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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

Habit
Skill

Level of consciousness

Level of complexity

Level of value

Level of goal



SKILL MEMORY AND LEARNING

Nondeclarative memory

Procedural learning – Skill learning

Operant conditioning

How to learn the skill memory?



SKILL MEMORY
VS. EPISODIC AND SEMANTIC MEMORIES
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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, 
but it is not the only way. Furthermore, how an individual is trained is not the 
only factor that determines what an individual’s memories for skills are like or 
what skills the person is capable of learning. This section looks at different kinds 
of skill memories, exploring how performance of skills (recall of skill memories) 
varies and what factors determine how performance varies. Contemporary 
researchers generally classify skills into two basic types: perceptual-motor skills 
and cognitive skills (Gabrieli, 1998; K. M. Newell, 1991; Rosenbaum, Carlson, 
& Gilmore, 2001; van Lehn, 1996; Voss & Wiley, 1995).

Perceptual-Motor Skills
The kinds of skills you are probably most aware of are those that athletes 
demonstrate when they compete or that musicians reveal when they perform. 
More mundane skills include opening and closing doors, driving a car, dancing, 
drinking out of a glass, and snapping your fingers. These are all examples of 
perceptual-motor skills: learned movement patterns guided by sensory inputs.

Consider dancing. An important part of dancing is being able to move your 
body in certain established patterns. This requires significant voluntary control 
of your movements. If you can’t control where your arms go, you’ll end up 
being more of a spectacle than a dance sensation. Dancing is more than just 
repeatedly moving your feet and arms in a pattern, however; you also have to 
move to the beat (that is, respond to timed auditory inputs). In addition, some 
well-established dances, such as the Hokey Pokey, require specific movements 
to be performed at specific points in a song. The goal in learning these kinds of 
dances is to perform a consistent sequence of movements in a prescribed way. 
Professional ballet dancers, too, learn precisely choreographed dance sequences. 
Psychologists classify skills such as ballet dancing, which consist of performing 
a predefined sequence of movements, as closed skills. Other kinds of dancing, 
such as salsa or swing dancing, also involve particular movement patterns, but 
dancers may vary the way they combine these movements when they dance, at 
least in social dance settings. Such dances depend to some extent on the danc-
ers’ predicting (or directing) their partner’s next move. Researchers classify skills 
that require participants to respond based on predictions about the changing 
demands of the environment as open skills.

These classifications apply to a wide range of perceptual-motor skills. For 
example, athletes who are gymnasts or divers are perfecting closed skills,  whereas 

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
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TYPES OF SKILL MEMORIES

Perceptual-Motor Skills Cognitive Skills

learned movement patterns guided by sensory inputs. 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

2. Improvisation vs. Classical music…

What’s the difference?



PERCEPTUAL-MOTOR SKILLS

Closed skills

Open skills

consist of performing a predefined 
sequence of movements 

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

How about research and writing?



COGNITIVE SKILLS
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athletes who participate in coordinated team sports, such as soccer or hockey, 
depend heavily on open skills. Dogs can learn to catch a Frisbee (an open skill), 
and they can also learn to play dead (a closed skill). Catching a Frisbee is an open 
skill because many environmental variables—such as quality and distance of the 
throw, wind speed, and terrain characteristics—determine which movements the 
dog must make to perform the skill successfully. Most perceptual-motor skills 
contain aspects of both closed skills and open skills, and so it is better to think of 
any particular skill as lying somewhere along a continuum from open to closed 
(Magill, 1993).

Research on perceptual-motor skills typically focuses on much less complex 
skills than those needed to dance or play soccer. Skills studied in the laboratory 
might consist of pressing buttons quickly or tracking the position of a moving 
object (Doyon, Penhune, & Ungerleider, 2003). It’s not that knowing how a 
person learns to dance is uninteresting to psychologists. Rather, research psy-
chologists want to keep things as simple as possible so they can control the rel-
evant variables more precisely. This gives them a better chance of understanding 
how experience affects an individual’s ability to perform a particular skill. For 
example, it is much easier to assess quantitatively whether someone’s tracking 
abilities are improving than to measure improvements in their dancing abilities.

Cognitive Skills
There is no limit to the list of abilities that you could potentially improve with 
practice. How about playing cards, budgeting your money, taking standardized 
tests, or managing your time? These particular examples are all 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). Researchers often conduct experiments on cognitive skills that par-
ticipants can learn relatively quickly, such as those used to solve simple puzzles 
like the Tower of Hanoi (Figure 8.1). In this puzzle, the objective is to move 

different-size disks from one peg to another, one disk 
at a time (we discuss this task in greater detail in 
Chapter 9). The puzzle would be trivially easy except 
that the rules forbid you to put a larger disk on top of 
a smaller one. The numbered sequence in Figure 8.1 
shows one solution to the puzzle. Normally, people get 
better at solving this puzzle with practice. This is not 
because they are getting better at physically moving 
the disks from one peg to another (a perceptual-motor 
skill), but because they are learning new strategies for 
moving the disks so that they end up in the desired 
position (J. R. Anderson, 1982).

Psychologists usually associate cognitive skills with 
the ability to reason and solve problems or to perform 
tasks that require sorting through large amounts of 
knowledge (such as writing a textbook). Descartes pro-
posed that the ability to reason is what distinguishes 
humans from other animals. Descartes would probably 
have been willing to accept that dogs can store memo-
ries for how to perform perceptual-motor skills such as 
how to catch a Frisbee, but he would have considered 
it impossible for a dog or any other nonhuman animal 
to learn a cognitive skill. Following Descartes’s lead, 

1
2

3 4

5 6

7

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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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). 



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?



EXPERTISE AND TALENT
GENETIC EFFECT? – TWIN STUDY
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What role does talent play in achieving expertise in cognitive or perceptual-
motor 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 abili-
ties were a result of his musical talents versus his father’s teaching 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 
and performance by conducting studies with twins—some identical (sharing 
100% of their genes) and some fraternal (sharing, like other siblings, 50% of 
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 
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 

Stylus

Rotating
target

(a)

Degree of
correlation

Trial block
10 4 7 10 139 1552 6 11 1483 12

Identical Twins

Fraternal Twins

(c)

4.5

4

3.5

3

2.5

2

Time on
target (s)

Trial
1 2 43

(b)

Figure 8.3 Effects of practice on performance 
of the rotary pursuit task (a) In the rotary pursuit task, 
a person gradually learns to keep a stylus above a par-
ticular 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).
(b, c) Adapted from Fox et al., 1996.
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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.



EXPERTISE AND TALENT
IMPORTANCE OF PRACTICE Useful or useless?



