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Human-Computer
Interaction?

5 Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26




Fac O[de[#- g Heport Selection Source’ﬁttp'sﬂu'xf' sta'c?e-xcﬁﬁ'n'ge'c'o'm'hu-e' tlo'n's'71§2l | an actm n- for cﬁmm

o 90004234 | oausnser ff e Temn ] mm

Find CAX# S Charges 761.50
;CAX#: WO | Discount: [EEL.LD
5Shpr Ref: :_ || SubTotal: | (Y1)

R —— - — - ———

Ca"ef JOE Juote 0 n | MOde om ‘i_\.'f
S Phn _JUN(nown Shipper:[@ ‘r " nl DT u A

Tfferms| ¢ Prepaid Collect 3rd Party | STD '1‘;‘.:}__‘|ji,§"i:?" ]CH (RG-00-01

Cust:|Hi Fo Holdings. Ltd. v |HIFO Co | Accessorial:
Inv: |Hi Fo Holdings. Ltd. v f.'"!n- % 4 00 0 0.00

r

= {laN®ICAX ~]2.50%| 38.08

b | C = | Total: 839.58

C. ~||Clock Stop | S .| Balance: 839.58
: B | | Addend

; ,

Cons CANADIAN HARDWARE &H ~

Add: AVENUE SUITE |
| - 0.00 T USI
CSPCSCARBOROUGH — ONM1B5M4 Cij| :Z'::‘fe - &

P I Fax: (412
Cont: VM.

Appointment: D: " I

cOD) X I W Diive
Fee m Fee Collect B

Collect Hazmat

nits Type  H Description | Dimensions ¥4 ChgWt Rate Charged




Sourceshttps://WWw:pexelstcom/de=de/foto/mann-hande at 5"MacbookE3777572/

:




iy
bt
. . -_

» .——-:—_——-.—.—.r-

f E -

g 8 W

- - y 3
Sew y :
D -

Wil

T 15l: : D00 R eDOR0 e = - q

aml ICU0 ;[ TRELES DoooDon QODOLR OpeOnD o

| ... i BUEEN ges (D =2= gpit O == ULUS 000 000 000000 DODRO0. o
= 1B = BOE S e Ao pEap SDos eond 3353533 JHREER Soocarac
" -' '.‘ ~ . passnnn _J '~, 21 ,r_] .‘.“..;.. ‘ ‘ - - F:- D‘:% 'OPDDI-« U;
- -

00....00..'.... ,_._-!

T

e e b '."‘.".' z O “gaga.. O i N=" Ly
L b g cumm= ..*qﬁ G S D20 (X0 Ll D 0 o Q

b= - :‘ .1 -’l’.. 1 -".

'oL'J' “ 0'0 \. mg % - .
~N0 e, <R ~ YL M g - e . - < B < -
‘-u‘#f&j .m Ry %‘.’ A NS e . ‘-::;.._‘.:.\_‘: . LS R

Sn" ay Uné - ...A\

e a—

T B SSS -
—
s T


https://commons.wikimedia.org/wiki/File:Kozloduy_Nuclear_Power_Plant_-_Control_Room_of_Units_3_and_4.jpg

N mons.wikimedia.orc
WNTH Aachen University Achtung: Keine Knotenzuordnung moglich. Zuordnung/Typisierung fehit.

Ihre Anderungen wurden gespeichert!

Abschlussarbeiten - Verwaltung

Abschlussarbeit - Bearbeiten

Status: Angemeldet/ . 21.01.2025 / Versuch Nr.: 1 / Diese Arbeit bitte beurteilen bis zum: 18.04.2025
Matrikelnummer/Name w
Name / Geburtsdatum

Studium :
1480 88 839 Europastudien (Status:'Z', Ende: 30.09.2013) v

Typ Masterarbeit v Anerkannt/ Zweiterfassung bei interuniversitaren Studien Vorbehaltlich angemeldet
Sprache des Volltextes Deutsch

