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Introduction 
The limitations of the human to process information quickly, accurately and give appropriate 
response were one of the early concerns of the psychologists who became ergonomists.  
Research work going back to the 1930s is still drawn upon and nearly every ergonomics textbook 
will have large and comprehensive sections.  What follows here are some aspects of the topic and 
a few generic guidelines that are applicable to a wide variety of display situations.  Consult any of 
the references listed at the end of this document for more information or, indeed, virtually any of 
the major ergonomic/human factors textbooks.  Weinger et al (2011) covers a wide range of 
relevant material and goes beyond the focus on “Medical Devices” implied by the title. 
 
 
Cognition - Some Basics (A very simplified information processing perspective) 
 
Reason (1990) identifies four basic areas of aptitude of the human information processing system.  
(After Bridger (2003)) 
 

 A general purpose pattern recogniser 

 With a restricted, finite limited information processing capacity (but the ability to deal with 
complex holistic coding – especially of images) 

 That uses heuristics (ie rules devised/developed from past experience) to simply the 
processing load 

 And for it to act as a “satisficer” rather than an optimiser 
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Know loosely as 
“The Brain” 

   

 

Figure 1. 
A representation of the human sensorimotor system with particular reference to the sequence of 
information input/processing/output.  (After McCormick 1976)  Note that this model is not definitive, 
for example, Wickens (1984) offers a similar but different model of human information processing. 
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Simple (un-coded) Information Flows (bits/second)  

  
Passed to brain via nervous system  1.0 x 109 
Registered at the sense organ 3.0 x 106 
Processing rate - consciousness 16 
Short term storage (Max 7±2 for 5 to 30 seconds without refreshment) 7 
Long term storage  (Total ~108-1015 bits for many years,  ie ~109 1010seconds) 0.7 
 

Table 1. 
Typical Information Flows (bits/second) (Adapted from McCormick 1976) 
 
 

Message transmission times in ms (seconds x 10-3)  

  
Conversion, in the sense organ, from stimulus to nerve impulse 1 -   38 ms 
Transmission along the nerve to the cerebral cortex 2 - 100 ms 
 (Velocity12 - 70 metres per second)  
Central processing of the signal  70 - 300 ms 
Transmission along the nerve from brain to musculature 10 -   20 ms 
 (Velocity 70 - 120 metres per second)  
Conversion from stimulus to movement (muscle latency) 200 - 300 ms 
  
Thus overall manual top watch stop/start anticipatory task time1 200 - 300 ms 
Thus overall Action/Reaction task time (eg eye to foot)2 413 - 843 ms 
 

Table 2. 
Reaction times (Adapted from McCormick 1976 and Kroemer & Grandjean 1997) 
 
 
Reaction time will also increase with the complexity of the task, ie the number of possible options 
both McCormick and Kroemer & Grandjean report the same data.  Note, however, the data was 
obtained from some relatively abstract experiments and may not be readily applicable to the real 
world! 
 

Reaction time and task complexity        

Number of choices 1 2 3 4 5 6 7 8 9 10 
Reaction Time in ms(10-3) 200 350 400 450 500 550 600 600 650 650 
 

Table 3. 
Reaction times and task complexity (After McCormick 1976 and Kroemer & Grandjean 1997) 
 
 
Consider what this re-action time data suggests for a car driver travelling at 30 or 70 mph and the 
distance covered while an action/reaction task is undertaken while driving a train at 125mph, flying 
a 747 at 565mph or a military plane 1350mph is awesome!  For 400ms the distance covered are 5, 
12, 22, 100 and 240 metres respectively. 
 
 
Mode 

 Visual, auditory, touch, feel, olfactory, taste, kinaesthetic and vestibular plus (pain!) 

 Designed/incorporated -v- inherent feedback/output 

 Mode selection, especially for multi-stimulus situations or were functional impairment might 
exist. 

                                                
1
  Ie a message for a double click is sent so the only delay is muscle inertia. 

2
  Here the message from eye to brain is the minimum (2ms) and the response will travel full height (say 2M) 

at either the minimum or maximum rate. (Viz: 1+2+300+240+300=843ms and 1+2+70+140+200=413ms) 
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Mode (continued) 
 

Use auditory presentation if: Use visual presentation if: 

  
The message is simple and/or short The message is complex and/or long 
The message will not be referred to later The message will be referred to later 
The message deals with events in time The message deals with location in space 
The message calls for immediate action The message doesn't require immediate action. 
The visual system of the person is 
overburdened 

The auditory system of the person is 
overburdened 

The receiving location is too bright or dark-
adaptation integrity is necessary 

The receiving location is too noisy3 

The person's job requires them to move 
about continually 

The person's job allows them to remain in one 
position 

 

Table 4. 
Alternative modes of presentation (After McCormick 1976) 
 
The paradigm Legibility  ►  Readability  ►  Understandability 
 "Reading" to Understanding/ "Reading" for comprehension 
 

Coding 
method 

Max. number 
of codes 

Comments 

   
Alphanumerics 
 
Speech  

Unlimited Highly versatile. Meaning can be self-evident. Location time 
may be longer than for graphic coding 
Also highly versatile but, more generally culturally variable. 
Meaning may be self-evident ((?) alarm). Location can be rapid 
– especially left/right. 

