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    Introduction


    What is the relationship between neuroscience, memory, reliability and safety? This is usually the first question people ask me at my conference series “Neuroscience and Reliability/Safety”. I have been holding conferences on the subject since 2006.


    Although there is a direct link between these concepts, it is not immediately obvious. It is therefore worth taking a step back and explaining how I ended up specialising in this field, when nothing in my educational background seemed to point towards it.


    My background is in basic research, and I spent my first two doctoral years in a Behavioural Neurobiology lab in Marseille. I worked on memory, specifically olfactory memory, in rats. After two years of working closely with them, I developed a respiratory allergy, which forced me to switch to working with humans. I then met professors Michel Poncet and André Ali Chérif at Timone Hospital in Marseille and helped to establish the Alzheimer Disease Institute (Institut de la Maladie d’Alzheimer, IMA). I completed my doctorate on the issues surrounding the early diagnosis of Alzheimer’s.


    I left the IMA in 1994 to set up a training body for healthcare professionals. I focused on neurodegenerative diseases (Alzheimer’s and related illnesses, Parkinson’s disease, etc.) and memory, with the aim of learning how to better support patients and their families and how to increase their memorisation capacity.


    I transitioned from basic research in the lab to science’s applications in everyday life.


    In 2006, I delivered a training session on the theme of memory at the Tricastin Nuclear Power Plant in Drôme. The idea was to show the employees how they could increase their potential by developing effective strategies. This introduced me to the world of high-risk industries and the main issues facing them, namely safety.


    The group Consultants Facteurs Humains de Tricastin (Human Factors Consultants of Tricastin) took part in my training sessions and asked me about behaviour and errors in the field. To better understand their questions, I took part in safety training, which is compulsory for all employees in the nuclear sector, and went to observe the work in the field.


    My training as a neurobiologist enabled me to give meaning to the standard reliability practices used in the nuclear sector to “get things right first time”. I wanted to know why and how they worked from a neurobiological perspective.


    What happens in a person’s brain when they make an error in a routine activity even though they have 25 years’ experience?


    What is the relationship between neuroscience, memory and reliability? I realised that the same question kept coming back.


    Every time we interact with our environment, we are repeating something that we have learned to do and that we have memorised.


    We speak and write because we learned how to. We can fix a tap if we have learned how to do it, or drive if we have taken driving lessons.


    Neuroscience has shown that learning and memorising lead to physical and chemical alterations in our brains, with new neural connections and changes in the way chemicals are transmitted.


    If you have been driving for a long time, you will have been through several learning phases to stabilise and strengthen these new neural pathways until they become very efficient.


    In this case, you have almost certainly experienced something like this: one morning you drive to work, park your car and then come to the concerned realisation that you are not really sure how you got there.


    This happens more frequently in the evenings, after a long day at work.


    You have been driving on autopilot!


    For this to occur, two conditions must be fulfilled:


    1st condition: you must be an experienced driver.


    If you have only just passed your driving test, you cannot drive on autopilot because the task requires your full attention.


    2nd condition: you must be driving a familiar or easy route.
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    Autopilot mode is therefore a result of the memorisation and systematisation of certain activities.


    However, in 80% of workplace accidents due to human error, the individual making the error is an experienced person in a routine situation (ROUSSET, MOLL, & AMALBERTI, 2011).
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    Safety staff, not to mention the victim(s) of the accident, often struggle to understand how such an experienced person could have made an error like that. The people involved feel powerless.


    Neuroscience helps to explain the situation. In fact, it is normal and logical: the more we memorise, the more we develop automatisms, and the more we develop automatisms, the greater the risk of errors due to automatism.


    Statistically, it follows that 20% of accidents are caused by people who are less experienced or novices in the activity they are undertaking. In organisations where this is not the case (i.e. when the percentage of accidents caused by novices is higher than 20%), the reason is likely to be found in their onboarding: inadequate training, lack of mentoring or excessive pressure could all be factors.


    My background in behavioural neurobiology and desire to understand people in their work environment led me to shadow teams across a range of roles and industries in their professional tasks.


    By observing work situations, conducting interviews and debriefs, analysing incidents and applying my knowledge of behavioural neurobiology, I was able to draw a connection between certain types of human errors and the brain’s characteristics.