Thema bei der Anmeldung

max. 2000 Zeichen
1974 Zeichen frei

Thema am Leistungsnachweis/Titel
(in der Sprache des Volltextes)

max. 2000 Zeichen
1992 Zeichen frei

Thema in Englisch
(fur engl.Transcript of Records)

max. 2000 Zeichen
1998 Zeichen frei

Thema ist sichtbar

Themenbekanntgabe/Beginn 21.01.2025
Spateste Abgabe 21.02.2025

Abgabe noch auszufillen

Datum der Beurteilung noch auszufullen

Gesamtbeurteilung noch auszufiillen v &% Durchschnitt - Notenfreigabe-Studierendenbenachrichtigung

ECTS-Credits

Funktionen/Personen
Funktion Person

Betreuende Person L 4

— — = it \J

iyl
2025 Rheinisch-Westfalische Technische Hochschule Aachen. Alle Rechte vorbehalten. | RWTHonline powered by CAMPUSonline® | Supportformular | Unterstuizie Browser | Impressum | RWTH-Webseiten | Dok UNIVERSITY

ULl WYLl UL T U PO T IUI NI U WU U LA U U s W Rl ST U LU U U LYY L LU UITMIU D T UMM U NTLULIVI NI U s T VA LT D T UI Y s T LA U LT LI DU I I NN s O o o



https://commons.wikimedia.org/wiki/File:Kozloduy_Nuclear_Power_Plant_-_Control_Room_of_Units_3_and_4.jpg

3,000,000

1,000,000 2
5
350,000
%
DVD Player (1996) iIPhone (1st Q’07) iPad (1st 80d ’10)

10 Dr. Simon Voelker: Designing Interactive Systems | © WS 2025/26 ‘ RWTH



11

4 N
- Use and Context \
U1 Social Organization and Work [EHE] U3 Human-Machine Fit and Adaptation

U2 Application Areas
p Human Computer X
gt R0 v Oo C2 Dialogue C4 Computer
Hl Human . _ T : :
& ® echniques Graphics
Information e
o &E
HO ue, e ‘ C3 Dialogue C5 Dialogue
1 Communication H3 C1 Input and  Genre Architecture
V\f“w..__?_'gnd Interacti..." Ergonomics Output Devices j g%
%
¥ D4 Example Systems %
¢ D3 Evaluation and Case Studles D2 Implementation
%, Techniques X M- L Techniques and Tools
D Vg - Dl Demgn
) Approaches
L DeV‘- SYelasicinkt rOcess ACM SIGCHI Curriculum 1992 y
- J

Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26



Class Topics

Human Case Studies

Development
Process

» Performance e History of HCI
* \isions of HCI

* Phases of Technology

e [terative design

e Models of interaction e User observation

e Affordances e |deation
 Mappings * Prototyping

e User studies and
evaluation

e Constraints

* Types of knowledge
 Interaction design
notation

e Errors
* Design principles

For more details, see hci.rwith-aachen.de/dis
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Textbooks

Required Reading

REVISED & EXPANDED EDITION

The DESIGN
of EVERYDAY
THINGS

“The Design of Everyday Things
is even more relevant today
than it was when first published.”
—TIM BROWN, CEO of IDEO,

author of Change by Design

DON
NORMAN
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Recommended Reading
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Media Computing Group
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Our Classes

Credits (ECTYS)
Winter Practical Lab 7 The Media Computing Project
inters Seminar 4 Post-Desktop User Interfaces
Summer
Summer Lecture 6 Current Topics in HCI
Winter Everything :) 6 IOS Application Development
Summer Lecture 6 Designing Interactive Systems I
Winter Lecture 6 Designing Interactive Systems |

Only for B.Sc. students

Summer Proseminar 4 Human-Computer Interaction

Summer Practical Lab 7 M3: Multimodal Media Madness
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 (CocoaHeads: International meet-ups for
macOS and i0S developers

 Last Thursday of every month

* Sign up here:



https://hci.rwth-aachen.de/cocoaheads

DIS I: Course Structure
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Course Structure

