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Learning Goals
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ÁWpfgtuvcpf"ҿ

perception and sensual processes

principles of human and multi -sensory perception

perceptual channels such as vision, hearing, smell & taste, haptics

how HCI addresses human perception

ÁDg"cdng"vq"gzrnckp"ҿ

explain human perceptual channels 

how HCI can utilize perception
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What is perception ?



Image from https://pxhere.com/de/photo/971434
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Why do we need perception ?
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What is reality ?



Reality
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ÁRequires existence of qpgұuself

ÁThe aggregate of all that is real or existent 

opposed to that which is imaginary

ÁQwt"wpfgtuvcpfkpi"qh"ҵtgcnkv{Ҷ"kpenwfgu"rj{ukecn"qdlgevu

However, reality is for humans fundamentally immaterial (e.g., idealism, some numbers, 

and hypothetical entities)

The fields concerned with the real world belong to the empirical science as sources and 

methods to objectively investigate reality

ÁDoes reality truly exist?

Quantum physicists would say: reality is defined when you measure it

ÁIn our everyday life, perception determines reality



Animals
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ÁSome species sense energies that 

humans cannot perceive:

Bees see ultraviolet lights

Rattlesnakes sense infrared energy

Dogs and cats can sense sounds 

with higher frequencies

Birds, turtles, and amphibians use 

magnetic fields to navigate

Elephants can hear very low-

frequency sounds, which are used to 

communicate



Evolution and Perception
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ÁBiological systems do not have the mental capacity to fully perceive and process 

the physical world

Creatures with a great breadth of perception are generally going to extinct

To perceive reality as it is (all electromagnetic signals) would be an evolutionary 

disadvantage

ÁThe specialization and filtering by perception on certain electromagnetic waves is 

an essential part of evolution

This is also one of the reasons for the diversity on the planet , as several species do not 

compete for the same resources

ÁThe relatively small range of perception has given humans an evolutionary 

advantage in the development of other mental processes (cognition)



The Cortical Homunculus
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ÁIllustrates the concept of a representation of the 

human body lying within the brain

The sensory homunculus represents dedicated 

sensory processing for different anatomical divisions 

of the 

The motor homunculus represents the processing 

for different anatomical divisions of the body

The somatosensory homunculus also depicts 

erogenous stimulations or perception of genitals

ÁDo perceptual channels perceive the world 

independently from each other?
OpenStax College- Anatomy & Physiology, Connexions Web 
site. http://cnx.org/content/ col11496/1.6/ , Jun 19, 2013.

http://cnx.org/content/col11496/1.6/


McGurk Effect
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https://pxhere.com/de/photo/46518


Senses
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ÁThe ability to actively absorb, process, and extract information through senses

ÁAll perception involves signals coded and transmitted through the nervous system , which 

emerge from physical (e.g., light, sound) or chemical (molecules) stimulation

Vision: Object identification/recognition for navigation, depth and motion perception through 

the eyes

Sound: Object identification/recognition, object localization with the ears

Touch: Object identification/recognition, pain (detection of tissue damage) with a 

somatosensory perception combined by the skin surface and proprioception

Taste: Chemical detection/identification of flavor, nutrition, and poison using the tongue

Smell: Chemical detection/identification of odors, pheromones, and hazards using the nose

ÁDo we have more senses?



More Senses
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ÁAgency<"Vjg"okpfҲu"hggnkpi"qh"ejqugp"cp"cevkqp"cpf"dqfkn{"eqpvtqn"*making of a decision and free will)

ÁBalance: The vestibular system maintains the centre of mass within minimal postural sway 

ÁBreath: The sensation of getting and removing air in the throat, nose, mouth, and lungs

ÁFaces: A high-level cognitive process referring to identification and perceiving individuals

ÁGravity: Related to the proprioceptive and vestibular system of the human body

ÁHunger: Sensory cells in the stomach and GI tract (and hormones) motivate the consumption of food

ÁSpeech: A high-level cognitive process to extract words and meaning from phenomes in audio 

ÁPain: Sensory (and emotional) experience that can be perceived all over the body (and beyond)

ÁPosture : Mainly driven by the proprioceptive system through mechanoreceptors detecting pressure

ÁRectal: Part of the GI tract regulating defecation 

ÁSexual arousal: A combined and complex response of mental and physical stimuli on sexual tissues

ÁTemperature : Detected by thermoreceptors throughout the body

ÁTime: The brain is governing the perception of time and the circadian rhythm (internal clock)

