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Learning Goals

= Understanding how human cognitive and physical
abilities and limitations define ergonomics in HCI
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Definition: Ergonomics

= the process of designing or arranging workplaces,
products and systems so that they fit the people who
use them.

https://www.ergonomics.com.au/what-is-ergonomics/ Image Source
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Image Source https://commons.wikimedia.org/wiki/File:Bladzijde uit_Bauentwurfslehre.JPG by Wasily
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Image https://upload.wikimedia.org/wikipedia/commons/3/35/Computer_Workstation_Variables.jpg by Berkeley Lab
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P T
= /[mag/e after https://commons.wikimedia.org/wiki/File:Photoreceptor_cell.jpg by Manu5 and
= https://commons.wikimedia.org/wiki/File:ConeMosaics.jpg by Mark Fairchild
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Image Source https://commons.wikimedia.org/wiki/File:Five_senses.jpg by Allan-Hermann Pool,
https://de.wikipedia.org/wiki/Datei:Aristotle_Altemps_Inv8575.jpg by Jastrow
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Image Source https://de pikipedi L. orglwiki/Datei: Steiner um 1905.ipk
https://commons.wikimedia.org/wiki/File:Dancing_Feet_(193003991).jpeg by Rodrigo.Argenton and
https://lwww.pigsels.com/en/search?g=selfie+photography
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Humans in HCI

= Perception

= Cognition

= Emotions

= Motor system

https://www.ergonomics.com.au/what-is-ergonomics/ Image Source
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Learning Goals

= The human eye
= Sensory perception
= Stereoscopic vision
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Color perception
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Image Source https://commons.wikimedia.org/wiki/File:Spectre.svg by Tatoute and Phrood
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Light perception

N\

Image Source https://svgsilh.com/image/149670.html
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Light perception

\

Image Source https://svgsilh.com/image/149670.html

Visual Perception 5 Katrin Wolf




Light perception
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Image Source https://svgsilh.com/image/149670.html
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Image Source https://svgsilh.com/image/149670.html

Visual Perception 8 Katrin Wolf



Light perception

Image Source https://svgsilh.com/image/149670.html
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Image Source https://www.flickr.com/photos/nationaleyeinstitute/7544457228 by National Eye Institute

Visual Perception Katrin Wolf




' "Image'Source-tlttps://en.wikuaedi C

Visual Perception 11 Katrin Wolf




—— - - - f LA A T 4 1 N
TR LI TR AL L AN AL YA I 0. %0
A ’ 4

L T . » O s .
S0 808 0t s000.0 04" )0 "% AL A LA -.,".
“»
. .QO.oo.l\O.."'..'. ..."0.,.. .-\g..‘.... ’
» .
.. .,. .........‘....<. LB ™ ) . 9 -
‘. .".;...‘..0.‘ ’.. g ® ... s l‘-. .0....0. »
€ L4
Le? s 00 oo L S NV O Y T DAY
® - AR 22T N . "o e " .
'A'....."."'...' '?'... .~'.....¢ P ASA L 3 P
v e’ _‘ol...t4~. ..?.00 “h ..::.° ° ah O, ‘.1'
8 2% 0% 00,00 l'.'"""-"oo".'"'."
......"‘.’. L TP '.0.....0.- .0."..’ O..... ...
» . » . _ > %s . o
LI L A ORI I IS AR AL ‘oot lated
. » o*an . - o g * 0,
I - . - - .
ev._ " .. A LTI - .
. ." » " - . . . "~
> ® 909 L% _» ..
. kel N L .' 1 e
g MR A
o. L . o L
- .! . e P 9 )
. .’."-Jo‘,"'.‘..
o...g 2920 » gl
LR R S
2. 0 .: o i P
.‘ L . ..‘ ...“‘
° oL - ™ o "
. N .. .. ..0 .« >
o . _" . - ® "svon
’....‘..’ .4 e -
e T2 0 L 00 0. 0 0,
A L .. . , L. L)
- .. R l' % ..'
s’ AN . oY .
s ® N ‘q .."‘.
l. ..'.. . -
L ah - T 1) o
y o+ % 0 LA ..::
. - .
T LE T IO
. - . s %
L - . . »
s W ® - .. L
B . L
» » ° - " »
g 0 .0 - N
"TAMT L .'.n.. .
' o' + % ..."..' . - " » '.....
.. ve ".7vu000 J..‘.. P T ."'u. .0..'°'.o..
.
'.... ... " Raerane .‘.9..’.“.... ..' Q.‘... ... .e
LA < .0...00‘40..,.“o.c00"' T IAL A Y .
s » s ® LK ) Kl - »
» # . L R IR - “ ‘e wh
’ N L s e "o_»
100 s o0 00t 0 v 0 0 csnsansans ol e, 00 00 wOPS,
-
..:.',. ....".‘.o.?.....':...0'.‘0.’ ......' A ) ..
< v 'Y T2 * %% Y ‘e . _e
0,0 2t s rronnag vy ® . . e, 0",
. . » . . L L
..... .....v,o. ......0:..0.....‘:...0'.' ‘..v.-..o.q
%0 0% 0% ssetnnse’e 4 Ay St %0 e e 1 %%
a ‘., 0.»...0:00.0.. 0. ‘.c.'
L. ,.’o ...0."-.'1.. ."...0 . ... ..‘.0‘....0 o !
-
» - ’ LA TR & LI ) e - . - L
1 fe 0.l reste® i et ’ ettty
.' o .. .' s B abhr oo L - .. a

