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Basic human skills and abilities

 Flow of how humans sense, perceive, process, and respond to the 
world around them

 Vision and visual perception

 Audition and speech 

 Sensation

 Information (cognitive) processing & Memory

 Human response capabilities

 Human vs. machine trade-offs



Vision

 Visual threshold

 Minimum light level in which an object can be visually identified

 Rod vision: most sensitive to shades of B&W

 Cone vision: sensitive to color and operate best under higher light levels

 Visual acuity (static vs. dynamic)

 minimum distinguishable (detection of detail in an arbitrary test target)

 minimum perceptible (detection of a spot, e.g., on MRI image)

 minimum separable (detection of a gap between parts of a target)

 stereoscopic acuity (detection of depth for a 3D target)

 Vernier acuity (detection of lateral displacement of one line from 

another).



Vision



Vision

 Focusing abilities

 Deficiencies: myopia, hyperopia or presbyopia, and astigmatism

 Necessitate increased text and image size and higher contrast on labels, 

displays, and written documentation



Vision

 Visual angle

 Visual angle subtended on the retina

 Preferred angle for reading English text is 20 to 22 minutes of arc

 Marginally acceptable angles range from 16 to 18 minutes of arc, with 

12 minutes considered the threshold of readability



Vision

 Visual perception

 Distance and perceived size (perspective)

 True object size

 Object size and distance misperceptions



Vision

 Minimum type size



Vision

 Common visual illusions

 Parallax error: apparent change in the position of an object, such as a 

meter reading, because of changes in the observer’s line of sight

 Perception of motion

 Apparent motion in TV, movies

 Phi phenomenon: successive flashes of individual lights arranged in a row



Vision

 Flickering lights

 Long (> 20 min) perception of flicker causes visual fatigue and annoyance. 

 Frequency at which a flashing light is perceived as having a continuous 
intensity level is called the critical fusion frequency (CFF)

 CFF increases with increasing average light intensity and with decreasing 
proportion of the light–dark cycle occupied by the flash (duty cycle)

 CFF varies from 2 Hz up to 50 or 60 Hz for high-intensity light sources

 Photosensitive epilepsy

 Light flashing at a certain speed or a computer monitor’s flicker can trigger 
seizures

 Flicker frequencies between 4 and 60 Hz can trigger seizures (peak sensitivity 
is 20 Hz)

 Display flicker

 LCDs have no flicker and are preferable to CRTs for seizure patient rooms



 Color Vision

 Approximately 8% of males and 2% of females have some degree of 
deficient color vision

 Relative visibility of colors for rod and cone vision

 Color coding

 For people with normal color vision, up to eight saturated surface colors 
(excluding B&W) can be used for color coding with practically error-free 
discrimination

 Fewer colors are less of a memory demand

 Higher error rates occur for color coding with more than eight colors 

 In any color-coding scheme, colors should subtend a visual angle of at least 
15 min

 Color should be a redundant information source and never the only means 
of coding

Vision



Vision

 Recommendations for printed colors

 Recommendations for colored lights



Vision

 Recommendations for color combinations (legibility and visibility)

 Black on white (most legible)

 Black on yellow (most attention gained)

 Green on white

 Red on white

 White on blue

Combinations of pure red and green or red and blue are not satisfactory.

 Visibility of colors under typical lighting conditions

 Yellow (most luminous and visible)

 Orange and red-orange (maximum attention value)

 Blue (likely to be out of focus and indistinct)

Red on blue or blue on red should be avoided because each focuses differently 
on the retina and creates an induced 3D effect called chromosteriopsis



