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Chapter 3: Basic HCI principles
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Basic HCI Principles

 Users and Developers

» 3 Usability Principles by Dix et al.

» 3 Usability Principles by Shneiderman
 Human Error

» Background: The Psychology of Everyday Action
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What the User Sees

» Users see only what is openly visible!
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» Users have little idea about:
— architecture,
— state transitions,
— dependencies
— application context
— system restrictions
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A Computer Screen and its Interpretation

 What do we see?”?

 What is shown?

* What is the meaning?
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Answers from Skilled Computer Users

* Win2000 desktop

» Text and figures

* |cons and toolbars

* Overlapping windows
» Scroll bars and menus

 Task bar and status
iInformation

* Representations of
documents
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Basic (Naive) Technical Answers

» 2-D surface
» Controllable pixels

* 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

* Meeting notes
» Budget for next year

 Request to write a
technical article

» Background
information on a
psychological
phenomenon

My work environment

11T ingrbetiote brtorabtion Arecht -Schmid doc - Micross ord
Qoo Beateten At Srfugen Fomel Eve Titele Forawr ]
sHloEs@o

[ty e — algi x| X
Unmwywtbﬁm&rnqtgno‘-ctce—:_ %

‘FHoN QY f<s - TR B Xl
Erdaiige Vermon et as e o s Seecicen. &N AN I\ L AN =2 NRO A BAS Y BBeT Ax-FHN BT €7

)G AL WL LIPS .n.?J]!J v :

- - v e D DD Vah Wacrtes Pveda I LN JdY BV ks Eandws 'IW'C 3

Cogeefersiomcqarmmre S| R &K S DNG O O FiD~S Bl Bow Begpemen=| " 72" o

sheviste | j“)'.ﬂv-( Q- - v & (wtewe M omg lancy o )
e e e e e e - 6 (aRewchac WAce o b
ASEess W) by o personal pes edabmers/bye et 100, Porsiolo/20Promct. S Propect] ] bewd &| ft s:wmram::n:
- G (MhencraQcomg lncs a )
Nam Foender, Drock ward, Greg Thom S (wtewchalicomg lance ac vh)
6T ot | 6 (encthalcomg Mo d X A

woup | S (Rrwchacomg ey &

-
G (MRenctacomg lani s o A
)

Posterapwe) - Vicrosolt Outhook PU-TTT g
K L >drxk q Lfrm VIS At e e el - [Q. -
S+ O Artworien @ Alen artworten o8 Weterieten ¢ Serdantapfanoen Geladhos Nachrchten permarert Dachen S 5uchen T
Dt Dewbteten Srecit EBacorten Extm Spren B
jerfoes s - “ Posteingang Adeyrm <o
punoda Outiock-Verkniphun  Ovberiie X 1D Bt ot (L S | .
s D corfenry es o)l O ¢ i
— 49 © crrert pepers o @ v Pty o St By Damdurs Tl ' -
. 5 D Dxderatets <
8 Corm Outhock Pt iy - ) @ oy Downdery ol <ol bw Py WEAT 2000 i P e
A © doc-mart A Send g P b S0 Rateth 1 haw Medwuds . Tae il 3 koo
Ay * Db ) Piwl Cogen won Ay ndCAY phdons b bod Tl ' g o
e Defn ) S bo Mt o vath rw 53 ' bom
Postergarg (434) © rated B o
u O rener ) Aen M S0wal  ADeal YT e . ko~
: = oA 15 o conmmeemmowme  tens- - SN
< K -
g P réarmes n © I ge Jehan sl sTe Bt N ) 0 T VR . e -
- Postergwg (25) isve PP 2 et .
> O order [ ——
'6 D parent [ I L P
S * O Prabthors Ardagree 0111 rgmbetions St dtum Sy Sbwd o (78400 P
- O proects "
- D Proschod Jilaber Becr Frof. Wuif, g ycom
- = "' . liabat 39t Sa9 ADSLIACT Cume #1048 Beiteeg in it- |
o . 3 prufungen TAOIMAL 306 TOORAO JOgY SOGid Aulgale “Redieaialormet IN".
Sorrw Verkngpfurgm O Resoarch Cortact |
Westere Varkruphan . o1 - P g _J:J ITI005s "Eanmbatiote Indenad ion = Tvubisse vos Besesh wadt =)
) .
s -
J153 Bermerte, 25 ungelesen
I"\“"".‘p TERF T T e "“"“"'n"; T IR T NS T TR TR e
- A ' ~ . . LA ' - " ’ . . A L
"alise
Iectrwns U Agoformens . HNACL2 > g-Am 20n.
Sotn 1 LB Vi Beil%m 2ol %1 Dutsh (D ©

Ron] WA LEENOREE " S BN

H o e FEQIML DAL~ K04 0 v

LMU Miunchen — Medieninformatik — Andreas Butz — Mensch-Maschine-Interaktion 1 — SS2013



What does this mean in terms of models?

» different levels in an interactive system
—represented model . _—

—inplemented model | \ﬂ

! Represented hlmpl.l

Mental \ Model Model

Model ‘
H3 C1 Input
Ergonomics OQutput De

Conceptual
Model

* different levels of interpretation
—depending on computer skills
—depending on domain knowledge
—depending on familiarity
—this will create the mental model!
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Metaphor Example 1 — Overlaying Windows

* What is the meaning of the fact that a window is behind
another window? e S o e T T R e e
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Metaphor Example 2 — Scrollbar vs. Hand

* Moving up the hand Moves up the document

* \What happens in reality”?
What do we imagine? oo o , =

. | J[ I = o 4
What is the metaphor? . ‘ . 7 f

5’; er? | 1Hz=1/s C"
: Sinus-Signal ‘
g Beispiele periodischer Signale
g 1 P agezah

| |
. A ;

o = 14 4 q *
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Metaphor Example 2 — Scrollbar vs. Hand

* Moving up the scroll bar moves down the document

* \What happens in reality”?
What do we Imaglne’? (606 < dmé.pdf
WI" at |S the metaphor? g Beispiele periodischer Signale
1 | , ‘ ’ Sagezah
:’? I Rechteck | TR hre W Dreieck
| |
Gradmaf und Boaenmalf
LS 14 4 3von28 P pf | O
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Metaphor Example 2 - Scrollbar vs. Hand

* Adequacy of interaction mechanism depends on

content displayed
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Types of Design Rules

* Principles
—abstract design rules > | Principles
- ©
* Golden rules and heuristics s golden rules
f A & standards
—more concrete than principles &
= desi tt
» Standards 3 eS|g: ||oa er;‘
—(very) detailed design rules 2 >Yie 9HIEES
o Design pattern iIncreasing authority

—generic solution for a specific problem

» Style guides

—provided for devices, operating systems, widget libraries

(Authority: whether or not a rule must be followed or whether it

IS just suggested, Generality: applied to many design situations

or focused on specific application situation.)
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Usability 101 (by Jakob Nielsen)

» “Usability is a quality attribute that assesses how
easy user interfaces are to use. The word ‘usability’
also refers to methods for improving ease-of-use
during the design process.”