TYPES OF PRACTICES

1. Massed practice 2. Spaced practice
BEHAVIORAL PROCESSES | 313

Correct
keystrokes

 (per minute)

Hours of practice
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(Spaced practice)
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2 hr/day

1 hr/day

(Massed practice)

Figure 8.5 Benefits of 
spaced practice versus massed 
practice The performance of post 
office workers using a keyboard 
to control a letter-sorting machine 
improved at different rates 
depending on their training sched-
ules. Workers who practiced for 
1 hour a day for 60 days (spaced 
practice) improved their perfor-
mance more per hour of practice 
than workers who practiced for 
2 or 4 hours a day. Although the 
group with spaced practice learned 
the task in fewer total hours, the 
training took longer (2 months).
Adapted from Baddeley and Longman, 1978.

group had to be trained over a longer 
period—two months instead of one. 
Interestingly, when participants were sur-
veyed about their satisfaction with their 
training schedule, those trained for 1 hour a day 
were the least satisfied, while those trained for 
4 hours a day were the most satisfied, suggesting 
that satisfaction with a training program (or course) 
may not be a very good measure of the learning 
achieved in that program. Although researchers 
have conducted many studies to determine what 
kinds of practice schedules lead to optimal learning 
and performance, there is still no consensus about 
how to identify the best schedule for any given individual attempting to learn any 
given skill.

Researchers also observe differences in the outcomes after equal amounts of 
practice when they compare different kinds of practice (as opposed to different 
schedules of practice). In this case, the comparison is between practice with a 
very limited set of materials and skills, a process called constant practice, and 
practice with more varied materials and skills, a process called variable practice. 
Constant practice consists of repeatedly practicing the same skill—for example, 
repeatedly attempting to throw a dart at the bull’s-eye of a dartboard under fixed 
lighting conditions or attempting to master a single trick shot in pool. Variable 
practice consists of practicing a skill in a wider variety of conditions, such as 
attempting to hit each number sequentially on a dartboard under various levels 
of lighting or trying to improve one’s performance at interviews by applying for 
a diverse range of jobs. Several studies have shown that variable practice leads 
to better performance in later tests. In one such study, individuals tracked tar-
gets that were moving along various paths. People who used variable practice to 
learn this task performed better, both in training sessions and in later tests, than 
individuals who trained with constant practice (Wulf & Schmidt, 1997). Variable 
practice is not always more effective than constant practice, however (van 
Rossum, 1990); researchers have not discovered how to reliably predict when 
variable practice will lead to better learning and performance. Researchers and 
coaches alike continue to vigorously debate which schedules and which types of 
practice are most effective.

Implicit Learning
When you acquire a skill, it is usually because you have made an effort to learn 
the skill over time. If you learn a skill and are able to verbalize how it is done, 
the process is called explicit learning (which creates explicit memories, described 
in Chapter 7). In some cases, however, individuals can learn to perform cer-
tain skills without ever being aware that learning has occurred. You probably 
wouldn’t be able to master kung fu without knowing that you’re learning the 
moves, but you might be able to learn to be a better kisser without being aware 
that you’re improving. Learning of the second sort, called implicit learning, 
probably happens to you more often than you think. Implicit learning pro-
duces implicit memories, which were defined in Chapter 7 as memories that are 
acquired without conscious awareness. Given this lack of conscious awareness, 
you’d be hard pressed to estimate how many skills you’ve acquired in this way. 
For all you know, you’re implicitly learning right now!

Implicit skill learning comes in at least two forms (Knowlton et al., 1996; Pohl, 
McDowd, Filion, Richards, & Stiers, 2001; Willingham, 1999; Wulf & Schmidt, 
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individuals who trained with constant practice (Wulf & Schmidt, 1997). Variable 
practice is not always more effective than constant practice, however (van 
Rossum, 1990); researchers have not discovered how to reliably predict when 
variable practice will lead to better learning and performance. Researchers and 
coaches alike continue to vigorously debate which schedules and which types of 
practice are most effective.

Implicit Learning
When you acquire a skill, it is usually because you have made an effort to learn 
the skill over time. If you learn a skill and are able to verbalize how it is done, 
the process is called explicit learning (which creates explicit memories, described 
in Chapter 7). In some cases, however, individuals can learn to perform cer-
tain skills without ever being aware that learning has occurred. You probably 
wouldn’t be able to master kung fu without knowing that you’re learning the 
moves, but you might be able to learn to be a better kisser without being aware 
that you’re improving. Learning of the second sort, called implicit learning, 
probably happens to you more often than you think. Implicit learning pro-
duces implicit memories, which were defined in Chapter 7 as memories that are 
acquired without conscious awareness. Given this lack of conscious awareness, 
you’d be hard pressed to estimate how many skills you’ve acquired in this way. 
For all you know, you’re implicitly learning right now!

Implicit skill learning comes in at least two forms (Knowlton et al., 1996; Pohl, 
McDowd, Filion, Richards, & Stiers, 2001; Willingham, 1999; Wulf & Schmidt, 
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massed practice, generally produces better 
performance in the short term, but spaced practice, 
spread out over several sessions, often leads to better 
retention in the long run (Arthur et al., 2010) 
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practice is critical in predicting whether a 
person will be an expert at performing a par-
ticular skill.

Researchers studying expertise have occa-
sionally examined the abilities of athletes, chess 
masters, or other professional game players. 
There are several reasons for this. First, people 
who learn to play games outside a research lab 
serve as good examples of “real world” skill 
learning. Second, it is relatively easy to find 
people with widely varying levels of expertise 
in sports or games such as chess, and individual 
variations in ability often can be quantitatively 
assessed based on performance in competitions. 
Finally, sports and games require a variety of 
perceptual-motor and cognitive skills, making them useful for  investigating many 
different psychological phenomena.

A person must practice thousands of hours to become a master chess player, 
learning more than 50,000 “rules” for playing chess in the process (Simon & 
Gilmartin, 1973). Researchers studying expert chess players found that experts 
and less experienced players scan the game board (a visual-motor skill) differ-
ently (Charness, Reingold, Pomplun, & Stampe, 2001). When chess masters 
look at chess pieces, their eyes move rapidly to focus on a small number of loca-
tions on the board, whereas amateur chess players typically scan larger numbers 
of locations and do so more slowly. When experts stop moving their eyes, they 
are more likely than non-experts to focus on empty squares or on strategically 
relevant chess pieces.

Differences in visual processing are also seen in athletes. Inexperienced 
soccer players tend to watch the ball and the player who is passing it, whereas 
expert players focus more on the movements of players who do not have the ball 
(Williams, Davids, Burwitz, & Williams, 1992). A recent study of expert basket-
ball players found that experts were better able to predict the outcome of a shot 
based on viewing a player’s movements before the ball was released than were 
amateur players or professional spectators (Aglioti, Cesari, Romani, & Urgesi, 
2008). These studies suggest that perceptual learning (discussed in Chapter 3) 
may contribute to the superior abilities of experts.