    Understanding neurobiological mechanisms and the errors that can result from them gives us a different outlook on Human Performance Tools. These Human Performance Tools exist to protect individuals from errors resulting from the normal functioning of the brain. These are our natural limits. We can draw an analogy with breathing: no human can remain underwater without breathing for 30 minutes. This is a physiological limit. Everyone knows and accepts that if we had to stay underwater for 30 minutes, we would have to use an oxygen tank. The same logic applies to Human Performance Tools.


    Understanding these neurobiological characteristics enables us to move from merely implementing Human Performance Tools to seeing that these Human Performance Tools are actually followed.


    This makes it easier to develop and implement Human Performance Tools within businesses and organisations.


    By learning about the particularities of your brain and applying what you have learned through interactive exercises, you will be able to understand how it works and act to minimise errors.


    The objective of this book is to use modern neuroscience to understand human behaviour in the work environment, and to apply this understanding in order to guide and shape it.


    It is important to note that, in spite of their obvious importance, safety and reliability are sometimes seen as constraints, as employees and managers are more focused on tasks, production and deadlines. In this context, reliability and safety may be seen as a waste of time. However, nothing could be further from the truth! According to a study by the International Social Security Association (BRAUNIG & KOHSTALL, 2011), “Expenditure on occupational safety and health is an investment that ‘pays off’ for companies according to the companies interviewed. The Return on Prevention (ROP) is assessed to be 2.2. In other words, companies can expect a return of 2.20 euros for every euro invested in prevention, per year and per employee”.


    Safety and Human Performance Tools have collateral benefits!

  


  
    CHAPITRE 1

    Putting the human at the heart of our activity


    1. Our brain’s priority is to optimise energy expenditure


    Although it may seem hard to believe, our brains have not evolved much over the past 30,000 years. The advent of new technologies and space travel are not the result of major changes in our brains. This means that we can still learn from and apply the experiences of our ancestors.


    In the grand scheme of evolution, 30,000 years is not a long time, and the brain’s priorities have not changed in that period: its primary objective is still survival.


    Although the average brain weighs just 1.35 kg, it consumes a huge amount of energy. We know that 25% of the oxygen we breathe and 20% of the glucose we ingest is used to fuel our brain. This means that around a fifth of our resources are dedicated to just 2% of our bodies.


    The best way to optimise this energy is by saving it.


    Most of our behaviours are guided by this priority: to save energy.


    2. Errors are the norm


    What do we do two to five times per hour? (HELMREICH, 2000)


    Some might guess yawn. This could be true, but it probably would not be if you were having fun on a night out with friends. Others might say look at our phones; this is also a possibility, but I am referring to something we were doing long before the advent of mobile phones.


    I am actually talking about the number of errors we make every hour (at a minimum). Two to five is the number of errors we make when everything is going well, our environment is perfect and we are not tired, stressed or dehydrated; in other words, in ideal conditions.


    There is no such thing as a human being who does not make errors; it happens to everyone, no matter how smart or talented they are. Just as nobody can go for 30 minutes without breathing, it is almost like a biological constant.
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    Figure 1: Errors are the norm


    At this stage, you might be wondering: what exactly is an error?


    The simplest definition is as follows:


    An error is an action or mental operation that does not produce the intended outcome or that is incorrect.

    It is by definition involuntary and occurs against our will.


    What errors have you made since you got up today?


    The possibilities include:


    – spilling your coffee or food


    – dropping a pen or another object


    – sending an email to the wrong person or forgetting to include an attachment


    – correcting a text message to get rid of typos


    – forgetting when or where a meeting was taking place


    – leaving a tap running


    Are any errors coming back to you now? Because we are used to making errors, and because most of them are insignificant, our brains correct them and forget about them very quickly.


    Even if you are still sceptical, you might now be at least more aware of these micro-errors.


    Not only do we all make errors, but the way we learn best is through trial and error.


    We learned to walk by falling. Thanks to feedback from the experience of falling, our brain was able to fine-tune our motor control. The same goes for speaking, writing, playing a musical instrument and any other skill we are not born with.


    Learning by making errors can sometimes be painful.