- :. AN v a"
y ..: , * Inlage $uge.ht.tp‘9/eﬂ..m£i@|3§na’.qgw'ikiﬁp ofprecepigradel by, SmDATV - *




Color perception

= 10% of males & 1% of
females are red/green blind
(see 17)

" Restsees 47/

Image Source https://de.wikipedia.org/wiki/Datei:47-rg12.jpg by Liftarn
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Image Source http://resumbrae.com/ub/dms423/21/
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Image after https://de.wikipedia.org/wiki/Datei:Focus_in_an_eye.svg by AzaToth &
https://commons.wikimedia.org/wiki/File:Film_strip.svg by Nevit
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Vergence & accommodation

Image after https://de.wikipedia.org/wiki/Datei:Focus_in_an_eye.svg by AzaToth &
https://commons.wikimedia.org/wiki/File:Film_strip.svg by Nevit
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= Vision adaptive to light

= Good resolution and
color in central area

= (Good motion perception
In the periphery & dark

= Best contrast perception
In red/green

= Limited temporal
resolution (reaction
speed)

= Perception of 2 images,
one per eye

Visual Perception 17 Katrin Wolf



This file is licensed under the Creative Commons Attribution-Share Alike 4.0 (CC BY-SA) license:
https://creativecommons.org/licenses/by-sa/4.0

Attribution: Katrin Wolf

For more content see: https://hci-lecture.de

BY SA



Cognition

Image Source https://commons.wikimedia.org/wiki/File:Multistability.svg by Mintz |
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Learning Goals

= |nformation processing
= Visual pre-processing
= Cognition

= Depth perception

Cognition 2 Katrin Wolf



Visual information processing

= Perception:
sensors and signal processing in the eye and brain

= Cognition:
“understanding” in the brain

Tendency to see what is known, wanted, anticipated

Cognition 3 Katrin Wolf



0C

Cognition Katrin Wolf




Human information processing

Thinking & decision
making
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Signal pre-processing

= Stimuli are pre-processed in the neuronal networks of
the retina

= Example: edge intensification shown in Mach bands

Cognition 6 Katrin Wolf



Image Source https://de.wikipedia.org/wiki/MachscheSStreiens




Acctual intensity

I l | 1 I

Perceived intensity

Image Source https://de.wikipedia.org/wiki/Machsche_Streifen by Poloni
https://cs.stackexchange.com/questions/117497/mach-band-effect by Turing101
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Edge Detection through Contrast
Intensification

= Simultaneous contrast
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Edge Detection through Contrast
Intensification

= Simultaneous contrast
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Simultaneous Contrast

= Simultaneous contrast

Images by Albrecht Schmidt
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Simultaneous Contrast

= Al=1
= Bl=2
=C=3

Images by Albrecht Schmidt
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Image Source https://commons.wikimedia.org/wiki/File:Multistability.svg by Mintz |
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Depth perception
= Binocular disparity

= \ergence
= Accommodation

Depth cues

= Blue / sharpness
AA = Occlusion
= Increased size over distance

m
m
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Depth Perception

Depth perception = Shadows
= Binocular disparity = Atmospheric
- Vergence Lightning

= Perspectives

= Texture gradient
(distortion over

= Accommodation

Depth cues distance
= Size <> distance = Motion parallax
= Occlusion

= Blue / sharpness

Source https://www.flickr.com/photos/cadampol/2297308960 by Carlos Adampol Galindo &
https://de.wikipedia.org/wiki/Datei:Parallax_scrolling_example_scene.gif by OhSqueezy
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Visual information processing

= Perception:
sensors and signal processing in the eye and brain

= Cognition:
“understanding” in the brain

Tendency to see what is known, wanted, anticipated
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Visual information processing

= Perception:
sensors and signal processing in the eye and brain

= Cognition:
“‘understanding” in the brain

Tendency to see what is known, wanted, anticipated

Image Source https://pixabay.com/del/illustrations/vr-virtuelle-realit% C3%A4t-brille-4530602/ & https://svgsilh.com/image/3199441.html
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Gestalt Laws

Image

1 Katrin Wolf



Learning Goals

= Knowing the Gestalt Laws and recognizing their
application in HCI

Gestalt Laws 2 Katrin Wolf
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Background

= Visual perception of objects and the environment

through recognizing patterns or configurations ( rather
than individual elements)

= Wertheimer defines 1923 six Gestalt factors (later
known as Gestalt Principles or Laws)?

= Stephen Palmer adds in the 90s three further Gestalt
Laws ?
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Gestalt Laws

= Proximity

= Similarity

= Simplicity (good form / Pragnanz)
= Continuation

= Closure

= Common fate

= Common region

= Concurrency / simultaneousness
= Connectivity

Gestalt Laws 6 Katrin Wolf



Proximity
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Similarity
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Gestalt Law Application
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Simplicity / Good Form / Pragnanz

9

N
3 6 & 9
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Simplicity / Good Form / Pragnanz

Q0O
OO
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Continuation
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Closure
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Image Source https://www.pexels.com/photo/basket-shadow-sunset-2588638/ by Ryan O'Grady
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Common Fate

Image Source https://upload.wikimedia.org/wikipedia/commons/d/d7/Lawofcommonfate.jpg by BE12M
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Concurrency
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Concurrency
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Concurrency

Image Source https://en.wikipedia.org/wiki/Animation#/media/File:Animhorse.gif by Janke
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Hearing

Image https://pxhere.com/en/photo/1428401 by mbpogue
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Learning Goals