Humans may need to practice many hours to become experts at chess, but 
practice is not a universally necessary prerequisite for expert chess performance. 
Computer programmers have designed software that can compete with the best 
chess players. For example, Deep Blue, a chess-playing computer designed by 
IBM, defeated world champion Garry Kasparov in 1997. Computers access 
large databases of stored information to replicate some of the abilities of human 
experts. If a skill is an ability that improves with practice, chess-playing computers 
can be considered experts without skills, unless they are programmed to improve 
their performance based on past experiences. Although humans also make use of 
large amounts of information in performing certain skills, the way their brains 
store and access information differs greatly from the way computers do this. For 
example, if one computer can be programmed to perform a particular task, the 
same ability is usually easy to replicate in another computer. If only humans could 
acquire abilities so easily! For better or for worse, information can’t yet be copied 
from one brain to another. If you want to become an expert at a particular skill, 
you’ll probably have to do it the old-fashioned way: practice, practice, practice.

Kasparov falls to Deep Blue. 
Computers can now perform many 
tasks as well as or better than 
experts.
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Changes in the perceptual-motor skills

Changes in the cognitive skills

Visual-motor skill

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.
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good way to learn kung fu moves. Feedback about performance, what research-
ers in the field usually call knowledge of results, is critical to the effectiveness 
of practice (Butki & Hoffman, 2003; Ferrari, 1999; Liu & Wrisberg, 1997; 
A. P. Turner & Martinek, 1999; Weeks & Kordus, 1998). Coaches, professors, 
and kung fu instructors all provide learners with knowledge of the results of 
practice (including studying), which can play a major role in how an individual’s 
skills improve.

Acquiring Skills
The earliest detailed studies of how practice affects performance were  conducted 
by military researchers who were interested in the high-speed, high-precision 
performance of perceptual-motor skills such as tracking and reacting to targets 
(these studies are reviewed by Holding, 1981). One of the basic findings from 
this early research was that the extent to which practice can lead to further 
improvements decreases with extent of practice. For example, Figure 8.4a shows 
that as participants practiced a reading task, the amount of time they spent read-
ing each page decreased (A. Newell & Rosenbaum, 1981). Early in training, par-
ticipants showed large gains in reading speed, but after this initial improvement, 
additional training led to much smaller increases in speed. Figure 8.3b shows a 
similar acquisition pattern for individuals learning the rotary pursuit task—the 
initial gain in performance is the largest. This pattern is known as the power 
law of learning. It holds for a wide range of cognitive and perceptual-motor 
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 
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Figure 8.4 Effects of 
practice and feedback on skill 
performance (a) As training on a 
reading task progressed, improve-
ments 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 kick-
ing speed.
(a) Adapted from Singley and Anderson, 
1989; (b) adapted from Hatze, 1976.
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Initial quick learning
Then,
Getting slower and slower…

How to improve your skills more?!?!



HOW TO IMPROVE YOUR SKILL EFFICIENTLY?
1. PRACTICE + 2. OBSERVATION

e.g. Piano practice

Practice, practice and practice…

+

Observation & Instruction
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good way to learn kung fu moves. Feedback about performance, what research-
ers in the field usually call knowledge of results, is critical to the effectiveness 
of practice (Butki & Hoffman, 2003; Ferrari, 1999; Liu & Wrisberg, 1997; 
A. P. Turner & Martinek, 1999; Weeks & Kordus, 1998). Coaches, professors, 
and kung fu instructors all provide learners with knowledge of the results of 
practice (including studying), which can play a major role in how an individual’s 
skills improve.

Acquiring Skills
The earliest detailed studies of how practice affects performance were  conducted 
by military researchers who were interested in the high-speed, high-precision 
performance of perceptual-motor skills such as tracking and reacting to targets 
(these studies are reviewed by Holding, 1981). One of the basic findings from 
this early research was that the extent to which practice can lead to further 
improvements decreases with extent of practice. For example, Figure 8.4a shows 
that as participants practiced a reading task, the amount of time they spent read-
ing each page decreased (A. Newell & Rosenbaum, 1981). Early in training, par-
ticipants showed large gains in reading speed, but after this initial improvement, 
additional training led to much smaller increases in speed. Figure 8.3b shows a 
similar acquisition pattern for individuals learning the rotary pursuit task—the 
initial gain in performance is the largest. This pattern is known as the power 
law of learning. It holds for a wide range of cognitive and perceptual-motor 
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 
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HOW TO IMPROVE YOUR SKILL EFFICIENTLY?
- THINK ABOUT THE FEEDBACK!

See the tape and slow down your movement!!!

Step by Step!

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 



IMPLICIT LEARNING
-SERIAL REACTION TIME TASK

314 | CHAPTER 8 Memory Module ■ SKILL MEMORY

1997). One form of implicit learning is seen in individuals with anterograde amne-
sia. We described in Chapter 7 the problems that individuals with anterograde 
amnesia have with learning and remembering events and facts. However, such 
individuals can nevertheless acquire skills relatively normally, showing improve-
ment from one session to the next even if they show no awareness that they have 
practiced or observed the skill in the past (Cohen, Poldrack, & Eichenbaum, 1997; 
Seger, 1994; Sun, Slusarz, & Terry, 2005). Individuals with anterograde amnesia 
make an effort to learn the skill during each session but always think they are 
trying it for the first time. The fact that their performance improves with each 
session demonstrates that they are forming skill memories even though they can’t 
verbally describe their prior practice sessions. H.M., the patient with amnesia 
whom we introduced in Chapter 7, was able to learn new perceptual-motor skills, 
but he did not know that he had learned them (Corkin, 2002; Gabrieli, Corkin, 
Mickel, & Growdon, 1993; Tranel, Damasio, Damasio, & Brandt, 1994). In a sec-
ond type of implicit learning, individuals perform some task, such as washing win-
dows, and incidentally learn an underlying skill that facilitates their performance; 
maybe they learn that circular rubbing movements shine the window brighter 
and faster than random rubbing. The learners may or may not realize that they 
have discovered a faster, better manner of execution. Implicit skill learning occurs 
without the learner being consciously aware that he or she is improving. The main 
difference between the two forms described above is that amnesiacs intentionally 
try to learn the skill (but are unaware of improvements across training sessions), 
whereas implicit learning typically occurs unintentionally.

A task that psychologists commonly use to study implicit skill learning is the 
serial reaction time task, in which participants learn to press one of four keys 
as soon as a visual cue (a light) indicates which key to press (Figure 8.6a). The 
computer presents the visual cues in long sequences that are either unpredictably 
ordered (the so-called random condition) or ordered in a fixed sequence of about 
12 cues (called the sequential or implicit learning condition). For example, if we 
designate the four keys from right to left as A through D, then the fixed sequence 
might be ABADBCDACBDC. Participants eventually begin to get a feel for the 
repeating sequential patterns and anticipate which key to press next, as reflected by 
faster reaction times for implicitly learned sequences relative to random sequences 
(Figure 8.6b). When researchers interview participants after training, however, 
they typically show no awareness that any of the sequences were repeating patterns 
(Exner, Koschack, & Irle, 2002). In other words, they have learned the sequences 
without knowing that they learned them, making their learning implicit.

