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Rapid prototyping or 'virtual prototyping' of human-machine interfaces offers the 
possibility of putting the human operator 'in the loop' without the effort and cost 
associated with conventional man-in-the-loop simulation. Advocates suggest that 
rapid prototyping is compatible with conventional systems development techniques. 
It is not clear, however, exactly how rapid prototyping could be used in relation to 
conventional human factors engineering analyses. Therefore, an investigation of the 
use of the V APS virtual prototyping system was carried out in five organizations. The 
results show that a variety of task analysis approaches can be used to initiate rapid 
prototyping. Overall, it appears that rapid prototyping facilitates an iterative 
approach to the development of the human-machine interface, and that is most 
applicable to the early stages of systems development, rather than to detailed design. 
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Introduction 
The human factors engineering (HFE) process re

commended for the development of human-machine 
systems is based on a series of increasin¥ly detailed 
analyses of operator functions and tasks 1• • One con
clusion from a review of the application of human 
factors engineering in 10 large projects was that more 
use should be made of man-in-the loop simulation to 
supplement those analyses, but that such simulation is 
expensive and time consuming, precluding widespread 
use3 . Rapid prototyping is one promising technology 
which places the operator 'in the loop' without requiring 
the technical complexity of conventional man-in-the
loop simulation. 

Rapid prototyping involves the construction and use 
of an executable model of a human-machine interface 
for system development, without the necessity for 
simulating the complextty of the actual system. The 
majority of rapid prototyping systems are intended for 
the development of human-computer interfaces. These 
systems support the representation of CRT-based 
displays such as menus and data structures (see Keyson 
and Parsons\ for example). A limited number of rapid 
prototyping systems permit the representation of con
ventional human-machine interfaces consisting of dials, 
knobs, switches, etc using high-resolution colour CRT 
displays5

• These systems are sometimes called 'virtual 
prototypes' to distinguish them from the more applica
tion-specific rapid prototyping systems. Virtual proto-

typing systems allow the designer to represent interfaces 
such as the dashboard of a car, a keyboard or the 
control panel of a ship's radar. Users can interact with 
convincing representations of the displays and controls 
using a cursor on the CRT screen, or using touch
sensitive overlays. For example, representations of 
keys can be activated, switches can be moved from one 
positton to another, or continuous rotary controls can 
be moved through an arc. In this respect these 2-
dimensional prototypes can be considered to be 
'dynamic', or 'functioning' mock-ups2

. 

Typically, mock-ups are scheduled late in the pre
liminary design phase of large systems2

•3 , because the 
detailed task analyses required to specify the human
machine interface are not available earlier (Figure 1). It 
is not clear, however, that rapid prototyping could be 
used, or ts being used, in the same way as a mock-up. 
Williges and Hartson6 recommended that rapid proto
typing be used in an iterative approach to design 
development, following initial design. Boehm et a/7 

recommended that for most large projects, and for 
many smaller ones, a mixture of rapid prototyping and 
specifying be used, rather than exclusive use of either 
one. Andriole8 recommended that prototyping be 
initiated early, to refine preliminary user requirements. 
Dearnley and Mayhew9 suggested that prototyping will 
be compatible with any of the methodologies used in 
the system development cycle. 

These recommendations suggest that rapid, or virtual, 
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