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Moael Human Processor

» By Stuart Card, Tlom Moran, Allen Newell
(CMN Model)

* The Psychology of Human-Computer
Interaction (1983)

- Basic model for perception, memory, and
motor system

« (Goal: estimate execution time, error rates,
and training effects for simple input/output
events
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LONG-TERM MEMORY

durm =%

Bim = %
Ky = Semantic

WORKING MEMORY

pww = 3 [2.5~4.1] chunks
wm* =T [5~9] chunks

VISUAL IMAGE AUDITORY IMAGE

dym = 7 [5~226] sec
By (1 chunk) = 73 [73~226 | sec
Sum (3 chunks) =7 15~34]sec

msec | Sy = 1500 [900~3500 | msec
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Moael Human Processor

» 3 processors with associated
memory

- Slow, middle, fast performers

Prof. Jan Borchers: Designing Interactive Systems |

a < 3
= Skl

LONG-TERWw: " SMORY

Surm = =
FERYNEEE on
Kyt = Semantic

WORKING MEMORY

R = 3 [2.5~4.1] chunks
Lwilk=T7 [5~9] chunks

' D 7 [5~226] sec
Syis = 200 [70~1000 ] msec 5,5 = 1500 [900~3500 | msec S (1 chunk) BB 73 |73~226 | sec

pyis =17 [T~17] letters [ pups=5 [4.4~6.2] letters Sy (3 chunks) 7 [5~34 ] sec
kyis = Physical Kpis = Physical

VISUAL IMAGE AUDITORY IMAGE
STORE STORE

xwm FAcoustic or Visual

z 5
¥ 5/

Co¢ itive
Prs essor

By it

Processor

Ty = 70 [30~100 |
msec

Perceptual

Processor
p = 100 [50~200 |
msec
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-xperiment |

* Work In pairs of 2
+ Read the paragraph handed out

+ Have your friend observe your eye movements while you're reading

Computing
Group

"
<5 Media
i
‘

6  Prof. Jan Borchers: Designing Interactive Systems |



Perception

VISUAL IMAGE AUDITORY IMAGE

msec 8”3 =

Syis = 200 [70~1000 1500 [900~3500 ) msec
° E d . 230 pys = 17 l?~17] letters Mas = 5 [4:4~6.2] letters
ye saccades: ms s = Physica s = Physical
7
A

* Explains reading rates

- Maximum:| 3 characters/saccade = 652
words/minute

Perceptual A
Processor ‘
7p = 100 [50~200 |
msec /

Eye movement = 230 [70~700 | msec
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Perceptual Processor

» Stores sensor signals in visual & auditory stores

* Perception time: Tp = 100 ms
» Explains Bloch's Law

e R=| X1t

« R Is response
| is intensity,
+ 11Is exposure time

» Constant response for t < [00ms
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Perceptual Processor

£y | re) I | | == | =

. . . IMMEDIATE : INDEPENDENT =
* Perception time: Tp = 100 ms CAUSALITY EVENTS
100% @@, o r.,.—o =

+ Explains animation rates ] Loomaven .
% CAUSALITY . :

(10 fps for MiddleMan) - e D -

* Explains max. delay before causality ' %=
breaks down

» Shortens with intensity

o/ ...
0% L1 B et
14 98 182

Time Before Second Chject Moves (msec) l
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LONG-TERM MEMORY

durm = >
Kirm = %
Kirm = Semantic

WORKING MEMORY

/;

VISUAL IMAGE AUDITORY IMAGE [ twm = 3 [2.5~4.1] chunk¥g

STORE STORE Hww" =17 [5~9] chunks
dwm = 7 [5~226] sec

Sww (1 chunk) = 73 |[73~226 | sec

Sww (3 chunks) = 7 |5~34 | sec

= Acoustic or Visual

e ~-‘

Syis = 200 [70~1000 ] msec |55 = 1500 [900~3500 ) ms
pys = 17 |[1~17] letters pas =5 [4.4~6.2] letters
xyis = Physical Kpis = Physical

/
L.\

=

=

=
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Cognitive

g Processor
WA 7c= 70 [25~170]
. msec

Motor l
Processor

M= 70 [30~100]

Eye movement [70~700 | msec




cxperiment 2

+ Digit experiment

» Choose 5 digits secretly from your sheet, then read them to your
neighbor.