As mentioned earlier in this chapter and in Chapter 7, people (especially 
experts) often have difficulty verbalizing what they have learned after mastering 

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 
sequence. Quicker reaction times 
for the sequential cues indicate 
that the participants implicitly 
learned to anticipate which key 
they needed to press next even 
though their verbal reports reveal 
no awareness that there was a 
fixed sequence.
Adapted from Robertson, 2007.
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1997). One form of implicit learning is seen in individuals with anterograde amne-
sia. We described in Chapter 7 the problems that individuals with anterograde 
amnesia have with learning and remembering events and facts. However, such 
individuals can nevertheless acquire skills relatively normally, showing improve-
ment from one session to the next even if they show no awareness that they have 
practiced or observed the skill in the past (Cohen, Poldrack, & Eichenbaum, 1997; 
Seger, 1994; Sun, Slusarz, & Terry, 2005). Individuals with anterograde amnesia 
make an effort to learn the skill during each session but always think they are 
trying it for the first time. The fact that their performance improves with each 
session demonstrates that they are forming skill memories even though they can’t 
verbally describe their prior practice sessions. H.M., the patient with amnesia 
whom we introduced in Chapter 7, was able to learn new perceptual-motor skills, 
but he did not know that he had learned them (Corkin, 2002; Gabrieli, Corkin, 
Mickel, & Growdon, 1993; Tranel, Damasio, Damasio, & Brandt, 1994). In a sec-
ond type of implicit learning, individuals perform some task, such as washing win-
dows, and incidentally learn an underlying skill that facilitates their performance; 
maybe they learn that circular rubbing movements shine the window brighter 
and faster than random rubbing. The learners may or may not realize that they 
have discovered a faster, better manner of execution. Implicit skill learning occurs 
without the learner being consciously aware that he or she is improving. The main 
difference between the two forms described above is that amnesiacs intentionally 
try to learn the skill (but are unaware of improvements across training sessions), 
whereas implicit learning typically occurs unintentionally.

A task that psychologists commonly use to study implicit skill learning is the 
serial reaction time task, in which participants learn to press one of four keys 
as soon as a visual cue (a light) indicates which key to press (Figure 8.6a). The 
computer presents the visual cues in long sequences that are either unpredictably 
ordered (the so-called random condition) or ordered in a fixed sequence of about 
12 cues (called the sequential or implicit learning condition). For example, if we 
designate the four keys from right to left as A through D, then the fixed sequence 
might be ABADBCDACBDC. Participants eventually begin to get a feel for the 
repeating sequential patterns and anticipate which key to press next, as reflected by 
faster reaction times for implicitly learned sequences relative to random sequences 
(Figure 8.6b). When researchers interview participants after training, however, 
they typically show no awareness that any of the sequences were repeating patterns 
(Exner, Koschack, & Irle, 2002). In other words, they have learned the sequences 
without knowing that they learned them, making their learning implicit.

As mentioned earlier in this chapter and in Chapter 7, people (especially 
experts) often have difficulty verbalizing what they have learned after mastering 
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tion time task in the study of 
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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 
sequence. Quicker reaction times 
for the sequential cues indicate 
that the participants implicitly 
learned to anticipate which key 
they needed to press next even 
though their verbal reports reveal 
no awareness that there was a 
fixed sequence.
Adapted from Robertson, 2007.
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1997). One form of implicit learning is seen in individuals with anterograde amne-
sia. We described in Chapter 7 the problems that individuals with anterograde 
amnesia have with learning and remembering events and facts. However, such 
individuals can nevertheless acquire skills relatively normally, showing improve-
ment from one session to the next even if they show no awareness that they have 
practiced or observed the skill in the past (Cohen, Poldrack, & Eichenbaum, 1997; 
Seger, 1994; Sun, Slusarz, & Terry, 2005). Individuals with anterograde amnesia 
make an effort to learn the skill during each session but always think they are 
trying it for the first time. The fact that their performance improves with each 
session demonstrates that they are forming skill memories even though they can’t 
verbally describe their prior practice sessions. H.M., the patient with amnesia 
whom we introduced in Chapter 7, was able to learn new perceptual-motor skills, 
but he did not know that he had learned them (Corkin, 2002; Gabrieli, Corkin, 
Mickel, & Growdon, 1993; Tranel, Damasio, Damasio, & Brandt, 1994). In a sec-
ond type of implicit learning, individuals perform some task, such as washing win-
dows, and incidentally learn an underlying skill that facilitates their performance; 
maybe they learn that circular rubbing movements shine the window brighter 
and faster than random rubbing. The learners may or may not realize that they 
have discovered a faster, better manner of execution. Implicit skill learning occurs 
without the learner being consciously aware that he or she is improving. The main 
difference between the two forms described above is that amnesiacs intentionally 
try to learn the skill (but are unaware of improvements across training sessions), 
whereas implicit learning typically occurs unintentionally.

A task that psychologists commonly use to study implicit skill learning is the 
serial reaction time task, in which participants learn to press one of four keys 
as soon as a visual cue (a light) indicates which key to press (Figure 8.6a). The 
computer presents the visual cues in long sequences that are either unpredictably 
ordered (the so-called random condition) or ordered in a fixed sequence of about 
12 cues (called the sequential or implicit learning condition). For example, if we 
designate the four keys from right to left as A through D, then the fixed sequence 
might be ABADBCDACBDC. Participants eventually begin to get a feel for the 
repeating sequential patterns and anticipate which key to press next, as reflected by 
faster reaction times for implicitly learned sequences relative to random sequences 
(Figure 8.6b). When researchers interview participants after training, however, 
they typically show no awareness that any of the sequences were repeating patterns 
(Exner, Koschack, & Irle, 2002). In other words, they have learned the sequences 
without knowing that they learned them, making their learning implicit.

As mentioned earlier in this chapter and in Chapter 7, people (especially 
experts) often have difficulty verbalizing what they have learned after mastering 
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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 
sequence. Quicker reaction times 
for the sequential cues indicate 
that the participants implicitly 
learned to anticipate which key 
they needed to press next even 
though their verbal reports reveal 
no awareness that there was a 
fixed sequence.
Adapted from Robertson, 2007.
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The four keys from right to left as A through D, then the fixed 
sequence might be ABADBCDACBDC 

Can you explain how to learn the sequences?