» Usability has five quality components:

— Learnability: How easy is it for users to accomplish basic tasks the first
time they encounter the design?

— Efficiency: Once users have learned the design, how quickly can they
perform tasks?

— Memorability: When users return to the design after a period of not
using it, how easily can they reestablish proficiency?

— Errors: How many errors do users make, how severe are these errors,
and how easily can they recover from the errors?

— Satisfaction: How pleasant is it to use the design?

LMU Munchen — Medieninformatik — Andreas Butz — Mensch-Maschine-Interaktion 1 — SS2013 16



Basic HCI Principles

» Users and Developers

* 3 Usability Principles by Dix et al.

» 3 Usability Principles by Shneiderman

 Human Error

» Background: The Psychology of Everyday Action
» Constraints, Mappings, Affordances

1

|

LMU Miunchen — Medieninformatik — Andreas Butz — Mensch-Maschine-Interaktion 1 — SS2013



3 Usability Principles by Dix

* Learnability * Robustness
—Predictability - Observability
— Synthesizability - Recoverabllity
—Familiarity - Responsiveness
—Generalizability - Task conformance

—Consistency
* Flexibility

—Dialogue initiative 'Section 7.2 in Dix.
_ Multithreading Human Computer Interaction”]

— Task migratabillity
— Substitutivity
— Customizability

LMU Miunchen — Medieninformatik — Andreas Butz — Mensch-Maschine-Interaktion 1 — SS2013 18



Principles to Support Usability

* Learnability

—the ease with which new users can begin effective
interaction and achieve maximal performance

» Flexibility

—the multiplicity of ways the user and system
exchange information

e Robustnhess

—the level of support provided to the user in
determining successful achievement and
assessment of goal-directed behavior

Dix, A. J., Finlay, J., Abowd, G., Beale, R. Principles to
support usability, Human-Computer Interaction,
260-273, Third Edition
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the ease with which new

Principles of Learnability (1 / 2) | users can begin effeciive

Interaction and achieve
maximal performance

* Predictability , - —
— determining effect of future actions “Lf : \1’ QU @ — K". Ak
based on past interaction history
— operation visibility
* Synthesizability
— ability of the user to assess the effect of . o
past operations on the current state 28 D A | & S T
—the user should see the changes of an operation
— immediate vs. eventual feedback

EN>nove test.txt test

JEN>dir % txt
Uolume in drive C has no lahel.
Uolume Serial Number is FCBZ2-566A
= | CH AT ' .
s |’ “eC . N
1_ lz ext Document | ? 4| Lpoaiobt L P
- | 0 KB T, 25.85 .27 12:36 B installDebug.txt
1 Filed(s) 8 bytes
¥ Dirds) 14,052,261 ,.888 bytes free

IC:\>cd test

J:N\test2dir *_ txt
‘ test Uolume in drive C has no label.
| Text Document Uolume Seria unber is FCB2-566AR

: 0KB

“1” m n;}

2.//A 3|‘
Directory of C:\test
19.11.2007 16:56 B test.txt

1 Fileds) 8 bytes
B Dirds> 14,052,261 ,.888 bytes free

LMU Munchen — Medieninformatik — Andreas Butz — Mensch-Maschine-Interaktion 1 — SS2013 20



Principles of Learnability (2 / 2)

 Familiarity U d @ d
E R T ¥ U0 D

—how prior knowledge
applies to new system

—affordance (guessability)
* Generalizability

—extending specific interaction
knowledge to new situations

e Consistency
—likeness in input/output

behavior arising from Delete All Records
S|m|lar S|tuat|ons or @ Are you sure you want to delete
all records from the database?

task objectives

LMU Miunchen — Medieninformatik — Andreas Butz — Mensch-Maschine-Interaktion 1 — SS2013



Principles of Flexibility (1 / 6)

* Dialogue initiative

the multiplicity of ways the user
and system exchange
information

— freedom from system-imposed constraints on input dialogue

— user preemptiveness: user initiates dialog

— system preemptiveness: system initiates dialog

Ak %
File and Folder Tasks A ’-’:_—:. Text [

[ Open - - : : ()
Explore 8
Search...

Sharing and Security. .. J// This folder already contains a File named "x'.
B & SVN Chedkout...

W lortolseSYN Would you like to replace the existing file
Scan for Viruses. .. "'"’:"' 0 bytes
send To :J modified: 22 November 2007, 11:26:07
Cut with this one?

Copy S

c s . - J 0 bytes

Create Shortcut modified: 22 November 2007, 11:26:14

Delete

Rename

Properties Yes ] [ No J

user preemptiveness

system preemptiveness

LMU Miunchen — Medieninformatik — Andreas Butz — Mensch-Maschine-Interaktion 1 — SS2013
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Principles of Flexibility (2 / 6)

* Multithreading
— ability of system to support user interaction for several tasks at a time

— concurrent multimodality: simultaneous communication of
information pertaining to separate tasks

* multi-modal dialog
* editing text and beep (incoming mail) at the same time

— interleaving multimodality: permits temporal overlap between
separate tasks, dialog is restricted to a single task

* In any window system: window = task
* modal dialogs
* interaction with just one window at a given time

aching-interaktion « 1. 23 ‘ B X
NS Markus Klann
l l MobileHCl 2009 : some

24130 deadlines still coming up
Call for Parlicipation *
MobileHC| 2009 has still some
deadlines ahead and you
might .

