Fitts’ Law
· What did this Paul Fitts guy do?

· He looked at the factors that control the movement time and accuracy for pointing and aiming tasks

· In his studies, what did he vary?

· Target of width (W)

· Amplitude – the distance the participant had to move in order to reach the middle of the target (A)

· Together, these variations were defined as the INDEX OF DIFFICULTY

· ID = log22A/W bits

· What does this equation show?

· ID is directly related to movement time…

· MT = a + b log2(2A/W)

· So, what exactly is Fitts’ Law?

· MT = a + b log2(2A/W). 

· This shows that as movement difficulty increases, so will movement time, or else errors will occur!

· Note that, the function constants (a and b) can change with practice

· What does Fitts’ Law apply to?

· Almost all aiming movements!

· Reciprocal tapping, industrial tasks (putting bolts into holes), computer input devices (mouse)

· What causes Fitts’ Law?

· Well, there are 3 different explanations which try to explain it – Feedback Theory, Impulse Variability Theory and Imagery Planning

· Tell me more about Feedback Theory?

· This was based on the consequence of time it takes to process visual information to guide a movement.  

· Also, it is the time it takes to modify an ongoing movement based on visual feedback

· In other words, the slower the movement, the more feedback will be available about the accuracy of the movement.  This would allow for more corrections so movement can be made with greater precision!

· Feedback Theory has 2 separate theories/explanations:

· 1. Theory of Multiple Submovements / Multiple Correction Theory (Keele – Crossman & Goodeve)

· This theory proposes that an aiming movement is only a series of 250 ms submovements.  There is one visually-based correction possible for each submovement.

· Basically, accuracy improves with slower movements since more corrections can be made while doing the movement!

· However, studies such as kinetic analysis of movements have shown otherwise… only a single correction is seen, that led to… 

· 2. Single correction Theory (Haworth & Beggs)

· This theory proposes how the closer the target the correction occurs, the greater the accuracy of the movement!  How does that make sense?

· Well… the last correction can occur during the last 250 ms prior to the target.

· This means, for faster movements, 250 ms prior to touchdown is far away

· For slower movements, 250 ms prior to touchdown is closer

· Therefore, slower movements are more accurate!

· In summary, accuracy is determined by how CLOSE the person is to the target.  Why?

· If you are closer to the target, error is easier to see

· Both Feedback Theories led to a problem!  What about the movements that were faster than 250 ms?  This led to the next theory…

· Tell me more about Impulse Variability Theory?

· This theory states that there is inconsistency in the efferent system for movements of high force

· That means, the faster the movement, the less consistent

· Relating to the problems presented in the previous theory, it is also seen that movements in 200 ms are more accurate than 100 ms movements, EVEN THOUGH it shouldn’t even be possible!  How does this make sense?

· Back to the Impulse Variability Theory, the faster the movement, the more variable the neural signals (efference) to the responding muscles

· Variability peaks at 70% of MVC (maximal voluntary contraction)

· The more the variability, the lower the accuracy

· Tell me more about Imagery Planning?  (Jeannerod)

· This theory says that the brain plans movements by forming an IMAGE of the movement

· So, if the target is small, it will be harder to mentally see

· A study was done… (Decety, Jeannerod) and they tested people viewing gates with virtual widths

· The MT was from the go signal to hand opening (when people mentally say themselves pass through the gate)

· Fitts’ Law still holds for taking mental walks through virtual gates!
· Fitts’ Law can be because of ANY or ALL of…  visual feedback – AFFERENCE, impulse variability – EFFERENCE, imaging – CENTRAL BRAIN.
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· Difficulty of accurately performing an aiming movement is quantified by the index of difficulty (ID), ID = log22A/W bits

· Movement time (time to perform an accurate movement, remember?) varies directly with ID, MT = a + b log2(2A/W) (Fitts’ Law)

· As a movement gets more difficult (or as ID increases…), movement time must increase to maintain accuracy

· Holds for discrete/continuous movements – movements made underwater, under microscope, with hands, feet, eyes, computer input devices, microgravity, etc.

· Why does this law work?  Why do we slow down when we need to move more accurately?

· The “why” of Fitts’ Law is not completely understood, but the contending theories are:

· Feedback – single correction – slowing down the movement means correction occurs closer to the target

· Impulse Variability – faster movements is a product of greater force in the muscle ( high levels of force produced with less consistency from trial to trial

· Image planning/programming – more difficult for smaller targets

· Cognitive and Motor Performance

· What is cognitive and motor performance?

· It is about how the mind works!

· With relations to memory + attention, language, pattern perception, thinking + reasoning

· What are the different parts?

· Sensory memory

· Short term/Working memory

· Long Term memory

· Attention

· How does sensory memory work?