21

Lecture
Interactive classes with Simon Voelker

Lab UX Project (graded)

» Discuss assignments » Create your own UX
project in a group of six
 Finally, showcase your
project in a video

Oct 9th - Nov 26th Dec 3rd - Jan 30th

Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26

Final Exam
Final Exam

| RINTHAACHEN
p UNIVERSITY



- Project
40 %

Final exam
60 %

' o pass the course, you must pass both project and final exam.
=
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 Limited to

* Register via RWTHonline and upload the Declaration of Compliance until
(Thu Oct 10, 2024, 23:59)

 Erasmus students, and others who cannot register via RWTHonline:
Email Sarah & Paul your matriculation number and full name from your official
@rwth-aachen.de email address with the following subject:

[DIS1] Registration <Firstname Lastname>

23 Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26 RWTH



Deadline to register:

* |f you fail the first final exam, there will be a short period to register for the
second chance

* You won’t be registered for the second final exam automatically!
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The Human
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Model Human

Processor:
The CMN Model

26 Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26

The
Psychology
of
Human-Computer
Interaction

STUART K. CARD
THOMAS P. MORAN
ALLEN NEWELL




e 3 processors with associated memory

 Slow, middle, fast performers
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LONG-TERM MEMORY

dum = ~,
Hirm = %
Kirm = Semantic

WORKING MEMORY

VISUAL IMAGE AUDITORY IMAGE twm = 3 [2.5~4.1] chunks
STORE STORE rwm =17 [5~9] chunks
dwm = 7 [5~226 ] sec

Syis = 200 [70~1000 ] msec 5,5 = 1500 [900~3500 ) msec Bww (1 chunk) = 73 [73~226 ] sec

s = 17 [7~17] letters Mps = 5 {4.4~ﬁ.2] letters Sww (3 chunks) = 7 |5~34 ] sec
kyis = Physical kg = Physical xwm = Acoustic or Visual
7 AR Gttt v e AN
S e s P TR e |

Cognitive
Processor

T¢= 70 [25~170]

Perceptual msec
Processor
7p = 100 [50~200 |
Mo Motor

Processor

M= 70 |30~100 |
msec

Eye movement = 230 [70~700 | msec

[Card et al. ’81]

‘R\Nﬂ'l




 Work in pairs of two

 Read out the text from Experiment 1 to your group partner

* The other partner observes the eye movement of the reading person
 Then switch

 What did you observe?

28 Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26 RWTH



tobii

www.lobil.com

How your eyes
move when
The Eiffel Tower is an iron tower built in you are

1889 in Paris, France. It was named after )

its designer, Gustave Eiffel, and is the readmg

tallest building # Paris. It was originally

supposed to be built in Barcelona, Spain.

The entire building weighs about 10,000 (R?COI‘dEd

tons. using an
eyetracker)

. _ ¢ | RNNTHAACHEN
http://www.youtube.com/watch?v=VBTZNydUhOw UNIVERSITY



http://youtu.be/VBTZNydUh0w

VISUAL IMAGE AUDITORY IMAGE

STORE STORE
 Eye saccades: ~230 ms Syis = 200 [70~1000 ] msec 5y = 1500 [900~3500 | msec
ys = 17 [T~17 ] letters  |ups =5 |4.4~6.2 | letters
e Explains reading rates: kyis = Physical KAIS = thsical
 Maximum: B
~13 characters per saccade :
= ~0652 words per minute

Perceptual
Processor

*szo 50 ~ 200]
msSec

i

30  Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26 ‘ RWTH

Eye movement = 230 [70~700 | msec




In-Class Experiment 2: Bloch’s Law




In-Class Experiment 2: Bloch’s Law




In-Class Experiment 2: Bloch’s Law




A: O ms delay

B: 50 ms delay C: 100 ms delay
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Stores sensor signals in visual &
auditory stores
Perception time: T = 100 ms

 Explains animation rates
(10 fps for “MiddleMan”)

 Explains max. delay before
causality breaks down

e Shortens with intensity

Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26
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e Bloch’sLaw: R=1 xt
* R response
e | Iintensity
e t exposure time
 The eye integrates stimuli over a time window Tp