- & a5 @2 ' CE 1039am
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Principles of Flexibility (3 / 6)

 Task migratability

—passing responsibility for task execution between user and
system

—example: spell checking

Spelling

Mot in Dictionary: | migratability

Change to: f Ignore All | F

]

Suggestions: irritabilit

| Change All |

Suggest

Add words to: | CUSTOM.DIC AutoCorrect , Close

LMU Miunchen — Medieninformatik — Andreas Butz — Mensch-Maschine-Interaktion 1 — SS2013



Principles of Flexibility (4 / 6)

e Substitutivity

—allowing equivalent values of
iInput and output to be
substituted for each other

e Actual / Print Size

width 35.556

. . . : Inches  «
—representation multiplicity T .
Resolution 7E v

aer’
-
o)
.

‘\ 7N i A | B g b ]
0 :c;s-.. ' . _1__
! P Wi== anil 2 |Summand 1 1 2 1
.';:-'. N 3 |Summand 2 2 7. 2.
TN, 4 |Summand 3 3 3 3
/28R 5 |Total sum 5 7 5
[y
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Principles of Flexibility (5 / 6)

e Customizability

— modifiability of the user interface by
the user (adaptability) or system (adaptivity)

— adaptability: users ability to adjust the form of input and output
— adaptivity: automatic customization of the user interface by the system

e o Tastatur
4, » Alle einblenden Q
Tastatur
'
e Dock Zum Andern eines Kurzbefehls doppelklicken Sie auf den Kurzbefehl und dricken Sie die
4 » || Alle einblenden Q neue Tastenkombination.
M Launchpad & Dock = vZoomen
: W Bildschirm 4 Zoomen ein- oder ausschalten A% 1]
GroBe: - \/ : & Mission Control v Sildglattung ein~ oder aussch he 1
Klein Gro Tasl.nu‘r & Texteing. Verkleinern
¥ Bildschirmfotos VergroBern
VergréBerung W Dienste ™ v Kontrast
Min Max < Spol ght e Kontrast erhohen XK.
sns : : '«m — f h Kontrast verringern AN,
Position auf dem Bildschirm: . \ Programmkurzbefehle | o o\ ae mkehren A8
Links Unten Rechts ™ VoiceOver ein- oder ausschalten NFS
Effekt beim Ablegen: | Trichter
Zuricksetzen
Fenster hinter Programmsymbol im Dock ablegen Tastaturstewerung: In Fenstern und Dialogen mithilfe der Tabulatortaste der Reihe nach
W Offnen von Programmen animieren auswihlen
Dock automatisch ein- und ausblenden (#) Nur Textfelder und Uisten
¥ Anzeige fir gesfinete Programme einblenden ? Alle Steuerungen
Andern Se diese Dinsteliong Gber ctrl-F7
Bluetooth-Tastatur konfigurieren ?

|
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Principles of Flexibility (6 / 6)

e Customizability

— modifiability of the user interface by
the user (adaptability) or system (adaptivity)

— adaptability: users ability to adjust the form of input and output
— adaptivity: automatic customization of the user interface by the system

Ca = 9 - . 20090423 _BasicPrinciples2.pptx - Microsoft PowerPoint
o /
; Home Insert Design Animations Slide Show Review View Developer Add-Ins
= . _il Layout ~ — — = o= — Hll [— ) ‘_I | }3 Find
. ' g A A || = = = == =- = “J
— [5z| Reset - 2ac Replace
Paste New B Z U abe & AV A . - . | ‘ Shapes Arrange
v Slide v % Delete - — : - v W Select ~
Clipboard '+ Slides Font Paragraph Drawing Editing
N, =9 - v 20090423 BasicPrinciples2.pp.M - = X Ca = 9 - s 20090423 BasicPrinciples2.pptx - Microsoft PowerPoint - = X
o / o /

“ |Home| Insert | Desig | Anima | Slide ¢ Revie\ | View | Devel(| Add-li| '@ ; Home | Insert Design Animations Slide Show Revie ie Developer Add-Ins @)
=) SN N E Y = t= ===l | @ |l 29
— — & |8 U e S = iE||E

Past Slides | Font | Paragraph| Drawing Editing Past New Drawing Editing

v v v v v v v Slide ~ A A | : v v

lipboard ! lipboard Slides For Para 1
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Principles of Robustness (1 / 2)

 — Level of support provided to the user in determining successful
achievement and assessment of goal-directed behavior

¢ Observablllty 7B adobe.. | SiTotalc. B C Q'JE”’C};_J.'F,H '~ = 11:56 PM

h

— ability of the user to evaluate the internal state of the system from its
perceivable representation

o

 Recoverability
— ability of the user to correct a recognized error
— reachabillity (states): forward (redo) / backward (undo) recovery

— commensurate effort (more effort / steps
for deleting a file than for moving it)

Total Commander

\_‘.:/ Do you really want to delete the selected file AUTOEXEC.BAT?

[ | p——
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Principles of Robustness (2 / 2)

e Task conformance

—degree to which system services support all of the user's tasks
—task completeness; task adequacy

* Responsiveness
—how the user perceives the rate of communication with the system
— preferred: short durations and instantaneous responses (< 100ms)
— stability and indication of response time

Letterboxing: Please wait.
This may take a while.

PowerPoint is saving w:\My Documents‘\work\Imu\lehrauftrag2009\lectur... e
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Basic HCI Principles

» Users and Developers

» 3 Usability Principles by Dix et al.

e 3 Usability Principles by Shneiderman
 Human Error

» Background: The Psychology of Everyday Action
» Constraints, Mappings, Affordances
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—
Principles for User Interface design ’

* Implementation and technology- |
independent principles A |
—Provide a rough guideline for design /

—To be supplemented by more detailed
analyses (see later)

* Ben Shneiderman’s list of principles
—Principle 1 : Recognize User Diversity
—Principle 2 : Follow the 8 Golden Rules
—Principle 3 : Prevent Errors

r
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Principle 1: Recognize User Diversity

* Obvious and simple (?) - nevertheless in reality
extremely difficult

* To be done before the design

» Basic concepts to structure the problem
—Usage profiles

Different types of users
Different types of usage scenarios

Dependent on the situation of the user

—Task profiles
* What is the goal of the user?
* How does the user want to achieve the goal?
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Usage Profiles — Stakeholders

Forces for Change Forces against Change

 Possible stakeholders

Loss of stall averlime

—Shareholders Customers wan >
— Government

PN

3

— Sen ior exeCUtiveS Inrm: nL;Ier ad of > n._.,-:f’sl:,,L.I]:::,-P,! of new
—Your coworkers

Envircnmentol impact

I new technolo aQv

Flan:
Upgraode factory
- . wilh rnew
—Suppliers foise vokumes ovtpu e

—The press
—Interest groups >

—Customers
—Analysts

—The public Force-field Analysis
— The community

_ http://www.mindtools.com
—Your family
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Usage Profiles — Approach

* |dentify stakeholders "
—Brainstorming . o
—Review past projects Saialod Clossly
—Interviews . =

» Categorise stakeholders :
— Amount of interest oo Efors oo
—Amount of influence .