ÁUrinary Bladder: Regulates urination and retention as part of the GI tract



More Senses
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Sensual Acuity
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ÁEach senserequires a threshold of stimulation to extract 

information from noise

The absolute threshold is the level at which a stimulus will 

be detected a specified percentage: often 50% of the time

ÁSensual acuity refers to a sensory threshold of a 

physiological response and determines the boundary of 

perception

All senses have perceptual thresholds

Scientist call they limen (difference threshold, or least 

perceptible difference)

On one side of a limen (or threshold) a stimulus is 

perceivable, on the other side it is not

On each side, the lower square contains 10 

more dots than the upper one. However the 

perception is different: On the left side, the 

difference between upper and lower square is 

clearly visible. On the right side, the two squares 

look almost the same.



Senses have Thresholds
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ÁFor many sensory modalities we can determine the upper and lower limits of 
perception: the just -noticeable difference (JND) ҭa fixed proportion of the 
reference sensory level 

ÁThe smallest change that can be perceived is the JND

Weber [1] states that the JND between two stimuli is proportional to the stimuli

e.g., for a 100g weight the JND is 5g (υὫȾρππὫπȢπυĄ The JND for ςππὫzπȢπυ ρπὫ)

Fechner [2] found that the relationship between stimulus and perception is logarithmic

Cp"kpfkxkfwcnҲu"rgtegrvkqp"qh"g0i0."dtkijvpguu"*qt"nqwfpguu+"ku"rtqrqtvkqpcn"vq"vjg"nqictkvjo"qh"vjg"
actual intensity (measured with a physical measurement instrument)

ÁThresholds systematically increase with age

[1] Ross, H.E. and Murray, D. J.(Ed. and Transl.) (1996)E.H.Weberon the tactile senses. 2nd ed. Hove: Erlbaum (UK) Taylor & Francis;

[2] Fechner, Gustav Theodor (1966) [First published .1860]. Howes, D H; Boring, E G (eds.). Elements of psychophysics [Elemente der Psychophysik]. Vol. 1. Translated by Adler, H E. United 
States of America: Holt, Rinehart and Winston.



Weber-Fechtner-Law
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ÁWeber compared the JNDs between two weights

The weight increase of an object with 50 g is noticeable when it 

increases by 1 gram: 51 g. 

500g of weight must increase by 10g to appear heavier: 510 g

The JND to the stimulus intensity is:  
Ў

= = = 0.02 = 2%.

ÁFechner assumed that JNDs remain subjectively equal, and 

argued that this would produce a logarithmic relation 

between the stimulus intensity and the sensation

Ὓ ὯὰέὫὙ: where Ὓis the perceived intensity of the stimulus, 

Ὑis the intensity of the stimulus, and Ὧis a perceptual constant



Weber Constants
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Image from J. Antonio Aznar Casanova, INTRODUCCION A LA PSICOFÍSICA 

YgdgtұuLaw

HgejpgtұuLaw

ЎὙ

Ў╡ ▌

▌▌

╡
Ў╡ ▌

▌▌

╡

Any Physical
Stimulus (S)

Sensual
Acuity /# of
Differiantals

(R)

Dimension c (Weber-Constant)

Electric Current 0.013 (1.3%)

Weight 0.050 (5.0%)

Brightness 0.016 (1.6%)

Taste (of Salt) 0.083 (8.3%)

Hearing 0.048 (4.8%)

Pain (Thermal) 0.033 (3.3%)

Touch 0.030 (3.0%)

Loudness 0.050 (5%)



Stevens Law
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ÁThe process of measuring how

changes in stimulus intensity relates to 

changes in perceived intensity

ÁThe relationship between perceived

intensity of a stimulus (S), ist physical

intensity (R), the perceptual constant

(c), and the exponent n is different for

each perceptual dimension is:

Ὓ ὧὙ

Image from: https://deephci.wordpress.com/



Measuring the JND
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ÁIn a Yes-No Procedure the presence or absence of the signal must be 
detected (yes or no response).

