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LEARNING & MEMORY
SKILL MEMORY
SKKU GBME GRAD CLASS
KIM HF

AMAZING SKILL!
THINK WHAT THE BRAIN IS DOING…

WHAT IS THE SKILL?
THEN, AUTOMATIC BEHAVIOR AND HABIT?
noun
1.the ability to do something well; expertise.

Automatic behavior?
adjective
done or occurring spontaneously, without conscious thought or intention.

Habit?
A habit (or wont) is a routine of behavior that is repeated
regularly and tends to occur subconsciously.

SKILL, AUTOMATIC BEHAVIOR AND HABIT
Automatic behavior

Level of consciousness
Level of complexity
Level of goal

Habit

Skill

Level of value

SKILL MEMORY AND LEARNING

Nondeclarative memory
How to learn the skill memory?

Procedural learning – Skill learning
Operant conditioning

SKILL MEMORY
VS. EPISODIC AND SEMANTIC MEMORIES
Table 8.1
Comparison of memories for skills, events, and facts
Skill memories

Memories for events and facts

1. Are difficult to convey except by
direct demonstration

1. Can be communicated flexibly, in
different formats

2. May be acquired without
awareness

2. Have content that is consciously
accessible

3. Require several repetitions

3. Can be acquired in a single exposure

impressive to watch, and the fact that an animal can be trained to perform a task
with automated techniques does not disqualify that ability from being classified
as a skill. Operant conditioning is an effective method for training new skills,

BEHAVIORAL

TYPES OF SKILL MEMORIES

Perceptual-Motor Skills
learned movement patterns guided by sensory inputs.

Cognitive Skills
which require you to solve problems or apply strategies
rather than to move your body based on what you
perceive (Ackerman, 2007; Ackerman, Kanfer, & Goff,
1995; J. R. Anderson, Fincham, & Douglass, 1997;
Singley & Anderson, 1989).

PERCEPTUAL-MOTOR SKILLS
What’s the difference?

2. Improvisation vs. Classical music…

PERCEPTUAL-MOTOR SKILLS
Closed skills
consist of performing a predefined
sequence of movements

Open skills
particular movement patterns, but
dancers may vary the way they
combine these movements

How about research and writing?

COGNITIVE SKILLS
which require you to solve problems or apply strategies
rather than to move your body based on what you
perceive (Ackerman, 2007; Ackerman, Kanfer, & Goff,
1995; J. R. Anderson, Fincham, & Douglass, 1997;
Singley & Anderson, 1989).

Figure 8.1 The Tower

of Hanoi puzzle The objective
of this task is to move all the
disks from the leftmost peg to
the rightmost peg, one disk at a
time, without placing a larger disk
on a smaller disk. The numbered
sequence shows one way of doing
this. The ability to solve such
puzzles is a cognitive skill.
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COGNITIVE SKILLS
Why is it necessary?
Sorting through large amounts of knowledge

WHAT CATEGORY IS THE SKILL IN?
Using tools

Animals can use tools…

WHAT IS GOING ON INSIDE THE BRAIN?

In aspect of perceptual-motor skill
&
In aspect of cognitive skill…

EXPERTISE AND TALENT
People who seem to master a skill with little effort are often described as having a talent or “gift”
for that skill, and people who perform a skill better than most are considered to be experts.

Nature vs. Nurture?