—Positive / negative attitude
—Reasons for attitude

* Draw a force-field analysis and
keep it in mind throughout
the project

Power vs. interest grid

http://www.mindtools.com
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Usage Profiles — More than the People

* "Know thy user” (Wilfred J. Hansen, User Engineering
Principles for Interactive Systems, 1971)

« Starting point for design: what is the background of the user?
— Different people have different requirements for their interaction

« Complex multi-dimensional classification problem!

* |ssues to be taken into account
— Goals, motivation, personality
— Education, cultural background, training
— Age, gender, physical abilities, ...
— Multiple user communities, various combinations of background

* Well-known and frequently used classification

— Novice users
— Knowledgeable intermittent users
— Expert frequent users
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Task Profiles

* The goal: find out what the user is trying to do!
— Needs of users, goals and resulting tasks

» Supported tasks should be determined before the design starts
— Determine granularity of atomic tasks: flexibility vs. ease of use

* Functionality should only be added if identified to help solving
tasks

— Temptation: add unneeded functionality only because it is “cheap” to achieve!

* Frequency of actions (relative to user profiles) leads to design
choices
— The more frequent an action, the easier its invocation
— Example:
» very frequent actions invoked by special keys (e.g. DEL)

* intermediately frequent actions invoked by keyboard shortcut, special button, ...
* infrequent actions invoked through menu selections, form fillings, ...
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Hypothetical Frequency of Tasks
(Example: a travel booking system)

Task Group
reservation

Position

Sales agent 0.2

Manager 0
Family 0.05
Business 0.01
traveler

Change of
itinerary

0.1

0.05

0.2

Booking child
care

0.1

0.3

0.01

Comparing
sales agent
performance

0

0.3
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Task Frequency — Examples

Word 2003 Powerpoint 2007 Word 2007
B < v~ ( Helvetica (Body) ~ |20 ~ |A" A™ |4 Arial *114 - || A A2
B Z U sbe & N-Ax||A~ B 7 U ~abe %X, X* Aa~||¥~ A~
v |F | X U 3 |[=E|= 2
Font F Font
cht Enfi_ | Format Ex 2/ x|
Abbrechen
Effekte Farbe:
[~ Unterstrichen [ Hochgesteilt [—3
[ Schattiert Versetzt: |-25 <4 %
. . . | Rebef v Tefgestel I’
 Bold format is available in the toolbar e

Fir den Ausdruck und die Bildschirmanzeige wird dieselbe Schriftart verwendet,

« Subscript requires menu and dialog

« Assumption for the standard Ul is that user needs more often
bold than subscript

For users with different needs customization is possible
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Task Frequency: Trade-off between Quick Access

and Over-crowed Interface
FAU Elsamiz- =i

<l Dokument 1 - Microsoft Word
Qatei Bearbeten Ansd® ErfOgen Format Extras Tabele Ferster 2
* 4 Standaxd v TimesNewRoman + 12 =~

R R R R RN DN TR TR TR TR, =1 ¢+ + Neues Dokumet v
Dakument offnen

. Example toolbar ===
—More tasks directly available in the toolbar make it quicker to

do these tasks
—Increasing the number of options in the toolbar increase the

time needed to locate them
—Screen area that is used

i Dokument 1 - Microsoft Word

Datei Bearbeiten Areikht EnfUgen Format Extras Tabele Ferster 2
= ‘@]G:{ n@ m@?j‘!aa Q. |= Ao Entrage - 5
® O-2-A- "®F B D@ e & .

DL SRV BT -
A Stavdxd v TmesNewRoman v 12 » F K U [E|® 3 m = & O
Va0~ 0-5 & - R = BEAE 23 LR A - PSSR R R A ® bt % 7 R
%~ [ A =&,
FWacEREE2 o sAE R,

;.' 2 -
f0 [TINeuer Frame Inks [TINewsr Frame rechts FINaver Frame gben TINeuer Frame unten > 4
' & S Y «

® @ 2] [rhaksverzeidhnis aktualisieren ¢ | &
vioeigens DD 3 0 B, P F & I DR

® & Textkorper

Endgdibge Version enthalk Markups
Dod
= = 02 & Q Eavoritens Weachsehh 2u~ 71 Dokument

SR R Y R R DR TR~ DO « TR T O |

EiE O-2-A-.
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—
Principles for User Interface design ’

* Implementation and technology- |
independent principles A |
—Provide a rough guideline for design /

—To be supplemented by more detailed
analyses (see later)

* Ben Shneiderman’s list of principles
—Principle 1 : Recognize User Diversity
—Principle 2 : Follow the 8 Golden Rules
—Principle 3 : Prevent Errors

r
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Delete All Records

Rule 1: Consistency

Are you sure you want to delete
all records from the database?

* Many forms of consistency:
— Consistent sequences of actions in similar situations

— ldentical terminology used in prompts, menus, help screens
— Consistent color, capitalization, layout, fonts etc.

