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Course Outline

Week One: How We Learn

Topic 1. Repetition and Hebbian Learning

Topic 2. Feedback and Types of Learning

Week Two; How We Learn

Topic 1. Long Term Potentiation and Synaptic Plasticity

Topic 2. Dopamine and the Basal Ganglia

Week Three: What We Learn

Topic 1. Explicit Memory

Topic 2. Implicit Memory

Week Four: What We Learn

Topic 1. Neural Basis of Memory

Topic 2. Internal Models

Week Five: How We Can Improve Learning

Topic 1. Distributed Practice, Random Practice, Variable Practice

Topic 2. Specificity of Practice, Part-Whole Practice, Mental Imagery

Week Six: How We Can Improve Learning
Topic 1. Sleep, Diet, and Exercise
Topic 2. Age, Learning Disorders
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What do we learn?

EXPLICIT and 
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How Can We Improve Learning?
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Other Factors



Sleep



Stages of Sleep

Stage 1 Light Sleep
Stage 2 Eye movements stop, change in brain activity
Stages 3 and 4 Deep Sleep
REM Rapid Eye Movement
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Intelligence and Aging
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Conversely, some elderly people with MCI remain at a 
stable plateau for decades (Figure 59–7). There is cur-
rently intense interest in learning how to distinguish 
individuals who will progress to more severe difficul-
ties from those who will age relatively normally.

More troubling are the age-related or senile demen-
tias. Senile dementia is a clinical syndrome in the eld-
erly that involves progressive impairment of memory 
as well as cognitive faculties such as language, problem 
solving, judgment, calculation, or attention. Dementia 
syndromes are associated with a variety of diseases. 
The most common, Alzheimer disease, is discussed 
in detail below. The second most common cause of 
dementia in the elderly is cerebrovascular disease, par-
ticularly strokes that lead to focal ischemia and conse-
quent infarction in the brain.

Large lesions in the cortex are often associated with 
language disturbances (aphasia), hemipareses, or neglect 
syndromes, depending on which portions of the brain 
are compromised. Small infarctions in white matter or 
deeper structures of the brain, termed lacunes, also occur 
as a consequence of hypertension. In small numbers 
they may be asymptomatic, or they may contribute to 
the normal cognitive decline of aging or underlie certain 
cases of mild cognitive impairment that do not progress 
to Alzheimer disease. As vascular lesions increase in 
number and size, however, their impact becomes height-
ened; eventually they can lead to dementia.

Numerous other conditions that can lead to demen-
tia include Parkinson disease, alcoholism, drug intoxi-
cations, infections such as AIDS and syphilis, brain 
tumors, vitamin deficiencies (notably lack of vitamin 
B12), thyroid disease, and a variety of other metabolic 
disorders. In some patients schizophrenia or depres-
sion may mimic a dementia syndrome. Emil Kraepelin 
chose the term “dementia praecox” to highlight the 

cognitive deficit in a disease that affects young peo-
ple, a disease we now call schizophrenia. Although 
the clinical features of these dementias may resemble 
those of Alzheimer disease or cerebrovascular disease 
in some respects, the symptoms and tempo of demen-
tia may vary, depending on the nature and site of the 
neurological abnormality. Because some dementias can 
be treated, it is important for the physician to probe the 
differential diagnoses of dementia with clinical history, 
examinations, and laboratory studies.

Alzheimer Disease Is the Most Common  
Senile Dementia

In 1901 Alois Alzheimer examined a middle-aged 
woman who had developed memory deficits and 
progressive loss of cognitive abilities. One of the first 
noticeable symptoms of this woman’s illness was 
unprovoked suspicion of her husband’s behavior. Her 
memory became increasingly impaired. She could no 
longer orient herself, even in her own home, and she 
hid objects in her apartment. At times she believed that 
people intended to murder her.

She was institutionalized in a psychiatric hos-
pital and died less than five years after the onset of  
illness. Alzheimer performed an autopsy that disclosed 
specific alterations in the cerebral cortex, described 
below. The constellation of behavioral symptoms and 
physical alterations was subsequently given the name 
Alzheimer disease (AD).

The first case of the disease caught Alzheimer’s 
attention because it occurred in middle age, but in gen-
eral the disease afflicts the elderly. Most patients with AD 
exhibit the first clinical signs during their seventh decade. 
Early onset cases are often familial, and mutations have 
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Figure 59–7 Cognitive performance can vary 
widely with age. Normal age-related memory 
loss does not impair cognitive abilities. Mild 
cognitive impairment is accompanied by a 
gradual and modest loss of cognitive abilities. 
Dementia is accompanied by a severe and 
accelerating loss of cognitive performance. The 
distinction between mild cognitive impairment 
and dementia becomes apparent only after the 
initial decline in cognitive performance. (From 
the National Institute on Aging: http://www.
nia.nih.gov/alzheimers/publication/part-2-what-
happens-brain-ad/changing-brain-ad)
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Effects of Age and Skill in Typing
Timothy A. Salthouse

Andrus Gerontology Center, University of Southern California and University of Missouri

What are the factors responsible for skilled typing performance, and do they change
with the age of the typist? These questions were addressed in two studies by examining
time and accuracy of keystrokes in a variety of typinglike activities among typists
ranging in speed from 17 to 104 net words per minute and ranging in age from
19 to 72 years old. Typing skill was related to (a) the temporal consistency of
making the same keystroke, (b) the efficiency of overlapping successive keystrokes,
(c) the speed of alternate-hand tapping, and (d) the number of characters of to-
be-typed text required to maintain a normal rate of typing. Older typists were
slower in tapping rate and in choice reaction time but were not slower in speed of
typing, apparently because they were more sensitive to characters farther in advance
of the currently typed character than young typists.

