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1. [bookmark: _Toc227531854]Introduction 
Performing a task is often more than just a single-step process, and instead consists of a number of sub-tasks that must be completed in order to produce the desired output. These sub-tasks themselves each produce an output that acts as the input for the following sub-task. When considering the output of a system, it is important to consider each function performed within that system, and how the outputs of the sub-tasks can affect the overall output. Different errors in these sub-tasks can affect the output in differing ways, from complete failure to a reduced quality output. Ergo it is necessary to develop tools that can analyse the output of subsystems and quantify the impact a failure at each stage will have on the system output. In this work the production of a hot drink is analysed by Fault Tree Analysis (FTA) to determine how likely failure is to occur, and the effect of an impaired operator will have on the likelihood of failure. The human factors surrounding an operational failure are also discussed. Both FTA and human factors are a form of foot cause analysis, wherein they can be used to attribute a fundamental issue that can lead to an incorrect output or catastrophic failure.
2. [bookmark: _Toc227531855]Fault Tree Analysis
 Fault Tree Analysis is a tool developed at Bell Telephone Laboratories in the 1960s to analyse the possible failure modes for the Minuteman missile system. It has since been expanded to cover a variety of system, electrical or mechanical. The structure of a Fault Tree is based on the interaction between subsystems, culminating in a total system failure, the Top Event. The “roots” of the fault tree are basic events, and these are fundamental tasks carried out that are then processed by later tasks, represented by events. Between each subsystem lies a logic gate that determines whether or not a failure will occur. These are usually represented by AND and OR gates, but other gates such as NOT and VOTE gates may also be applicable [1]. 
Whilst Fault Trees can be used qualitatively to show how faults can be mitigated in a system at an earlier stage to prevent a catastrophic failure, often fault trees are use quantitatively to find the probability of a failure occurring, with a probability attached to each basic event, and the overall probability calculated at each gate leading to an overall probability of failure [2].
Fault trees are usually structure to be a series of failures leading to an overall system failure, however in the given example, it is instead a series of successes, leading to an overall correct output. This is mathematically the same so is still a valid method for calculating probability of failure. 
[image: ]
Figure 1 - FTA symbols [7]


2.1. [bookmark: _Toc227531856]FTA of making a hot drink
The task being studied is making a hot drink [3], though this is arguably an ambiguous outcome, as there is the possibility of two distinct outcomes, tea or coffee, and the operator would be tasked with making a set drink, such that where this Fault Tree considers any hot drink as a success, the possibility of producing the wrong drink should be consider a valid failure mode. This is, however, beyond the scope of the information given. There is also the secondary situation to examine wherein the operator is impaired due to fatigue, reducing the probability of success for their ability to plug in and switch on the kettle will drop to 75% of normal and their ability to select a cup will drop to 90% of normal.
[image: ]
Figure 2 - Fault Tree for making a hot drink [3]

2.2. [bookmark: _Toc227531857]Probability calculation (Unimpaired)
P(Water in kettle) = P(No water supply failure) x P(No leak in kettle)
= (1-0.01) x (1-0.001) = 0.99 x 0.999 = 0.98901
P(Power to Element) = P(plugged in) x P(Switched on) x P(No failure in mains supply) x P(kettle OK)
= 0.89 x 0.89 x (1-0.01) x 0.99 = 0.77634
P(Hot water) = P(water in kettle) x P(power to element)
= 0.77634 x 0.98901 = 0.76781
P(Cup) = P(Cup in good order) x P(cup available)
= 0.99 x 1 = 0.99 
P(Correct drink) = 1 – (P(Tea unavailable) x P(coffee unavailable))
= 1 – (0.02 x 0.02) = 0.9996
P(sugar) = 1 – (P(Sugar unavailable) x P(sweetener unavailable))
= 1 – (0.12 x 0.01) = 0.9988
P(milk) = P(milk available) x P(Milk fresh)
= 0.95 x 0.95 = 0.9025
P(ingredients in cup) = P(correct drink) x P(sugar) x P(milk)
= 0.9996 x 0.9988 x 0.9025 = 0.90106
P(hot drink with milk and sugar) = P(hot water) x P(cup) x P(ingredients in cup) 
= 0.76781 x 0.99 x 0.90106 = 0.68492
2.3. [bookmark: _Toc227531858]Probability calculation (impaired)
P(water in kettle) = 0.98901
P(Power to Element) = 0.75(P(plugged in)) x 0.75(P(Switched on)) x P(No failure in mains supply) x P(kettle OK)
= 0.75 x 0.89 x 0.75 x 0.89 x (1-0.01) x 0.99 = 0.44159
P(Hot water) = P(water in kettle) x P(power to element)
= 0.98901 x 0.44159 = 0.43674
P(Cup) = P(Cup in good order) x 0.9(P(cup available))
= 0.99 x 0.9 x 1 = 0.891
P(Correct drink) = 0.9996
P(sugar) = 0.9988
P(milk) = 0.9025
P(ingredients in cup) = 0.90106
P(hot drink with milk and sugar) = P(hot water) x P(cup) x P(ingredients in cup) 
= 0.43674 x 0.891 x 0.90106 = 0.35063
From these calculations we see that the decrease in success of three sub-tasks of 25% and 10% leads to a near halving of the likelihood of successfully making a hot drink, from 68% to 35%. It should be highlighted, however that this Fault Tree does not allow for corrective actions before a failure is allowed to propagate through the system, and hence assumes that a failure at any basic event would result in an incorrect outcome. It is possible to design a fault tree to include sensors that would lead to a task being repeated or aborted before the failure could propagate. In these Fault Trees, the possibility of the sensor failing to detect an error becomes an added variable, such that it is still possible to calculate a probability of an incorrect outcome or failure to abort [4]. 
3. [bookmark: _Toc227531859]Human Factors
Human factors aims to attribute a cause to “human error” in a way that can be used to create controls to prevent it, or to understand how a failure occurred. These are split into four categories: slips, lapses, mistakes and violations [5]. There are also the surrounding factors to be considered that allowed for these failures to be possible, individual, environmental and organisational [6]. 
The reduction in the probability of success resulting from the operator being impaired is an individual factor, as it is the human in the system that is the originator of the situation and not the design of the system itself. In a workplace this could be designed around by ensuring that operators are fit for work before allowing them to conduct a task. In the home environment however, this can only be controlled by the operator themselves. In said work environment the act of performing an operation whilst impaired would be considered a violation, as it is in direct disregard of a control measure. 
4. [bookmark: _Toc227531860]Conclusion
Overall, it is possible to show through FTA that a small error in an early basic event can propagate through a system and result in a failure. Part of the power in FTA lies in the binary nature of success and failure it characterises. For example, in the examined example failure could be a cold drink or a lack of milk but both of these are treated as failures only. However, one could still interrogate the Fault Tree to determine what errors are most likely to propagate and hence design in controls around these. The success rate is 68% when the operator is unimpaired and 35% when they are impaired. By analysing the human factors of the process, it is possible to see that individual factors result in more lapses that result in a lower chance of success, and that control measures against fatigue-induced lapses should be incorporated into the process. 
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