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



SKILL DECAY

Decaying the skill memory,
if you don’t use it.
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third day sleep enhanced their accuracy on only the second sequence. Thus, 
not only can practicing two skills on the same day interfere with retention of 
memories for the first skill, but reviewing a recently learned skill before begin-
ning to practice a new one can interfere with subsequent recall of the skill that 
was reviewed! These findings highlight the intimate relationship between skill 
acquisition and skill recall and the fragile nature of newly acquired skill memo-
ries. Note, however, that athletes and musicians commonly practice multiple 
skills in parallel with no obvious evidence of interference, and variable practice 
generally leads to better long-term performance than constant practice. Thus, 
skills more complex or more distinctive than learning sequences of finger move-
ments may be less susceptible to interference effects.

Research has also shown that a major determinant of whether a person will 
recall a particular skill is the similarity between the retrieval conditions and the 
conditions the person experienced while learning the skill. In many situations, 
of course, the conditions under which a skill must be recalled are not the same 
as the training conditions. In this case, trained performance must “transfer” to 
the novel conditions.

Transfer of Training
Skills are often highly restricted in terms of how they can be applied (Brady, 2008; 
Goodwin, Eckerson, & Voll, 2001; Goodwin & Meeuwsen, 1995; Ma, Trombly, 
& Robinson-Podolski, 1999). You may have mastered the culinary skills needed 
to make great Italian food, but this will not make you a great sushi chef. In some 
cases, skill memories are so specific that the introduction of additional informative 
cues can disrupt performance. For example, after individuals were trained to touch 
a target with a stylus without visual feedback about their arm movements, their 
performance was worse when researchers allowed them to see their arm moving as 
they carried out the task (Proteau, Marteniuk, & Levesque, 1992). Most people 
normally use visual feedback when learning to aim at a target, so it is surprising 
that providing such feedback can interfere with the skill memory.

In other cases, skills seem to transfer to novel situations relatively easily. For 
example, you learned to write with your right or left hand, and you may even 
have practiced with each hand, but have you ever writ-
ten with your mouth or feet? If you try, you will discover 
that you can write semi-legible text using these and other 
body parts. You are able to transfer what you have learned 
about writing with one hand to other body parts despite 
large differences in the specific movements you must per-
form to do so. In sports, teams spend much of their time 
practicing in scrimmages, with the hope that these experi-
ences will transfer positively to similar situations in real 
games. If skills learned during practice did not transfer to 
real games, it is unlikely that so many coaches in so many 
different sports would train their teams in this way.

The restricted applicability of some learned skills to 
specific situations is known as transfer specificity. This 
phenomenon led Thorndike to propose that the transfer 
of learned abilities to novel situations depends on the number of elements in 
the new situation that are identical to those in the situation in which the skills 
were encoded (Thorndike & Woodworth, 1901). Thorndike’s proposal, called 
the identical elements theory, provides one possible account of why transfer 
specificity occurs. It predicts that a tennis player who trained on hard courts 
might suffer a bit the first time she attempted to play on a clay court and would 

Will practicing cricket on the beach 
help this woman improve her stroke 
in tennis or her swing in softball?
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third day sleep enhanced their accuracy on only the second sequence. Thus, 
not only can practicing two skills on the same day interfere with retention of 
memories for the first skill, but reviewing a recently learned skill before begin-
ning to practice a new one can interfere with subsequent recall of the skill that 
was reviewed! These findings highlight the intimate relationship between skill 
acquisition and skill recall and the fragile nature of newly acquired skill memo-
ries. Note, however, that athletes and musicians commonly practice multiple 
skills in parallel with no obvious evidence of interference, and variable practice 
generally leads to better long-term performance than constant practice. Thus, 
skills more complex or more distinctive than learning sequences of finger move-
ments may be less susceptible to interference effects.

Research has also shown that a major determinant of whether a person will 
recall a particular skill is the similarity between the retrieval conditions and the 
conditions the person experienced while learning the skill. In many situations, 
of course, the conditions under which a skill must be recalled are not the same 
as the training conditions. In this case, trained performance must “transfer” to 
the novel conditions.

Transfer of Training
Skills are often highly restricted in terms of how they can be applied (Brady, 2008; 
Goodwin, Eckerson, & Voll, 2001; Goodwin & Meeuwsen, 1995; Ma, Trombly, 
& Robinson-Podolski, 1999). You may have mastered the culinary skills needed 
to make great Italian food, but this will not make you a great sushi chef. In some 
cases, skill memories are so specific that the introduction of additional informative 
cues can disrupt performance. For example, after individuals were trained to touch 
a target with a stylus without visual feedback about their arm movements, their 
performance was worse when researchers allowed them to see their arm moving as 
they carried out the task (Proteau, Marteniuk, & Levesque, 1992). Most people 
normally use visual feedback when learning to aim at a target, so it is surprising 
that providing such feedback can interfere with the skill memory.

In other cases, skills seem to transfer to novel situations relatively easily. For 
example, you learned to write with your right or left hand, and you may even 
have practiced with each hand, but have you ever writ-
ten with your mouth or feet? If you try, you will discover 
that you can write semi-legible text using these and other 
body parts. You are able to transfer what you have learned 
about writing with one hand to other body parts despite 
large differences in the specific movements you must per-
form to do so. In sports, teams spend much of their time 
practicing in scrimmages, with the hope that these experi-
ences will transfer positively to similar situations in real 
games. If skills learned during practice did not transfer to 
real games, it is unlikely that so many coaches in so many 
different sports would train their teams in this way.

The restricted applicability of some learned skills to 
specific situations is known as transfer specificity. This 
phenomenon led Thorndike to propose that the transfer 
of learned abilities to novel situations depends on the number of elements in 
the new situation that are identical to those in the situation in which the skills 
were encoded (Thorndike & Woodworth, 1901). Thorndike’s proposal, called 
the identical elements theory, provides one possible account of why transfer 
specificity occurs. It predicts that a tennis player who trained on hard courts 
might suffer a bit the first time she attempted to play on a clay court and would 
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MOTOR PROGRAM
WHAT’S GOING ON INSIDE BRAIN?

Unlike reflexes, motor programs can be either inborn or learned 

Reflex vs. Motor program

Sequences of movements that an organism can perform virtually automatically 
(with minimal attention) are called motor programs.

CPG and learned CPG…
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won’t help you predict how much practice you need to convert your skill memo-
ries 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 
brain regions. The following section discusses what scientists have learned about 
the neural activity associated with skill acquisition.

Interim Summary
■ A skill is an ability that has been honed through learning. Skills that consist 

of producing pre-defined movements are called closed skills; skills in which 
movements are situation dependent are called open skills.

■ Practice can decrease the effects of past learning on motor performance and 
increase the effects of genetic influences. Feedback about performance, or 
knowledge of results, is critical to the effectiveness of practice.

■ The power law of learning, which holds for a wide range of cognitive and 
perceptual-motor skills, states that the extent to which practice can lead to 
further improvements decreases with extended practice.