    Imagine that somebody sends a deeply private message to the wrong person, which results in a drastic fallout. From then on, they get into the habit of pausing after composing a message instead of hitting send straight away.


    This person has learned from their error and has developed and implemented a Human Performance Tool: stop time.


    Although this way of learning is very effective because it can be adapted to many situations, it is not always feasible. For example, we cannot teach our children to cross the road by trial and error.


    In industry, business, medicine and the aerospace sector, this way of learning can take place thanks to educational workshops, models, virtual reality and simulators. However, it is not possible in real work situations.


    We cannot wait for people to be electrocuted before they learn to put on their personal protective equipment (PPE) correctly, or for a surgeon to accidentally amputate the wrong leg before they learn to put Human Performance Tools in place.


    However, we can be certain that, eventually, the surgeon will operate on the wrong side. The question is therefore not will they make an error, but when will they make an error?


    This should not worry you or put you off being operated on. Because they are aware of this reality and because of bad experiences in the past, doctors have put in place several levels of Human Performance Tools in order to avoid errors or to identify them BEFORE they have consequences for the patient.


    A surgeon is preparing to amputate the lower part of the right leg of a patient, Mr. X. The surgeon has been practicing for 20 years and has already performed this same operation hundreds of times. Before the amputation and before the patient is put under anaesthetic, the surgeon goes through a checklist (HAUTE AUTORITE DE SANTE, 2018). One of the items on the checklist is to verify the site of the operation; this will later be cross-checked by other doctors after anaesthesia. During this first check, the surgeon realises that he has made an error by picking up the wrong patient file. This error will have no consequences because it has been caught by a Human Performance Tools, in this case the checklist.


    As an aware and experienced professional, the surgeon follows Human Performance Tools to the letter to make sure that he is 100% reliable!


    3. Lines of defence: from organisation to neuroscience


    I make errors, you make errors, we will make errors; you could have made an error. In other words, errors can happen to anybody at any time.


    What can we do to catch errors before they have consequences like the ones outlined above?


    3.1. The Swiss cheese model


    The Swiss cheese model, which was originally developed by James T. Reason, is widely known and has been written about extensively. It is used to analyse incidents (accidents, errors, unreliability, etc.).


    It is known as the Swiss cheese model because when it is illustrated as a diagram (see figure 3), it resembles a series of slices of Swiss cheese.
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    Figure 2: Two pieces of Swiss cheese


    The model is used to analyse events, and is also a way of identifying all the elements that must be present for an activity to take place successfully.


    Justin Larouzée et al. (LAROUZEE, GUARNIERI, & BESNARD, 2014) have summarised the way the model has developed between 1998 and the present.


    Initially, the model comprised five lines of defence, which were represented by five slices of Swiss cheese.


    1st line: Policy-level decision-makers define the objectives of the system. They allocate resources (money, equipment, personnel, time) based on these objectives. Their aim is to maximise both production and safety.


    2nd line: A managerial chain of command in charge of overseeing production implements the strategies of the policy-level decision-makers in their respective sphere.


    3rd line: Preconditions: this relies on motivated operators who have been adequately trained and have appropriate technology and equipment. In addition, the planning of activities, maintenance and work guidance (processes and operating procedures) help to ensure a balance between productivity and safety.


    4th line: Productive activities: a precise harmony between operators and machines enables them to do the right thing at the right time and make the right product at the right time.


    5th line: Defences: this is a collection of protection measures that are necessary when the system is operating in high-risk conditions (for example, in industry or in the medical sector).


    Logically, the final result depends on how all of these five lines of defence work together. In the 2000s, the model was simplified; it now only has four lines of defence.
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    Figure 3: The four lines of defence of the simplified Swiss cheese model


    When a given activity (activity B) does not produce the expected result (poor quality, an accident or another incident, for example), attention turns to the operational staff: why did they make the error? This is often referred to as an active error, meaning an error that is visible and has consequences for the final result.


    Conversely, when another activity (activity A) produces the expected result, everything is considered to have gone well. However, the most likely scenario in very complex industries is that errors occurred but were caught by one of the lines of defence (the third line of defence in our example).


    As we can see in the diagram above, activity A could have resulted in an active error because the first and second lines of defence failed. These failures are called latent errors: they do not have immediate consequences, but could lead to an active error.