· Information automatically gets in so attention is NOT required

· It is basically a buffer or holding system

· Unfortunately, it doesn’t last (only about ½ second for vision and 10 seconds for hearing

· Contains raw sensory data so it hasn’t been processed with meaning… with relations to vision, hearing and touch

· Think about when you are minding your own business and someone walks by you and says ‘hi.’  No attention is required so the information automatically goes in, BUT there is a short delay until you respond since it hasn’t technically ‘processed’ it yet!

· How does short term/working memory work?

· This memory system NEEDS attention.  What do you mean by that…?

· Attention has to be in form of a rehearsal or else the information will not be retained

· It has a limited capacity of only 7 +/- 2 chunks of information

· It can only last ~30 sec without rehearsal

· Think about when you have to remember a phone number and in order to keep the information, you have to constantly memorize it.  So, if someone were to talk to you and disrupt your ‘rehearsal’…  the information would be lost!

· See Modal Model of Memory
· How does long term memory work?

· Well, this memory has events of your life, facts, language and skills which can all be verbalized

· It works best when the information has been attended to and organized when studied (through mnemonics)

· However it can even work without attention!  Think about when you can remember where a diagram is on the page but forgetting what the diagram looks like…  that’s how unattended, unrehearsed information gets into your long-term memory!

· It has no capacity limit

· What is this attention component I’m talking about?

· This controls what gets accessed by the limited capacity part of the system

· What are interpolated tasks? 

· Tasks done which are after the material which has been presented but before the person is able to recall it

· These tasks affect recall because they divert the attention from rehearsal of information… 

· This shows that CONTINUED attention is important in short term memory!
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· Cognitive + motor behaviour elements of cognitive system are:
· Sensory memory
· Short term/working memory
· Limited capacity system
· If no rehearsal, material goes away after 30 sec
· Long term memory
· Attention ( system’s CEO
· Working Memory
· What makes up the working memory?

· Central executive

· Articulatory Loop (AL)

· Visuo-spatial sketch pad (VSSP)

· What does the central executive do?

· This pays attention what is going on in the world around the person

· It supervises activities of 2 storage, “slave” systems mentioned earlier

· It has a limited capacity

· What is the articulatory loop?

· This is also known as the first slave system

· It maintains verbal information, for example – information that can changed into a verbalized manner

· This holds verbal/verbalizable information for short period of time

· Think about when you need to remember phone numbers or names

· There are 2 components:

· Phonological store

· This is where information is put in

· It is similar to a passive storage component

· Phonological loop

· This component rehearses (think tape playback) 

· It has a limited capacity

· What is VSSP?

· This maintains spatial and motor-spatial information

· This system is good for spatial manipulation tasks

· Think about the mental rotation tasks done in class

· Think about when you need to do mental folding, mental arithmetic

· The greater the angle of rotation, the more you need to manipulate the picture in your head, resulting in a longer time!

· There are 2 components: (similar to AL)

· Visual cache

· Passively stores information

· Inner Scribe

· Actively rehearses information

· It has a limited capacity

· See Components of Working Memory
· The two slave systems work independently of each other, meaning they can function at the same time without any interference from the other system

· How do we test this working memory?

· Baddeley has shown that….

· When doing 2 activities, if there is interference, that means that the activities are competing for the same mental resource

· If there is no interference, different resources have been used

· Baddeley’s experiment includes:

· Participants performing visual-motor task (rotary pursuit) at the same time as a spatial classification task

· His results show that the tasks interfere with each other because they use the same slave system (VSSP)

· Participants performing rotary pursuit at the same time as a verbal task

· His results show that there is no interference

· Doing rotary pursuit requires the VSSP loop, doing the verbal task requires the phonological loop

· His experiments conclude that as long as 2 tasks involve different slave systems, they can be done at the same time!

· What do other studies show?

· Smyth argued that for memorizing sequences done of simple movements (such as in fitness class), memory is not interfered by another spatial task

· Instead, a “third slave system” is used for remembering movement patterns
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· Working memory (Baddeley) ( executive + 2 slave systems 

· Central exec

· Phonological loop (AL)

· VSSP

· When 2 tasks involve the same slave system, they compete for the resource and performance on one task suffers

· Example, driving and listening to a football game on the radio

· When 2 tasks involve different slave systems, they can both be done at the same time

· Example, pursuit rotor and verbal memory recall

· Tasks involving the AL include recall of phone numbers, names, directions

· Tasks involving the VSSP are mental rotation, mental paper folding, mental arithmetic