■ Concentrated, continuous practice generally produces better performance in 
the short term, but practice that is spaced out over several sessions leads to 
faster learning per unit of time spent practicing and better skill retention in 
the long run.

■ Repetition of a skill under fixed conditions, called constant practice, often 
does not improve performance as much as practicing the skill in varying 
contexts, called variable practice.

■ Implicit learning, which is the learning of skills without an awareness of 
learning, is often tested with the serial reaction time task and is generally 
preserved in patients with anterograde amnesia, who cannot acquire new 
explicit memories.

■ Thorndike’s identical elements theory proposes that the degree to which 
skills transfer to novel situations depends on the number of elements that 
are identical between the learning context and the novel situation.

■ In Fitts’s model, skills are learned in three stages: the cognitive stage, when 
skill performance requires active thinking; the associative stage, when the 
skill is performed using stereotyped actions; and the autonomous stage, 
when the skill has become a motor program.

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
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humans asked to solve the Tower of Hanoi puzzle. In both cases, participants have 
to learn which direction to move to reach a predefined goal that cannot be directly 
perceived.) Rats with hippocampal damage have severe difficulties learning this 
standard task but have no problem learning the task if the platform is visible above 
the surface of the water. Rats with basal ganglia damage can learn to swim to the 
location of the platform whether it is visible or not. This seems to suggest that basal 
ganglia damage does not affect a rat’s ability to learn this task.

Tests of transfer of training, however, tell a different story. If experimenters 
move a visible platform in the Morris water maze to a new location during test-
ing, rats with hippocampal damage (or no damage) swim directly to the platform 
to escape the water. Rats with basal ganglia damage, however, swim to where 
the platform used to be and only afterward do they find the platform in its new 
location (McDonald & White, 1994). One interpretation of this finding is that 
rats with basal ganglia damage have difficulty learning to swim toward a plat-
form to escape the water (even when the platform is clearly visible) and instead 
learn to swim to a particular location in the tank to escape the water. This study 
illustrates that just because two animals may seem to be performing a skill in the 
same way doesn’t mean that their skill memories and their ability to use those 
memories in novel situations are equivalent.

The findings from these experiments with rats illustrate the effects of dam-
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 

Since 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 inter-
active 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 worth-
less. 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 instruc-
tion from an expert, they present minimal 

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, reduc-
ing literacy, decreasing opportunities for 
face-to-face interactions with family mem-
bers 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, Counter-
Strike, 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 capac-
ity 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 dif-
ference. 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.

LEARNING AND MEMORY IN EVERYDAY LIFE

Are Video Games Good for the Brain?
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BASAL GANGLIA
STRUCTURE AND FUNCTION ON THE HABIT

(Mink, 1996; Hikosaka et al., 2000; Hikida et al., 2010;
Kravitz et al., 2010).

The hyperdirect pathway (Nambu et al., 2002) appears
to act as a prominent suppressor of ongoing body move-

5 ments. It is mediated by the STN, which consists of gluta-
matergic excitatory neurons (unlike most neurons in the
basal ganglia) (Robledo and Feger, 1990) and transmits
signals quickly from the cerebral cortex to SNr/GPi
(Nambu et al., 2000), thereby suppressing body move-

10 ments. Its major function seems to be behavioural switch-
ing (Aron and Poldrack, 2006; Isoda and Hikosaka, 2008),
in that it suppresses quick and automatic movements so
that slow and voluntary movements can be initiated.
Damage of STN thus leads to severe involuntary move-

15 ments (hemiballismus) (Crossman et al., 1984).

Role of basal ganglia in
reward-oriented behaviour

The evidence considered thus far indicates that the basal
ganglia are equipped with machinery that is clearly suited

20 to behavioural selection. However, a good mechanism re-
quires a good motive, and a universal motive is reward
(Dayan and Balleine, 2002). Indeed, activity of neurons in
various parts of the basal ganglia is strongly modulated by
reward, especially by the expectation of reward (Hikosaka

25 et al., 1989a; Schultz et al., 1992; Bowman et al., 1996;
Kawagoe et al., 1998; Lauwereyns et al., 2002; Sato and
Hikosaka, 2002; Takikawa et al., 2002a). A general

hypothesis is that the direct pathway mainly processes
reward-predicting signals thereby facilitating reward-

30oriented movements, whereas the indirect pathway mainly
processes non-reward-predicting signals thereby suppress-
ing unrewarded movements. These two pathways together
thus constitute a reward-oriented motor action (Frank,
2005; Hikosaka, 2007b; Hong and Hikosaka, 2011).

35Experiments using reward-biased behavioural tasks have
yielded results that were consistent with this hypothesis
(Nakamura and Hikosaka, 2006; Hikida et al., 2010).

Strong support for the role of the basal ganglia in
reward-oriented behaviour derives from the prevalence of

40dopamine effects among many vertebrate species (Richfield
et al., 1987). The striatum, in particular, receives dense
projections from dopamine neurons located in the substan-
tia nigra pars compacta (SNc), ventral tegmental area
(VTA), and surrounding areas (Haber et al., 2000; Joel

45and Weiner, 2000; Ikemoto, 2007) (Fig. 1A). These dopa-
mine neurons are sensitive to rewards and typically encod-
ing reward prediction error (RPE), in that they are excited
by increases in reward value and inhibited by decreases
(Schultz, 1998). The reward-related signals of dopamine

50neurons may affect the activity and synaptic transmissions
of striatal neurons (Nicola et al., 2000; Reynolds and
Wickens, 2002; Calabresi et al., 2007; Surmeier et al.,
2007; Kreitzer and Malenka, 2008). As individual striatal
neurons encode sensorimotor, cognitive or emotional sig-

55nals (Crutcher and DeLong, 1984; Nishino et al., 1984;
Hikosaka et al., 1989b, c; Kimura, 1990; Kimura et al.,

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

receives inputs mainly from the cerebral cortex. D1R-expressing neurons in the striatum connect to SNr/GPi directly (direct pathway). D2R-

expressing neurons connect to SNr/GPi indirectly through GPe and STN (indirect pathway). STN receives inputs directly from the cerebral

cortex and send outputs to SNr/GPi (hyperdirect pathway). Dopaminergic neurons in SNc/VTA heavily innervate the striatum. (B) Two processes

for skill behaviour. Finding a high-valued object among many objects requires object skill, and manipulating the high-valued object requires action

skill. D1R = dopamine receptor D1; D2R = dopamine receptor D2.

Parallel basal ganglia circuits BRAIN 2015: Page 3 of 25 | 3
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used to test rats’ memories for events and locations (discussed in Chapter 7). 
However, the entrances to the arms of the maze are all very similar, so unless 
the rat remembers specifically which arms it has visited, it is likely to go to the 
same arm more than once. In early sessions, this is just what rats do. They often 
go to the same arm multiple times and consequently waste a lot of time running 
back and forth along arms that contain no food. With practice, the rats learn 
that they can get more food for their effort by keeping track of where they have 
been, and they make fewer repeat visits to the same arm—their performance 
improves incrementally with practice, and so their ability to navigate through 
the maze is a skill. Food acts as a kind of feedback in the radial maze task, in that 
correct performance leads to food.