    Here, the third line of defence prevents this from happening.


    Sophie is going to perform maintenance work on a pump. She started working at the company three months ago. The activity has been prepared in advance by her colleagues. She reads up on the task to familiarise herself with it. To make sure that she has fully understood it and that she is mentally prepared for the task, her manager asks five questions. This practice is called Pre-Job Briefing. It was initially used in the aeronautics and nuclear industries, and has since spread to other sectors, such as the chemical and petrochemical industries.


    1. What is the expected result?


    2. What are the risks, and which risk is the most serious?


    3. What Human Performance Tools will be put in place?


    4. What situations are likely to result in errors?


    5. What is the feedback on this activity?


    During the Pre-Job Briefing, the manager listens to Sophie’s answers and realises that some important elements are missing.


    After checking the documentation (second line of defence), he realises that it fails to incorporate feedback (first line of defence: incorporation of feedback).


    The Pre-Job Briefing has uncovered and corrected two latent errors involving two different lines of defence in advance of the activity. Now, Sophie can carry out her task and will achieve the expected result without further problems.


    3.2. Safety culture


    I will not go into detail about safety culture here; this is a separate subject that deserves its own book. For more information about this, you can consult a 2017 report by the working group of the Institute for an Industrial Safety Culture (Institut pour une Culture de la Sécurité Industrielle, ICSI), “Safety Culture: From Understanding to Action” (ISCI, 2017).


    However, in light of the issues we have just discussed, we can establish some basic principles.


    Errors are potentially present at every level of the Swiss cheese model. These errors are not constant: what is true one day is not necessarily true on another. We can picture this by saying that the holes in each line of defence are in perpetual motion. This means that each activity involves the four lines of defence in a unique way, resulting in a unique configuration.


    A safety culture, which I see as inseparable from a just culture, takes into account this state of affairs.


    But what is a “just culture”?


    Definitions have evolved over time and vary depending on the author and their beliefs:


    – According to the ICSI, “a ‘just culture’ aims to eliminate the fear of blame by ensuring that everyone is clear on the boundary between acceptable and unacceptable behaviour. […] It clarifies the process for awarding positive or negative sanctions and the associated guarantees, negotiates its formulation with employee representatives, confirms that all echelons of management are familiar with the process, and ensures that no sanctions are delivered outside of it. Each employee is then able to anticipate the organisation’s response and this establishes trust.”


    – According to Eurocontrol, a European intergovernmental organisation which works on air traffic safety, “A ‘just culture’ means a culture in which front-line operators or other persons are not punished for actions, omissions or decisions taken by them that are commensurate with their experience and training, but in which gross negligence, willful violations and destructive acts are not tolerated” (MALONE & GARCY, 2015).


    – For Sidney Dekker, an academic in the fields of human factors and safety and the author of the book Just Culture (DEKKER, 2016): “A just culture is a culture of trust, learning and accountability”.


    Although different authors define a “just culture” differently, they all take the same observation as their starting point: a policy of systematic punishment does not work and always leads to the same outcome, namely a failure to share information from the field, a loss of confidence, and mutual distrust between operational staff and management. The lack of feedback gradually and inevitably leads to a decline in quality and safety.


    It is often extremely difficult to establish the role that punishment should play in a just culture. Indeed, it is impossible to apply any hard and fast rules, because in each case it is necessary to determine all the causes of the incident. We can illustrate this with an example of an infringement of a rule, which is by definition voluntary and deliberate.


    John has to disassemble a valve; in order to do this, he needs to crawl under some pipes. However, because of his helmet, he does not fit underneath the pipes. He now has two choices: he can stop what he is doing and tell his supervisor that he cannot reach the valve, or he can remove his helmet. His choice will be strongly influenced by the safety culture of his company and how his manager will react if he sees him without his helmet. This means that the same infraction (not wearing a helmet), may be deemed worthy or unworthy of punishment depending on the context.


    As such, we cannot define fixed boundaries.
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    A just culture does not focus on the staff member who carries out a particular action, whether appropriate or inappropriate, but on everything leading up to it: each line of defence has an effect on the final action.


    Being aware of this and addressing it at all levels of management is at the heart of a just safety culture.