Have him count backwards aloud from 50.

Have him answer some other question (like what he had for dinner 3
days ago).

Does he still remember the entire 5-digit sequence correctly?

* Switch roles, repeat with 9 digits.

» Finally, switching roles again, read the long sequence of numbers to
your neighbor; stopping somewhere suddenly. See how many of the
last numbers he can repeat immediately.

| I Prof. Jan Borchers: Designing Interactive Systems |



Cognrtive System

durm = *,
Kirm =
Kirm = Semantic

» Chunks depend on user & task  WORKING MEMORY

* Working memory: wym = 3 [2.5~4.1] chunks
5 4 rwm =1 f5~9] chunks

. o . , dwm = 7 |5~226 | sec
+ Capacity: ywm =7 £ 2 chunks (Miller '56) 5. (1 chunk) = 73 173~226 ] sec

wh (3 chunks) = 7 [5~34] sec
* Half life: 01wm = 73 s (I chunk) kwm = Acoustic or Visual

O3wM = 7 s (3 chunk) o]

* Visual/acoustic encoding Cognitive

Processor

r¢= 70 [25~170]
msec
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Cognrtive System

- Cognitive processor: Surm = %,
Kim = %
Kirm = Semantic

- WORKING MEMORY

* Processing tme  Tc = /0 ms

* Long-term memory: pwm = 3 [2.5~4.1] chunks
puwm' =7 |5~9] chunks
dwm = 7 |5~226 ] sec

Sy (1 chunk) = 73 [73~226 | sec

| | - wh (3 chunks) = 7 [5~34] sec

+ Semantic encoding (associations) kwm = Acoustic or Visual

e

» Infinite capacity and half life

- Fast read, slow write

. : Cognitiv
— Remembermg items maxes out at Progcess:r

/ s/chunk learning speed (| pass) r¢= 70 [25~170]

msec
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LONG-TERM MEMORY

durm = >,
Kirm = %
Kim = Semantic

WORKING MEMORY

VISUAL IMAGE AUDITORY IMAGE pwm = 3 [2.5~4.1] chunks
STORE STORE puwm® =17 [5~9] chunks

- dwm = 7 [5~226] sec
Syis = 200 [70~1000 ] msec|5p5 = 1500 [900~3500 | msec Sy (1 chunk) = 73 [73~226 | sec
Myis = 17 17"17] letters

| pas =5 [4.4~6.2] letters | 5 (3 chunks) = 7 [5~34] seg
kwis = Physical Kus = Physical kww = Acoustic o al

4/\/\9}_/

S0r
7¢= 10 [25~170]

msec

Motor
Processor




Experiment 3

Experiment: draw strokes between lines for 5s. Try to reach both lines

« Count number of reversals

How many milliseconds per reversal!

« Create a contour of stroke bottoms, count number of corrections

How many milliseconds per correction?

34 reversals/side = 68 total reversals

PRSI 7%

|0 corrections/side = 20 total corrections
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Motor System

: e ) Y 2 LONG-TERM MEMORY
\ | I 74 ms/reversal e
250 ms/correction

WORKING MEMORY

—

—
~—

VISUAL IMAGE AUDITORY IMAGE pwm = 3 [2.5~4.1] chunks
STORE STORE puwm =17 [5~9] chunks
dwm = 7 [5~226] sec
vis = 200 [70~1000 ] msec |55 = 1500 [900~3500 ) msec By (1 chunk) = 73 [73~226 ] sec
pys = 17 [T~17] letters | ppg =5 [4.4~6.2] letters Sy (3 chunks) = 7 [5~34 ] sec
Sns= sieal AN i) Kcwm = Acoustic or Visual