* Bloch’s Law only holds for t < tp (“exposure time”)

Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26

100

50
> 1
100ms
100 }
50
» 1
100ms
A
100
50

100ms
‘ RWTH
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VISUAL IMAGE
STORE

Syis = 200 [70~1000 ] msec |Spg = 1500 [900~3500 ) msady
pys = 17 [7~17 ] letters
Kyis = Physical

4

durm =
Kirm = %
Kirm = Semantic

WORKING MEMORY

AUDITORY IMAGE
STORE

#Als =50 l44~62 ] le"ers
Kpis = Physical

LONG-TERM MEMORY

pwm* =7 [5~9] chunks
dwm = 7 |[5~226] sec

S (1 chunk) = 73 [73~226 | sec
Sww (3 chunks) = 7 [5~34 ] sec

kwm = Acoustic or Visual

Eye movement = 230 |70~700 | msec

" »
y
;
.
N
r "
. v'
VS

Cognitive
Processor

.- 70 [25~170]

Motor
Processor

7w = 70 |30~100 |

uwm = 3 [2.5~4.1] chun-k\.

Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26
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 As a group of two

 One of you (P1) reads out a random sequence of 5 digits from your sheet to
the other (P2)

e Then P2 counts backwards aloud from 50

 Then P1 asks P2 another question
(like what they had for dinner three days ago?)

 Then P2 writes down the numbers that they still remember.

e Switch roles, repeat with 9 digits.

e Finally, switching roles again, read the long sequence of numbers to your partner,
stopping somewhere suddenly. See how many of the last numbers they can

repeat immediately.

38  Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26 ‘ RWTH



LONG-TERM MEMORY

Oirm = %

Chunks depend on user & task Mirm = %,

Ky = Semantic

WORKING MEMORY

 \Working memory:

uwm = 3 |2.5~4.1] chunks
Capacity: pwm =7 + 2 chunks (Miller '56) ww® =7 [5~9] chunks
dwm = 7 |5~226 | sec
e Half life: &1wm=73s (1 Chunk) Sww (1 chunk) = 73 |73~226 | sec

w (3 chunks) = 7 |5~34 ] sec
kwm = Acoustic or Visual

O3,wm = 7 S (3 chunk)

* \isual/acoustic encoding

-
+__

Cognitive
Processor

* In 2001, Nelson Cowen showed that pwwm is actually
4+1 chunks.

39  Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26 ‘ RWTH


https://doi.org/10.1017/S0140525X01003922

Cognitive processor:

* Processingtime T1c=70ms

 Long-term memory:
 [nfinite capacity and half life

Semantic encoding (associations)

e Fast read, slow write

= Remembering items maxes out at
7/ s/chunk learning speed (1 pass)

40 Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26

LONG-TERM MEMORY

= 'K
’

OLrm =
Hirm =
Ky = Semantic

WORKING MEMORY

uwm = 3 |2.5~4.1] chunks

uwm =7 [5~9] chunks

dwm = 7 |5~226 ] sec
Swm (1 chunk) = 73 |73~226 | sec
w (3 chunks) = 7 |5~34 ] sec

kwm = Acoustic or Visual

-
+__

Cognitive
Processor

r¢= 70 |25~170]
MmSec

‘R\Nﬂ'l
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durm =
Hirm = %
Kum = Semantic

WORKING MEMORY

VISUAL IMAGE AUDITORY IMAGE
STORE

Byis = 200 [70~1000] msec |65 =
pys = 17 |7~17] letters
Kyis = Physical

1500 [900~3500 ) msec
ppas =5 |4.4~6.2] letters
kais = Physical

Sw

Sy

Eye movement = 230 [70~700 | msec

e

7¢= 70 [25~170]

2rceptual
Processor ' 5

LONG-TERM MEMORY

Pwm = 3 [2.5~4.1 ks
pww* =1 [5~9
dwm = 7[5
nk) = 7
§) =

5 | sec
sec
lic or Visual

Coghnitive
Processor

msec

Motor R
Processor

Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26



 Experiment: draw strokes between lines for 5s. Try to reach both lines.
e Count number of reversals
 How many milliseconds per reversal?
e Create a contour of stroke bottoms, count number of corrections
 How many milliseconds per correction?