The correct response can range from 0% to 100% 

ÁIn a Forced-Choice Procedure a subject is forced to choose from 
alternative choices, one of which contains the stimulus

e.g., in a two-alternative forced choice (2AFC) describes a subject choosing 
between two alternative

As there is already a 50% chance of a correct response with 
2AFC,threshold is commonly considered as 75%

ÁParameter Esimtation by Sequential Testing (PEST) or Staircaise Test 
addresses the problem of step size and starting intensity 

Begins the session with large steps with the intensity progressively halved 
until the smallest noticeable step has been found

Images from: https://webvision.med.utah.edu/book/part -
viii-psychophysics-of-vision/psychophysics -of-vision/

Yes-No 

2AFC

PEST



Example: Visual-Haptic Integration
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Measuring Tactile Sensitivity
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2AFC Task
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ÁA psychophysical experiment using a two-alternative forced choice (2AFC) task

ÁDiscrimination of height / depth differences 

Dworu<"ҵku"c"dwor"jkijgtAҶ

Jqngu<"ҵku"c"jqng"fggrgtAҶ



Just Noticable Differences (JNDs)
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3d printed plates with bumps / holes from 0.675 to 1.05mm height / depth in
0.075mm steps
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Effect of Hands on Tactile Sensitivity
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The Dominant Sense

Vision
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Slides adapted from hci-lecture.org (A. Schmidt, N. Henze, K. Wolf, V. Schwind), Image from https://pxhere.com/de/photo/1007006  

https://pxhere.com/de/photo/1007006


The Dominance of Vision
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ÁInformation Processing : provides a substantial amount of information about our 

environment. The rich set of data helps us to navigate our environment, recognize objects 

and people, and perform complex tasks

ÁEvolutionary Significance : spot predators and prey from a distance, navigate diverse 

environments, and identify edible plants and fruits has been essential for human ancestors. 

ÁCommunication and Social Interaction : facial expressions, body language, and eye contact 

convey a wealth of social information. 

ÁLearning and Memory : human memory appears to be particularly adept at recalling visual 

information compared to other types of data.

ÁCultural and Technological Influences : The human-made environment and cultural artifacts 

heavily rely on visual elements. From reading and writing to the use of screens in various 

devices, modern society is structured around the visual processing of information. 



Electromagnetic Radiation

Prof. Dr. Valentin Schwind 29Vision

A diagram of the electromagnetic spectrum, showing various properties across the range of frequencies and wavelengths,

Inductiveload, NASA- self-made, information by NASA, CC BY-SA 3.0, Source: https://en.wikipedia.org/wiki/Electromagnetic_spectrum

The electromagnetic spectrum, Victor Blacus, CC BY-SA 3.0, https://en.wikipedia.org/wiki/Electromagnetic_spectrum

https://commons.wikimedia.org/wiki/User:Inductiveload
http://mynasadata.larc.nasa.gov/images/EM_Spectrum3-new.jpg
http://creativecommons.org/licenses/by-sa/3.0/
https://en.wikipedia.org/wiki/Electromagnetic_spectrum
https://commons.wikimedia.org/wiki/User:Victor_Blacus
https://creativecommons.org/licenses/by-sa/3.0
https://en.wikipedia.org/wiki/Electromagnetic_spectrum


Facts about Visible Light
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ÁThe visible light for humans has a 
wavelength between 280 nm (violet) 
and 740 nm (red) 

The sun emits a huge spectrum of  
electromagnetic radiation and includes
all waveforms of visible light

ÁColors containing only one wavelength 
are also called pure colors

Monochromatic light with high energy 
density is called laser

ÁIt is not possible to mix wave with 
different lengths to create a new color

white



Light Absorption
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ÁNot every surface reflects every color

ÁWhen light hits a surface, some of the light is absorbed and the rest is reflected

ÁBased on their structure/material, surfaces only reflect color(s) in specific 

wavelengths



Eye Anatomy
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ÁThe cornea (~43 dioptres) and lens (~18 
dioptres) are responsible for the refraction of 
light 

The lens can change its shape with a focal length 
~17 - 22 mm

As the focal length is equal to the diagonal size 
vjg"tgvkpc"ҵugpuqtҶ"vjg"hkgnf"qh"xkgy"ku"eqorctcdng"
with the focal length of a 50 mm lens

ÁThe iris and pupil (2 - 8 mm) control the 
brightness 

ÁThe retina includes the photoreceptor cells

ÁEach eye is controlled by seven extraocular 
muscles (six the movement, one the eyelid)

Image from: https://www.nkcf.org/about -keratoconus/how -the-human-eye-
works/



Eyes and Cameras
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ÁThe f-number or f-stop 

describes the diameter of the 

aperture/iris

ÁISO speed describes the 

sensitivity of the photoreceptor 

cells

Á(Electrical) Shutter describes 

the time a camera needs to 

complete the cell charges of a 

complete image 

https://www.nikon.de/de_DE/product/digital -cameras/coolpix/super -zoom-share/coolpix -p1000