= Sound

The ear
Spatial hearing
Sound filtering



Sound

TE TP wrd el T G et e
Cibep G Mol |
ARSTE = Hearing: sensory

: . perception of
e sound

low bass animals and medical and diagnostic - SO U n d : C h an g es Of

notes chemistry destructive and NDE

l l l l air pressure in the
20Hz 20 kHz 2 MHz 200 MHz .
Infrasound  Acoustic Ultrasound

frequency range

Image Source https://commons.wikimedia.org/wiki/File:Standing.gif by Daniel A. Russell &
https://commons.wikimedia.org/wiki/File:Ultrasound_range_diagram.svg by Mikhail Ryazanov

Slide adapted from Tonja Machulla
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Sound

Amplitude
/ loudness

M
Timbre / type / quality Pitch / sound frequency



Sound

Ay



Sound

Noise Source

Resulting Noise
e

Anti Noise

Image Source https://commons.wikimedia.org/wiki/File:Active_Noise Reduction.svg by Marekich
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ource https://pixnio.com/de/media/schwarz-und-weis-ohr-brillen-hut-altmodisch




The ear

= outer ear: protects inner
ear & amplifies sound

= middle ear: transmits
sound waves as vibrations
to inner-ear

LA

N
T ='l

= inner ear: chemical
transmitters are released
and cause impulses in
auditory nerve

Image Source https://de.wikipedia.org/wiki/Datei:Ear-anatomy-notext-small.svg by Surachit



e

= |Information about the
environment

= Type of sound source

= Distance and
direction through
spatial hearing

-

Image https://www.pexels.com/photo/crow

Hearing Katrin Wolf



Spatial Hearing
= Time:

)
~_ equal

\/ = Amplitude:
\/ equal
\ / = Sound wave form:
~ -~ equal

Hearing 11 Katrin Wolf



Spatial Hearing

= |Interaural time
difference
(ITD)

= |nteraural intensity
difference (11D)

= Head related transfer
function (HRTF)

= Works better for high
~~ frequencies

Hearing 12 Katrin Wolf
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Head related transfer function

A
Z +15°
dB g
ol i g oo
o
£
10} - _1Ro
_ £ 15
D-:
0.1 1 10 kHz Q. 1 10 kH: i 3 5 7 10 1s 20

Geisler 1998 Frequency (kHz)

Image Source https://upload.wikimedia.org/wikipedia/commons/1/19/Binaural.gif by T.A.V. Multimedia. Andreu & Vila
& https://lwww.flickr.com/photos/mitopencourseware/4809307652 by MIT OpenCourseWare
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) ‘Dummy_Head.jpg by EJ Posselius
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Auditory Information Filtering

= Examples:
= Focusing on a conversation at a party
= Listening in the neighbor conversations at a party
= Recognizing when somebody speaks out your name

= The auditory system filters incoming information and allows
selective hearing

= Selectively hearing sound in environment with background noise

= Spotting keyword, e.g. cocktail party phenomenon

Hearing 16 Katrin Wolf
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Haptics

Image https://www.wallpaperflare.com/person-touching-body-of-water-person-touching-body-of-water-during-
daytime-wallpaper-zthoe
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Learning Goals

= The somatosensory system
= Haptics
= Applications in HCI

Haptics 2 Katrin Wolf



Somatosensory System

= Informs us about objects in our external environment
through touch and about the position and movement of our
body parts through the stimulation of muscle and joints.

Patrick Dougherty, Department of Anesthesiology and Pain Medicine, MD Anderson Cancer Center
(content provided by Chieyeko Tsuchitani), https://nba.uth.tmc.edu/neuroscience/m/s2/chapter02.html

Haptics 3 Katrin Wolf



Image Source https://www.flickr.com/photos/bpprie
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Pain

Temperature

Touch

Proprioception

Haptics

Sub Modality Sub-sub Modality

sharp cutting pain

dull burning pain

deep aching pain
warm/hot

cool/cold

itch/tickle & crude touch
discriminative touch

position: static forces

movement: dynamic
forces (kinesthetic)

touch
pressure

flutter

vibration
muscle length
muscle tension
joint pressure
muscle length
muscle tension
joint pressure
joint angle

Center (content provided by Chieyeko Tsuchitani), https://nba.uth.tmc.edu/neuroscience/m/

Patrick Dougherty, Department of Anesthesiology and Pain Medicine, MD Anderson Cancer
s2/chapter02.html
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Receptor  Hair follicles i Pacinian Merkel cell- Ruffini C-fibre LTM Mechano-nociceptor
Skan Light brush ic Vibration Indentation Stretch Touch Injuricus forces

stimulus

Afferent  pa 7 RA.LT RA, LT SA LT SALT SALT SA HT

T I 4 - I BEHHH— - HE— i
g \ N N \ \ J X \

T S &> T T

Perceptual Skin Skin motion; Vibratory cues Fine tactile Skin stretch; Pleazant contact; Shan imjuny;
functions movement detecting slipping transmitted by discrimination; direction of object  =zocial interaction  pain
objacts body contact when form and texture  motion, hand shape
grasping ancbject perception and finger position
Mechanoreceptors RA/SA rapidly/slowly adapting; LT/HT low/high threshold

Suslak, Thomas. (2015). There and back again: a stretch receptor's tale. Thesis,
https://lwww.researchgate.net/publication/292449835 There_and_back again_a_stretch_receptor's_tale
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Somatosensory System