 Bad example: WWW

. . . navigation
— No real guidelines and no authority
* How are links represented? @ . .
. — Multimodal Interactive S
« Where is the navigation? G B
O Department of Computer
— Styles and “fashion” change quickly... & @ Darmstadt University of Te«

Medieninformatik LMU Minchen - [ Translate this page |
Lehrveranstaltung Mensch-Maschine-Interaktion. springe zu den Yolesungsunterlagen.
Wintersemester 2003/2004 Heinrich HulRmann, Albrecht ...

vy medien. informatik. uni-muenchen.def deflehrefws03/mmif - 44k - Cached - Similar pages

LEHR- UND FORSCHUNGSEINHEIT . 2 | . {_ | | '
MEDIENINFORMATIK e | 9 1

WA TN §

Uber den Studiengang | Lehre | Personen | Forschung Deutsch - English
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Consistency: Levels

» Consistency levels - Inconsistent — variant 1

—lexical Delete/insert character
Delete/insert word
—syntactic Remove/insert line
Delete/insert paragraph

—semantic
* Inconsistent - variant 2
Take-away/insert character
Delete/add word
remove/put-in line
Consistent eliminate/create paragraph
Delete/insert character
Delete/insert word - Inconsistent - variant 3

Delete/insert line

Character deletion/insertion
Delete/insert paragraph

Delete/insert word
_ine deletion/insertion
Delete/insert paragraph
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Lexical / Syntactic Consistency

 Lexical Consistency

—Coding consistent with common usage, e.g.
* red = bad, green = good
* left = less, right = more

— Consistent abbreviation rules

—Equal length or first set of unambiguous chars
—Devices used in the same way in all phrases
—Character delete key is always the same

LMU Munchen — Medieninformatik — Andreas Butz — Mensch-Maschine-Interaktion 1 — SS2013
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Semantic Consistency

» Global commands that are always available
—Help
—Abort (command underway)
—Undo (completed command)

* Operations valid on all reasonable objects
—if object of class “X” can be deleted, so can object of class “Y”
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Consistency: Capture through Grammars

» Task-Action-Grammar (TAG), Reisner 1981
— Task[direction,unit] -> symbol[direction] + letter[unit]
—Symbol[direction=forward] -> "CTRL"
—Symbol[direction=backward] -> "ALT”
— Letter[unit=word] -> "W"
—Letter[unit=paragraph] - > "P~

* Example - Commands
—Move cursor one word forward: CTRL-W
—Move cursor one word backward: ALT-W
—Move cursor one paragraph forward: CTRL-P
—Move cursor one paragraph backward: ALT-P

LMU Munchen — Medieninformatik — Andreas Butz — Mensch-Maschine-Interaktion 1 — SS2013
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Inconsistencies

* Dragging file operations?
— folder on same disk vs. folder on different disk
— file to trash can vs. disk to trash can

 Fitts’ Law suggests bigger buttons for more often used operations

« Sometimes inconsistency is wanted
— E.g. Getting attention for a dangerous operation
— Consistency on semantic level may cause inconsistency on syntactic level

— Example:

« Confirmation of
operation is default
option

Format Preload (C:)

'E WARNING: Formatting will erase ALL data on this disk.
[ J

. Confirmation of To format the disk, click OK., To quit, click CANCEL.,

reformat command?

[ Cancel ]
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Rule 2: Shortcuts

* Enable shortcuts: Improves speed for experienced users

« Shortcuts on different levels
— Access to single commands, e.g. keyboard shortcuts (CTRL+S) or toolbar

— Customizing of commands and environments, e.g. printer presets
(duplex, A4, ...)

— Reusing actions performed, e.g. history in command lines, macro
functionality

» Shortcuts to single commands are related to consistency

— CTRL+X, CTRL+C, CTRL+V in Microsoft & Apple applications for cut, copy
and paste

— However CTRL+S (saving a document) is only implemented in some
applications...

— Apple applications are more consistent in shortcuts (e.g. CTRL-S) due to
early guidelines/toolkits for developers
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Rule 3: Feedback

* For any action performed the user should have appropriate
and informative feedback

* For frequent actions it should be modest, peripheral
* For infrequent actions it should be more substantial

PowerPoint is saving w:\My Documents\work\Imu\lehrauftrag2009\lectur... ke

@ Stop a Hardware device AR

Confirm devices to be stopped, Choose 0K to continue.

Windows will attempt to stop the following devices. After the devices are
stopped they may be removed safely.

a Microsoft ACPI-Compliant Control Method B attery

................................

oK Cancel

................................
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Rule 4: Closure

* Sequences of actions should have a beginning, middle, and end.
— Satisfaction of accomplishment = relief

 On different levels —

— E.g. in the large: Web shop - it should be clear when | am in the shop, and when

| have successfully checked out
— E.g. in the small: a progress bar

- 0| x|
Saving:
...a-win32-1.6a-installer.exe from ftp.mozilla.org
1]
E stimated time left: 25 min 50 sec (557 KB of 11.1 MB copied)
Download to: C:Ad...smozilla-win32-1.6a-installer. exe

Transfer rate: 7.83KB/Sec

---------------------------------------------------------------------------------------------------------------
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Rule 5: Prevent Errors

 Create Uls that make it hard to make errors

— Examples:
* Menus instead of commands
« Options instead of alphanumeric field (only certain values allowed)

* Detect errors or possible errors

— Examples . . .
Microsoft Office PowerPoint
» Leaving an editor
WlthOUt Savi ng A Do you want to save the changes you made to 20090423b_BasicHCIPrinciples.pptx?
° Writing to a file : ......... I es ......... z [ ﬁo ] [ Cancel ]

that already exists

* Provide safety for the user

* Different options for handling:

— Involve the user (current practice)

— Prevent the error or its consequences on system level
(e.g. create backups/versions when a file is overwritten, OSX 10.8)
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Rule 6: Easy Reversal of Actions

 As a basic rule — all actions should be reversible

— Relieves anxiety of users, encourages exploration of unfamiliar
options

* Providing UNDO functions (possibly with infinite depth)
» Allow undo of groups of actions

» Undo is not trivial if user is not working sequentially

— E.g. write a text, copy it into the clipboard, undo the writing:
==> the text is still in the clipboard!

» Reversal of action becomes a usage concept

— Browser back-button is used for navigation (for the user a
conceptual reversal of action)

— Formatting of documents — e.g. “lets see how this looks, ... don’t
like it, ... go back to the old state”
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Rule 7: Feeling in Control

» Users (in particular experienced) like to feel to be in control of the
system

 Gaines, 1981:
— User should initiate actions (initiator instead of responder)
— Avoid non-causality

* The system should be predictable

— No surprising system actions, no tedious but unavoidable sequences of data
entries, no unexpected silence or waiting state

— Otherwise anxiety and dissatisfaction arise

* Note: some current developments are in contrast, e.g.:
— Proactive computing
— Intelligent agents

» General trade-off between transparency and intelligence of system
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Rule 8: Reduce Short-term Memory Load

* The system should remember, not the user
— George A. Miller, 1956: The magical number Seven, Plus or Minus Two
— Humans can recall 7 +/- 2 chunks of information for a short time

Interface designs have to be simple to comply with human memory

 Examples that create problems
— Multi-page forms where the user has to know at form N what she filled in in form N-1

— Abbreviations introduced in one step and used in the following (e.g. user selects a
destination — as the name of a city — and the system does the following steps by
showing the airport code)

« Helpful:

— Keep dialogues compact (avoid splitting of pages)
— Use memory aids (visual or audio) for mnemonics
Apply the rule with care!