· Long-Term Memory

· What are 2 misconceptions of this memory system?
· 1. LTM is a literal copy (so life is like a videotape of your entire life)
· 2. LTM is one thing
· So, LTM isn’t a literal copy?
· No!  LTM is NOT a constantly running videotape
· In 1932, Barlett did a study on LTM known as Method of Serial Reproduction
· Participant 1 was given a story to remember and read it twice, after 15 min to an hour, recalled the story
· Participant 2 did the same to Participant 1’s story
· After about 10-15 different people, what was changed in the story?
· The title of the story was forgotten very quickly
· Style of the original writer
· Names of the people and places got mixed up
· Story got much shorter
· ‘Bias to concrete + conventional’ as each participant tried to make sense of the passage in their own way.  (Personal translation…)
· Regardless of the story, people end up boiling the story down into main points, also known as “schema”.
· What were the conclusions of this study?
· LTM is NOT literal – each participant takes out what they believe to be the critical information in the passage and holds that as the skeleton in the LTM
· During recall, passage was reconstructed from skeleton (in a way that makes sense to the participant)…back to personal translation
· Store skeleton was called “schema”
· Schemas exist in LTM for more than just stories, but skills (such as tennis)
· What is LTM if it’s not one big system?
· It’s composed of a four different parts!  This would be semantic, episodic, declarative and procedural
· What is Semantic LTM?
· This is where you keep your knowledge about LANGUAGE and how to properly use it!
· It keeps information about semantics, this is the knowledge about the meaning of words
· It keeps information about syntax, this is the knowledge about how to properly use the rules of grammar while speaking/writing)
· This is similar for all members of the same linguistic community!
· What is Episodic LTM?
· This is where you keep your knowledge about the EVENTS of your life 
· Example, the name of your first grade teacher
· It can vary between people
· What is Declarative LTM?
· This is where you keep knowledge in form of FACTS
· Example, the definition of reafference
· What is Procedural LTM?
· This is where you keep knowledge of SKILLS
· Example, how to tie a bow, ride a bike, etc.
· This memory is seen through performance, while others can be expressed by verbal description
· How are these 4 LTM modules organized?  
· See Memory Module
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· LTM is NOT a video record of the events of a person’s life

· Barlett’s method of serial reproduction

· LTM for strong hold in a schema/skeleton of the points

· Recall = reconstruction

· Schemas can be seen in memory of coins, representation of space (UW campus)

· 4 modules of LTM

· Semantic (syntax/semantics)

· Episodic

· Declarative

· Procedural

· Neuropsychology and Memory

· What is neuropsychology?

· It is the study of the relationship between the brain and behaviour

· It used to be important for localizing the area of brain injury (done by brain imaging [CAT, PET, MIT scans])

· Still very important in rehabilitation of head injured patients

· Also critical for research as it validates theories of motor control & cognition

· What are some case studies which have been done?

· Congenital absence of a particular brain structure…  what?!

· A UCLA student was born with different brains (because of no corpus callosum which is the cable between the left and right hemisphere) but his headaches had nothing to do with missing corpus callosum because he had adapted to it

· Surgical removal of portions of brain

· Example, must remove structure because of tumor…

· If remove corpus callosum, cannot do certain tasks

· If you show someone a picture in the left hemisphere, then they can verbally say it out because speech is found in left hemisphere

· BUT, if you show someone a picture in the right hemisphere, they can’t say it out because there is no “linker” that will tell the left hemisphere what the object is!

· Traumatic brain injury/stroke

· Example, Phineas Gage

· Now psychologists know what frontal lobes do (which is to set priorities, goals, keeping self on game plan, etc.)

· In animals, surgical intervention

· What are problems with the case study approach?

· There are differences in the way that brain is organized

· Example, some say there are differences between Left and Right Handers’ brain

· There are different consequences as a function of EARLY and LATE brain injury

· Different consequences for SLOW and FAST damage

· Traumatic brain injury can show slower injury

· Tumour could show faster injury

· There are different ideas about the most convincing way to do psychology…

· By looking at people with surgical removal of parts of their brain, the extent and location of removal is known… BUT the patient must have had some problem with the brain that caused the surgery

· How to get research done on normal patients??

· What are the 2 forms of amnesia?

· Anterograde and Retrograde

· What is Anterograde amnesia?

· It is also known as “amnesic syndrome” (example depicted as Dory in Finding Nemo!)

· These people have normal working memory, normal LTM of events PRIOR to becoming amnesic but there is NO way of putting any NEW stuff into the LTM

· This shows that working memory and LTM use different systems

· Basically, the ability to make new LTM is absent

· A classic anterograde amnesic patient is HM, which I’ll explain in a bit…

· What is Retrograde amnesia?

· There is memory loss for events that happened before disease/trauma but will have normal memory AFTER event

· So what is so special about HM?

· He had a normal early life but developed minor head injury as a child

· Soon developed epilepsy, so as he got older – his epilepsy became uncontrollable even with medication

· That meant he needed surgery (1953) and he was in his early 20s.  