36to 75 mm

1.1 mm 3 to 8 mm

N

Image Source https://en.wikipedia.org/wiki/Two-point_discrimination#/media/File:Lawrence_1960_8.11.png by
House, Earl Lawrence. Pansky, Ben. - A functional approach to neuroanatomy 1960
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Somatosensory System

Genitals Lips

Jaw

® Tongye
Phar}’ Ny
"")’nx

Motor cortex

Left Right

Image adapted from https://www.flickr.com/photos/46006858@N05/8641421501 by Gary Kirwan &
https://en.wikipedia.org/wiki/Cortical_homunculus#/media/File:Front_of Sensory Homunculus.gif by Mpj29

Slide adapted from Tonja Machulla
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Haptics

= Haptic perception: active exploration of surfaces and objects
by a moving subject, as opposed to passive contact by a
static subject during tactile perception.t

= Haptic technology: creates an experience of touch by
applying forces, vibrations, or motions to the user.?

Haptics 11 Katrin Wolf




Haptics in HCI

Move,:drag Move,: jump % Pan:drag hand Rotate: drag corner

Object jumps to index
finger location.

Finger touches
corner to rotate.

Cut:slash Paste,:tap Paste.: drag from offscreen Duplicate:tap source and destination
; ': -
Cuts current selection (made via
Select Single or Select Group). \/

After duplicating, source object

Paste,:Use Move,, with off-screen is no longer selected.

source and on-screen destination.

Jacob O. Wobbrock, Meredith Ringel Morris, and Andrew D. Wilson. 2009. User-defined gestures for surface
computing. CHI '09

Haptics Katrin Wolf




Haptics in HCI

—)

KK\\-

Image Source https://www.needpix.com/photo/1005794/mobile-phone-smartphone-mobile-phone-phone-icon-to-call-
screen-phone-call-call by ElisaRiva
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Haptics in HCI

Image Source Raphael Wimmer and Sebastian Boring. 2009. HandSense: discriminating different ways of grasping
and holding a tangible user interface. TEI 09

Haptics Katrin Wolf




Haptics in HCI

Massie, T. H., & Salisbury, J. K. (1994, November). The phantom haptic interface: A device for probing virtual objects.
In Proceedings of the ASME winter annual meeting, symposium on haptic interfaces for virtual environment and
teleoperator systems (Vol. 55, No. 1, pp. 295-300).

Slide adapted from Tonja Machulla
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Lopes, P., YikselB=-Guimbretiere, F., and Baudisch, P. Muscle-plotter: an Interactive System based on Electrical
Muscle Stimulation that Produces Spatial Output, UIST’16.

Haptics Katrin Wolf




Haptics in HCI

Slide adapted from Tonja Machulla

Seung-Chan Kim, Ali Israr, and Ivan Poupyrev. 2013. Tactile rendering of 3D features on touch surfaces. UIST ’13

Haptics 17 Katrin Wolf
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Learning Goals

= Human Information Processing Model
= Attention
= Memory

Attention & Memory 2 Katrin Wolf



Human Information Processing

Sequential four-stage process
= Encode stimulus received from the environment into an
Internal representation

= Compare the encoded stimulus with stored / memorized
representation

= Formulate / select a response to received and encoded
stimulus

= Act on the stimulus and execute the response
input _ com- response response output
stimulus Aiteellns parison selection execution response

Lindsay, P.H. and Norman, D.A. (1977). Human Information Processing: An Introduction to Psychology, 2nd edition.
New York: Academic Press. Source (text, image): http://web.cs.dal.ca/~jamie/teach/NickGibbins/psych.html

Attention & Memory 3 Katrin Wolf



Human Information Processing

Extended four-stage process

= Attention and memory are relevant in all 4 stages

attention

¢ ¢

com- response response output
parison selection execution response

input
stimulus

encoding

memory

Barber, P (1988). Applied Cognitive Psychology. London: Methuen.
Source (text, image): http://web.cs.dal.ca/~jamie/teach/NickGibbins/psych.html

Attention & Memory 4 Katrin Wolf



Input: Information transmission rates

Sensory system

Eyes 10,000,000
Skin 1,000,000
Ears 100,000
Smell 100,000
Taste 1,000

= Limited capacities for processing and saving information for
cognition & memory

= No equal thresholds: inter- & intra-individual variance
= => Filtering attention & selecting information

https://www.britannica.com/science/information-theory/Physiology

Attention & Memory 5 Katrin Wolf



Attention

= = cognitive process of selectively concentrating on a sub-set
of stimuli while ignoring other perceivable stimuli

= Broadbent's filter model of attention:
= all stimuli are processed initially e
for basic physical properties including __ ===\
= Color
* Form :/_
= Motion
= Pitch

= | oudness
= Direction

Attention & Memory 6 Katrin Wolf



Broadbent's filter model of attention

Bottleneck | |

Selective
Filter
Based on physical

properties
(e.g., pitch, loudness)

Preattentive processing Conscious processing

.:.. @0 X wC
g0 00 0’0 2 d
@ ..‘. by

® 0040 o IR s” z

Image Sources https://en.wikipedia.org/wiki/Broadbent%27s_filter _model_of attention#/media/File:Broadbent_Filter Model.jpg by Kyle.Farr
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Broadbent's filter model of attention

Bottleneck | |

Selective
Filter
Based on physical

properties
(e.g., pitch, loudness)

Preattentive processing Conscious processing

oo ®9 o u a q

.:.. ®0 X wC

g0 00 0’0 2 d
e 0,0, by

® 0040 o IR s” z

Image Sources https://en.wikipedia.org/wiki/Broadbent%27s_filter_model_of attention#/media/File:Broadbent_Filter _Model.jpg by Kyle.Farr
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Broadbent's filter model of attention