Shapes 10 - 20 Very effective if code matches object/operation represented 
Colour 4 - 11 Attractive and efficient. Excessive use confusing.  Limited 

value for the colour-blind 
Line angle 8 - 11 Good in special cases, for example, wind direction 
Line length 3 - 4 Good. Can clutter display if many codes displayed 
Line width 2 - 3 Good  
Line style 5 - 9 Good 
Object size 3 - 5 Fair. Can take up considerable space. Location time longer 

than for shape and colour 
Brightness 2 - 4 Can be fatiguing, especially if screen contrast is poor 
Blink 2 - 4 Good for getting attention but should be suppressible 

afterwards. Annoying if overused. Limit to small fields 
Reverse video No data Effective for making data stand out. If large area is in reverse 

video, flicker is more easily perceived 
Underlining No data Useful but can reduce text legibility 
Combinations  Unlimited Can reinforce coding but complex combinations may confuse  
 

Table 5. 
Comparison of coding methods (After, Preece etal (1994) who quotes Maguire). 
 

                                                
3
  Of course with speech some people re better at separating out one conversation from among other – the 

“Cocktail Party Effect” (Donald Broadbent).  An excellent demonstration can be found in the BBC Radio 4’s 
“Mind changers” programme (20 April 2012)  Online at: http://www.bbc.co.uk/programmes/b01gvkw7.  (Use 
stereo headphones for best effect.) 
 
Best wishes, 

http://www.bbc.co.uk/programmes/b01gvkw7
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Formats for and of Information presentation 
 
Qualitative 

 Discrete state/warning/emergency  
 
Quantitative 

 Continuous setting or tracking 

 Analogue or digital 
 

 
Lights (?flashing/pulsating), sound signals, 
pointer location 
 
Moving pointer/fixed scale, moving 
scale/fixed pointer and simple Counters 
(Details: Kroemer et al 2001) 

Representational 

 Images or icons (symbols) 

 Pictorial (Representational), abstract or arbitrary 

 Symbolic or graphical 
 
Stereotypes 

 (Personal, cultural, background and experience dependant) 

 Coding/chunking (especially ageing effect minimisation/control strategies) 

 Control/display behaviour or action 

 Learning/training/experience 
 
Multiple, integrated display/control design and information format 

 Applied in combinations and must always be considered together, hopefully integrated together 
from an early design stage.  Weinger et al (2011) offers useful guidance in the selection of 
control format style/format/mode. 

 
 
Generic Guidelines for Displays and Display Devices 
 

Use digital presentation if: Use analogue presentation if: 

  
Precision must be maximised Approximate reading only required 
The data is stationary, slowly changing or 
can be fixed ("Snapshot") 

The data is fluctuating or constantly 
changing/advancing 

Single readings are required Trend data is required 
Data needs to be recorded The data must be monitored or checked to 

ensure that it is between/within limits 
Data needs to be manipulated Data is used "as is" or small addition are to 

be made 
Time is available for consideration of the data 
presented 

Rapid check/scanned readings are required 

 

Table 6. 
Some factors affecting the choice between analogue and digital presentation of data 
 

 Any conventional text will work but san serif typefaces (Arial/Helvetica etc) are preferred 
especially for short simple instructions and projected text.  Serif typefaces (Times 

Roman/Courier etc) can work for printed texts.  There might also be other, situation specific 

reasons for the choice of font, for example, an “a” would be generally preferable within a 
infants school where approximations to the standard written alphabet are usually preferred. 

 A single word in Block Capitals will attract attention but, in general, capitals are slower and 
harder to read than mixed text.  Lower case (with capital initial letters if appropriate) text is 
preferred and should be the normal choice. 