Parameter Nikon P1000 Human Eye

f-stops 15 21

ISO speed 100 - 1600 <1

El. Shutter 1/125 ҭ4 1/100 ҭ1/200

Frame per second 60 Hz 60 Hz

Color Depth 24 Bit 20 Bit

Resolution 16 MP 576 MP

Focal Length 24ҭ3000 mm 50 mm

https://www.nikon.de/de_DE/product/digital-cameras/coolpix/super-zoom-share/coolpix-p1000


Photoreceptor Cells
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ÁConvert light into neurological signals (and 
stimulate other biological processes)

ÁRod, cone, and ganglion cells in the retina allow 
vision

Rods (ca. 120 million per eye) and are responible
for light intensity perception (actually the absence
of light)

Cone cells (ca. 6 million per eye) respond 
differently to light of different wavelengths, and 
are responsible for color vision

Ganglion cells (ca 0.7 to 1.5 million ) are
photosensitive but mainly responsible for
delegating and triggering signals Illustration from Anatomy & Physiology, Connexions Web 

site. http://cnx.org/content/col11496/1.6/, Jun 19, 2013.

https://commons.wikimedia.org/wiki/File:1414_Rods_and_Cones.jpg

http://cnx.org/content/col11496/1.6/
https://commons.wikimedia.org/wiki/File:1414_Rods_and_Cones.jpg


Rod Cells
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ÁFunction well in lower light and have little 
role in color vision

Can respond to a single photon of light

Respond more slowly to light than cones

ÁMainly located at the outer edges of the 
retina 

Important for peripheral vision

ÁRod cells perceive

Brightness

Contrast 

Movements 



Cone Cells
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ÁThere are 3 types of cones

Blue light cone receptors (S-cones, 420 nm)

Green light cone receptors (M-cones, 533 nm)

Red light cone receptors (L-cones, 564 nm)

12% of the women in Europe have a 4th one 
(Tetrachromats)

ÁCone cells perceive

Colors

Details 

Movements 

ÁHumans can distinguish ~1 Mio color tones



Color Blindness
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VtqzngtұuFading
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ÁThe sensitivity of rod and cones decreases when they are exposed to persistent 
stimuli of similar intensity

Unvarying stimuli disappear from our awareness as neurons adapt and start to ignore 
the unimportant stimulus

ÁRetinal photoreceptors mainly respond to changes in lighting conditions

Ą A fixated head and paralysis of the eye muscles lead to a temporary blindness

ÁMicromotions /Microsaccades of the eye constantly shifts the light incident on the 
retina to stimulate receptors and, thereby, enable vision

ÁMicrosaccades prevent the blindness and usually occur 1 to 10 times per second

Ą Depend on the task (e.g., while reading 3 per second)

ÁThe amplitude typically <15 arcmin. This angle corresponds to about 80 oqt"ᴡ"62"
photoreceptors shift on the retina



https://youtu.be/aQclvZpPWHQ
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How we see colorsҿ
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ÁWe remember: it is not possible to mix 

waves with different lengths to create a new 

color (e.g., yellow)

ÁCone receptors only receive wavelengths of 

the light they are able to perceive

ÁThere are no receptors for yellow. 

ÁBut how can we see yellow?

R G B



Trichromatic and Opponent Processes
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ÁTrichromatic (or YoungҭHelmholtz) Process

Ganglions interpret an overlap of light with different wavelengths

The system is not perfect and cannot distinguish yellow from a 

red-green mixture

ÁOpponent Process

The visual system codes pair differences instead 

of taking the raw signal

Activation of one pair member inhibits 

the activity in the other pair member 

red blocks green

blue blocks yellow

black blocks white

+ = =

Diagram of the opponent process, CC BY-SA 3.0, https://en.wikipedia.org/wiki/Opponent_process

https://en.wikipedia.org/wiki/Opponent_process
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?sHas it always been like this?



J. M. W. Turner - The Yorck Project (2002) 10.000 Meisterwerke der Malerei (DVD-ROM), distributed by DIRECTMEDIA Publishing GmbH. ISBN: 3936122202.

Image from https://www.goodreads.com/review/show/2163306189
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ҵCpf"lgcnqwu"pqy"qh"og."{qw"iqfu."dgecwug"K"dghtkgpf"c"ocp."
one I saved as he straddled the keel alone, when Zeus had 
blasted and shattered his swift ship with a bright lightning 
bolt, out on the wine-dark sea0Ҷ"
   - Homer, The Odyssey, Book V