To learn to navigate the radial maze efficiently, rats must remember certain 
aspects of past events. Not surprisingly, rats with hippocampal damage have major 
problems with this task (Figure 8.8a). Even after many sessions, they continue to 
visit arms they have visited before. In contrast, rats with basal ganglia damage 
learn this task as easily as rats with no brain damage. This shows that basal ganglia 
damage does not disrupt rats’ memories for events, nor does it prevent them from 
performing the skills necessary to find food in a radial maze.

Researchers can modify the radial maze task slightly to make it less depen-
dent on memories of past events. If instead of putting food in all the arms, the 
experimenter places food only in arms that are illuminated, rats quickly learn 
to avoid the nonilluminated arms (Figure 8.8b). Rats with hippocampal damage 
can learn this version of the task because they only need to associate light with 
food, which does not require keeping track of arms they’ve visited. Surprisingly, 
rats with basal ganglia damage have difficulty learning this “simpler” version of 
the task. They continue to search nonilluminated arms even though they never 
find food in those arms (Packard, Hirsh, & White, 1989). Basal ganglia damage 
seems to prevent rats from learning the perceptual-motor skill of avoiding dark 
arms and entering illuminated arms.

Rats with brain damage show similar learning deficits in another task: the Morris 
water maze. In the standard version of this maze, experimenters fill a circular tank 
with murky water. They then place rats in the tank, and the rats must swim around 
until they discover a platform hidden just beneath the water surface. Once a rat 
finds the platform, it no longer has to swim, and the trial is over. Researchers mea-
sure the time it takes a rat to find the platform and use this as a measure of learning. 
Intact rats gradually learn the location of the hidden  platform after repeated trials 
in the tank. In this case, the skill the rats have learned is to direct their swimming 
movements based on visual cues present around the tank. With practice, rats 
become better at selecting which directions to swim given their observations of 
which cues are currently visible. (Compare this task with the situation faced by 

Figure 8.8 Effects of brain 
damage on rats’ learning in a 
radial maze (a) When placed in a 
maze with food at the end of each 
arm, intact control rats learn, over 
repeated trials, to avoid revisiting 
arms they have already visited. 
Rats with basal ganglia damage 
can also learn this, but rats with 
a dysfunctional hippocampus can-
not. (b) Intact rats can also learn 
to enter only the illuminated arms 
in a radial maze. Rats with hippo-
campal damage can learn this, too, 
but rats with basal ganglia dam-
age cannot. This result shows that 
basal ganglia damage can disrupt 
perceptual-motor skill learning. 
Adapted from Packard et al., 1989.
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used to test rats’ memories for events and locations (discussed in Chapter 7). 
However, the entrances to the arms of the maze are all very similar, so unless 
the rat remembers specifically which arms it has visited, it is likely to go to the 
same arm more than once. In early sessions, this is just what rats do. They often 
go to the same arm multiple times and consequently waste a lot of time running 
back and forth along arms that contain no food. With practice, the rats learn 
that they can get more food for their effort by keeping track of where they have 
been, and they make fewer repeat visits to the same arm—their performance 
improves incrementally with practice, and so their ability to navigate through 
the maze is a skill. Food acts as a kind of feedback in the radial maze task, in that 
correct performance leads to food.

To learn to navigate the radial maze efficiently, rats must remember certain 
aspects of past events. Not surprisingly, rats with hippocampal damage have major 
problems with this task (Figure 8.8a). Even after many sessions, they continue to 
visit arms they have visited before. In contrast, rats with basal ganglia damage 
learn this task as easily as rats with no brain damage. This shows that basal ganglia 
damage does not disrupt rats’ memories for events, nor does it prevent them from 
performing the skills necessary to find food in a radial maze.

Researchers can modify the radial maze task slightly to make it less depen-
dent on memories of past events. If instead of putting food in all the arms, the 
experimenter places food only in arms that are illuminated, rats quickly learn 
to avoid the nonilluminated arms (Figure 8.8b). Rats with hippocampal damage 
can learn this version of the task because they only need to associate light with 
food, which does not require keeping track of arms they’ve visited. Surprisingly, 
rats with basal ganglia damage have difficulty learning this “simpler” version of 
the task. They continue to search nonilluminated arms even though they never 
find food in those arms (Packard, Hirsh, & White, 1989). Basal ganglia damage 
seems to prevent rats from learning the perceptual-motor skill of avoiding dark 
arms and entering illuminated arms.

Rats with brain damage show similar learning deficits in another task: the Morris 
water maze. In the standard version of this maze, experimenters fill a circular tank 
with murky water. They then place rats in the tank, and the rats must swim around 
until they discover a platform hidden just beneath the water surface. Once a rat 
finds the platform, it no longer has to swim, and the trial is over. Researchers mea-
sure the time it takes a rat to find the platform and use this as a measure of learning. 
Intact rats gradually learn the location of the hidden  platform after repeated trials 
in the tank. In this case, the skill the rats have learned is to direct their swimming 
movements based on visual cues present around the tank. With practice, rats 
become better at selecting which directions to swim given their observations of 
which cues are currently visible. (Compare this task with the situation faced by 

Figure 8.8 Effects of brain 
damage on rats’ learning in a 
radial maze (a) When placed in a 
maze with food at the end of each 
arm, intact control rats learn, over 
repeated trials, to avoid revisiting 
arms they have already visited. 
Rats with basal ganglia damage 
can also learn this, but rats with 
a dysfunctional hippocampus can-
not. (b) Intact rats can also learn 
to enter only the illuminated arms 
in a radial maze. Rats with hippo-
campal damage can learn this, too, 
but rats with basal ganglia dam-
age cannot. This result shows that 
basal ganglia damage can disrupt 
perceptual-motor skill learning. 
Adapted from Packard et al., 1989.
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could record signals from her neurons, which is not yet possible. In a novice jug-
gler, still in the cognitive stage of skill acquisition, basal ganglia neurons might 
fire most strongly when the balls are in the air (when an action must be chosen 
based on visual information). In an expert juggler, who has reached the autono-
mous stage of skill learning, basal ganglia neurons might fire most strongly when 
she is catching and tossing the balls.

Earlier in the chapter, we raised the question of whether cognitive skills might 
involve some of the same brain regions and neural mechanisms as perceptual-
motor skills. The data presented above show that the basal ganglia contribute 
to learning of perceptual-motor skills. Do they also contribute to cognitive skill 
learning?