Time on 4
target (s)
BEHAVIORAL PROCESSES

What role does talent play in achieving expertise in cognitive or perceptualmotor skills? Even child prodigies are not born able to perform the skills that
make them famous. Like everyone else, they learn to perform these skills.
Mozart’s father, a professional musician, trained Mozart extensively from a
young age. So it’s difficult to determine to what extent Mozart’s musical abilities were a result of his musical talents versus his father’s teaching Stylus
abilities and
persistence. Most modern research equates talent with genetic predispositions
that positively affect an individual’s abilities.
Psychologists have attempted to gauge the role of genetics in skill learning
Rotating
and performance by conducting studies with twins—some identical
(sharing
100% of their genes) and some fraternal (sharing, like other siblings, 50% of
target
their genes)—who were raised in different homes. Other twin studies look at the
differences between twins reared together.
In one large study of twins reared apart, researchers at the University of
Minnesota trained participants to perform a skill in which they had to keep
the end of a pointed stick, called a stylus, above a target drawn on the edge
BEHAVIORAL PROCESSES | 307
of a rotating disk, as shown in Figure 8.3a (Fox, Hershberger, & Bouchard,
1996). Researchers frequently use this task, known as the rotary pursuit task,
to study perceptual-motor skill learning. The task requires precise hand-eye
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a person gradually learns to keep a stylus above a particular point on a rotating disk. (b) With repeated trials,
individuals become better at keeping the stylus over the
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increased slightly as training progressed, indicating that,
after training, the accuracy at tracking a rotating target is
similar for each twin. In contrast, correlations between the
performances of fraternal twins decreased with training,
indicating that their capacity to track the rotating target
becomes less similar with practice. These findings suggest
that practice decreases the effects of previous experience
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One interpretation: Practice decreases the effects of participants’ prior
experiences on the accuracy of their tracking movements & increases the
effects of genetic influences.
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Figure 8.3 Effects of practice on performance
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of the rotary pursuit task (a) In the rotary pursuit task,
a person gradually learns to keep a stylus above a particular point on a rotating disk. (b) With repeated trials,
individuals become better at keeping the stylus over the
target. (c) In studies of how twins perform on this task,
correlations between the performances of identical twins
increased slightly as training progressed, indicating that,
after training, the accuracy at tracking a rotating target is
similar for each twin. In contrast, correlations between the
performances of fraternal twins decreased with training,
indicating that their capacity to track the rotating target
becomes less similar with practice. These findings suggest
that practice decreases the effects of previous experience
(i.e., nurture) on motor performance and increases the
effects of genetic influences (nature).
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EXPERTISE AND TALENT
IMPORTANCE OF PRACTICE

Useful or useless?

BEHAVIORAL PROCESSES

| 313
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TYPES OF PRACTICES

TYPES OF PRACTICES
1. Constant practice
practice with a very limited set of
materials and skills

2.Variable practice
practice with more varied materials
and skills

EXPERTISE AND TALENT
IMPORTANCE OF PRACTICE

Useful or useless?

BUT,
CONSIDER NATURE & NURTURE!
Your Philosophy
Your Motivation
Your Talent

Practice

Advisor

Advise

Mentor

Your Effort

SKILL!!!

How about Research and Science?

WHAT HAPPENS TO THE EXPERTS
| 309
AFTER LONG-TERM PRACTICING?
BEHAVIORAL PROCESSES
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Changes in the perceptual-motor skills

Kasparov falls to Deep Blue.
Computers can now perform many
tasks as well as or better than
experts.

Just know which point is the best

ONE SAD IDEA…
ALPHA GO VS. HUMAN BRAIN
In sense of cognitive skill

What is the strong point of
human being so far?

HOW TO IMPROVE YOUR SKILL EFFICIENTLY?
1. PRACTICE
e.g. Piano practice
Practice, practice and practice…
That’s same with AlphaGo…

AlphaGo's algorithm uses a Monte Carlo tree search to
find its moves based on knowledge previously "learned"
by machine learning, specifically by an artificial neural
network (a deep learning method) by extensive training,
both from human and computer play.

skills, both in humans and in other species.
When you first learned to use a computer keyboard, you had to search for
keys, and the number of words you could type per minute was probably low.
After your first year of using a keyboard, you probably had doubled or tripled the
number of words you could type per minute. If your typing speed doubled after
every year of practice, you would be typing incredibly fast by now! The power
law of learning, however, predicts that this won’t happen. According to the power
law, each additional year of practice after the first produces smaller increases in
typing speed; learning occurs quickly at first, but then gets slower.
It may seem obvious that as you become more proficient at a skill, there is
less room for improvement. What is surprising about the power law of learning
is that the rate at which practice loses its ability to improve performance does

ACQUIRING SKILLS
- POWER LAW OF LEARNING
(a) Reading task

performance (a) As training on a
reading task progressed, improvements in reading speed became
smaller. (b) After improvement
slows, new sources of feedback
can lead to a new burst of rapid
improvement. In this graph, after
his initial rate of improvement
in speed of kicking had begun to
slow, a participant was shown a
film of optimum kicking. The film
helped him improve his own kicking speed.
(a) Adapted from Singley and Anderson,
1989; (b) adapted from Hatze, 1976.

