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A Brief Look at Fidelity

Before discussing the importance of high fidelity for training simulations it is necessary to clarify what

is actually meant by the term “fidelity”. The Royal Navy (Ref 2) group fidelity under three headings:

1. Physical — Spatial, tactile and appearance
2. Functional — Format, content and response

3. Environmental — Sound, motion and ambience

Similar arguments exist in the appropriateness of high fidelity for each of these areas. However, as
will be seen, they do need to be considered separately when it comes to defining requirements for a
training simulator as it is not necessarily the case that the same level of fidelity is required across the
board.

Ref 2 goes on to define a process for qualifying levels of fidelity by allocating scores to each of the 9
facets listed above. Although this goes some way to helping in defining levels of fidelity it remains an

area that is very difficult to contract”.
The Roles of Simulation

Simulations are generally used for different purposes. These are:

1. Surrogate Experience — In this case simulation is used to provide an experience that the
audience is not expected to encounter for real. Typically this form of simulation would be used
in entertainment systems. As far as fidelity is concerned for this type of simulation the prime
focus for high fidelity will be on those aspects of the subject matter that would be familiar to
the typical user. In practice this concentrates on the Environmental aspects to stimulate the
senses as in the case of simulators seen at fairground rides. Alternatively the focus might be
on the Functional aspects (particularly in terms of content) if the simulation is for the PC
market. However there is the possibility that the detailed representation of those aspects that
are not likely to be encountered again can, theoretically, be relaxed significantly to fit

development budgets.

! The US Federal Aviation Administration (Ref 3) and UK Civil Aviation Authority do provide qualification levels for flight
simulators. The Author is not aware of any equivalent standards for any other type of simulation. These also tend to be for
system specific training where the correlation between higher levels of fidelity and training benefit are easier to see.
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2. System Verification — Here a simulation is used to provide the audience with the facility to
become fully familiar with the subject matter before encountering it for real. This could be
either for the purpose of testing specific system functionality as in design and development
simulations or for checking the system with the user in the loop as in mission rehearsal. The
raison d'étre of such a simulation is to minimise the chance of surprises when the audience
experiences the same situation for real or when the simulated system is produced. In this
case the focus for fidelity is really on the situation and its representation through the

simulation to the user i.e. again Environmental and a Functional fidelity

3. Training Simulation — Although dependent on the philosophy of the training establishment the
key use for the simulator in training is to the further skills and attitude development, as
opposed to knowledge, of the trainee. In the initial stages of learning this is likely to be
generic until a certain basic level of capability has been acquired whereupon training tends to
take on a more specific nature more akin to mission rehearsal. In the first of these stages the
generic nature suggests a lower level of fidelity is required though the focus for realistic
representation will tend to be on the Functional side. As the training becomes more system
specific the Physical representation becomes more critical. The Environmental fidelity may
also come into play depending on the operational environment of the system and the

operational tasks of the trainee group.

Based on this assessment of simulator use it can be seen that fidelity in the case of Surrogate
Experience simulations is really a subjective matter and can be decided on based on commercial
considerations of what the development budget can afford and what the manufacturer believes they
can sell. For the System Verification simulation Functional fidelity is critical if it is going to meet its
objectives. However the case for high fidelity in the Training Simulator is far more varied and depends
significantly on what its training purpose is. It is this more tricky case which is the subject of this

paper.
Fidelity and Negative Training

The argument that anything but the highest fidelity will provide “negative training” can be very
seductive. Examples of such cases in maintenance emulations have been slightly different colouring
of components, types of screws illustrated and difference in the illustrated size of threaded holes.

It is crucial that a training simulator does not provide “negative training”; it is also crucial that “negative
training” cannot be used inappropriately as a method for delaying acceptance of training simulators.
To achieve both of these there is a need to tightly define what “negative training” is. There is potential
benefit to be had from including such a definition, together with the two others below, in any

commercial agreement between customer and simulator provider.
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These definitions are:

Positive Training - A process in which knowledge, skills and/or attitude are changed in such a way
that when presented with the real task the student, if following what they have
been taught, would carry out the process correctly.

Neutral Training - A process after which there is no change in the student’s level of knowledge,
skills and attitudes to perform the task(s) being trained.

Negative Training - A process in which knowledge, skills and/or attitude are changed in such a way
that when presented with the real task the student, if following what they have
been taught, would carry out the process incorrectly or, in the worst case,

dangerously.