Although there has been considerable re-
search on typing processes, only a small frac-
tion has addressed the question of what skilled
typists are doing that less skilled ones are not.
The present article focuses on determinants
of typing skill by examining correlates of typ-
ing proficiency in typists whose net rates (sub-
tracting five characters for each error) ranged
from 17 to 104 words per minute (wpm). Vari-
ables included in the analysis were selected on
the basis of results from earlier studies inves-
tigating basic typing phenomena.

Skill Effects
One of the most dramatic findings from

previous research is that the speed of typing
is markedly slowed by reducing the number
of, characters visible in the to-be-typed ma-

The first study was conducted while the author was a
Fellow of the Andrew Norman Institute for Advanced
Study, Andrus Gerontology Center, University of Southern
California. The second study was supported by a grant
from the Research Council of the Graduate School, Uni-
versity of Missouri—Columbia. Preparation of the article
was supported by National Institute of Aging Research
Career Development Award 1 K04 AG00146-01A1 to the
author.

I gratefully acknowledge the valuable comments on an
earlier draft of this article by Don Gentner, and I wish to
thank the typists who kindly donated their time to par-
ticipate in this project.

Requests for reprints should be sent to Timothy A.
Salthouse, Department of Psychology, University of Mis-
souri, Columbia, Missouri 6S211.

terial. Coover (1923) was apparently the first
to report this effect, and it has subsequently
been confirmed by Hershman and Hillix
(1965), Shaffer (1973, 1976), Shaffer and
French (1971), and Shaffer and Hardwick
(1970). Shaffer's (1976) results with a single
skilled typist are typical. The median interkey
interval was 101 ms (approximately 118 gross
wpm) for typing with unlimited preview and
for typing with 8 characters visible to the right
of the to-be-typed character, but was 446 ms
(approximately 27 gross wpm) with only 1
character visible prior to each keystroke.
Clearly, proficient typing is dependent on the
ability to view characters in advance of the
one currently being,typed. Butsch (1932) and
Fuller (1943) reached this same conclusion in
an analysis of eye movements recorded while
subjects were typing. Butsch (1932) also dem-
onstrated that the span between the character
being typed and the character currently being
fixated was positively related to typing skill.
On the average, typists performing at a rate
of 40 wpm had an eye-hand span of 3.96
characters, while 70-wpm typists had an eye-
hand span of 5.93 characters. Across 19 typists
with typing speeds from 35 to 100 wpm, the
correlation between eye-hand span and typing
rate was +.68.

The preceding results, particularly those of
Butsch (1932), suggest that one determinant
of skilled typing is the ability to process char-
acters in advance of the character whose key
is currently being pressed. I examined this
possibility by manipulating the number of
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ure 2 illustrates comparable data from Study
2. Two important points highlight major goals
of the present research. The first is the dramatic
difference in speed between the typing and
choice RT tasks, which ostensibly should in-
volve very similar processes. One goal of the
current research is to explain the discrepancy
between the temporal performance of these
two types of tasks. The second point is that
choice RT increases with increased age,
whereas typing time remains stable. Linear
regression parameters (in ms) were as follows:
Study 1, choice RT = 483.3 + 2.02 years, r =
.460; Study 2, choice RT = 393.4 + 3.74 years,
r = .617; and Study 1, typing time = 187.8 -
0.17 years, r = -.057; Study 2, typing time =
161.0 + 0.25 years, r = .069. Typing perfor-
mance, therefore, appears to be maintained
across the adult life span in these individuals,
whereas "typical" age-related declines are ex-
hibited in choice RT and rate of alternate-
hand tapping (i.e., Study 1, tapping time =

91.6 + 0.82 years, r '= .398; Study 2, tapping
time = 67.8 + 1.34 years, r =. .520). Explaining
how stability in the molar performance is
achieved despite age-related declines in the
hypothetical molecular components is the sec-
ond major goal of the present work.

Preview
Data from the different preview conditions

were analyzed in terms of the percentage of
errors and the three quartile measures. The
median interkey intervals from the fastest and
slowest typists in Study 1 are illustrated in
Figure 3. Both sets of data are typical in that
each subject performed at a rate similar to
that of normal typing with previews of more
than seven characters, but typing rate was
much slower with smaller previews.

The eye-hand span in Study 1 was defined
as the smallest window at which the first quar-
tile was greater than the second quartile of
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Figure 1. Median interkey interval in milliseconds for the normal typing and choice reaction time tasks as
a function of typist age in Study 1. (Each point represents a single typist, and the solid lines illustrate the
regression equations relating interkey interval to age.)







Relevance to Self



Krigolson et al., 2013; Hassal et al., 2016



Krigolson et al., 2013; Hassal et al., 2016



Krigolson et al., 2013; Hassal et al., 2016



Alcohol and Other Substances
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Obesity





Fatigue







Medical students (Island Medical Program): P300 DW’s pre-shift and post-shift.
EEG: MUSE

Oddball DW

Middleton et al. (In prep)





Trska et al. (In prep)
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Learning Disorders







How do we learn?

REPETITION and 
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What do we learn?

EXPLICIT and 
IMPLICIT MEMORIES



How Can We Improve Learning?

Learning Environment
Individual Factors
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