Vision

 Visibility under low lighting conditions

 Red and orange are poorly visible under low-light conditions and should 

be avoided

 Blue, green, and yellow are good color choices because they are 

equally visible under both low and higher light conditions

 Under low-light conditions, blues and cyan colors are more visible

Under lower-light conditions, there is a shift in color sensitivity toward the 

blue end of the color spectrum



Audition

 Loudness measurements

 Phones (loudness level): Phones are a measure of tone intensity computed 

as Sound Pressure Level (SPL) in dB of a standard 1000 Hz tone 

 Sones (loudness): Sones are a measure of relative sound intensity whereby 

1 sone is the loudness of a 1000 Hz tone at 40 dB SPL



Audition

 Hearing thresholds

 Effects of aging on hearing sensitivity



Speech

 Loudness levels of speech



Speech

 Frequency characteristics of speech

 Speech is a complex time-varying quantity that makes measuring speech 

complex. It is usually divided into several frequency bands and a 

number of time segments

 Average frequency is 128 Hz (males) and 256 Hz (females)

 Energy is mostly below 1000 Hz with very little above 5 KHz



 Generally poorer information input systems than visual or 

auditory systems

 Skin (somesthetic) senses

 Touch: static, dynamic adaptation

 Vibration: location, frequency

 Temperature: location

 Pain: hazardous condition

 Other skin sensations: combinations or variations of primary skin senses

Other Sensory Modalities



Other Sensory Modalities

 Muscle sense

 Sensory feedback mechanisms for motor muscle control and body posture

 Proprioception: unconscious perception of spatial orientation arising from 
stimuli within the body itself includes knowledge of where a joint is 
positioned

 Kinesthesis is the sensation that informs the brain about joint motion and 
acceleration

 Sense of balance (vestibular system)

 Sensory data needed to maintain balance or orientation and to detect 
motion of the body (e.g., acceleration)

 Chemical senses (taste & smell)

 unsuitable for reliable information transmission: quickly adapt to incoming 
stimuli so that awareness of these stimuli ceases



Human Information Processing

 Stimulus discrimination

 Channel capacity is similar among the sensory modalities (absolute)

 Max number of levels for a single dimension of a sensory channel is 

approximately 7, which represents 2.8 bits of information

 Humans make better relative judgments than absolute judgments

 Attention

 Humans attend to only one source of sensory data at any instant 

 Single-channel processors: time-sharing for multi-tasking

 Unattended input channels not totally blocked: incompletely processed

 Ability of humans to shift priorities between tasks on the basis of the 

perceived importance



Human Information Processing

 Vigilance (sustained attention)



Human Information Processing

 Speed of information processing

 Reaction time (RT): time for a person to react to an input stimulus and 

initiate a response (decreases with training, increases with age, fatigue, 

and the use of drugs)

 Speed vs. accuracy tradeoff



Human Memory

 3 Types: sensory, short-term and long-term

 Sensory not important for device design

 Working (short-term) memory (STM)

 Can be characterized by fast access and retrieval time, limited capacity, 

and rapid loss of content, unless actively attended to

 Long-term memory (LTM)

 Capacity ranging from 109 to 1015or more bits of information

 Declarative LTM (facts) retrieval is slower than STM

 Procedural LTM (how to do things) is best learned by actively practicing 

a skill and appears to be very slow to decay



Human Memory



Human Memory

 Estimation and decision-making abilities limitations

 Overestimation of true probability of low-probability events and 

underestimation of true probability of high probability events

 Overestimation of true probability of events viewed as favorable and 

underestimation of true probability of events viewed as unfavorable

 “Gambler’s fallacy”

 Frequent lack of logic in human decision-making

 Avoidance of false alarms at all costs when it comes to safety-related 

events (answering Y/N questions related to a dangerous disease 

screening results in more “y” for simple therapy and less “y” for painful 

therapy)



Human Memory



Human Response Capabilities

 Speed of movement

 Fitts’ Law: Movement time increases proportionally with distance to a 

target and decreases with larger target sizes

 Principles of motion economy

 Repetitive manual tasks should be avoided (machines are better)

 Horizontal hand movements are faster than vertical

 Hands should be relieved of work that can be performed by feet

 Movements that take advantage of gravity are less fatiguing

 Limb movements terminated by a mechanical stop are more efficient 

than those terminated solely by visual cues



Human vs. Machine Capabilities



Human vs. Machine Capabilities



Covered Material

 Chapter 6


