
Design of Controls 
and Displays



The 1940s and 1950s are often referred to 
as the “ knobs and dials era” . At that time 
environments such as aircraft cockpits 
reached levels of complexity never before 
imagined, and it was difficult for humans 
to operate the new machines.

The Knobs and Dials Era



The “ knobs and dials”  era produced design 
guidelines which are specified in military and 
industrial standards such as MIL STD1472, 
MIL HDBK759, SAE J1138, SAE J1139, SAE 
J1048 and HFS/ANSI 100.
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and 
Dials 
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Some Common 
Controls and Displays



Control Selection Rules

Controls should be compatible with any 
stereotypes and expectations regarding 
the situation in question.

Compatibility refers to any cognitive 
association that appears evident such 
as locating a control next to its related 
display.

Many associations such as red to stop 
and green to go, or sliding from left to 
right, are actually highly cultural. The 
international standards tend to reflect 
mostly western stereotypes.



Control Selection Rules

Control size and motion should 
reflect stereotypes and past practice.

For example, a driver would find it 
surprising to be required to steer a 
vehicle by means of a small dial.



Control Selection Rules

The direction and operation of a control 
should be compatible with the response 
movement of the controlled machine.



Control Selection Rules

Fine movements and small forces should be 
performed by means of hand controls.

Gross adjustments and large forces should 
be achieved by means of foot controls.



Control Selection Rules

The force or torque required for the operation 
of a control should be kept as low as possible.



Control Selection Rules

For continuous tasks the ratio of the 
movement of the control device to the 
movement of the system is called the 
control-response ratio (C/R ratio).

Optimal C/R ratios should be chosen 
whenever possible.



Control Selection Rules

An example of C/R ratio optimisation is a 
radio tuning dial. Low C/R ratios are fast 
for reaching a station frequency but slow 
to perform the fine tuning. High CR ratios 
make it easy to fine tune but require a long 
time to switch stations. The optimum is at 
the point of intersection of the travel time 
and adjustment time curves.



Control Selection Rules

All control devices provide some form of 
resistance which serves as a source of 
feedback to the operator. There are four 
primary types of control resistance.

• elastic resistance

• friction resistance

• viscous damping

• inertial



Control Selection Rules

Elastic resistance such as the case of spring 
loaded devices varies with the displacement 
of the control. The relationship can be either 
linear or nonlinear.

An advantage of elastic resistance is that it 
provides both force and displacement 
information, thus adding some redundancy.

Elastic controls are widely used for safety 
critical systems since they return to the off 
position when released.



Control Selection Rules

Static or coulomb friction resistance causes 
time delays and movement irregularity when 
control movement is initiated or is reversed 
due to the switch in resistance direction.

Since this resistance helps to hold controls 
fixed when not in use, it can be considered 
helpful from a safety point of view. In use, 
however, friction resistance has been found 
to degrade human performance since no 
meaningful relationship exists between the 
resistance and any aspect (displacement, 
velocity, etc.) of the control movement.



Control Selection Rules

Viscous damping resistance provides 
a force which is proportional to the 
speed. It helps the operator to perform 
smooth movements and to maintain 
prescribed movement rates. It also 
helps to prevent accidental activation.

Since the force is proportional to the 
velocity, however, it is not easily 
interpreted by the operator.



Control Selection Rules

Inertial resistance provides a force which is 
proportional to the mass of the mechanism 
and the acceleration imparted. By its nature 
inertial resistance makes it hard to perform 
quick and precise tasks such as tracking, 
but can be useful for maintaining smooth 
fixed speed. It also helps to reduce the risk 
of accidental activation.



Control Selection Rules

Deadspace is the amount of movement 
around the null position that results in 
no movement of the device that is being 
controlled. Some deadspace exists in all 
real systems.

Rockway (1957) observed that tracking 
performance deteriorated with increases 
in deadspace, but that the deterioration 
was less for less sensitive systems (high 
C/R ratios).

Rogers (1970) found that increasing the
deadspace resulted in an almost linear 
increase in the time needed to acquire a 
target.



Control Selection Rules

Backlash is the deadspace that occurs 
around any control position. Rockway 
and Franks (1959) showed that operators 
cannot cope well with backlash and that 
tracking performance deteriorated with 
increasing backlash. 

When backlash cannot be reduced in a 
control system it is necessary to reduce 
the system gain (increase the C/R ratio) 
in order to minimise the negative effects.
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Control Coding

McFarland (1946) reported more than 400 
incidents in which USAF pilots retracted the 
landing gear of a particular airplane when 
they had intended instead to lower the flaps.