AT

VA QAN AT 2R Al BLETTA LB

10 corrections/side = 20 total corrections
42 Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26 RWTH

34 reversals/side = 68 total reversals




74 ms/reversal
250 ms/correction

T

 Motor processor (open loop)

e TmMm=/0ms

—> Average time between each reversal

Motor
Processor

Tm = 70 |30~100 |

msec

43 Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26

LONG-TERM MEMORY

durm = %,
Hitm = %
Kirm = Semantic

- WORKING MEMORY

VISUAL IMAGE AUDITORY IMAGE
STORE STORE

Kais = Physical

mwm = 3 [2.5~4.1] chunks
puwm* =7 [5~9] chunks
dwm = 7 [5~226 ] sec

Syis = 200 [70~1000 ] msec |Spg = 1500 [900~3500 | msec Sww (1 chunk) = 73 [73~226 ] sec
fys = 17 [7~17} letters Mps = 9 [4.4~6.2] letters Sww (3 chunks) = 7 I5~34] Sec

kwm = Acoustic or Visual

Kyis = Physical
Perceptual

Processor
7p = 100 [50~200 |
msec

Eye movement = 230 [70~700 | msec

Cognitive
Processor

7¢= 70 [25~170]

msec

RWTH




LONG-TERM MEMORY

Surm = %
Hirm = %
Kuam = Semanlic

WORKING MEMORY

VISUAL IMAGE AUDITORY IMAGE iy =3 (2541 ] chunks
STORE STORE twm" =7 [5~9] chunks
- dwm = 7 [5~226 ] sec
dyis = 200 [70 ~1000] msec | das = 1500 l900~3500J msec Swa (1 chunk) = 73 |73~225] sec
pyis = 17 |7~17] letters ppas =5 [4.4~6.2] letters Sww (3 chunks) = 7 [5~34 ] sec
kyig = Physical kms = Physical kwm = Acoustic or Visual

74 ms/reversal
250 ms/correction

W

e Closed loop:

e Tp+Tc+Tvm =240 ms

—> Average time between each correction

44 Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26 RWTH



Fitts’ Law
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1cm

4cm

8cm

Same for 0.5 cm and 2 cm wide strips

Tap for 10 s, count taps afterwards

16cm

Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26
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* Doubling the distance adds roughly a °

. . 1.8
constant to execution time 16
1.4
= Indicates logarithmic nature g 1.2 + 05
g 1
S 0.8 2

* Doubling the target width (W) gives about 0.6

same results as halving the distance (D) -

= |ndicates connection of D/W In formula 0 4 8 12 16 20

Distance

47 Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26 RWTH



 (Goal: Predict time to press buttons (physical or on-screen) as function of
distance and size

. Result (Fitts, 1954): 1. .= 1, I

pos

* [pos time to reach button

/iy =100 ms/bit index of movement, constant
e Ip=100g2(2D / W) index of difficulty, in bits
e Fitts’ law can be derived from CMN model

D

48 Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26 ‘ R
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Experiment: fixed distance D, varying width W

A D = 2 inches
® D = 0.5 inches

[ [ms]

pos

I, = log,(2D/W) [bits]

49 Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26 RWTH



50

remaining distance to target atter i movements

D;/D;, 1 <1 (relative movement precision, experiment shows)
®
0.07 (constant according to CMN model) =
DO=D D1 D2

€-Dy=e-D -.07* DO
€ - D1 — 62 - D
€c-D,1=€¢"-D <W/2 (hand reaches target after n movements)

W
<
— 2D

W . L.