Bottleneck | |

Selective
Filter
Based on physical

properties
(e.g., pitch, loudness)

Preattentive processing Conscious processing

oo ®9 o u a q

0:‘. @0 X w® .

o ¢ Hg : !

g0 00 0’0 & dH
() ....

b

Image Sources https://en.wikipedia.org/wiki/Broadbent%27s_filter_model_of attention#/media/File:Broadbent_Filter _Model.jpg by Kyle.Farr
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Memory

= |nvolves encoding and recalling
knowledge and acting
appropriately

= We don’t remember everything -
Involves filtering and processing

= Context is important in affecting
our memory

= We recognize things much better
than being able to recall things

= The rise of the GUI over
command-based interfaces

= Better at remembering images
than words

= The use of icons rather than
names

Attention & Memory Katrin Wolf




Multi-Store Model for visual and oral perception

Environmental Input

|

Sensory Input

(sights, sounds, etc.)

| |

Maintenance

Rehearsal
Retrieval
Sensory Autenton Short Term [o———1 Long Term
Memory Memory Memory
Elaborate
Rehearsal
Leads to
@ Storage b
Forgotten Forgotten
Forgotten Through Through
Decay or Interference
Displacement or Retrieval
Failure

Image Source https://en.wikipedia.org/wiki/Information_processing adapted by Dkahng from Atkinson, R.C. and

Shiffrin, R.M. (1968). 'Human memory: A Proposed System and its Control Processes’
Attention & Memory

Katrin Wolf



Multi-Store Model for visual and oral perception

— Sensory Short-Term Long Term
— Memory (STM i
Memory Y ) Memory (LTM)
« sensory information * symbolic information o .
— : ,  episodic/semantic
« e.g. echoic memory * less capacity e t'
"« high capacity (7 £ 2 chunks) . 'r? ohrma |on.t
~" « short duration » medium duration \gh capacily
— (<< 1) (~ 15 s) - relatively Cura
~ « refresh / stimulus - less processing permanent duration =
power  slow access Lé
£
<
Attributes T é
Context %
Recognize-act cycle (~ 70 ms) ‘%?
»

Attention & Memory 13 Katrin Wolf



Memory: Short Term Memory (STM)

Mini exercise: watch & remember

Gesundbrunnen

Uooikpnjmn ztgtzgrt URK

782108673 876221 9912

Duobus litigantibus tertius
gaudet

dasla

-

YyerioBeék

Attention & Memory 14 Katrin Wolf




Memory: Short Term Memory (STM)

Mini exercise: recall

Gesundbrunnen

Uooikpnjmn ztgtzgrt URK

782108673 876221 9912

Duobus litigantibus tertius
gaudet

dasla

-

YyerioBeék
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The problem with the classic ‘7+2’

" People’s immediate memory capacity is very limited
" In general you can remember 5-9 chunks
= Chunks can be letters, numbers, words, sentences, images

221217891335

http://www.well.com/user/smalin/miller.html The Psychological Review, 1956, vol. 63, pp. 81-97

Attention & Memory 16 Katrin Wolf



The problem with the classic ‘7+2’

= People’s immediate memory capacity is very limited
" In general you can remember 5-9 chunks
= Chunks can be letters, numbers, words, sentences, images

2212 1789 13353

Beuth Hochschule fur Technik Berlin
Luxemburger Strae 10

13353 Berlin

Telefon: 030 4504-0

E-Mail: www(at]beuth-hochschule.de

Image Sources https://pixabay.com/de/photos/frankreich-franz%C3%B6sische-revolution-63022/ &
https://www.needpix.com/photo/1867851/egyptian-girl-class-teenager-pretty-youth-smiling-children-female-cheerful

Attention & Memory 17 Katrin Wolf




Wrong application of the theory

= Wrong interpretation
= Present only 7 options on a menu
= Display only 7 icons on a tool bar
= Place only 7 items on a pull down menu
= Place only 7 tabs on the top of a website page

= But why this is wrong?
= |[ts about reading not recalling!
= People can scan / read lists of bullets, tabs, menu items

Attention & Memory 18 Katrin Wolf
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Long Term Memory (LTM) g —

Working memory
Long time memory

Explicite memory Implicite memory

Episodic Semantic Procedural Con-
memory memory memory ditioning

First date Capital of Cvelin Fear of Doc -> nurse
Sweden ycling dogs Ski -> nurse
Attention & Memory 20 Katrin Wolf
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Long Term Memory (LTM)

The Forgetting Curve

g D
= Loss of access instead ; \\\ D
of erasing (forgetting) N T

= Duration depends on \ \\
the intensity and the L ™
quality of memorizing | | e

= The following can train

you r' LTM Bild Ebene Schrift Auswahl Filter 3D
Modus 4 E
u Learnlng by repeated Korreldturen » %
p raCtl cin g Auto-Farbton Umschalt+Strg+L g
. . . Auto-Kontrast  Alt+Umschalt+Strg+L ﬁ
- ACtlve Iearnlng (learnlng Auto-Farbe Umschalt+Strg+B g
by dOlng) BildgroBe... Alt+Strg +1 “_g
. . Arbeitsflache... Alt+Strg+C 9
= |llustrate and visualize Biddrehung ] 5
words - o
©
Image Source https://de.wikipedia.org/wiki/Vergessenskurve#/media/Datei:ForgettingCurve.svg by Icez %)
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Cognitive Models of Human (Inter-)action

