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| 1Expett typists have acquired a highly practiced motor skill. A typical professional typist has
accumulated over 10,000 hours of practice. Expert typists arc much faster than novices, but in
addition, their performance is qualitatively different in many ways from novice performance.
During acquisition of typing skill, there is a general shift from cognitive to motor limits on
performance. Expert typing is characterized by parallel mental processes that overlap in time,
overlapped hand and finger movements, a decreased load on conscious cognitive resources, and

reduced variability of the interstroke intervals,
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Introduction
- The other chapters in this book are concerned primarily with expertise in mental tasks.

Even though an expert waiter or radiologist may use motor skills such as speech and handwrit-
ing, the motor skills are not of direct interest to most investigators. This chapter, on the other
hand, is concerned with the acquisition and performance of the motor skill of typewriting.
Motor skills hold an intrinsic psychologjcal interest because they are the direct, concrete pro-
duct of the large amount of mental processing required for the planning, coordination and
control of actions. From a practical standpoint, motor skills offer a unique advantage to the
scientist studying expertise. Most of the interesting events in meatal skills go on inside the
head and are hidden from our view. The scientist must make indirect inferences about these
mental cvents from data such as reaction times and verbal protocols. In contrast, the normal
performance of a motor skill produces an externally observable sequence of eveats that are
directly related to the task.

It is clear from anatomical studies of the brain and observation of patieats with brain
injury that, even in humans, a large portion of the brain is involved in the performance of
motor skills. Some motor skills, such as walking and speech, develop in childhood as the
motor system itself develops, and are nommally acquired without special effort. Other motor
skills, such as juggling, playing piano, or flying an sirplane, although based on existing percep-
tual and motor skills, require special instruction to acquire and gain cxpertise. Expertise in
typewriting belongs in the latter class. Prospective typists spend hundreds of hours in classes
and practice before they are expert enough to be employed. In fact, when typewriters were
first manufactured, they were operated by the hunt and peck method. It took another twenty
years or more before it was generally realized that it was cven possible to type using all ten
fingers and without looking at the keyboard.

A typical professional typist has accumulated an incredible amount of practice. A con-
servative assumption would be that a typist averages S0 words per minute (wpm) for 20 hours
per week. Over the course of 10 years, that would amount to 150 million keystrokes or 25 mil-
lion words. In tem years, this hypothetical typist would have typed the word rhe 2 million
times, and typed a common word like system 10,000 times. The speed of professional typists is
also quitc remarkable. A typing rate of 60 wpm corresponds to an average of five keystrokes
per second. The fastest typists I have studied maintain an average of more than nine keys-
trokes per second over the period of aa hour.

‘This ressarch was supported by Contract NO0D14-79-C-0323, NR 667437 with the Personnal and Traising Ressarch Pro-
grams of the Office of Neval Research. Judith Stewart mads many belpful comments oa the mesuscript.
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b Gentaer 2 Expertisc in Typewnting
o Acquisition of Typewriting
N In common with the other tasks described in this book, it takes people a surprisingly
2 long time to become expert typists. The performance norms listed by West (1983, p. 346) give
:::-,‘_ the following median typing speeds for students: 38 wpm for students completing the first year
: of high school typing, 44 wpm for students completing the second year of high school typing,
21:.: and 56 wpm for students at the end of business school training. (These scores are gross words
L per minute, with no correction for errors.) The surprising finding is that after three years of
practice, the median graduate of business school is just barely meeting minimal employment
. standards. Estimating S hours of practice per week and 40 weeks per year, in three years a stu-
':: dent would have accumulated about 600 hours of practice on the typewriter.
:;:{ It’s instructive to contrast the time required to become an expert typist with the time
N required to learn to fly an airplanc, which is generally acknowledged to be a reasonably
\ difficult motor skill. A private pilot’s license requires only 35 hours of flight time. Even com-
f.:-: bat pilots in the U. S. Air Force have only 300 to 350 hours flying time plus another 75 hours
" of simulator training when they report to their operational squadron (D. Lyon, personal com-
'_ munication, August, 1983). Of course there are probably motivational and aptitude differences
- between pilot trainees and typing students, but the similarity in acquisition times makes clear
that learning to type at the professional level is not an easy task.
)
-::'.: Like other motor skills, typewriting, once acquired, is remarkably resilient. In a classic
s series of motor learning studies, Hill (1934, 1957; Hill, Rejall, & Thorndike, 1913) recorded data
_":‘: from three month-long efforts to learn typewriting that were separated by lapses of 25 years.
- Hill found significant savings of skill at the beginning of the second and third leaming efforts,
i despite the intervening 25 years between efforts. Salthouse (in press) studied the performance
o of professional typists ranging in age from 19 to 68 years. He measured performance of the typ-
< ists on a battery of tasks, including a forcedchoice reaction time task on the typewriter key-
:j:': board and a normal transcription typing task. Salthouse found that performance in the tran-
e scription typing task was not correlated with age, cven though performance on supposedly
2 similar motor tasks, such as tapping speed and forced-choice reaction time, showed the usual
) decline with age.
-
-E:::: Comparisons of Expert and Novice Typists
i
’ :j How do expert typists differ from novices? I've examined this question by comparing the
b performance of student typists and professional typists. For most of the studies reported here,
the typists were asked to transcribe normal prose texts for about an hour. They typed on an
I electronic keyboard with a layout and "feel” similar to the IBM Selectric keyboard (Figure 1).
':j\-}' Keystrokes and the corresponding times were recorded by a microcomputer with a resolution
> of 1 msec. The typists’ finger movements were recorded on videotape.
oy The student typists were volunteers from the first scmester typing class at a local high
] school. They came to the laboratory once a week between the fourth and eighth weeks of
:g class. The expert typists were professional typists recruited from the university and local
o businesses. Most of the experts were typical office secretaries, but a special effort was made to
o recruit a few very fast typists.
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STANDARD QWERTY KEYBOARD
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Figure 1. The layout of the keyboard used in these studies. This is the standard Ameri-
can ‘qwerty” keyboard and is identical to the layout of the IBM Selectric typewriter,
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Faster Inter stroke Intervals