· Removed parts of temporal lobes and hippocampus from BOTH sides of brain

· This made epilepsy controllable and even increased his IQ!

· But HM was left with anterograde amnesia (the inability to make new LTM, remember?)

· He has been a participant in hundreds of experiments and many papers were done by Hilts and Corkin

· What do HM’s experiments show?

· He has no ability to learn names, faces, where he lives, new vocab, Tv shows

· Amnesics such as HM CAN learn new procedural skills (knowledge of things you know how to do, remember from before?)

· This shows that procedural is independent of the declarative system (recall that it is the knowledge in form of facts!)

· They can learn skills such as pursuit rotor, jigsaw puzzle, mirror tracing, sequential RT task with an embedded repeating sequence, simple computer tasks and data entry

· But they do not know that they have learned it, so the task has to be explained to them every single time!

· How does anterograde amnesia develop besides brain surgery?

· Korsakoff syndrome, diseases (herpes, encephalitis), CO poison, early stages of Alzheimer’s

· So… after knowing all this, what do amnesics prove?

· Working memory and LTM memory are different!  (this is seen when memory components are functional but not communicating)

· LTM has different systems!  (Procedural LTM stays intact [remember?  Because they can learn those skills] but declarative is damaged)
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· Neuropsychology ( the study of relationship between brain and behaviour

· Role in assessment and rehab

· Also validates basic research in perception, cognition, motor control and learning!

· Anterograde Amnesia

· Normal working memory, normal LTM for events prior to onset of amnesia

· But unable to put anything new into declarative LTM (episodic/semantic)

· Can learn procedural skills

· “living proof” for:

· The difference for the brain between working memory and LTM

· The difference for the brain between declarative and procedural LTM

· Stages of Learning

· Who proposed that people learning a new skill pass through 3 stages?

· Paul Fitts

· What are the 3 stages?

· Cognitive

· Association

· Autonomous

· Tell me more about the cognitive stage?

· The learner needs to pay attention and maintain concentration

· The need to ‘talk’ themselves through the initial practice trials

· Movements will be slow and jerky 

· This uses working memory

· Tell me more about the association stage?

· Individual steps get connected, so the performance gets smoother

· That means less concentration is required

· Tell me more about the autonomous stage?

· This skill is so well learned that you do NOT need attention while the performed is doing something else

· The automatic task takes little or no mental resources

· This uses Long Term Memory

· If you increase practice on a task, less and less concentration is required…  and eventually, the skill can be performed with no capacity demand and becomes automatic or like second nature!

· How do we test automaticity?

· There are 3 methods – Interference Tasks, Dual Task Experiment and Probe Reaction Time

· What are Interference Tasks?

· If a skill is done automatically, it will be difficult to ‘turn off’ the task

· So the performer has no control over its performance

· Stroop task

· This shows that reading has become automatic for us so it’s very hard for us to stop ourselves from reading the word when we are supposed to read the colour of the word!  (Remember the activity we did in class…)

· What are Dual Task Experiments?

· If a skill is automatic, a person should be able to do a second task at the same time

· That means 2 tasks should be performed as well when done together and done independently!

· A skilled performed who has done more practicing on a task should be more automatic than a less skilled performer

· What experiment was done to study the automatization of motor skill?

· Leavitt’s hockey experiment

· He tested automaticity of skating for hockey players

· 6 groups of hockey players with different skills and ages

· 4 Conditions

· Skate alone as fast as possible through a 50 ft course, going around pylons placed every 10 ft

· Skate and name geometric figures shown on a screen at the end of the rink

· Skate and stickhandle a puck

· Skate and stickhandle and name shapes

· Performance was measured for all conditions

· What are the results?

· For shape naming alone – there are higher rates for better players, BUT there is no difference in the number of shapes named when naming + skating and when naming + skating + stickhandles

· For stickhandling errors – all groups except 2 most skilled groups had few errors while stickhandling + skating than when naming + skating + stickhandling

· For skating time – For the younger players, if you add a new task, the skating time is increased a lot.  But for a more experienced played, the spread of skating time is diminished

· Beilock, Carr, MacMahon and Starkes soccer experiment

· Tested 20 soccer players

· 10 less skilled and 10 more skilled

· Tested soccer dribbling with separate trials using left and right foot

· 2 kinds of secondary tasks 

· Skill focus – attend to what side of foot (inside or out) is in contact with the ball.  So when a tone sounds, you have to report whether it is inside or outside

· Dual task – played a tape of a series of words and you have to monitor the number of times they say “thorn”

· One would think that the less skilled would be less able to do the dual task because the soccer skill is less automatic)

· Unskilled players and skilled players using their less skilled foot are not in automatic stage because they have to attend to their movement

· That means if you have to monitor the movement (skill-focus), there is no problem

· But if you have to listen for the word (dual task), then the movement slows down

· Skilled players are automatic with their skilled food

· That means if you have to monitor the movement (skill-focus), there is a problem

· But if you have to listen for the word (dual task), there is no problem

· In summary, if you are less skilled, it will be easier for you to attend to the movement because you HAVE to pay attention anyway

· But if you are not, and you try to…  problems arise because you are used to the skill being automatic

· The more skilled you are, the more capacity you have to do extra skills while still maintaining the fundamentals of the first skill

It’s review time!!