Image adapted from https://www.flickr.com/photos/falequin/8443342362 by Freddie Alequin &
https://www.flickr.com/photos/pzado/16950126282 by Erik Araujo

@ O ? 1 Katrin Wolf



Learning Goals

= Model Human Processor
= Multiple Resource Theory

Attention 2 Katrin Wolf



Model Human Processor
= Very simple “model” of a human interacting with a computer

= The model describes the human as three sub-systems
= Perceptual system (input: from the real world)
= Motor system (output: manipulate the real world)

= Cognitive system (connection between input and output, basic
processing and memory)

Card, S.K; Moran, T. P; and Newell, A. The Model Human Processor: An Engineering Model of Human Performance.
In K. R. Boff, L. Kaufman, & J. P. Thomas (Eds.), Handbook of Perception and Human Performance. Vol. 2:
Cognitive Processes and Performance, 1986, pages 1-35.

Attention 3 Katrin Wolf



Model Human Processor

Long Term Memory|

A
Visual | Auditory Memory
Store Store
Processor
Arms, wrists, Input/
Eyes Ears fingers, etc. Output

Image from Brian P. Bailey, Computer Science 498bpb, Psychology of HCI
http://www-faculty.cs.uiuc.edu/~bpbailey/teaching/2004-Fall/cs498/
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Bl = =,
Mm%
Kum = Semantic

WORKING MEMORY

VISUAL IMAGE AUDITORY IMAGE
STORE STORE

Hyps = 200 [70~1000 | msec |5, = 1500 |900~3500 | msec

pys = 17 |7~17] letters Hus~ 5 |4.4~6.2] letters
xyis = Physical

LONG-TERM MEMORY

Hwm = 3 [2.5~4.1] chunks
wm® = 7 i5~9 ] chunks
Awm = 7 |5~226| sec

Swm (1 chunk) - 73 |73~226 | sec
S (3 chunks) « 7 |5~.34 | sec

X ~ Acoustic or Visval
A

Perceptual
‘ Processor ‘
7p = 100 [50~200 ]
msec

Eye movement - 230 |70~700 | msec

Z
N &/

Cognitive
Processor

N il

Motor
Processor
*m ~ 70 [30~100 |
msec

Image http://en.wikipedia.org/wiki/Human_processor_model
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Model Human Processor

= Reaction/processing time, example:
= Perception (stimulus); typical time: TP ~ 100ms
= Simple decision; typical time: TC ~ 70ms

= Minimal motion; typical time: TM ~ 70ms_
(example for complex motor action see Fitts’ law, KLM)

= Qverall time for operation where there is a sequential processing

5 [Io_ressing a button when a light comes on is about 240ms
=TP+TC+TM

= Matching a S)()mbol and then pressing one of two buttons is about
310ms (%TC ecause there is comparison and decision)
T=TP+2TC+TM

® Processing can also be parallel _ o
(e.g. phoning while writing, talking while driving, ...)

Attention 6 Katrin Wolf
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Multiple Resource Theory

= |nstead of one “pool” of resources, there are several
different capacities of resources:

= Modalities: visual or auditory
= Information type: spatial or verbal
= Responses: manual, spatial, vocal, verbal

= Stages of processing: early (perception/cognition) or late
(responding)

= Tasks using same resources interfere each other

= Tasks using different resources can be done
“simultaneously”

Wickens, C. D.: Multiple resources and performance prediction. Theoretical Issues in Ergonomics Science. S.159-177, 2002.
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Multiple Resource Theory

= Driving straight &
talking do not yIsU5NG

interfere: RO
foc i

+«— STAGES———»

Perception M Responding

{ Spatial \\ \msﬁl;r)‘:t?;l 2
Visual \ Ve rbay \ ‘t"uecr?)la‘l%

= Driving (eye-hand):
processing of spatial

) . o
Information % N y
= Conversation (ear- S
cognition-mouth): uditoryfl - IN_
verbal information
Spatial
%}a Verbal
‘u
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Multiple Resource Theory

= Conversation (ears-

. . _ UAL
cognition-mouth) and guosﬁgsma STAGES
using the navigation Sy
aSS|Stant (ears-hand) f Mﬁw Perception Cognition Responding M |
interfere spatil  \ \gpatial @
Visual Vocal
0 Verbal  \ Verba‘l%
H D
Spatial
%}a Vek
4
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Multiple Resource Theory

= Deep conversation ”
(ears-cognition- 5"0% Ve STAGES
mouth) and complex PR
driving maneuver, e.g.
lane changes (eyes-

Foc i

Perception | Cognition J Responding

AN %:;.\ ﬁ.%x

. su Vocal
cognition-hand) g Verbal "\ Verbal
interfere £ N

T Auditory \\
Spatial
%}a Vek
.
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+«— STAGES———»

food i

Perception Cognition Responding

Manual
e Spatial \ \Sp atial 2
Visual Vocal
Verbal \ Verbal

N
Auditory \_

% N

Verbal
a

<4+—NIODALITIES

rformance prediction. Theoretical Issues in Ergonomics Science. S.159-177, 2002. &
public-domain-photo- ||l
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PR
pu it _ N
Perception Cognition Responding
Manual
Spatial \ \Spatlal
Visual Vocal
o Verbal \ Verbal
: D
|_
2
S IN
T Auditory \
Spatial\
% Verbal
; a
»‘2 .
- - &
Imgge Wickens, C. ‘U"‘Multlple resources afd slsrformance prediction. Theoretical Issues in Ergonomics Science. S.159-177, 2002. &