S z =

Cognitive
Processor

7¢= 70 [25~170
Perceptual
Processor
7p =100 [50~200 |
msec

 Motor processor (open loop)

e movemen t = 230 [70~700 | msec

¢« Tm=/0ms

—> Average time between each reversal

A
e
v

Motor
Processor

M= 70 [30~100 |
msec
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Motor System

i 1+ LONG-TERM MEMORY
,\ , 74 ms/reversal e
} 250 ms/correction WORKMG MERORY

» Closed loop:
* Tp+TctTm =240 ms

—> Average time between each correction
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Fitts Law
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Experiment 4

cm

Same for 0.5cm and 2cm wide strips
4cm Tap for |0s, count taps afterwards

8cm

| 6cm

|9 Prof. Jan Borchers: Designing Interactive Systems |



|apping lask Results

» Doubling the distance adds roughly a
constant to execution time

= Indicates logarithmic nature

» Doubling the target width gives about
same results as halving the distance

indicates connection of D/VW In
formula

=
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The effect of distance and width to tapping time
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Motor System: Fitts Law

____’,

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

» Result (Fitts, 1954): Tpos = Im x Ip

* Tpos time to reach button

* Im =100 ms/bit Index of movement, constant

* Ip = logy( 2D /W) index of difficulty, in bits

- Fitts’ law can be derived from CMN model

<5 Media Rm
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Visualizing Fitts’ Law
Experiment: fixed distance D, varying width W

A D = 2 inches
® D = 0.5 inches

0.8

T [5]

pos

0.1

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

22 Prof. Jan Borchers: Designing Interactive Systems |



larget Wiath

Oy --o-mmmoeneee g I
e ————]

o, Computing
3y Group

23 Prof.]Jan Borchers: Designing Interactive Systems |



&

Papierkorb

Laufwerktools  Dieser PC

Computer Ansicht Verwalten

v N = Dieser PC

v 3 Schnellzugriff v Ordner (6)

Desktop
& Downloads B Bilder Va Desktop _  Dokumente

<] Dokumente

= Bilder ‘ Downloads ﬁ Musik ﬁ Videos

~ DVD-RW-Laufwerk
Gespeicherte Bilder  Geréte und Laufwerke (2)

D Musik . Lokaler Datentrager (C:)

. Sim [ DVD-RW-Laufwerk (E:)
® Videos ~ 224 GB frei von 464 GB =~

#& OneDrive
A Dieser PC

¥ Netzwerk

8 Elemente 1 Element ausgewahlt

18:25
16.07.2015

Windows |0
RWTH

Media
Computing

24 Prof. Jan Borchers: Designing Interactive Systems |



Finder

File

Favorites
E Al My Files

¢ iCloud Drive
@) AirDrop

/> Applications
) Desktop

[ﬁﬁ Documents

0 Downloads

72} Phil

Devices

Macintosh HD

Remote Disc
Shared

oliver

£ Client’s iMa...

& Fablab Cutt...

& Fablab Mill (9)

amedeo

Teaching

Edit

View Go

¢ Microsoft Excel

Microsoft OneNote
Microsoft Outlook

* Microsoft PowerPoint

Microsoft Word
Mission Control

_ Notes

Numbers

, OmniFocus

3¢

==l
=

OmniGraffle
OmniOutliner
Pages

Photo Booth
Photos

Preview
QuickTime Player

@R

B

/A
2

Reminders

Remote De...Connection
Safari

Skim

SourceTree

Spotify

. Stickies

Sublime Text 2
System Preferences
TeX

| TextEdit

Time Machine

¢ Utilities

&
A=

VLC

I Xcode

3

Zotero

25  Prof.Jan Borchers: Designing Interactive Systems |

Window Help
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Improvements

Welford's Formulation, | 968:
D 1
‘ Tpos = Ip - 1082 (W + E)
* Shannon’s Formulation, SO, 80's:

D

a, b depend on device, determine experimentény _

Usea =0 ms,b=Iv= 100 ms for quick and

| . —_— Thoe = Iy -1
dirty estimates pos = M52 ( >
D

)
)

el P P | —
pos M ng(w

N |

Improved curve fit, no negative times for infinite-
size targets

D
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summary

»+ The Media Computing Group does cool stuff.
- HCl Is about humans, computers, the design process, and the social context.

+ The CMN model allows estimating reaction times and memory
performance.

- Fitts’ Law allows estimating times for typing, pointing, and similar tasks.
- Assignment: Read “Human-Computer Interaction”
(Dix, et al.) chapterThe Human™ (pp. | 1-59)

» Start reading “'The Design of Everyday Things”, by Donald Norman.
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