(b) Kicking task
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HOW TO IMPROVE YOUR SKILL EFFICIENTLY?
1. PRACTICE + 2. OBSERVATION
e.g. Piano practice
Practice, practice and practice…
+
Observation & Instruction

skills, both in humans and in other species.
When you first learned to use a computer keyboard, you had to search for
keys, and the number of words you could type per minute was probably low.
After your first year of using a keyboard, you probably had doubled or tripled the
number of words you could type per minute. If your typing speed doubled after
every year of practice, you would be typing incredibly fast by now! The power
law of learning, however, predicts that this won’t happen. According to the power
law, each additional year of practice after the first produces smaller increases in
typing speed; learning occurs quickly at first, but then gets slower.
It may seem obvious that as you become more proficient at a skill, there is
less room for improvement. What is surprising about the power law of learning
is that the rate at which practice loses its ability to improve performance does

performance (a) As training on a
reading task progressed, improvements in reading speed became
smaller. (b) After improvement
slows, new sources of feedback
can lead to a new burst of rapid
improvement. In this graph, after
his initial rate of improvement
in speed of kicking had begun to
slow, a participant was shown a
film of optimum kicking. The film
helped him improve his own kicking speed.

HOW TO IMPROVE YOUR SKILL EFFICIENTLY?
1. PRACTICE + 2. OBSERVATION
(a) Reading
task
Seeing
the

Minutes 8.0
per page
read

(a) Adapted from Singley and Anderson,
1989; (b) adapted from Hatze, 1976.

(b) Kicking task
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HOW TO IMPROVE YOUR SKILL EFFICIENTLY?
- THINK ABOUT THE FEEDBACK!
Step by Step!

See the tape and slow down your movement!!!
Enough time to get the feedback…

HOW TO LEARN THE SKILL?
Implicit learning

IMPLICIT LEARNING
What is the opposite? - Explicit learning

Implicit learning produces implicit memories
Implicit learning
probably happens to you more often than you think
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IMPLICIT LEARNING
-SERIAL REACTION TIME TASK
Figure 8.6 Serial reac-

tion time task in the study of
implicit learning (a) In a serial
reaction time task, participants
learn to press keys as rapidly as
possible in response to visual cues
provided on a computer screen.
(b) Participants’ reaction times
are slower when the cues are
presented in random order than
when they are presented in a fixed
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learned to anticipate which key
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IMPLICIT LEARNING
CAN WE LEARN IT EXPLICITLY?
It could be helpful but difficult to master the skills…

http://news.joins.com/article/13890287

INTERESTING POINTS IN IMPLICIT LEARNING
1. Separate learning process from event and fact learnings
2. Incidentally learn an underlying skill that facilitates their performance!

But we do not know how my brain knows it…

RETENTION AND FORGETTING
TRANSFER OF TRAINING
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TRANSFER OF TRAINING

Transfer specificity
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Is it really helpful?

MOTOR PROGRAM
WHAT’S GOING ON INSIDE BRAIN?
Sequences of movements that an organism can perform virtually automatically
(with minimal attention) are called motor programs.

Reflex vs. Motor program
Unlike reflexes, motor programs can be either inborn or learned

CPG and learned CPG…

ACQUISITION STEPS OF SKILL MEMORY

BEHAVIORAL PROCES

Table 8.2
Fitts’s three-stage model of skill learning
Stage

Characteristics

Example

1. Cognitive stage

Performance is based
on verbalizable rules.

Using written instructions to set
up a tent

2. Associative
stage

Actions become
stereotyped.

Setting up a tent in a fixed
sequence, without instructions

3. Autonomous
stage

Movements seem
automatic.

Setting up a tent while carrying
on a discussion about politics

won’t help you predict how much practice you need to convert your skill memories into motor programs or give you pointers about how and when you should
practice. The model does suggest, however, that learned abilities may rely on
different kinds of memory as practice progresses. Different kinds of memory
may in turn require different kinds of neural processing or activation of different

age to the basal ganglia on the formation of skill memories. Such studies have
led researchers to conclude that the basal ganglia are particularly important in
perceptual-motor learning that involves generating motor responses based on
specific environmental cues. The basic assumption behind such research is that

L E A R N I N G A N D M E M O RY I N E V E RY D AY L I F E

Are Video Games Good for the Brain?