Hﬁpas //Q(her ' 351
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Emotions

Image Source https://www.flickr.com/photos/62337512@N00/2665226890 by anthony kelly

@ (V) ? 1 Katrin Wolf



Learning Goals

= Understanding how emotions evolve
= Expressions of emotions
= Emotions for HCI



What we‘ve learnt

= Emotions:
= Enforce to store information in long time memory (LTM)
= Slow down process of forgetting

= Influence the response choice in the human information
processor (LTM: conditioning)

= Are caused by needs and goals:

morality,

creativity,
spontaneity,

/ problem solvi

~ lack of preju

Self-actualization

self-esteem,
confidence, achievement, '\
Esteem respect of others, respect by others\

/ friendship, family, sexual intimacy

security of body, of employment, of resources, \
/ of morality, of the family, of health, of property

Safety

Physiological

Image Source https://de.m.wikipedia.org/wiki/Datei:Maslow%27s_hierarchy_of needs.png by J. Finkelstein



Emotions

= Various theories of how emotion works

= James-Lange: emotion is our interpretation of a
physiological response to a stimuli
“‘we are sad because we cry...”

= Cannon: emotion is a psychological response to a stimuli

= Schachter-Singer: emotion is the result of our evaluation of
our physiological responses, in the light of the whole
situation we are in

= Emotion clearly involves both cognitive and physical
responses to stimuli

Slide adapted from Tonja Machulla



Basic Emotions

Basic emotions
“The Big Six”
Happiness (joy, Sadness | Anger Fear/
Reference enjoyment, play) | (grief) (rage) Disgust | anxiety | Surprise | Other
Plutchnik (1980) v v v v v v Acceptance,
anticipation
Oatley and Johnson- | v v v v v X -
Laird (1987)
Ekman and Cordaro v v v v v v Contempt
(2011)
Izard (2011) v v v X v X Interest
Levenson (2011) v v v v v v Interest®,
relief®, love®
Panksepp and Watt v v v X v X Seeking, lust,
(2011) care

Piorkowska, Magda & Wrobel, Monika. (2017). Basic Emotions. 10.1007/978-3-319-28099-8 495-1.
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Emotion Expressions

Facial Expressions




Emotion Expressions
Body Pose

SRETEY
RLivetdt

F

| k
11
| f




|

MALE FEMALE

|

HEAVY LIGHT

NERVOUS RELAXED

HAPPY SAD

)

@ on/off
@ Lines

@ Reset
@ Info

more ...

BMLwatker V3

/www.biomotionlab.ca/Demos/BMLwalker.htn)




Emotion Expressions

Voice

Fear

Anger

Sadness

Happiness

Disgust

Speech rate
Pitch average
Pitch range
Intensity
Voice quality
Pitch changes

Articulation

Much faster

Very much higher
Much wider
Normal

Irregular voicing
Normal

Precise

Slightly faster

Very much higher

Much wider

Higher

Breathy chest tone

Abrupt on stressed
syllables

Tense

Slightly slower
Slightly lower
Slightly narrower
Lower

Resonant

Downward inflections

Slurring

Faster or slower
Much higher
Much wider
Higher
Breathy blaring
Smooth upward
inflections
Normal

Very much slower

Very much lower

Slightly wider

Lower

Grumbled chest tone

Wide downward
terminal inflections

Normal

Emotions

Katrin Wolf
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Emotion Expressions

Communication

Image Source https://pixabay.com/de/ilIustrations/smiley-emotiche i-gelb-freude-483621 )
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Slide adapted from Tonja Machulla
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Affects

= The biological response to physical stimuli
Is called affect

= Affect influences how we respond to situations
= positive — creative problem solving
= negative — narrow thinking

= “Negative affect can make it harder to do even easy
tasks; positive affect can make it easier to do difficult
tasks”

(Donald Norman)

Emotions 12 Katrin Wolf




The emotive

human user

Affective Computing:
systems and devices that can recognize, interpret, process, and simulate human affects

Image after https://affect. media.mit.edu/areas.php &
https://www.needpix.com/photo/672566/female-standing-people-lifestyle-women-woman-standing-adult-healthy-girl by PoseMuse



Sensing human
affect response

The emotive
human user

Affective
wearable
computing

Regognizing
response
patterns

Synthesizing
affect in
NMEEES

Understanding &
modelling affect

Image after https://affect. media.mit.edu/areas.php &

https://www.needpix.com/photo/672566/female-standing-people-lifestyle-women-woman-standing-adult-healthy-girl by PoseMuse




’ ‘ ﬁ The emotive

Synthesizing
affect in
NMEEES

https://en.wikipedia.org/wiki/Polygraph , Tsujita & R
Us Happier & Kleinsmith, & Bianchi-B:.Recognizing Affective Dimensions from Body Posture.




https://pixabay.com/de/vectors/roboter-
schnurrbart-wissenschaft-161367/ & Tsujita & Rekimoto, Smiling Makes Us Happier & Kleinsmith




)
>
=
o
&
o
)
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Image Sources https://www.pxfuel.com/en/free-photo-qkvff




Possible Uses of Emotions

.

fq;j 1 f E = Broadcast: provide a special channel for
gl = %71{ emotional communication, such as ‘emoticons’
4 used in e-mails :)
f} h = Recognition: emotional can be analyzed and
&1 used to alter the system reaction (such as
y e Tsujita & Rekimoto)
pjc !} u‘%‘] = Simulation: Emotional expression can be
ﬂ?} S mimicked by the system in order to enhance a
! natural interface (characters, agents, robots)
dﬂﬂ{ _\ " Modeling: Internal models to represent user
( (i) (virtual user studies)