The first measure of keystroke timing examined was the distribution of interstroke inter-
vals. Figure 2 illustrates the range of distributions found among typists, showing the distribu-
tion of interstroke intervals for a student (Typist 21) at two points in time, a typical office typ-
ist (Typist 2), and an unusually fast typist (Typist 8). This figure also demonstrates the most
obvious difference between novice and expert typists: experts type faster than novices. The
typing specd of the students participating in this study ranged from 13 words per minute
(wpm) for one student in the fourth week of class to 41 wpm for another student in the eighth
week of class. (The typing speeds reported in this chapter are gross words per minute, with no
correction for errors. A word was takea to be five characters, including spaces.) The typing
speed of the expert typists ranged from 61 to 112 wpm. In addition to being faster, the expert
typists generally had a much lower error rate than the student typists,

How does the performance of the expert typists compare in detail with the performance
of the student typists? Is expert performance simply a speeded up version of student perfor-
mance, or do qualitative changes in performance occur during acquisition of typing skill? As
one approach to these questions, consider the simple movement required to type two letters in
sequence with the same finger, such as de. The de interstroke intervals of experts were more
than twice as fast as the de interstroke intervals of students. There are only three basic ways
that an expert could type the e more quickly: 1) the finger movement to type the e could start
carlier; 2) the finger could travel a shorter path; 3) the finger could move faster.

To investigate this issue, I have examined the videotape records of the expert and student
typists when typing the digraph de. The study included eleven expert typists ranging in speed
from 61 to 112 wpm, and cight student typists in the seventh week of their typing class, ranging
in speed from 17 to 40 wpm. For each typists, the 10 instances of de (5 instances in the case of
student typists) with interstroke intervals closest to that typist's median de interstroke interval
were sclected for study. For each instance, the position of the left-middle fingertip was digi-
tized on the videotape recording and the trajectory was calculated in three dimensional space.
The time of the first visible movement toward the e key was determined from a plot of the
finger trajectory. Three measures were calculated for each trajectory: 1) the lag time—the time
from the initial depression of the 4 key uatil the first visible movement toward the e on the
top row; 2) the path length—~the distance moved by the fingertip from the beginning of the
movement until the e keypress; 3) the average speed of movement-the path length divided by
the movement time. The results are shown in Table 1. Surprisingly, the mean path length of
the students was slightly shorter than that of the experts, 30 the experts were not typing the e
more quickly because of a shorter path. Instead, the experts started their finger movements
with a shorter lag time after pressing the 4 (accounting for about 60 msec of the difference in
interstroke intervals), and moved their fingers about twice as fast (accounting for the remaining
150 msec).