    The safest and most financially successful companies understand this.


    Environments that focus on operational excellence clearly demonstrate this.


    During an interview with me, the French Air Force general, fighter pilot and former leader of the Patrouille de France (the aerobatics unit of the French Air and Space Force) Patrick Dutartre explained things as follows:


    “Members of the Patrouille de France learn very gradually and keep going until they have completely mastered each movement. Every error during the training flights is debriefed so that it can be corrected on the next flight. People are not robots and they cannot perform perfectly every time. For example, there is a 50cm tolerance margin in the distance between planes so that they can be safe when flying three metres apart.


    The first way we anticipate this is through an extremely thorough risk assessment. For example, we prohibit some figures that are possible but do not have a large enough margin for error.


    Everything that happens before the activity is designed to make sure the pilots are flying in optimal conditions and the margin of error is small enough.


    Preparation, training and briefings are the best they could be. An essential tool that we use in all these stages is visualisation. During visualisation, we evaluate what can be undertaken in complete safety. There can be no doubts about the safety of the figures. If a figure might entail a level of uncontrolled risk, we drop it.


    The idea of room for manoeuvre (which comprises an “acceptable” margin of error in human activities) is central to the process. The central question is therefore: What margin of error is acceptable? This depends on numerous factors: the environment on the day (weather conditions, peripheral aeronautic activity, concerns, audience, place, time), aeronautical constraints, the difficulty of the figures, the skill level of the pilots, the current state of the pilots (possible fatigue, stress) and so on. A leader must be able to continuously evaluate this context in order to assess the risks and fly safely, keeping the risks under control as far as possible by taking into account the inevitable margin of human error.”


    It is clear that this approach takes into account all the lines of defence:


    1. Planning and organisation: the recruitment and training processes are meticulously designed. Training is gradual but thorough, and pilots develop their skills through regular feedback.


    2. Preparation: a thorough risk assessment is carried out, risks are constantly re-evaluated and all aspects of preparation are followed to the letter.


    3. Activities: the leader is always with their team and pilots are extremely well prepared, with step-by-step visualisation, before every single outing.


    4. Operational staff: they are familiar with and receive periodic training in all the Human Performance Tools. Their physical and mental states are taken into account as a matter of course.


    As a neurobiologist, I will focus on active errors committed by employees. Active errors can be seen directly with operational staff or in other services such as engineering. For example, data entry errors in reports are also active errors, and although their consequences might not be immediate, they can be significant. It is essential to always bear in mind all the factors that can lead to errors and to regularly re-evaluate them.


    4. Exercises


    The first practical exercise is a memorisation test.


    4.1. Test: Memorisation exercise – at the bakery


    Read the instructions carefully before turning the page.


    1. This memorisation exercise is called “at the bakery”.
2. Take a piece of paper and a pen.

    3. Open the timer app on your phone.

    4. Set it to 15 seconds, but do not start it yet.

    5. When you turn the page (not yet!), you will see a rectangle containing letters, symbols and a short sentence.

    6. You have 15 seconds to memorise as much information as possible.

    7. After 15 seconds (when the alarm on your phone goes off), cover the page.

    8. On your piece of paper, reproduce what you have just seen as closely as possible.

    9. When you are ready, set the timer and turn the page.
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    Figure 4: At the bakery


    From memory, write down everything you remember.


    After you have completed the exercise, look at both images.
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    Now that you have noticed it, it is all you will be able to see. However, 97% of people do not notice the error even after reading the sentence multiple times. It is not until they read it using the technique in point 4 that they see the double “the”.


    You might be protesting that you only had 15 seconds, which is not a long time to commit that much information to memory. That might be true, but consider the facts:


    a. When I am giving a conference, I always choose a volunteer who has made both errors in the sentence to complete the exercise and has written: “The dessert is on the plates”.


    b. I ask them to reread the sentence, which is projected on a big screen.


    c. Once again, they read: “the dessert is on the plates”, or at best, they spot the first error and read: “the desert is on the plates”.


    d. In rare cases, the volunteer notices and corrects both errors the first time they reread the sentence.