Gamst (1975) reported that for a specific 
railroad locomotive the drivers often turned 
off the diesel fuel pumps (shutting down the 
engines) when they intended instead to turn 
off the signal lights.

Moussa-Hamouda and Mourant (1981) 
reported that 44% of drivers make mistakes 
such as activating the turn signals instead 
of the wipers when using automobile stalk 
mounted controls.



Errors can be caused by mistaking one 
control for another.

The more complex the task, the more 
important it is to code the controls for 
easy recognition.



Control Coding

Control encoding methods include:

Location: controls with similar functions 
are located together.

Shape: shapes are chosen depending on 
the control function.

Size: up to three different sizes are often 
used to subdivide groups of controls.

Mode of operation: the movement and 
resistance is maintained the same for 
controls with similar functions.

Labelling: the same symbols are used to 
identify controls with the same function.

Colour: controls are usually black or grey, 
therefore red, orange-yellow or white are 
used to denote special or safety critical 
functions.



Location Coding



Location Coding



Location Coding



Location Coding



Shape Coding

Certain aircraft controls have been 
shape coded for easy recognition.



Shape Coding

Pilots have been known to adopt personal 
systems of  “ informal coding”  to focus 
their attention on safety critical controls.



Size Coding

An example of size coding is the panel 
shown above. The controls for starting, 
stopping and choosing the operating 
mode have been made largest.



Mode of Operation Coding

In many cases the control has been found to be 

easier to use if its shape and movement resemble 

that of the controlled device. An example is the 

case of stalk mounted windshield wiper controls.



Labelling Coding



Labelling Coding

Currently there is little agreement as to how a driver should be
warned about an under-inflated tyre. The US Dept. of Transport 
report “Evaluation of Existing Tire Pressure Monitoring Systems”
investigated the effectiveness of different warning symbols.

ISO symbol K11 for warning of incorrect tyre 
pressure was evaluated, but only 25 percent
of the people understood that it warned of a 
tyre pressure problem. Some even thought it 
represented a problem with the airbag, with 
the lights or with a disengaged gearshift. 

ISO symbol K10 for signalling tyre failure 
was evaluated, but only 38 percent of the 
people understood it correctly.

81 percent of the people tested responded tyre 
pressure to a symbol of a car with a highlighted 
wheel.

But the only symbol correctly identified by 
everyone tested was a picture of a flat tyre.



Colour Coding

Numerous cockpit controls have been colour 
coded in the Piper Saratoga shown above.



A display is a device which 

provides the operator with 

information about the status 

of the system being 
operated.



Displays

Display information can be of three types:

Quantitative readings of the numerical 
value of some parameter.

Qualitative readings such as high/low or 
up/down.

Situation awareness in which the display 
is used to perceive and attach meaning to 
elements in a volume of time and space.



Displays

Some common quantitative display types.



Displays

Two common qualitative display types.



Displays

Radar screens are examples of 
a situation awareness display.



Displays

There are four fundamental rules of display 
design:

• Display only the information which is 
essential for adequate job performance.

• Display information only as accurately 
as is required for the operator’s 
decisions and control actions.

• Present information in the most simple, 
direct and understandable way possible.

• Present information in such a way that 
failure or malfunction of the display will 
be immediately obvious.



Displays

Colour coding is extensively used in displays.

White light does not have a particular meaning 
but is often used to indicate that functions or 
systems are operative.

Green light indicates that the system being 
monitored is in satisfactory condition and that 
it is ok to proceed.

Yellow light advises that a marginal condition 
exists and that alertness and caution should 
be exercised.

Red light warns that some function or system 
is inoperative or that a failure condition exists.

Flashing red light is used in emergency 
situations that require immediate action to 
avoid damage or injury.



Displays

Displays should be placed within the normal 

viewing area of the operator and should have 

their surfaces perpendicular to the line of sight.



Displays

When possible pointer instruments should be 

arranged so that all pointers are aligned under 
normal operating conditions. If one deviates 

from normal it will be easily noticed.



Displays

Controls are often set near their relevant display. 

In such cases, appropriate control/display 

relationships should be used. Several common 

stereotypes are shown in the example above.



Displays

When controls and displays are placed 
together the directions of movement 

should always be compatible.



One display that has been subject of 

much attention in recent years is the 

automotive instrument cluster. Should 

the instruments be digital or analogue in 

format ?



Most users prefer analogue displays, finding 

them to be more familiar and easier to read.

An advantage of analogue format displays is 

that the use of a pointer and scale provides 

both the instantaneous value (for example 

the speed) and its time rate of change (the 

acceleration or deceleration of the vehicle).