· Fitts’ stages of learning:
· Cognitive
· Associative
· Automatic
· Measured automaticity through interference tasks (Stroop tasks)
· Tested automaticity method 2 ( Dual task performance
· More skill, more automaticity in performing fundamental skills
· This gives the performer the capacity to attend to the other event of the game (sports) or to the actions of other drivers (on the 401 for example…)
· Shown by Leavitt for skating in hockey players:
· Skating time increased when done with shape naming + stickhandling for less skilled players
· Beilock et al. tested soccer dribbling
· For skilled and less skilled players
· For 2 secondary tasks ( listen for a target word, repeat side of foot used to dribble (skill-focus) or thorn task, attending to the environment (dual task)
· Found that less skilled players + skilled players using left foot god slower with verbal second task
· But skilled players using their right foot got slower with the side of foot task
· More Automaticity
· What is the third way of measuring automaticity?

· Probe Reaction Time

· What is Probe reaction time?

· The participant focuses on a primary task and does a second simple reaction time task

· So they have to react to the signal as fast as possible while they maintaining performance of the primary task

· So the speed of the reaction measures spare resource (capacity)

· In other words, the reaction time measures how much spare capacity is left over in to react to the signal

· How do we know if the task is automatic?

· If it is automatic, the probe RT should be fast, almost as fast as if the RT task was done alone

· But if it not, that means that the RT should be significantly longer than RT if done alone…  this shows that the primary task is attention demanding

· Who did a study on probe reaction time?

· Wierda & Brookhuis

· What was this about?

· They wanted to determine the age at which children can ride bikes safely in traffic

· There are 3 components to cycling:

· Controlling – keeping balance, maintaining speed, applying brakes…

· Maneuvering – obeying traffic rules, cross intersections, avoiding obstacles

· Strategy – planning a route

· Experts at cycling are automatic at control so that’s why they can dedicate their attention to maneuvering and strategy

· Tested 5 groups of 12 cyclists, each rode his/her own bike

· Rode on oval track and measured the variations in speed and handlebar angle

· With more variations in handlebar angle, there is less skill

· Probe task was to press a button on the bike handlebars asap when tone was heard

· Dependent variable: measured RT and misses

· Instructed cyclists to react as fast as possible and not to miss signals

· Tested for 3 conditions:

· Detect tone single task – react to tone while studying

· Ride alone for track 3 times

· Ride and do probe RT task for track 5 times

· What are the results?

· In terms of speed and heading angle?

· Younger children poorest at control since they showed the most variability in both speed and handlebar angle

· No change in cycling measures showed that participants were concentrating on cycling task

· In terms of probe RT?

· 3 youngest groups were significantly slowed to probe while cycling than while standing

· 6-8 year olds: 239 ms, 9-11: 75 ms, 12-14: 35 ms

· 6-8 year olds did not respond to 13% of probe signals

· Youngest cyclists had to devote all their mental resources to cycling, which means they had little resource left over to do probe reaction task

· In conclusion, young cyclists must focus on controlling the bike…  that means, they can’t attend to traffic lights, on-coming traffic or any other external events!!  Danger!
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· Variant on dual task ( probe reaction time

· Participant performs an RT task while focused on performing a second task

· Probe RT reflects spare capacity, so if the task is automatic, there will be lots of reserves and a decreased probe RT

· If the task does require attention, there will be increased probe RT

· This is used to calculate when child cyclists are automatic in control of bike

· Errors and Automaticity
· What are the disadvantages for automaticity?

· It is a BIG factor in human errors even though it allows a person to concentrate on things other than performing the task

· What is a human error?

· It is an action that has resulted in an unintended outcome

· It is NOT a deliberate act

· Why do these errors occur?

· Rasmussen has come up with 3 categories:

· Knowledge based, rule based, skill based

· Tell me more about knowledge based errors?

· Errors happen to people who are performing a NEW task

· So, while the person is trying to pay attention to the task, they made a DELIBERATE, REASONED, RATIONAL choice about what action to perform, but it turns out to be wrong!

