Humans excel at processing information from a number of sources and forming a
mental model (picture) of the situation upon which to base decision-making. Recent
advances in technology allow control interfaces to locate operators remotely from the
equipment being operated. This has advantages in terms of managing risk to personnel.
For example, in offshore oil and gas production facilities, remote location of control
suites (to an onshore location) negates the requirement for control room operators to
travel and work on a facility; activities which incur risk to personnel. By doing so,
however, the number and variety of information sources become limited.
This presentation seeks to discuss the impact of automation on decision-making
capabilities by reviewing:
1. The way in which decisions are made by humans
2. How automation has impacted the role of the human operator within a system
3. The resulting impact on an operator’s mental model of (for example) a facility,
situational awareness and ultimately decision making capability.
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This slide presents a simple model of how decisions are made. A change in operating
conditions is detected by a human operator. The operator consults his/her mental
model and makes a diagnosis of the cause and/or implications of the change in
operating conditions. The operator makes a decision on what to do (which includes
doing nothing) and then actions the decision. The system provides feedback in the form
of a change in operating conditions (or no change in operating conditions) and the cycle
repeats until no further action is required.

This decision-making process is applicable in many, if not all, situations. From operating
major plants and machinery to domestic decision-making.
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Discussion on methods of decision-making. There are 4 possible methods. The
appropriate means is determined by a number of factors including the amount of time
available to make a decision.
Intuitive decision-making: the is a subconscious process (further described in slide 4)
and may be employed when a decision and action is required very quickly. Example: in
an emergency or when playing sport.
Rule-based decision-making: decision to revert to a predetermined set of rules or
procedures.
Analytical decision-making: More time for review the operating conditions and
determine a correct diagnosis prior to making a decision. Decision is selected from a
number of options.
Creative decision-making: Requires devising a novel solution to an unfamiliar situation.
This means is infrequently used and is likely to be time consuming.
The discussion in this presentation will focus on intuitive decision making as it is more
likely to be impacted by the effects of technology and automation.
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This analogy is attributed to Johnathan Haidt (The Righteous Mind). The elephant
represents our intuitive reaction to a situation. This reaction is difficult to influence
(hence the elephant) and is highly reliant on an operator’s situational awareness and
mental model. The rider represents reason. He is able under some circumstances to redirect the elephant should there be a strong discrepancy between the intuitive reaction
and reason. This is, however, unlikely. The rider more often exists to provide
justification for the intuitive reaction. Both the elephant and the rider’s reactions are
performed in a very short timeframe. Haidt attributes the elephant’s reaction to the
unconscious mind and the rider’s reasoning to the subconscious mind.
Although this might seem like a weak means of making important decisions, it has
proved to be very effective and research has supported this. Examples of such evidence
include studies performed by Antonio Demasio on patients with damage to the ventromedial pre frontal cortex – the part of the brain that deals with emotions. Although
these patients’ reasoning (riders) were fully functional, their decision-making was
significantly impaired as a result of the damage to the intuitive center (elephant).
Recall that intuitive decision making is highly dependent on our existing mental model
of the world and in turn our situational awareness
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3 parts of situational awareness.
• the perception of the elements in the environment within a volume of time and
space,
• the comprehension of their meaning
• and the projection of their status in the near future.
Each can be impacted by the demons that negatively impact situational awareness…
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More information on these eight demons of situational awareness can be found in this
book – see reference 3 (notes on final slide).
This presentation will focus on two: Complexity creep and Out-of-the-loop syndrome.
We will return to these.
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Although we are focusing on negative side effects of automation, it has generally had a
positive influence. Automation enables resource intensive activities to be done quicker
and by fewer people. And ultimately automation has improved safety.
Take the example of Stonehenge, which was thought to have been built 5000 years ago.
Stones in the centre of the arrangement are found 200 miles from the site of
Stonehenge. It is not know how these stones were transported to the site. Theories
include: that they were carried in wicker structures by humans, that they were guided
along a glacial path or that transportation was carried out by magic or aliens. It is likely
that were we to erect Stonehenge today, the process would be made quicker, easier
and safer by the application of technology.
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The next series of slides inform a discussion regarding how automation has impacted
the human operator’s role in the system.
In very simple activities (e.g. eating a banana) the operator has direct input and
feedback from the product.
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Machinery or other equipment is introduced. The human operator now manipulates
this equipment to affect the product. For example, imagine a horse-pulled plough
directed by a farmer. The plough does the work and affects the field. However, the
operator has direct control over the machinery and is present at the interface with the
product.
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A control is introduced. This may take the form of a handwheel or a lever. The operator
is further removed from the interface with the product. Feedback may be provided by
an automated piece of equipment (e.g. a meter).
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For complex systems an HMI may be introduced. This could be in a control room, in
your car, or on your domestic heating system. Now the operator is reliant upon
successful interface between the machine and product, the control and machine, the
HMI and control. The operator is far removed from the product. Although, this
introduces some demons of situational awareness, automation has likely positively
impacted safety and efficiency. For example, if the product include radioactive material
the operator is safer in a remote location.

11

How do Complexity creep and Out-of-the-loop syndrome impact the mental model and
situational awareness?
Complexity creep: as parts of the system are now automated a single operator may
have responsibility over a larger section of the system. The system is also more complex
as the operator must also monitor the health of the machinery, controls and HMI in
addition to the product. Automation assists by reducing the workload on the operator.
However, as the system is more complex, the operator’s mental model is increasingly
difficult to form and maintain.
Out-of-the-loop syndrome: as discussed the operator is further removed from the
product interface and will often be monitoring rather than directly affecting the
product. Humans are poor at monitoring tasks as we are easily distracted and vigilance
deteriorates after a short period of time (~30 minutes). Whilst automation is
functioning well, this is unlikely to cause a problem. However, once automation fails or
(more likely) reaches conditions it is not equipped or designed to handle, the operator
must step in. The operator’s mental model may have deteriorated: be incomplete
and/or out-of-date.
The impact of these demons is that the operator may determine that the system is
operating in one mode, when it is operating in another. Our diagnosis is flawed and as
such our decision may be incorrect. Intuitive decision-making is impacted as our
intuitive reaction (elephant) is highly dependent upon our mental model. Due to time
constraints there is insufficient opportunity to update our mental model. Therefore,
rule-based decision making may also be impacted. Analytical and Creative decision
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making methods allow time for diagnoses to be reviewed and so the impact may be less
severe.
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How do we mitigate this impact? Reversing automation is not desirable because of the
positive features it brings. However, there are things that we can do:
Adaptive automation entails forcing the human operator to control a system at
frequent occasions. This enables the operator to maintain an up-to-date mental model
without the prolonged periods of high workload.
Selective automation: automated tasks may be limited to repetitive routine activities
suited to operation by “machine”. Highly cognitive tasks can be partially automated (as
has proved somewhat successful for driving) but care should be taken when
considering full automation.
Technological advances such as virtual reality can be harnessed to improve situational
awareness. Such techniques have started to be implemented with some success.
Limit mechanical intervention to decision support functions such as prompts and
checks.
Sometimes there are no substitutes for maintaining a strong familiarity with the system
the operator is responsible for. Training, mentoring and supervision, especially for new
operators can enhance situational awareness.
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