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Making A Cup of Coffee/Tea Fault Tree Analysis
Introduction – What are Fault Trees and How Do They Work?
A Fault Tree Analysis (FTA) is a top down, deductive safety and reliability analysis technique used to understand how combinations of failures can lead to an undesired outcome, known as the top. Originally developed for high hazard industries such as aerospace, nuclear power, and defence, the same logic is equally applicable to everyday processes.
In an FTA, the analyst:
1. Defines the top event (e.g. failure to successfully make a cup of tea).
2. Identifies all intermediate events and basic events that could cause this event.
3. Connects these events using logic gates: 
a. AND gate: all contributing events must occur for failure.
b. OR gate: any single contributing event causes failure.
4. Assigns probabilities to basic events and propagates them upward to calculate the probability of the top event.
By assigning quantitative probabilities to each basic event, analysts can compute the probability of the top event occurring (system failure or system success).
In this exercise, the desired top event is Bill successfully making a cup of tea. Each step in the tea preparation process can succeed or fail, and fault trees allow the calculation of the overall probability of success.
The analysis includes technical reliability factors (component functioning) and human factors, such as the impact of fatigue on Bill’s performance.
In this case, the successful outcome is Bill making a cup of tea. Failure occurs if any essential step or item is unavailable or fails. Therefore, at the highest level, the system behaves like an AND gate for success (i.e. all required elements must work).

Definition of the System and Assumptions
Top Event = Successful production of a cup of tea
Key Assumptions
1. All probabilities are independent.
2. Only provided probabilities are used.
3. Tea is assumed (coffee availability is given but not required for the task).
4. Bill needs: 
a. Tea, water, a functioning kettle, electricity, a cup, milk, and sweetness (sugar or sweetener).
5. Sugar and sweetener are treated as an OR gate (either is acceptable).
Calculation of Probabilities (Normal Conditions)
Ingredient Availability:
	Element
	Probability

	Tea availability
	0.98

	Water Supply available 
	1 – 0.01 = 0.99

	Fresh milk available
	0.95 x 0.95 = 0.9025

	Sugar or sweetener available 
	1 – (0.12 x 0.01) = 0.9988



Equipment and Utilities:
	Element
	Probability

	Kettle reliability (not leaky and functional)
	0.99 x 0.999 = 0.98901

	Plug‑in operation
	0.89

	Switch‑on operation
	0.89

	Mains electricity available
	1 − 0.01 = 0.99

	Cup available and not broken
	1 × 0.99 = 0.99



Overall Probability of Success (Normal Conditions)
P(success) = 0.98 x 0.99 x 0.9025 x 0.9988 0.98901 x 0.89 x 0.89 x 0.99 x 0.99 = 0.68




Application of Human Factors - Why Human Factors Matter
Human reliability is highly sensitive to:
1. Fatigue
2. Circadian rhythm disruption
3. Reduced attention and working memory
At night, particularly following sleep interruption, error rates increase for tasks involving sequencing, decision making, and motor coordination. This is well established in safety critical industries and is one of the main reasons FTAs often include human error probabilities.

Fatigue Adjustments (Provided)
Bill wakes up in the middle of the night. The following degradations apply:
	Human Task
	Normal
	Modifier
	Adjusted

	Plug in kettle
	0.89
	× 0.75
	0.6675

	Switch on kettle
	0.89
	× 0.75
	0.6675

	Select a cup
	0.99
	× 0.9
	0.891



All other probabilities remain unchanged.
P(successfatigued​) = 0.98 x 0.99 x 0.99 x 0.6675 x 0.6675 x 0.98901x 0.891 x 0.9025 x 0.9988 = 0.34


Largest Contributors to Failure
The fault tree highlights that:
1. Human actions under fatigue dominate failure probability.
2. Plugging in and switching on the kettle are single point failures.
3. Even small reductions in human reliability propagate strongly in an AND dominated system.

Comparison and Discussion of Outcomes
Despite no change in equipment or ingredient reliability, in this tea making scenario we see a 50% reduction in success likelihood:
	Condition
	Probability of Success

	Normal
	~ 68%

	Fatigued
	~ 34%





Under normal conditions, Bill has a reasonable probability (68%) of successfully making tea, meaning one in three attempts might fail due to equipment or consumable unavailability.
However, under fatigue, the probability drops dramatically to 34%, indicating that human reliability plays a pivotal role in overall system success.
Human factors can be described through models such as Reason’s Swiss Cheese Model or HEART (Human Error Assessment and Reduction Technique), which classify human reliability under fatigue and stress.

In Bill’s scenario, fatigue directly impacts:
1. Perceptual clarity (failing to notice switch position or plug connection)

2. Coordination and attention (incorrectly engaging plug or switch)

3. Judgment (cup selection mishaps)

4. Reaction time (more likely to skip a step)
If we model the process via human reliability analysis, the performance shaping factor multiplier due to fatigue might range from 0.5 - 0.8 of baseline reliability, consistent with the reduction in this scenario.
If Bill’s fatigue were slightly mitigated (75% to 85% of normal), the probability would rise to 43%, demonstrating that even small improvements in alertness could raise success likelihood by ~10%. 
Qualitative Human Factors Considerations
1. Circadian Rhythms: Bill’s reduced performance aligns with natural body rhythms, cognitive alertness dips significantly between 2–6 a.m.

2. Ergonomic Design: The kettle’s plug and switch placement, visibility, and tactile feedback might exacerbate errors when tired.

3. Task Simplification: Automating kettle switch on via timer or smart control could remove the most error prone steps.

4. Error Recovery Opportunities: Even with a mis plugged kettle, providing immediate feedback (indicator light) improves recoverability.

5. Training and Habituation: Routine, well-rehearsed tasks (like making tea) benefit from skill-based performance but still degrade under fatigue.
These align with human reliability engineering principles, where procedural design, interface feedback, and system redundancy offset human error probability.
Conclusions
A detailed FTA shows that Bill’s overall probability of successful tea preparation depends on both mechanical reliability and human performance reliability and demonstrates several key insights:
1. Even mundane systems can be meaningfully analysed using FTA.
2. Under normal conditions, Bill has approximately a two thirds chance of success.
3. When fatigued, his chance of success drops to approximately one third.
4. Human factors dominate risk, even when equipment is reliable and ingredients are available.
This exercise highlights the importance of integrating human reliability assessment into fault trees, rather than treating mechanical and human systems separately. When systems depend heavily on human action, even small reductions in alertness can significantly amplify system failure probabilities