· Example, think about when you want to change the time on your digital watch…  So you press the “start/stop” button but it isn’t right, and then you try another one.  Basically, the correct button to push is not obvious so it leads to knowledge based errors until you figure out what button does what task!

· How to fix this?

· Better labels, better designs…  

· For this specific example, make functions of buttons more obvious

· Tell me more about rule based errors?

· Errors happen when people HAVE SOME SKILL or EXPERIENCE with a task, meaning it’s not new

· Which means, the performer now has to DECIDE what skill applies to the specific situation

· Example, think about when you play volleyball (which is rarely…) and are receiving a serve.  You have to decide whether to bump the ball or pass it to another person.

· How to fix this?

· Better design, better training in decision making

· Tell me more about skill based errors?

· It’s also called “slips of the mind”, “actions not as planned” 

· Errors that happened to SKILLED people, never to learners

· The goal and the action that must be done to accomplish the goal is clear (which indicates that it is not a knowledge based or rule based error) but the performer simply does not make the right thing happen

· So the performer doesn’t even realize the error, despite all the evidence that they are making the error!

· Reason and Norman did a study of “mind slips” through diaries

· Asked friends to record their slips

· 35 people watching themselves for a 2 week period

· Reported 433 slips in total, so that’s an average of 12.37 per person.  That’s almost one slip a day per person!

· That’s also an underestimation because many times you don’t even know that you’ve done these “slips”

· What about errors in the workplace?

· Although it may be funny, some errors can be deadly!  Think about what if errors were to happen in the cockpit of an aircraft or in a hospital operating room

· There have been 2 papers which have studied the relationship between workplace fatalities and skill-based errors:

· Williamson & Feyer and Salminen & Tallberg

· So tell me about this study by Williamson & Feyer?

· They studied occupational fatalities in Australia from 1982 to 1984

· Found out that coroner’s reports that 1020 fatalities occurred in the workplace

· Results showed that behavioural factors (stuff that someone did, not equipment malfunction or weather related…) have 91.2% role in fatalities

· That further broke down to 62.4% error and 42.7% unsafe work practices

· Furthermore, of errors…  14.3% was made by another worker BUT 83.4 % made my the own person who was killed

· Now these errors were 53% skill based!

· What about the study by Salminen and Tallberg?

· Studied 178 fatal occupational accidents in Finland, a country with the best ergonomists

· 94% of the 178 fatal occupational accidents were caused by errors

· 66% of that was skill based

· 84% of the 99 serious occupational accidents were caused by errors

· 46% of that was skill based

· shows skill based errors represented a big factor in accidents!

· What do these studies conclude?

· Automaticity comes with skill but the COST of being automatic is skill based error because you are not totally attending to what you are doing!

· So skill based errors are deadly man

· OK, so how do you prevent errors that are a result of someone’s skill?  That’s kind of weird…

· Design the work environment to allow a recovery from errors

· A job of the ergonomist would be to make sure that a slip won’t kill a worker

· Factors known to precede errors should be removed

· Stuff like unsafe work practices, on the job drug and alcohol use

· Use checklists!  This would force attention to the skill

· Especially useful for pilots

· Don’t let bad habits become automatic!  Because once people get automatic, they will make mistakes
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· Errors are actions leading to unintended outcome

· Rasmussen discovered 3 types:

· Knowledge based (when you thought you pressed the right button but you didn’t…)

· Rule bused (when you have a set of skills, which skills do you use?)

· Skill based

· Happens to skilled people doing practices, familiar tasks

· Happens due to lack of attention (autopilot) or when your attention is in the wrong place

· Studied in diary studies

· Very, very common and can be very, very dangerous in hospitals or on the job, as shown by Williamson & Feyer

· Implicit Learning
· Is cognitive stage necessary for learning?

· Anterograde amneiscs can learn skills using their intact procedural LTM but they don’t know what they’re learned or that they’ve even learned it (remember?)

· This contradicts Fitts’ idea that learning goes from cognitive to associative to automatic

· Translation in LTM terms, learning should be going from declarative to procedural LTM with practice

· So how do anterograde amneiscs learn skills id they don’t know what they’re doing, or in other words, don’t have a cognitive stage?

· Research has shown that people can learn procedural skills without knowing what they’ve learned or that they’ve even learned it

· This type if learning is “implicit learning”

· Re-define implicit learning?

· It is learning without awareness of what ahs been learned or that learning has occurred

· What is the Magill + Pew tracking experiment?

· Participants practiced tracking a complex waveform shown on a screen and copied it using a cursor

· Accuracy was measured by calculating the difference between the target waveform and the participant’s cursor

· Trials were 60 seconds long

· For all the trials, the middle 20 seconds of the pattern was exactly the same while the beginning and end segments changed on every practice trial

· What were the results?