    I have been carrying out this kind of exercise since 2006. Laetitia Cayrel joined me in 2017; she is the person who designed this version of the exercise. Between us, we have tested over 100,000 participants at conferences. The result is always the same. Only 2% of experienced readers notice both errors when they do the exercise for the first time. Errors are therefore the norm.


    Later on, we will look more closely at the neurobiological elements to understand what happened in your brain during the exercise. Before we move on to that, we will look at a fundamental concept that will recur throughout the book: automatic mode versus conscious mode.


    4.2. Introduction to the concept of automatic mode versus conscious mode (AGID, 2013)



    Our brain has two control centres, as shown in the diagram below:
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    Figure 5: Automatic mode versus conscious mode


    ► Control centre n°1: Front of the brain – prefrontal cortex


    This control centre is often compared to a conductor. It enables us to think and make decisions, and is very involved in conscious learning. It can only focus on one activity at a time and consumes a lot of energy.


    Timmy is 13 months old. He is learning to walk. He is very focused on this and his prefrontal cortex is consuming a lot of energy. When his mother calls him, he lifts his head up and then falls down.


    This is because he cannot manage the two operations at once.


    By contrast, most adults can walk (at a normal pace and in a relatively simple environment) with another person and carry on a conversation at the same time.


    The adult has “delegated” walking to the second control centre, the basal ganglia further back in the brain.


    ► Control centre n°2: More central – basal ganglia


    This control centre manages routine activities that we have learned, practiced and mastered to the point that they are now automatic for us. In neurobiology, this is also referred to as subconscious mode (which is not the same as the subconscious as described by psychoanalysts).


    It can manage several habitual activities at the same time without expending too much energy.


    If you have been driving for a long time, you will carry out a range of actions on autopilot: accelerating, braking, changing gear or putting on the indicator (even if some people seem to forget about this sometimes!).


    This does not take much energy for you, and you can drive for several hours. This would not be possible if you were still learning to drive (control centre n°1) due to cognitive fatigue.


    As a child, you learned to read (control centre n°1); as an adult, you are an experienced reader (control centre n°2).


    It is worth noting that I do not use the same terminology as the Nobel Prize-winning economist Daniel Kahneman (KAHNEMAN, 2013), who was himself inspired by the work of Stanovich and West (STANOVICH & WEST, 2000). These authors split the brain’s activity into two systems: for them, System 1 is the rapid automatic system that I refer to as control centre n°2.


    When I started thinking about the topic in 2006, I was unaware of the work of Kahneman, Stanovich and West. However, I have since chosen not to change my terminology because it seems easier to me to remember that control centre n°1 is at the front of the brain and can only manage one activity at a time. It is also the centre of the top-level executive functions. As such, what started as an arbitrary representation ended up making a lot of sense.


    4.3. Exercise debrief


    We have now developed the understanding that will enable us to debrief the exercise “At the bakery”. We will take a step-by-step look at exactly why 97% of people make errors on the exercise.


    ► 1st ingredient: poor mental preparation


    The fact that the exercise is called “At the bakery” results in poor mental preparation. It steers you towards the semantic field (a group of words that share the same context) of food: cakes, cutlery, crockery, etc. Specific parts of your brain are firing, and you are primed to receive information from a particular context.


    Imagine if the exercise had been called “Food shortage” instead of “At the bakery”. Your brain would have been better prepared to see “desert”.


    We are better are perceiving that which we have been prepared to perceive.


    ► 2nd ingredient: resource optimisation and focused attention


    When you turned the page, your brain tried to save energy and use the time efficiently by paying attention to what it did not know, in this case the nine groups of distractions:


    T.P.E., $$, etc. To do this, you activated control centre n°1, the conscious analytical mode, and tried to memorise this new information.


    The part that you already knew and considered easy and routine was processed on autopilot, through control centre n°2. You barely looked at the central information (the sentence) and simply chose the most likely option. As such, you opted for the sentence that made most sense to you.


    ► 3rd ingredient: certainty


    You might have caught that the sentence said “desert” and not “dessert” because you were prepared for a trap. You probably felt pleased with yourself and were certain that you had passed the test. You read the rest of the sentence on autopilot and as a result fell into the second trap: you failed to see the double “the”. In English, it is grammatically impossible for a sentence to have “the” twice in a row, so your brain struggles to notice something that is not supposed to exist.
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