S

ince the advent of television,
people have been spending much
of their lives staring at the glow of
a rectangular screen. Video games have
transformed passive viewing into an interactive process, and today’s video games
are as complex as any sport, card game,
or board game. Video games are quickly
replacing other recreational activities as
the preferred pastime of children around
the world. Many parents are concerned
that this new pastime is turning children’s
brains into mush and that the skills
acquired by playing such games are worthless. What is actually going on? Does video
game playing have a negative impact on a
person’s mental capacities?
Video games have some advantages
over traditional games. They offer a wide
variety of experiences and options, they
build expertise without requiring instruction from an expert, they present minimal

Gluck2e_CH08.indd 325

risk of injury, and they can be played in any
weather at any time. On the other hand,
video games are blamed for provoking
teen violence, contributing to obesity and
a general lack of physical fitness, reducing literacy, decreasing opportunities for
face-to-face interactions with family members and peers, and occupying children’s
minds with useless information (see C. A.
Anderson & Bushman, 2001, for a review
of the scientific literature on this topic).
The question of whether video games
are good or bad for your brain has received
little scientific study. One recent series of
experiments found that college students
who played high-action video games such
as Grand Theft Auto 3, Crazy Taxi, CounterStrike, and Spider-Man at least 1 hour a
day, at least 4 days a week, for at least
6 months had increased visual attention
abilities compared with students who did
not play video games (Green & Bavelier,

2003). The benefits of playing fast-action
games included increased visual capacity and enhanced spatial attention, with an
increased ability to apprehend and count
sets of visual stimuli. Interestingly, a control
group that spent the same amount of time
playing a non-action video game, Tetris,
showed no enhancement in visual attention.
Based on the limited evidence available
so far, it seems that the effects of video
games on your brain are like the effects of
bread on your body. The amount of bread
you eat can influence what you look like to
some extent and might affect how healthy
you are, but it will not strongly determine
how your body functions or what your
mental and physical capacities are. And
the kind of bread you eat can make a difference. Of course, in the case of video
games, it is too early to say which games
are the whole wheat bread and which are
the Texas toast.
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BASAL GANGLIA ON THE SKILL MEMORY

BASAL GANGLIA
Parallel basal AND
ganglia circuitsFUNCTION ON THE HABIT
STRUCTURE

BRAIN 2015: Page 3 of

Figure 1 Basal ganglia circuits for reward-oriented learned behaviour. (A) Direct, indirect and hyperdirect pathways. The s

receives inputs mainly from the cerebral cortex. D1R-expressing neurons in the striatum connect to SNr/GPi directly (direct pathway
expressing neurons connect to SNr/GPi indirectly through GPe and STN (indirect pathway). STN receives inputs directly from the ce
cortex and send outputs to SNr/GPi (hyperdirect pathway). Dopaminergic neurons in SNc/VTA heavily innervate the striatum. (B) Two p
for skill behaviour. Finding a high-valued object among many objects requires object skill, and manipulating the high-valued object requir
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Neuroimaging studies of the human brain reveal that the basal ganglia are
indeed active when participants learn cognitive skills (Poldrack, Prabhakaran,
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COGNITIVE SKILL LEARNING IN HUMAN

(b) Adapted from Poldrack et al., 2001.
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Parallel basal ganglia circuits for voluntary and
automatic behaviour to reach rewards
Hyoung F. Kim and Okihide Hikosaka
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The basal ganglia control body movements, value processing and decision-making. Many studies have shown that the inputs and
outputs of each basal ganglia structure are topographically organized, which suggests that the basal ganglia consist of separate
circuits that serve distinct functions. A notable example is the circuits that originate from the rostral (head) and caudal (tail)
regions of the caudate nucleus, both of which target the superior colliculus. These two caudate regions encode the reward values of
visual objects differently: flexible (short-term) values by the caudate head and stable (long-term) values by the caudate tail. These
value signals in the caudate guide the orienting of gaze differently: voluntary saccades by the caudate head circuit and automatic
saccades by the caudate tail circuit. Moreover, separate groups of dopamine neurons innervate the caudate head and tail and may
selectively guide the flexible and stable learning/memory in the caudate regions. Studies focusing on manual handling of objects
also suggest that rostrocaudally separated circuits in the basal ganglia control the action differently. These results suggest that the
basal ganglia contain parallel circuits for two steps of goal-directed behaviour: finding valuable objects and manipulating the
valuable objects. These parallel circuits may underlie voluntary behaviour and automatic skills, enabling animals (including
humans) to adapt to both volatile and stable environments. This understanding of the functions and mechanisms of the basal
ganglia parallel circuits may inform the differential diagnosis and treatment of basal ganglia disorders.
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