— Sometimes complex menu structures are unavoidable

— With sufficient training and support, also cryptic mnemonics are acceptable
for frequent users
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Summary — 8 Golden Rules

MS Outlook 2007

» Consistency

Auto Account Setup
® S h O I | C u tS Clicking Next will contact your e-mail server and configure your Internst service provider or Microsoft
Exchange server account settings.
* Feedback -
Your Name: Barbara Sankovic

Example: Barbara Sankovic

* Closure e —
 Prevent Errors s =
 Reversal

e Control

e M e m O ry L O a d [ IManually configure server settings or additional server types

Type the password your Internet service provider has given you.

<ea )

1) Does not show there is a (potential) error in the email address — just greys out the ‘Next’ button.
2) When passwords do not match, it allows ‘Next’ but gives a detailed error message.
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A recent example: discussion!

FIRE ENGINE

' Power

(I

Down | : Ret.

- =Rotate~-
Left Right

E—
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Principles for User Interface design

* Implementation and technology-
independent principles

—Provide a rough guideline for design

—To be supplemented by more detailed
analyses (see later)

* Ben Shneiderman’s list of principles
—Principle 1 : Recognize User Diversity
—Principle 2 : Follow the 8 Golden Rules
—Principle 3 : Prevent Errors
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Prevent Errors - Classical Techniques

* (Note: golden rule 5 discusses the same topic on higher level...)
» Afew classical “tricks” to prevent errors (Source: Shneiderman)

» Correct matching pairs
— Examples: { } in program text, <B>bold</B> in HTML
— Prevention: insert both brackets in one action; or remind of missing bracket

« Complete sequences

— Assistance to complete a sequence of actions to perform a task
* For advanced users: planning and editing the sequence

— Examples: log-on sequences, wizards, scripts

e Command correction

— Aim: Trying to prevent users entering incorrect commands

« Examples: file completion on Unix / helpful error messages /
menus instead of commands

‘ What is an “error”
after all?
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Basic HCI Principles

» Users and Developers

» 3 Usability Principles by Dix et al.

» 3 Usability Principles by Shneiderman

e Human Error

» Background: The Psychology of Everyday Action
» Constraints, Mappings, Affordances
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Human Errors, 1986

« Space Shuttle Challenger accident

 NASA overrode safety warnings from engineers about the seals of the
solid rocket boosters. Engineers warned that the O-ring seals failed
repeated tests under the cold conditions the morning of the
Challenger launch, but NASA ignored the red flags and went ahead
anyway. What seemed like a small part eventually turned
catastrophic. S

* At Chernobyl, a group of scientists mtentlonally deactivated several
safety systems in order to test a cooling system at reactor 4 which led
to the worst nuclear accident in history.
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Human Error as the Ultimate Explanation

Deadly crash on German monorail

Twenty-three people died
and 10 were injured when an
elevated magnetic train P
ploughed into a maintenance jg#. 2 R, |
vehicle in north-western ' i e
Germany. 8\
monorail via a magnetic .
levitation system called maglev, Ly WA
was going at nearly 200km/h [ (PP ‘
(120 mph) when it crashed nearj® / “

: \ ‘ -
Rescuers had to l;—'.el.a-:ider'-_-'. and

Lathen.
cranes to reach the train

The train, which floats on a

Damaged carriages were left
balancing on track Sm (16ft) in the air, hampering rescue
efforts.

'Human error'

Bei der Analyse der
Unfallursachen stutzt sich der
Bericht laut «Nordwest-Zeitung»
' hten dem

“

Ungliick: Nach Ansicht der
Gutachter verstield der
Fahrdienstleiter gegen die

Betriebsvorschriften, well er die
elektronische Streckensperre
nicht setzte. Als weitere Ursache
wird die Missachtung des Vier-
Augen-Prinzips im Leitstand der
Teststrecke genannt.

http://www.netzeitung.de/politik/deutschland/720674 .html

The maintenance vehicle hit by the train had two crew
members,

& spokesman for IABG, the company which operates the train,

sald the accident had been caused by human error, rather
than a technical fault.

http://news.bbc.co.uk/1/hi/world/europe/5370564.stm
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Human Errors and Management

TAIPEI=TIMES

Published on TaipeiTimes
http:/iwww taipeitimes.com/Newsitaiwanfarchives/2003/10/18/200307 2381

Fighter pilots find panic button at last

MISTAKE MANAGEMENT: Two crashes blamed on human error have
prompted the developers of the IDF to remind the air force about a
built-in emergency function

By Brian Hsu

STAFF REPORTER

Saturday, Oct 18, 2003,Page 4

Although Taiwan's Indigenous Defense Fighter (IDF) has an "The crash

emergency function that minimizes the chance of a plane crash due Was also
caused by the

to human error, pilots have only now found out about it, negative G-
force which

The previous two accidents involving |DFs this year were caused  the flight

by human error, defense sources said yesterday. Icr:'setartl:ef:ltor

...In an attempt to prevent similar accidents in future, the air force has asked
the AIDC to help teach pilots how to use the fighter's emergency function.
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Human Errors

The Official

Blog

"This site may harm your computer” on every search

result?17?!
1/31/2009 09:02:00 AM

What happened? Yery simply, human error. Google flags search results with the message
"This site may harm your computer” if the site is known to install malicious software in the
background or otherwise surreptitiously. Ve do this to protect our users against visiting sites
that could harm their computers. YWWe maintain a list of such sites through both manual and
automated methods. We wark with a non-profit called StopBadware.org to come up with

criteria for maintaining this list, and to provide simple processes for webmasters to remove
their site from the list.