 For general purposes the height of a capital E should be 1/200 of the viewing distance 
with lower case letters 2/3 the height of the capitals.  If particular attention is required or 
the viewing circumstances are expected to be poor then the calculation should be at 
least 1/150.  Given ideal viewing conditions and “young” viewers this can be 1/350. 
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Generic Guidelines for Displays and Display Devices (continued) 

 Opticians use the Snellen ratio (after Herman Snellen) which is defined as: 

Snellen Ratio =    Actual viewing distance 
              Distance at which the smallest “E” clearly seen subtends an angle of 5’. 

 This leads to the 20/20 (imperial) or 6/6 (metric) nomenclature for "perfect sight".  People not 
wearing their glasses to correct their sight might, for example, be described as 3/6.  Ie they can 
read at 3M what the average person can read at 6M.  This suggests that the letters should be 
twice the size given above.  A point worth remembering when designing for situations where 
people might not be wearing their glasses – conducting interviews in the street, for example. 

 The near point ie the closest point of focus will recede as we age.  For a person without either 
short (myopia) or long (presbyopia) sightedness typical values (age/near point (mm)) are: 
16/80, 32/120, 44/250, 50/500 & 60/1000.  Values beyond 250mm are defined as presbyopia.  
Ludel (1978) contains considerable detail concerning the performance quality of the senses 
and sensory processes. 

 If fine discriminations are required, perhaps to distinguish between similar symbols then the 
visual acuity of the individual becomes critical.  This will vary from 12" of arc for the fovea 
region under ideal conditions to 10' for night adapted red vision.  Using the Landholt ring test 
(left) this can be seen to be a reasonable practical value.  Such images can also appear to 
move, wave etc.4 (right).  

   

 Now consider the confusability of the various “a”, “il1” letters or between O0o and Q.  

aàáâãäåO0oQiIlL1 

TimesNewRoman 
aàáâãäåO0oQiIlL1 
Helvetica/Arial 

aàáâãäåO0oQiIlL1 

AvantGarde 
aàáâãäåO0oQiIlL1 

Comic sans 

Mutual One-way 

    O and Q I and L C called G K called R 
T and Y X and K D called B 2 called Z * 
S and 5 I and l * H called M or N B called R, S or 8 * 
  J, T called I  

 
Table 7. 

 Confusability between letters and numbers (After Cakir et al 1979).  NB This is the reason 
behind the rejection of certain numbers and letters for use on car number plates.  You should 
also consider these, potential, “exchange errors” if you devise short-codes, for example, for a 
catalogue. 

 You will notice that the critical differences between these letters is only about 10% of the full 
height and that is, of course, the element that must be seen!  

 For text the breadth of letter should be 2/3 of the height and the line 1/6.  Letters are, typically 
spaced at 1/5 height with 2/3 height clear between lines.  

 

                                                
4
 Such illusions are common  (eg http://www.psy.ritsumei.ac.jp/~akitaoka/wave6e.html ) or look at the art 

work of Josef Albergs, Bridget Riley et al. – from the 1960s (optical) Op Art movement. 

http://www.art2day.co.uk/uploads/6/9/5/2/6952097/9022566_orig.jpg
http://www.psy.ritsumei.ac.jp/~akitaoka/wave6e.html
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Generic Guidelines for Displays and Display Devices (continued)  

 With text there is more redundancy - we need to "read" the text but with codes the detail is 
more critical - an error can mean so much!  (Reading expected terms is so much easier than 
the unexpected - have you ever-tried reading foreign road signs?  It is much harder than your 
own; no matter how good you are with the language.)  Some of the common confusions are 
listed in Table 8 - those stared are responsible for 50% of the mistakes. 

 The zone of shape focus, to which we prefer to turn our head/moves eyes is an arc of 1°.  In 
the range 1°. to 40°we have un-sharp/unfocused vision and outside of this cone, from 41°. to 
c70° we can detect movement.  Movement is readily detected in the other cone and followed 
by a head turn and eye movement to bring into sharp focus. 

 Decisions based upon simple visual acuity criteria leave many questions unanswered and, as 
with all applications of Ergonomic data should be tested before adoption.  The following are just 
some of the factors affecting legibility5 and readibility. 

 Quality and typographical style used for the text 

 Contents and familiarity of text 

 Environmental conditions associated with the display and the reader 

 Physical visual system attributes associated with the reader and the extent to which 
they have been corrected 

 Experience, skill and familiarity of the reader. 

 Dark letters against a light background are often preferred unless the workplace is very dark 
when the reverse is better, for contrast reasons.  Contrasts of 50% between letter/symbol and 
the background generally work well but might need to be changed if the illumination is not 
approximating to "white". The IES Lighting Handbook (Dilaura, et al, 2011) has details of the 
energy spectrums of various light sources and the polar characteristics of the fittings. 