These definitions show the clear linking between the training and the actual performance of the task
rather than just comparing training subject matter with the real equipment. The subtlety here is that
the definitions acknowledge the fact that training focuses the student’s mind on specific aspects of the
system being trained and aspects of the system outside that focus do not impact on the quality of the
training. Furthermore it accepts that it is all right to expect that when using the training for real the
student will have the ability to adapt it to the actuality of the real task. In other words it acknowledges
that practical training aims at a point along the spectrum with complete On-the-Job Training at one

end and, at the other, is the concept of “monkey-see monkey-do”.

The Need for High Fidelity

One of the difficulties in introducing objectivity into the process of definition of fidelity levels in training
simulations is that simulators are still seen as replacing training that previously would have been
conducted on the real equipment. The perception is, therefore, that the simulation ought to be as
close as possible to the “real thing” to successfully replace it. However the real advantage of using
simulation in training is that the real equipment is designed for real operations whereas a training
simulator can be designed specifically to meet the training need. Typical training problems when

using the real equipment include:

1. It can be so complex as to confuse the student and actually get in the way of the training point
being made

2. Operational equipment is designed to operate in normal operational mode as much as
possible. A lot of time is spent in training abnormal or emergency procedures which could be
dangerous or require the equipment to be deliberately broken

3. There are usually no built in processes to allow assessment of the students’ actions on

operational equipment.
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4. It can have associated health and safety implications which reduce the exposure of the
students to the equipment and increasing the ratio of instructional staff to students

5. It can have high through life costs particularly for maintenance as training use can be more
demanding than operational use due to frequency of procedures and use by untrained

personnel.

Some of these issues, which can be alleviated by appropriate uses of simulation, can be re-

introduced to the training solution as the fidelity of the simulator increases.

Another key feature that increases as the fidelity of simulation increases is, not surprisingly, the
development cost and, hence, purchase price. Although with the increase in computing power there is
scope to increase the fidelity for a given PC platform an alternative perspective would be that the
same level of fidelity could be achieved for reduced development and hardware costs. In fact
assuming the often quoted 80:20 rule applies to simulation development fidelity attaining 80%
accuracy can be achieved at approximately 20% of the cost. The Author has no hard data to support
this statement however experience from developing a number of maintenance emulations where
fidelity has been compromised to reduce cost without loss of training effectiveness (Ref 4) suggests

that this is not an unrealistic assertion.

Above are some arguments that indicate curbing the required fidelity of any training simulation may
provide training as well as financial benefit and so should be considered. This might sound surprising
but the Royal Aeronautical Society’s Simulation Group Position Paper (Ref 5) states that “benefits
which accrue from using ground-based simulators rather than in-flight training are difficult to quantify”.
The same argument can be applied to other simulations and it is not unreasonable to extend the

uncertainty over the benefits of simulation per se to the benefits of higher levels of fidelity.
Points to Consider

The scope of technology applied to all aspects of a training solution needs to be matched to the
training need. For simulation this includes both the Trainings Objectives (TOs) and Enabling
Objectives (EOs) assigned to the simulator as well as the level of fidelity needed to achieve them.
This process forms part of the cost benefit phase of the Training Needs Analysis (TNA) as described
in the Joint Service Publication (JSP) 502 (Ref 6). It is at this stage of the training solution design that
the balancing of cost and training effectiveness specific to the particular programme can best be

conducted.

That said there are some general concepts that should be taken into consideration when assessing

training simulation fidelity and these are discussed below.
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Focus of Training

The overriding principle will be to ensure that the simulator provides Positive Training (see “Fidelity
and Negative Training” above) on the TOs and EOs allocate to it. This means that the level of fidelity
has to be highest for those tasks related to those TOs and EOs. However it is important to keep in
mind whether the particular area of functionality being considered affects the student’s interactions
with the system. For example if a particular system is highly automated such that it's functionality is
hidden from the operator then, provided the cues to the student are such that the student is led
correctly through the task being trained, the level of fidelity of that functionality can be compromised

without affecting training effectiveness.

Student Standard

It is important when designing training to acknowledge the input standard and the desired output
standard required of the students. This is, perhaps, obvious when considering the syllabus but it also
affects the levels of fidelity required for any simulators used as a training media within the training
solution. For example if the students are experienced operators with a thorough understanding of a
particular system it is not necessarily critical for that system to be modelled to a high level of fidelity.
The student will be able to take the generic responses of a lower fidelity system and translate it onto

their existing experience and knowledge.