We periodically update that list and released one such update to the site this

morning. Unfortunately (and here's the human error), the URL of ¥ was mistakenly checked in
as avalue to the file and /' expands to all URLs. Fortunately, our on-call site reliability team

NSIENTS rom Googiers INTto our proaucts,
technology, and the Google cultt
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PITTSBURGH
TRIBUNE‘REVIEW Back to headlines

TTT Larger Text TTr Smaller Text

__|Barring human error made area firm a health leader

By Rick Stouffer
TRIBUNE-REVIEW

) | R . ' an I Ty G V. e tatar
Wednesday, October 19, 2005

More than 30 years ago, bar codes began showing up on the bottoms,
backs or sides of everything from blocks of cheese to 2-by-4s.

Medicine, however, was a late arrival to tracking equipment and
medications using bar code technology. In the early 1990s, it was a
Pittsburgh-based start-up, Automated Healthcare, that jump-started the use
of the vertical black and white lines for tracking medicine in hospitals.

"It really was quite amazing that we were bar coding ketchup, but not bar
coding things that could Kill yvou if an error was made," said Sean
McDonald, who founded Automated Healthcare in 1990, sold it to drug
distribution giant McKesson in 1996 for $65 million, then stayed for five
years to continue running the company. Today, the company is known as
McKesson Autormation.

Human Error and Commercial Success

McHKesso

Founded:
Healthcal
Sean Mcl
student a
University

Acquired
Healthcal
by drug d
McKesso
million.

Headqual

Presiden
Souerwin

Massaslome ams
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Trying to prevent error

 Redundancy increases safety
— E.g. labels and physical constraints

» Constraints can only work at
their own level

» But: things can go wrong
elsewhere

Defektes Nakosegerat

Unfallopfer mit Lachgas beatmet -Todliche
Klinik-Panne

Dieszer Artikel stellt eine am 25.03.04 urm 13:59 -
veraffentlichte Nachricht dar, AKTUELLE NACHRICHTEN

Traunstein (rpo). Lachgas statt Sauerstoff - in einer bayerischen
Klinik musste diese Yerwechslung ein 19-Jahriger mit dem Leben

bezahlen.

Durch ein falsch zusammengebautes Narkosegerat ist in einem
bayerischen Krankenhaus ein Patient ums Leben gekommen. Der
19-13hrige war nach einem Verkehrsunfall in der Notaufnahme der
Klinik in Trostbergan statt mit Sauerstoff mit Lachgas beatmet worden,
wie die Staatsanwaltschaft Traunstein am Donnerstag sagte. Ermittelt
werde gegen einen Mitarbeiter der Herstellerfirma, der das Gerat zuvor
repariert hatte. Dabei seien die Anschlusse fur Lachgas und Sauerstoff
vertauscht worden,
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Tackling Errors

.
—a mas (P
A and

<3

il

~_Working Conference on Human Error, Safety and Systems Development Systems

. Development
il  “HESSD-2009
2009 in Brussels, Belgium

* Our intention is to focus the working conference upon
techniques that can be easily integrated into existing systems
engineering practices. With this in mind, we hope to address a
number of different themes:

— techniques for incident and accident analysis;

— empirical studies of operator

— behaviour in safety-critical systems

— observational studies of safety-critical systems

— risk assessment techniques for interactive systems
— safety-related interface design

— development and testing
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About (Human) Errors...

« “If an error is possible, someone will make it” (Norman)
 Human errors may be a starting point to look for design problems
* Design implications

— Assume all possible errors will be made

— Minimize the chance to make errors (constraints)

— Minimize the effect that errors have (is difficult!)

— Include mechanism to detect errors
— Make actions reversible

If vou have used a comma ko separate addresses; click Cancel, replace the
commas with semicolons, and then click Send again.

ows Internet Explorer

Select the address to use:

The server may be a little bit broken ternporarily. Please try againin a

| ! W few moments while it sorts itself out.
Error: 12029

{No Suggestions)

............................

DK [ Show More Names... ] [ Mew Contact. ..

............................

Cancel
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Understanding Errors

* Errors are routinely made

—Communication and language is used between people to clarity
— more often than one imagines

—Common understanding of goals and intentions between
people helps to overcome errors

* Two fundamental categories

—Mistakes
* overgeneralization
* wrong conclusions
* wrong goal
—Slips
* Result of "automatic” behaviour

» Appropriate goal but performance/action is wrong
Norman, Chapter 5
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Understanding the Types of Slips Users Make

Capture errors

— Two actions with common start point, the more familiar one captures the unusual
(driving to work on Saturday instead of the supermarket)

Description errors

— Performing an action that is close to the action that one wanted to perform
(putting the cutlery in the bin instead of the sink)

Data driven errors

— Using data that is visible in a particular moment instead of the data that is well-known (calling the
room number you see instead of the phone number you know by heart)

Associate action errors

— You think of something and that influences your action
(e.g. saying come in after picking up the phone)

Loss-of-Activation error (~ forgetting)

— In a given environment you decided to do something but when leaving then you forgot what you
wanted to do. Going back to the start place helps you remember

Mode error

— You forget that you are in a mode that does not allow a certain action or where a action has a
different effect

Norman, Chapter 5
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Preventing Description Errors

» Related to Gestalt theory

o Exa m p I e Ca I print save send off

— Different openings for fluids, _ .
e.g. oil, water, break, ... print|  |save| | ||send

— Openings differ in

e Size

* Position
* Mechanism to open
 Color

* Design recommendations

— Make controls for different
actions look different

LMU Miunchen — Medieninformatik — Andreas Butz — Mensch-Maschine-Interaktion 1 — SS2013 69



Preventing Mode Errors

* Why use modes in the first place?

— User interface trade-off (e.g. number of buttons needed can be reduced,
actions within a mode can be speeded up)

» Design recommendations
— Minimize number of modes

— Make modes always visible :EBLI

* Example alarm clock
— Mode vs. mode free

— Visualization
of mode Setting time and alarm
with mode

Setting time and alarm
without mode
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Basic HCI Principles

» Users and Developers

» 3 Usability Principles by Dix et al.

» 3 Usability Principles by Shneiderman

 Human Error

 Background: The Psychology of Everyday Action
» Constraints, Mappings, Affordances
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Background: The Psychology
of Everyday Action

* People are blaming themselves L <Y
for problems caused by design /7S

—If the system crashes and the user did everything as he is
supposed to do the developer/system is blamed

—If the system crashes and the user operated the system
wrongly the user is blamed

* People have misconceptions about their actions

—The model needs not be fully correct — it must explain the
phenomenon

* People always try to explain actions and results

—Random coincidence may lead to assumptions about causality
(Norman 2002, Chapter 2)
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Action Cycle

* The action is goal-directed

— What do we want to happen?