· Participants improved with their tracking practice and accuracy was increased especially during the repeated segments

· That makes sense because the participants did get much more practice on the repeated part (since well… it was constantly repeated!)

· However, no participant was ever even aware of this repeating pattern!

· Even when the location of the repeating segment was changed, participants performed best on the repeating segment but was still unaware of the fact that it was repeating!

· What is the Missen and Bullemer’s serial reaction time task experiment?

· Participants sat at a computer with fingers on the numbers 3, 5, 7, 9

· on the computer screen, when an asterisk appeared above the numbers, the participants were required to press that number asap!

· For half these participants, the position of the asterisk was at random

· For the other half, there was a specific pattern that repeated over 10 key presses

· And obviously, the participants were not told about this pattern

· What were the results?

· All participants got better with practice

· But the participants who had a repeating sequence improved more than people who just got a random sequence

· Even though participants were aware of this sequence, not all of them could figure out what the sequence was

· What’s the study that Nissen and Bullemer did with amnesics?

· They tested anterograde amnesics on the same SRT task

· Also improved when asterisks appeared in a sequence

· Interesting that the amnesics could not even remember doing the task a few minutes following the trial, meaning they had no explicit knowledge about what the sequence was

· What about other studies on this?

· Participants also improve over the repeated sequence while performing a distracting secondary task

· That means the brain is able to learn the repeating sequence and use this information to figure out the position of the next key to press

· And this so called ‘pattern extraction’ takes place without conscious awareness of the participant

· So that’s why it’s ‘implicit’, kind of like…the pattern is just… ‘implied’

· OK, last experiment – what about this Masters guy?

· He studied people learning the golf putt in 3 different situations:

· Novice putters were given EXPLICIT verbal instructions (classified under Fitts’ cognitive stage) cause they were explicit learners (learners that need instructions to be stated clearly and in detail, kind of like you!)

· Given instructions on how to putt and tested them on practice sessions to make sure they knew what they were doing, etc.

· Another group had no instructions on how to putt and they practiced while saying a random letter every 1.5 seconds

· Meaning they had no change of trying to attend to their putting practicing since they were all too busy with generating letters

· This group were the implicit learning, cause they couldn’t really focus on what they were doing

· Last group was given no instruction and just simply practiced putting

· What are the results?

· Novice group of explicit learners knew the most about putting (on a written evaluation test)

· Actual putting performance was about the same

· What does having a similar putting performance of all three groups mean?

· So even if you have a new skill, concentrating on what you are doing while developing that new motor skill isn’t necessary…??

· What else did Masters do?

· He added stress in 2 ways:

· Threatened to pay participants less if they did not perform at a high level

· Have a fake professional golfer to watch a participants’ performance

· What were the results of the added high stress?

· The 2nd group – letter generating group maintained their performance better than the other 2 groups!

· OK…  so why that group?

· Under stress, performers go back to using their cognitive stage because then they can consciously control everything they do and try to do their best

· Implicit or procedural learning is “stress proofed” since people aren’t aware of what they’re doing

· And that means they can’t go back to a cognitive stage while put under stress because well, they were never in it

· The cognitive stage is an inefficient way of performing a skill (since it should only be used as the first stage of learning…)

· Okay, now the conclusion of this study is…?

· Implicit learning is not the same as Fitts’ stages of learning when he said that a cognitive is essential as the first stage of learning

· Cognitive stage must involve declarative LTM

· But implicit learning must involve procedural LTM

· So perhaps the 2 memory systems work parallel to each other…

It’s review time!!

· Implicit learning = learning without awareness of what ahs been learned or that learning has occurred

· Shown for:

· tracking ( more improvement in repeated than random; participant unaware of repetition

· CRT with repeating sequence faster than with random responses; participant cannot identify or report sequence

· Sequence learning happens for anterograde amnesics

· Learning putting is unaffected by a letter generation task – could be no cognitive stage

· Implicit putters more resistant to stress than declarative or control participants; cannot return to inefficient cognitive stage because they never had this stage

· Implicit learning = learning by doing = read world learning:

· Of children learning playground or pick up games

· Playing a musical instrument by ear

· Hunt and peck typing

· Using thumb with cell phones, remote controls…

Motor Programs
· Why are we studying this?

· Before we looked at factors that control simple motor tasks (i.e. aiming at a target) and these tasks are guided by visual feedback (remember feedback theory?)

· Alright, so now we’re looking at what happens in the CNS when you learn complex skills (tasks that go beyond aiming tasks!)

· What is stimulus-response (S-R) chaining?

· This is a proposal that complex skills were chained together by more simpler skills

· Basically a process of building up! (like Lego!)