This picture develops an interesting twist when the data are examined for each group
scparately. An analysis of the correlations between the interstroke interval and the three meas-
ures (see Table 2) showed that the speed of finger movement was the primary determinant of
the interstroke interval for the students (r = -.92). For the expert typists, however, speed was
not correlated (r = .06) with the interstroke interval. Although there was considerable varia-
tion in speed among the experts (mean speeds ranged from 231 to 524 mm/sec), the typists with
higher speeds also had longer path lengths, and the two factors cancelled out. Instead, the
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Figure 2. The distribution of all interstroke intervals for Typist 21 after 4 weeks (13 wpm)
and 8 weeks (25 wpm) of typing class, Typist 2 (66 wpm), and Typist 8 (112 wpm).
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Table 1
Mean Characieristics of "de” Finger Movements
Interstroke Average
Interval Lag Time Path Length Speed
(msec) (msec) (mm) (mm/sec)
Students 384 104 38 152
Experts 178 46 45 353
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Table 2

Correlations with Interstroke Interval (Within-Group)
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Lag Time Path Length Speed

.

Students -18 +.51 -92
Experts +.74 +.41 +.06
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primary determinant of the interstroke intervals among experts was the lag times. The fastest
experts had very short lag times between pressing the d key and starting the movement toward
the e key.

Diff erential Speedup of Digraph Classes

The results described for the digraph de are consistent with the view that expert perfor-
mance is simply a speeded up version of student performance. Recall that the experts and stu-
dents had similar path lengths, but the experts had shorter lag times and moved their fingers
faster than the students. When other types of digraphs are examined, however, this simple pic-
ture of expert performance is no longer adequate. Although experts typed all sequences faster
than students, the increase in speed was not equal for all interstroke intervals.

For this analysis, it is useful to divide the digraphs into classes according to the fingers
used to type them (the keyboard is shown in Figure 1). Repeated letters, such as dd are called
doubles. The remaining (non-double) digraphs typed by one finger, such as de, are called one-
finger digraphs. Digraphs typed by two fingers on the same hand, such as dr, are called two-
finger digraphs. And finally, digraphs typed by fingers on opposite hands, such as do, are called
two-band digraphs.

Figure 3 shows the median interstroke intervals for the various digraph classes as a func-
tion of the typist’s overall speed. Doubles were the fastest digraph class typed by students, but
were among the slowest digraphs typed by experts. The other digraph classes were all typed at
about the same speed by the slowest students, but were typed at significantly different speeds
by experts. One-finger digraphs were typed the slowest by expert typists, and two-hand
digraphs were typed the fastest. As overall typing speed increases, the median interstroke inter-
vals get shorter for all digraph classes, but the amount of reduction in the interstroke interval
varies, depending on the digraph class. Across this group of typists, the interstroke intervals
for doubles decreased by a factor of 3 from the slowest to the fastest typists. By contrast, the
interstroke intervals of 2-hand digraphs decreased by a factor of 12. The interstroke intervals
of 1-finger and 2-finger digraphs showed intermediate improvement, decreasing by factors of 6
and 10, respectively.

Consideration of the finger movements required to type these digraphs suggests a mechan-
ism for the differential improvement in interstroke intervals. With two-hand digraphs, which
showed the greatest improvement, it would be possible to overlap finger movements, so that
the finger movement for the sccond letter could be started before the first letter was typed.
Alternatively, at least the movement to type the first letter with one hand should not interfere
with the movement to type the second letter with the other hand. In contrast, doubles and
one-finger digraphs, which showed the least speed improvement, are typed by a single inger and
thus no overlapped movements are possible.

The possibility of overlapped movements for two-finger and two-hand digraphs was
confirmed by analysis of videcotape and high-speed film records of typists’ finger movemeunts
(Gentner, Grudin, & Conway, 1980; Geatner, 1981). Numerous instances were found in the
videotapes of expert typists when two, or occasionally three, keystrokes were in progress at one
time. The overlapping of finger movements in time is not the only way a typist can take advan-
tage of the ability to move fingers independently. When successive letters are typed on
different rows of the keyboard, moving the whole hand to type the first letter can carry the
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Figure 3. The median interstroke interval for double, one-finger, two-finger, and two-hand

digraphs plotted as a function of the typists’ overall median interstroke interval. The fastest
typist (112 wpm) is on the left; the slowest typist (13 wpm) is on the right. The data on the )
left are from 10 skilled typists; the data at center and right are from 37 sessions with 8 studeat !
typists in the fourth through eighth week of a beginning typing class. The typists were copying |
. normal prose. The data plotted are based on spproximately 12,000 keystrokes per typist for the l
skilled typists, and from 3,000 to 6,000 keystrokes per typist for the student typists. Note that {
one-finger doubles were among the slowest for skilled typists but fastest for the students. )
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other finger out of position for the second letter. There were many cases on the videotape
records where no overlapped movement was scen, but digraphs typed by different fingers on
the same hand were faster because the second finger was not pulled out of position by the
keystroke of the first finger (Gentner, 1963).