Brain Activity during Cognitive Skill Learning
Neuroimaging studies of the human brain reveal that the basal ganglia are 
indeed active when participants learn cognitive skills (Poldrack, Prabhakaran, 
Seger, & Gabrieli, 1999; Poldrack et al., 2001). In these experiments, par-
ticipants learned to perform a classification task in which a computer presented 
them with sets of cards and then instructed them to guess what the weather 
would be, based on the patterns displayed on the cards (Figure 8.10a). Each card 
showed a unique pattern of colored shapes. Some patterns appeared when rain 
was likely, and others appeared when the weather was likely to be sunny. As each 
card was presented on-screen, participants predicted either good or bad (sunny 
or rainy) weather by pressing one of two keys. The computer then determined 
and reported the actual weather outcome based on the patterns on the cards. 
Participants had to learn through trial and error which patterns predicted which 
kind of weather (Knowlton, Squire, & Gluck, 1994). The task mimics real-world 
weather prediction in that no combination of “patterns” (that is, of cloud cover, 
temperature, wind, and so on) is 100% predictive of the weather that will fol-
low; meteorologists must develop a wide range of cognitive skills to accurately 
forecast the weather. For participants in this study, the task may have seemed 
more like reading tarot cards than learning a cognitive skill, but the participants 
usually did improve at this task with practice.

Although each card was associated with the likelihood that a particular kind 
of weather would occur, there was no simple rule that participants could use to 

Figure 8.10  
Neuroimaging during learning 
of the weather prediction task 
(a) A participant, lying with his 
head in the MRI scanner, is shown 
a set of cards on-screen that he 
must use to judge what weather 
conditions are likely to occur. 
Different patterns correspond to 
different predictions; for example, 
the pattern of squares on the 
leftmost card shown here predicts 
a 60% chance of rain. The partici-
pant is not given this information 
but must figure out through trial 
and error which patterns indicate a 
high chance of rain. (b) During the 
weather prediction task in a well-
trained subject, fMRI difference 
images show increased activation 
(orange) in the basal ganglia.
(b) Adapted from Poldrack et al., 2001.
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fire most strongly when the balls are in the air (when an action must be chosen 
based on visual information). In an expert juggler, who has reached the autono-
mous stage of skill learning, basal ganglia neurons might fire most strongly when 
she is catching and tossing the balls.

Earlier in the chapter, we raised the question of whether cognitive skills might 
involve some of the same brain regions and neural mechanisms as perceptual-
motor skills. The data presented above show that the basal ganglia contribute 
to learning of perceptual-motor skills. Do they also contribute to cognitive skill 
learning?

Brain Activity during Cognitive Skill Learning
Neuroimaging studies of the human brain reveal that the basal ganglia are 
indeed active when participants learn cognitive skills (Poldrack, Prabhakaran, 
Seger, & Gabrieli, 1999; Poldrack et al., 2001). In these experiments, par-
ticipants learned to perform a classification task in which a computer presented 
them with sets of cards and then instructed them to guess what the weather 
would be, based on the patterns displayed on the cards (Figure 8.10a). Each card 
showed a unique pattern of colored shapes. Some patterns appeared when rain 
was likely, and others appeared when the weather was likely to be sunny. As each 
card was presented on-screen, participants predicted either good or bad (sunny 
or rainy) weather by pressing one of two keys. The computer then determined 
and reported the actual weather outcome based on the patterns on the cards. 
Participants had to learn through trial and error which patterns predicted which 
kind of weather (Knowlton, Squire, & Gluck, 1994). The task mimics real-world 
weather prediction in that no combination of “patterns” (that is, of cloud cover, 
temperature, wind, and so on) is 100% predictive of the weather that will fol-
low; meteorologists must develop a wide range of cognitive skills to accurately 
forecast the weather. For participants in this study, the task may have seemed 
more like reading tarot cards than learning a cognitive skill, but the participants 
usually did improve at this task with practice.

Although each card was associated with the likelihood that a particular kind 
of weather would occur, there was no simple rule that participants could use to 
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must use to judge what weather 
conditions are likely to occur. 
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the pattern of squares on the 
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of training (after performance had stabilized) resulted in additional increases in 
the representation of learned movements in the motor cortex.

Overall, the region of motor cortex activated during performance of the prac-
ticed sequence expanded relative to the area activated by different, untrained 
sequences of finger movements (Figure 8.11b). Karni and colleagues hypoth-
esized that the period of “fast learning” involves processes that select and estab-
lish the optimal plans for performing a particular task, whereas the subsequent 
slower stages of learning reflect long-term structural changes of basic motor 
control circuits in the cortex. Recent data from studies of perceptual-motor skill 
learning in rats are consistent with this interpretation. Rats trained in a reaching 
task showed significant differences in their motor map only after practicing the 
task for at least 10 days (Kleim et al., 2004). This finding suggests that structural 
changes in the cortex reflect the enhancement of skill memories during later 
stages of training.

A wide variety of sensory and motor events activate circuits in the cerebral 
cortex, so it is not surprising that these brain regions contribute to skill learning 
and performance. However, the respective roles of the cortex and basal ganglia 
in forming and recalling skill memories remain to be assessed and will require 
studying the interactions between the cerebral cortex and the basal ganglia while 
individuals are learning various perceptual-motor and cognitive skills.
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Figure 8.11 Changes in 
skill performance and associ-
ated motor cortex during train-
ing (a) Participants who practiced 
performing a sequence of finger 
movements gradually increased 
the rate and accuracy with which 
they could perform this skill. The 
plot shows average scores for the 
group of participants. (b) After 
training, fMRI scans revealed that 
the area of motor cortex activated 
when participants performed the 
practiced sequence expanded 
(left panel) relative to the region 
activated when they performed an 
untrained sequence of identical 
finger movements (right panel).
Adapted from Karni et al., 1998.
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Parallel basal ganglia circuits for voluntary and
automatic behaviour to reach rewards
Hyoung F. Kim and Okihide Hikosaka

5

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
10 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
15 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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Abbreviations: cdl = caudal-dorsal-lateral; GPe = globus pallidus external segment; GPi = globus pallidus internal segment; SC =
superior colliculus; SMA = supplementary motor area; SNr = substantia nigra pars reticulata; STN = subthalamic nucleus; SNc =

30 substantia nigra pars compacta; VTA = ventral tegmental area; RPE = reward prediction error; rvm = rostral-ventral-medial

Introduction
The basal ganglia control body movements. This is a long-
standing concept that has been confirmed repeatedly by
animal experiments and human movement disorders.

35 Experimental lesions of various parts of the basal ganglia
impair the initiation, execution, and inhibition of

spontaneous and planned body movements (Kennard,
1944; Crossman, 1987). Pathological lesions of the
human basal ganglia are associated with a variety of move-

40ment disorders, including involuntary movements (Denny-
Brown, 1968; Albin et al., 1989; Bhatia and Marsden,
1994). A number of neurodegenerative diseases involve
the basal ganglia. The most common among them is
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