· Simple movements are linked together into a sequence, and this linking is done by feedback

· The feedback from the first element triggers the action of the second element

· So its like a necklace, the string being the feedback that holds all the elements together!

· It looks like this: Element 1( feedback from #1 ( element 2 ( feedback from #2 ( element 3 ( feedback from #3, etc.

· Example, when you play piano… you play a chord and that produces auditory and kinesthetic feedback which acts as cue to trigger for you to play the second chord!

· Alright, I believe there’s a problem with this S-R chaining, what is it?

· The time it takes to use the feedback (i.e. 200 ms for vision) is a long process, meaning it should limit the performance…

· But apparently it doesn’t, because well, it doesn’t take 200 ms to play the next chord on the piano

· If you remove feedback, it should destroy all skilled movements

· Think about if you were to cut the string of beads, then you wouldn’t have a necklace!

· But as we studied Ian Waterman and Christina, the loss of almost all proprioception (which is the feedback), did not allow them to lose all skilled movement (since they could still drive and such)  That’s cause their problems were due to the lack of spindle reflex…

· OK, so if feedback is not essential for the control of learned movements…what’s the next idea?

· The brain has to figure out how to plan sequences of movements for execution

· It’s kind of like a computer program that has a number of steps in order for the machine to function properly

· This is where the idea of a motor program comes in

· What’s a motor program?

· “Motor programs simply means a CENTRAL REPRESENTATION of a skill that can lead to a PATTERNED MOVEMENT in the ABSENCE of feedback… the program notion in no way implies that kinesthetic feedback is not a highly critical component of skilled behaviour.  Indeed, the part of the content of the program MAY INCLUDE SPECIFICATION OF HOW TO USE FEEDBACK at different times”

· In other words, motor program structures neural commands to muscles then the muscles perform complex tasks

· Experiments have been done to show this

· What is the response-complexity experiment?

· Well this shows that a motor program but be created, or retrieved from memory before movement can be done

· So the more complex the movement, the longer it should take to ‘start up’ because it will take longer to write or load the program

· This was studied by measuring the time it takes to INITIATE movements in tasks with varying complexity

· What is the ‘memory drum’ experiment done by Franklin Henry?

· 3 movement sequences were used

· There were variations in the number of elements

· But they all started the same way which was a red warning light ( variable foreperiod ( auditory ‘go’ signal

· They were:

· A: 1 element: lift off key

· B: 2 elements: lift off key and hit suspended tennis ball

· C: 4 elements: lift off key, hit tennis ball, hit a second key, hit a second tennis ball

· Trials were done in blocks: all 1 element ( all 2 elements ( all 4 elements, so participants always knew what sequence would have to be performed, but what was being measured was the time to INITIATE the movement (not movement time)

· The point was... to see if there were more elements, that means there would have to be more ‘program’ to load so then you’d take longer just to start up the movement!

· What were the results for RT?

· 1 element: 150 ms

· 2 elements: 195 ms

· 4 elements: 208 ms

· Note that there is no doubling in RT when you double the elements (i.e. from 2 to 4 elements)

· The theory is that while you’re moving, you can program the final 2 elements, that’s why there isn’t a such a big change

· However, as predicted, the more elements involved, the longer it takes to get off RT key

· This is the “response complexity effect”

· For example, this has been done in even simpler movements: when you initiate elbow flexion ( 217 ms, but initiating flexion and extension ( 234 ms

· So, even for simple movements with more than 1 element, it will be faster if there are less elements (seen here for the elbow flexion only)

· Hold on, what does all this mean again?

· A memory program for a learned movement must be ‘loaded’ from the LTM to motor control centers before it can all be performed

· That goes back to before when I said that motor program structures neural commands to muscles

· Think of it like a computer – you have to load the program from the hard-drive (where its stored) and this loading takes time…  so the more complex the program is (i.e. a really crazy game), the longer it takes to load!

· What are the no point of return experiments (aka stop the movement experiments)?

· This proves that once a motor program is being executed, it should take some time to stop (think of the Stroop task, when you couldn’t help read the words when you were supposed to read the colour of the words)

· There is evidence to show that a motor program, once it is launched has to run until it has been completed

· “stop signal” work of Logan – 

· Had typists who type as fast as possible and was supposed to stop whenever a tone sounded

· But they always typed at least 2 letters after the tone, couldn’t ever stop typing “the” and the space after the word

· So when you’ve loaded this motor control signals, its really difficult to stop them

· What do motor programs control?

· Any part of the body!  Motor programs are NOT “effector specific”

· So they’re NOT limited to the system that it was learned in

· For example, handwriting is similar when done by holding a pen in the moth, foot, etc.

· Shows that the same motor program controls writing regardless of what limb (essentially what effector, cause that’s the signals that get sent out to the muscle group) actually performed the task