—What is the desired state?
Goals

 Human action has two major

aspects Execution Evaluation

— Execution:
what we do to the world

— Evaluation:
compare if what happens is what /\/\

we want The World
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Action Cycle: Stages of Execution

e Goal
— translated into

 An Intention to act as to achieve
the goal
— translated into

* The actual sequence of actions
that we plan to do

— translated into

* The physical execution of the /\/\
action sequence

The World

Goals

Execution
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Action Cycle: Stages of Evaluation

* Perceiving the state of the worlds
— followed by

* |Interpreting the perception
according to our expectations
— followed by

« Evaluation of the interpretations Evaluation

with what we expected to happen
(original intentions)

— followed by /\/\
» Goal

The World

Goals
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Seven Stages

Goals
Evaluation of
Intention to act interpretations
Interpreting the
Sequence of actions perception

Perceiving the state

Execution of the of the world

sequence of actions

The World
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Gulf of Execution

 The difference between the intentions and the allowable actions is the
Gulf of Execution

— How directly can the actions be accomplished?

— Do the actions that can be taken in the system match the actions intended by the
person?

« Example:

— The user wants a document written on the system in paper (the goal)
— What actions are permitted by the system to achieve this goal?

* Good design minimizes the Gulf of Execution

Goals

/
Gulf of /

Execution /’
1 eCl

Thema auswahlen ...

/
/
b Thema sichern ... itly e
2| | .
== Drucken ... %P tlon The World

> - e
17 | AR person?

DateigroRe reduzieren

Prasentation aufzeichnen *NC
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Gulf of Evaluation

* The Gulf of Evaluation reflects the amount of effort needed to interpret

the state of the system and how well this can be compared to the
intentions

— |Is the information about state of the system easily accessible?
— |Is it represented to ease matching with intentions?

 Example in GUI

— The user wants a document written on the system in paper (the goal)
— |Is the process observable? Are intermediate steps visible?

« Good design minimizes the Gulf of Evaluation

Goals
e 00 hp color Laserjet 4650 (DEE3A9) r\
i m o S N Gulf of
Dfu(i(:.l/r"ml(cn Fullstinde Drucker konfigurieren \ Evaluation
\
- Der Drucker ist bereit. \

N\

Papierfach ist fast leer /\/\
Name Cesendet Abgeschlossen he rld
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Evaluation and Design Questions

 Execution
—Can the user tell what actions are possible?

—Does the interface help with mapping from intention to physical
movement?

—Does the device easily support required actions?

* Evaluation
—Can the user tell if the system is in the desired state?
—Can the user map from the system state to an interpretation?
—Can the user tell what state the system is in?
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Implications on Design

* Principles of good design (Norman)
—Stage and action alternatives should be always visible
—Good conceptual model with a consistent system image

—Interfaces should include good mappings that show the
relationship between stages

— Continuous feedback to the user

* Critical points/failures
—|nadequate goal formed by the user
—User does not find the correct interface / interaction object
—User many not be able to specify / execute the desired action
—Inappropriate / mismatching feedback
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Basic HCI Principles

» Users and Developers

» 3 Usability Principles by Dix et al.

» 3 Usability Principles by Shneiderman

 Human Error

» Background: The Psychology of Everyday Action
» Constraints, Mappings, Affordances

LMU Munchen — Medieninformatik — Andreas Butz — Mensch-Maschine-Interaktion 1 — SS2013

82



Constraints - helpful restrictions

* Physical constraints
— Basic physical limitations
» Semantic constraints
— Assumption to create something meaningful

* Cultural constraints
— Borders and context provided by cultural

Co.nventions | .‘

 Logical constraints ' ‘
— Restrictions due to reasoning -’

* Applying constraints is a design
decision!

— Practical way to realise the principle
“prevent errors’

von:

bitte auswihlen N

nach:

Hinflug am: Rickflug am:

Erw,: Kinder bis 11: unter 2:

1 (B ID_v_v IU;>

ﬂ Schritt E Schritt

Angebote suchen far Abflug von

o Flige online buchen

Alle Linien- & Charterflige ~|

Hinreise am Reiseziel

Mi [12 x][Novzoos =] [

Rickreis

[Mi |19 _||Ncw2003 ~ EH |Econom~,f
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Constraints: brief discussion
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Mappings

* Relationship between controls and action
* Mappings should be

—Understandable
(e.g. moving the mouse up also
moves the slider up)

—Consistent

—Recognizable or at least quickly
learnable and easy to recall

—Natural, i.e. consistent with
knowledge the user already has

e - So What
O @@@ [O -Kind of Blue Miles Q

0:02 O » -9:03
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Mappings: Examples

“netwook | lastwosk | tomorow | yesterday | tody |

Please attach a Message to Your Order.

Message Text:

Position to Print Message:
" bottom

T bottom-left

" bottom-night

" centre

 left

 nght

" top

" top-left

" top-right
submit resetl

Please attach a Message to Your Order.

Message Text

Position to Print Message

 top-left  top " top-nght

" left " centre  nght

" bottom-left " bottom " bottom-right

submit | reset |
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Mapping & Gulf of Execution

« Switch row on dashboard of a car: 1ISO 2575

* Right row: The upper symbol is no 4.21 for front fog lamp,
the second is no. 4.22 for rear fog lamp
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Newer isn‘t always better! ;-)

Informatik, Univ. des Saarlandes DFKI Saarbrucken
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No comment!
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Affordances

» Concept from cognitive psychology
—brought into HCI by Don Norman
—newer term: ,signifier”

* Objects tell us by their shape how
they can be used

» also works in the digital world

General | Tooks  Shang | Noton |

€ o e | Sun Nov 4

@ ShaadAs
Share Name: |C

Dot | wion Nov 5
Access Type:

€ BesdOnly Tue Nov 6

C Fa
@ Depends on Password
Passwoeds:

Read Orly Patsword |"'

Full Access Password I“"

[ ok ]| coed |  aopw | ) OFF m
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The user as the ultima ratio...

’h&, e Donald Norman
R+(R)
Na ClI -
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