Burkhardt, Felix, et al. "Emotion detection in dialog systems: applications, strategies and challenges." 2009 3rd
International Conference on Affective Computing and Intelligent Interaction and Workshops. IEEE, 2009.
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Motor System

Image Source https://pxhere.com/de/photo/1584193 by Muddu36
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Learning Goals

= Motor cortex
= Physical ergonomics
= Ergonomic design guidelines

Motor System 2 Katrin Wolf



Human information processing

Thinking & decision
making

Motor System 3 Katrin Wolf




What we‘ve learnt

Somatosensory System

Tongu®
‘)\‘\’A“J“*
Noé"“\e“

Motor cortex
Somatosensory cortex

Left Right

Image adapted from https://www.flickr.com/photos/46006858@N05/8641421501 by Gary Kirwan &
https://en.wikipedia.org/wiki/Cortical_homunculus#/media/File:Front_of Sensory Homunculus.gif by Mpj29

Slide adapted from Tonja Machulla
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tor model

Image Source https://en.wikipedia.org/wiki/Cortical _homunculus#/media/File:Sensory_and_motor_homunculi.jpg by Dr. Joe Kiff
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Hand

kK

f
- g; ”

DIP — Distal lnhe?MIangeal Joints
l 1 DOF each
PIP — Proximal Interphalangeal Joints
Thumb IP Joint '& 1 DOF each

1 DOF

MCP — Metacai langeal Joints
Thumb MP joint \‘ Iii e
Trapeziometacarpal Joint rpocarpal Joints

1DOFeaohondlghs4&5
!
Radws Uina

DOF = Degree of Freedom

Image Source Various hand motions: Sturman, D. J. (1992), Whole-hand Input, PhD thesis, Massachusetts Institute
of Technology.
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@ 3 DOF = Degree of Freedom

Image Source Katrin Wolf, Markus Schneider, John Mercouris and Christopher-Eyk Hrabia: Biomechanics of Front-
and Back-of-Tablet Pointing with Grasping Hands. International Journal of Mobile Human Computer Interaction
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Hand

M. extensior digitorum

Connexus intertendineus

M. flexor digitorium superficialis & profundus
(underneath)

Image adapted from Spalteholz (1960): Hand-atlas of human anatomy.
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Manual Ergonimic Factors

Size of objects we can grasp

Weight of objects we can lift

= Force we can apply with fingers and hand

= Movements with fingers and hands we can do
= Areas we can reach with fingers and hands

Time it takes to move a finger, e.g. to touch a button

Motor System 9 Katrin Wolf






Ergonomic Gesture Design

P i '&c:m ( ture typ ) 4 tati N
ges e e statc
/ | ‘Hauction — /é é
_‘ pointing . J

Hyper-
extension

Extension

Flexion

/@ 4 dynamic )

1 7

.. —
. Opposing thumb f stroke N

to finger

Anteposition
(opposition,
circumduction)

Retroposition

Antepoesition
Palmer (opposition,
abduction  Circumduction)

Retroposition

Image Source Various hand motions: Sturman, D. J. (1992), Whole-hand Input, PhD thesis, Massachusetts Institute of Technology.
& Aigner et al. (2012) Understanding Mid-Air Hand Gestures: A Study of Human Preferences in Usage of Gesture Types for HCI.

Motor System Katrin Wolf




Ergonomic Gesture Design

Image Source Katrin Wolf, Anja Naumann, Michael Rohs and Jorg Mller: Taxonomy of microinteractions: defining microgestures
based on ergonomic and scenario-dependent requirements. INTERACT 2011
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Ergonomic Gesture Design

/ : index f
thumb touch

touch

:thumb: 6.2cm A ‘ - .Emdex f.. 7.8cm

Image Source Katrin Wolf, Robert Schleicher and Michael Rohs: Touch Accessibility on the Front and the Back of
held Tablet Devices. EuroHaptics 2014
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Ergonomic Gesture Design

Image Source Katrin Wolf, Christian Muller-Tomfelde, Kelvin Chen and Ina Wechsung: PinchPad: performance of touch-based
gestures while grasping devices. TEI 2012
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@ start point
925-950
900-925
875-900
850-875

= 825850

= 800-825

= 775800

= 750775

= 725750

= 700-725
7N, . 142
% 120 = 675-700
64
8 T x position (mm) = 650-675
. 55
R = 625-650
19/11 = 600-625

\ 4

Image Source Katrin Wolf, Markus Schneider, John Mercouris and Christopher-Eyk Hrabia: Biomechanics of Front- and Back-of-
Tablet Pointing with Grasping Hands. International Journal of Mobile Human Computer Interaction
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Ergonomic Gesture Design

m 925-950

900-925
= 875-900
= 850-875
m 825-850
m  800-825
m 775-800
m 750-775

target selection time (ms)

m  725-750

163 m 700-725
27 1
46 120 ®  675-700

T, -
64 .~ 98
y position (mm) AN 76 X position (mm) ®m 650-675

55
I\ON 33 ® 625650

119/11 ®m 600-625

Image Source Katrin Wolf, Markus Schneider, John Mercouris and Christopher-Eyk Hrabia: Biomechanics of Front- and Back-of-
Tablet Pointing with Grasping Hands. International Journal of Mobile Human Computer Interaction
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