Cl;
"Cl = DI" means that there are no published data to decide;
"Cl > DI" means that the average usage/preference with/for Cl is better than with/for DI;
"sig." meansthat p < 0.05; "not sig." means that p > 0.05

Reference
Altmann (1987)

Karat et al. (1987)

Streitz et al. (1989)
Sengupta & Te'eni (1991)
Margono et al. (1987)
Morgan et al. (1991)
Morgan et al. (1991)
Karat et al. (1987)
Morgan et al. (1991)
Margono et al. (1987)
Morgan et al. (1991)

interface
Cl, DI
Cl, DI
Cl, DI
Cl, DI
Cl, DI
Cl, DI
Cl, DI
Cl, DI
Cl, DI
Cl, DI
Cl, DI

Torres-Chazaro et al.(1992) ClI, DI

Sengupta & Te'eni (1991)
Tombaugh et al. (1989)

Cl, DI
Cl, DI

Torres-Chazaro et al.(1992) Cl, DI

Roberts & Moran (1983)
Peters et al. (1990)
Peters et al. (1990)
Peters et al. (1990)
Margono et al. (1987)
Morgan et al. (1991)
Tombaugh et al. (1989)
Roberts & Moran (1983)

Altmann (1987)

Masson et al. (1988)

Cl, Ml, DI
Cl, Ml, DI
Cl, Ml, DI
Cl, Ml, DI
Cl, DI
Cl, DI
Cl, DI
Cl, Ml, DI
Cl, DI
Cl, DI

skill level
beginner
beginner
beginner
beginner
beginner
beginner
beginner
beginner
beginner
beginner
beginner
beginner
beginner
advanced
advanced
experts

experts

experts

experts

beginner
beginner
advanced
experts

beginner
advanced

usability metric
task solving time
task solving time
task solving time
task solving time
number of errors
number of errors

time between errors
error correction time

error-free time
subjective rating
subjective rating
subjective rating
efficient usage
subjective rating
subjective rating
task solving time
oblivion's errors
recognition error
efficiency

task solving time
task solving time
task solving time

outcome
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI
Cl< DI

error correction time CI < DI

subjective rating
task solving time

Cl> Dl
Cl> Dl

result
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.
sig.

not sig.
not sig.
not sig.
not sig.
not sig.

sig.
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Playing time per game

500 T — —
{ Cell Line Chart for "playing time"

450 - Grouping Variable(s): Interface type -
1 Error Bars: £ 1 Standard Deviation(s) [

__ 400 B
\(/)/ E L
@ 350 - T B
g . 5
S 300 T R
[} 1 L
£ 250 1 =
5, ] ) i
c 200 ] [
o (@)
= 150 7 R
= 1 i
O 100 7 1 [
50 7 | | B
0 - ' ! T
Cl M Tl DPD
~g—p<.001——p<.01—»—g—p<.001
- p<.001 L
- p<.001 -
- p<.001 -

Winning chance per dialog technique

user win Cell Line Chart for "winning chance"
Grouping Variable(s): Interface type
1 Error Bars: £ 1 Standard Deviation(s)
remis B
D
(9\€)_/_€
computer win B
Cl M Tl DPD
~—<.020——p<.080——g—p<.001>
- p<.802 |
- p<.001 |

- p<.007 -




Architecture of a
Natural User Interface (NUI)

Communication & Working Area

Electronic

documents
P ap er i s
7 e
&2

Working Area

Wellner P, Mackay W, Gold R:
Computer-Augmented Environments: Back to the Real World. (1993)

Fitzmaurice G, Ishii H, Buxton W:
Bricks: Laying the Foundations for Graspable User Interfaces. (1995)

Tognazzini B:
Tog on Software Design. (1996).
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About HCI in general:
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J. Preece, Y. Rogers, H. Sharp, D. Benyon, S. Holland, T. Carey: Human-Computer Interaction.
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About design principles:
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