The Training Solution as a Whole

Simulators almost always exist as part of a complete training solution involving training media of all
types. Although it is important that the training messages of the various media are kept consistent,
TOs and EOs are assigned to specific media and it is here that the messages will be explicitly
targeted and the student will be focussing on those aspects of training. This implies that if one
particular detailed area of functionality is covered in standard Computer Based Training (CBT), for

example, it may be possible to model it to a lower level of fidelity in any simulator.

Phase of Learning

Early on in training, when students are being introduced to the functionality of systems, interaction
with a representation of the system interface may well be desirable but under tight control and with
limited scope for free play. In this case the fidelity of the simulation has to provide the cues that the
student needs to look for to progress but accurate functionality representation outside that is not
necessary. In later stages of training the student is likely to have a freer hand with regard to deciding
on what actions to take and the system needs to respond more accurately, though perhaps still not

fully faithfully, off the intended training path. It is also the case that later in training the student may
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pick up on secondary or tertiary responses from the system i.e. those not on the critical path of the

task being trained.

Process of Learning

Simulators have come a long way since they required large computers to perform the complex
functional image generation calculations. It is now commonplace to have fairly high functional
simulations available on desktop PCs that provide significant cost and training benefits. However with
the simulators moving into the classroom on PCs with mice, keyboards and monitors there is a
questions as to how to increase the Physical and Environmental fidelity of such systems. Such
arguments have been used to introduce Virtual Reality (VR) and to consider complex desk
installations to ensure the accurate positioning of control column and throttle in maintenance
emulators. Both of these additions increase cost and complexity and it is debatable as to whether the
training is actually enhanced by either. Although unsubstantiated at present the Author would argue,
for example, that familiarisation with a cockpit layout or position of switches on a control column is
actually learned as a series of relative positions from “Landmarks” identified by the student. This
process is the same process that makes schematic diagrams a valuable training aid and relies on the
human’s ability to map conceptual information onto the real world. Introducing VR to allow a student
to view the cockpit as if they were sitting in the seat is, therefore, not necessary. A static image with
the “Landmarks” of key displays and controls is enough for them to be able to locate any component

once seated in the real system.
Of course taking the training system as a whole and considering the focus of the simulators it could

be argued that physical and environmental aspects of the training might be better addressed by other

media and are, therefore, not relevant to the desktop simulator.

Training Audience

Training audiences largely fall into two groups; those who will use the system being trained and those
who will maintain it. In both cases, as has already been mentioned, the training and hence fidelity of

the simulation needs to be relevant to the task that they are going to perform.

For maintainers the focus is usually on Physical and Functional fidelity. Physical tasks are usually
associated with repair and replacement and, once the basics of handling tools have been learned,
can best be practised on physical replicas or real equipment. Functional training is usually focussed
on inspection and fault diagnosis which is a mental training task and well suited to computer based
systems such as emulations (Ref 4). The maintenance task itself, especially on aircraft, is very tightly
controlled and it is rare that a new trainee would be allowed to perform a task un-supervised. It is also

rare that a maintainer performs tasks other than as tightly laid down in supporting maintenance
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Technical Publications. This reality can influence the design of the training simulators (whether
physical or functional) arguably to remove the need for them altogether depending on the other issues

such as experience of students and maintenance policy.

For the operators of systems the focus of training is much more on the interfaces between the user
and the system and, often, the affects of the environment on the use of that system. For this reason
simulators for training operators can actually concentrate much more on the cues provided by the

system and environment rather than simulating the underlying functionality to any great depth.
Conclusion

In a wide range of simulation cases fidelity remains a difficult area to contract for, as subjective testing
to show a given level of fidelity can be very time consuming. Furthermore for a lot of cases the link
between tightly defined fidelity and the training that such levels can support is not at all clear. It may,
therefore, be more sensible to contract on the basis of simulators providing positive training towards
meeting their assigned TOs and providing no negative training in the process. Suggestions of

possible definitions for these two terms have been presented above.

This paper has argued that just because we can produce training simulations of high fidelity does not
mean this is always the best solution. Although this is obvious where the budget is a real constraint,
arguments have also been put forward from the viewpoint of practical training and increasing training
effectiveness of training media. In order to match the fidelity of the simulation to the budget and the
training need it needs to form part of the TNA process in accordance with guidelines such as Ref 2
and Ref 6.

Glossary
CBT Computer Based Training
EO Enabling Objective
JSP Joint Service Publication
RN Royal Navy
SME Subject Matter Experts
TNA Training Needs Analysis
TO Training Objective
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VR Virtual Reality
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