> log. D (log for base < 1 turns inequality sign)

log, (%)
>
- log, €

log, (%)

>
~ log, €

Dr. Simon Voelker: Designing Interactive Systems | ¢ WS 2025/26
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Deriving Fitts’ Law from CMN (2)

Total positioning time is Tpos = 1 - (twp + txp + tarp)

Insert n to arrive at Fitts’s Law:

log, (%)
Tpos = — log, ¢ - (twp + txp + tymp) (rearrange)
2
t t t 2D
_  (twp +tkp + tmp) log, (_)
log, € W
240 ms 2D , ,
= _logz 0.07) -log, (W) (240 ms is CMN estimate)
2D
~ 1 -1 —
00 ms - log, ( W )
— IM ¥ ID qed

J111
(0101
JJJJJ
OOOOO

RWTHAACHEN
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e Welford’s Formulation, 1968:

D 1
Thos = Ing - 1 |
pos M " 108> (W 2)

« Shannon’s Formulation, ISO, 80’s:
Tpos = a+b-log, (V?f | 1)

* a, b depend on device, determine experimentally

D 1

Tpos = a+b-log, (%Jrl)
Usea =0ms, b =Iv= 100 ms for quick and dirty estimates

Improved curve fit, no negative times
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[MacKenzie & Buxton, CHI’92]
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Papierkorb

Windows 10

.| V]

v

Laufwerktools  Dieser PC

Datei Computer Ansicht Verwalten

— v ‘M = > Dieser PC

v 3 Schnellzugriff v Ordner (6)
m Desktop

& Downloads BllGer

Desktop Dokumente
- v

% Dokumente

= Bilder ‘ Downloads ) Musik E Videos
~ DVD-RW-Laufwerk
Gespeicherte Bilder ~ Gerdte und Laufwerke (2)

D Musik - Lokaler Datentrager (C:)

_ [ I DVD-RW-Laufwerk (E:)
& Videos ~ 224 GB frei von 464 GB -
& OneDrive

@ Dieser PC

¥ Netzwerk

8 Elemente 1 Element ausgewahlt

1

" | RWTHAACHEN
~ ﬂJNNE@ITW 8:25
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 How much faster does calling become by moving the “call” button from 30 mm
distance to 14 mm distance, measured from the middle of the keypad? The size

of the call buttonis 2 x 2 mm

Y & — 30 mm

* Shannon’s Formulation: 7 =a+b- lng(W + 1)
e Usea=0ms, b=100 ms/bit 14 mm

1 2 3

4 B........ 6.l

7 8 9

* 0 #

RWTH
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D, o, @ 30 mm
1051 =a+b-log2(W+ 1) Tp0S2:a+b°10g2(W+ 1)
D, D,
Ipigr = 1051 = L o5 = a + b - Ing(W +1)—(a+b - 10%2(W + 1)) 14 mm
b-(l (D1 +1)—1 (D2 + 1))
= D - (109~(—— — loo,(—=
&2 W &2 W
1 2 3
30 14 4 BBl
=b - (log,(—+ 1) —log,(—+ 1)) = b - (log,(16) — log,(3))
2 2 7 8 9
0 #

— b - (4bit — 3bif) = b - 1bit = 100% . 1bit = 100ms
l

= Moving the call button speeds up each call by an average of about 100ms.
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 The Media Computing Group does cool stuff

 HCI is about humans, computers, the design process, and the social context
 The CMN model allows estimating reaction times and memory performance

* You can calculate the average movement time of pointing devices using Fitts’ Law

* You’'ve experienced that mathematical laws seem to govern your perception, memory, and
movement
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Today
1. Register for the course on RWTHonline

2. Upload your signed Declaration of Compliance on our website
(If you have done this already, you don’t need to upload it again)

File Name: DIS1 DoC <your last name> <matriculation number>.pdf

3. Feel free to check out our other class, iOS Application Development

Before next Lab on Tuesday
 Buy Don Norman’s The Design of Everyday Things (2nd edition, 2013)
» Start working on the assignment

Before next Lecture

 Read Dix’ Human-Computer Interaction, chapter “The Human” (pp. 11-59)
(PDF available on RWTHmMoodle)
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