Colour Meaning 
Attention 
getting value 

Contrasts 
well with… 

Avoid paring 
with… 

NATO standard: MIL-
STD-1472F  (1999) 

      

Red 
Danger, heat, stop, 
alarm, financial 
loss. 

Good White Green 

Malfunction, if flashing 
emergency, impending 
personnel/ equipment 
disaster 

Yellow 
Danger, Warning, 
Hazard, Abnormal 
state. (?)Safe 

Good 
Black, dark 
blue, dark 
green 

White 
Delay, [re]check, 
extreme caution, 
impending danger 

Green 
Satisfactory, 
Normal state, “Go” 

Poor White Red 
Go ahead, within 
tolerance, acceptable, 
ready, summation 

Light Blue Advisory, cool Bad Black Yellow  

Dark Blue Advisory Poor White Yellow  

Magenta Alarm state Good White   

White Advisory Poor 

Green, 
Black, Red, 
Dark Blue, 
Magenta 

Light Blue 
Yellow 

Function, physical 
position, action in 
progress 

Black Financial Gain Poor 
White, Light 
Blue Yellow 

  

 

Table 8. 
Generic Colours and some defined meanings (After Cakir etal 1979). Culturally influenced? 
 

 Avoid using red/green together as c8% males see both as a “brown” but also remember that 
many other forms of colour blindness exist and thus design to avoid confusion and single factor 
differences.  Many people also have difficult with convergence and may have difficultly 
separating two lamps that are close together.  

                                                
5
  Wright P (1988) is an excellent source of further information and most basic textbooks cover this topic. 
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Generic Guidelines for Display Devices (continued) 
 

 Pictographs (with a lesser degree of abstraction than symbols) are generally easier to learn, 
quicker to respond and less error prone.  Arbitrary designs are, of course, hardest to 
internalise.  If standards exist adopt them, do not try to re-invent but note variations between 
cultures and countries.  British Standards Institution lists many examples (various dates)  

 Generally Icons in computer systems are active and presenting both the image itself plus some 
textual or audio label.  The evidence appears to suggest that the icon presented alone triggers 
slower responses that mixed mode presentation of icon plus audio and, indeed, image plus text 
and pure text alone.  Mixed format also leads to fewer errors than image alone and, it may be 
hypothesised, shorter learning times for skilled tasks. 

 This work has largely been carried out in “western languages” yet the cultural differences are 
great between more diverse cultures.  Individuals in different cultures vary, perhaps more than 
within a population!  Readily identifiable aspects of cultural diversity include: 

 Appearance 

 Perception (especially of the norm) 

 Expectations/Stereotypes 

 Cognition 

 Thinking style 

 Cultural Assumptions, 
Attitudes and Values 

 Customs & practice 

 

Variables Tasks Outcomes 
  Americans Chinese 

    
Cognitive style 

3 Piagetian formal-  
operated tasks 

More differentiated 
functioning 

Less differentiated 
functioning 

 
28-item cognitive style 
test 

Inferential-categorical Relational-contextual 

 Rorschach
6
 test More detailed responses More whole response 

Verbal and  Word fluency test Significantly higher Significantly lower 

ideational fluency 
Response to visual and 
auditory displays 

More vocalisation Less vocalisation 

 
Torrance test for idea 
fluency. originality and 
flexibility 

Scores above the 
Chinese norms 

Scores below the norms 
American norms 

Visual ability 
Raven's standard 
progressive matrices 

Significantly lower Significantly  higher 

 
Chinese standardized 
progressive matrices 

Significantly lower Significantly  higher 

 
Raven's standard 
progressive matrices 

Significantly lower Significantly  higher 

 
Culture-free Torrance test 
and park mazes 

Higher on elaboration and 
originality 

Higher on fluency 

Digit span in STM Digit span task Mean digit span: 7.2 Mean digit span: 9.2 
(Short term  Digit span task Mean digit span: 5.9 Mean digit span: 6.9 
memory) Digit span task Mean digit span: 5.1 Mean digit span: 6.4 
 Digit span task Mean digit span: 4.6 Mean digit span: 5.9 
Colour association Paper and pencil test Red for on Green for on 

Personality  
More impulsive. excitable. 
natural and spontaneous 

More restrained. cautious, 
patient and self-contained 

Cultural patterns  Individualism Collectivism 

 
Table 9. 
A few of the of the cultural differences identified between Americans and Chinese (Extracted from 
Choong & Salvendy 1998 where the full list of sources may be found.) 

                                                
6
  Wikipedia has a useful, non-technical introduction at: http://en.wikipedia.org/wiki/Rorschach_test  

http://en.wikipedia.org/wiki/Rorschach_test
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