Increase in Overlapped Movements

The extent of overlapped finger movements varied considerably from one expert typist to
another, and was modcrately correlated with typing speed. Unfortunately, the direct determi-
nation of the extent of overlapping finger movements from the videotape records is very time
consuming. I have, therefore, tried to estimate the extent of overlapped movements from the
interstroke intervals. Although this is an indirect measure, it at least has the virtues of case
and objectivity. The basic assumption in this measure of the extent of overlapped finger move-
ment, is that the interstroke interval for a normal one-finger digraph represents the time for a
keystroke with no overlap. Interstroke intervals for two-finger and two-hand digraphs are nor-
mally shorter than for one-finger digraphs, and this estimate assumes that these shorter intervals
are the result of overlapped movements. Thus for each typist, I calculated a “cross-hand over-
lap index” by taking the difference between the median interstroke intervals for one-finger
digraphs and for two-hand digraphs, and dividing by the median one-finger interstroke interval.
I also calculated a “within-hand owverlap index” in an analogous fashion, as s measure of the
amount of overlspping movement between two fingers on the same band, by comparing the
median two-finger and one-finger interstroke intervals. Figure 4 shows these cross-hand and
within-hand overlap indices for a group of 21 expert typists with varying typing speeds.
Although the absolute values of these overlap indices should not be takea too seriously, they
appear to be a reliable messure of the relstive exteat of overlapped movemeats exhibited by
different typists for crom-hand sad withis-hand movements. Figare 4 indicates that there was
a modest increase in crom-band overlapped movements s expert typists incressed in speed from
& to 112 wpm (r = +.63). The incremes in within-hand overiapped mevemeats with typing
speed (r = +.82) was much grester, howewsr, and sppesss te be & major costributor to the high
speed of the fastest experts. Within-hand owriapped movements are negligible for the typists
in the range of 60 wpm, but the fastest typists show = much ewsriapped movemeat within-
hand as scross-hand. This tread is ales cvident ea cless emamination of Figure 3: the fastest
typists have simost ideatical interstroks intervals for two-flnger snd twe-hand digraphs.

The large diffcreaces in within-hand owveslap ameag anpert typists is reisted to amother
finding. The median interstroke intervals for two-fagee - ‘iguphs wers more wvarisble amoung
expert typists than aay other digraph clam. This wasisiniity was bused ea differences in the
degree to which the fingers withia a bhand wess moved independently. Asalysis of the video-
tape records showed that typists with rapid intesstraks intarvab for twe-iager digraphs moved
their fingers indepeadently or actually overiapped fingsr meovements withia s hand. Typists
who had slow interstroke intervais for twe-fager digruphs tended te meove all the fagers on a
hand together and thus their other fingsr was often eut of pesition te easily type the second
letter of a two-finger digraph (Gentaer, 1991).

Simulation of Acqdsition

This view, that the differeatial speedup of digraph types is based oa the pomibility of
overiapped movements, is supported by results from the computer simulation of a typist
developed by Rumelhart and Normaa (1982). Their typing simulation model is based on a
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Figure 4. Cross-hand and within-hand overlap indices for expert typists, as a function of
typing speed. The overlap index, plotted on the vertical axis, is a rough estimate of the frac-
tion of a keystroke that overlaps the previous keystroke. Although the amouat of cross-hand
overlap increases with increasing speed, the increase in within-hand overlap is much greater.
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e parallel, distributed view of cognitive processes, and does not have any central planning or tim-

e ing control. Instead, their simulation attempts to type several characters at once, and the inter-
stroke intervals are a result of competition and collaboration among concurrent goals to move
the fingers to the different keyboard locations.

. Producing a sequence of events in the proper serial ordered has always been a problem for
v, theories of action (Lashley, 1951). In the Rumelhart and Norman simulation model, the proper
serial order is obtained by having cach letter inhibit all following letters. Thus, the first letter
in a sequence, because it is not inhibited by any other letters will normally be the most highly
activated letter and will be typed first. The second letter will be inhibited by only a letter to

, the left and will normally have the next highest activation. The third letter will be inhibited by

N two letters to the left and will normally have the next highest activation, etc.

o D. Rumelhart (personal communication, 1982) found that if the amount by which a given

N letter inhibited the following letters was varied, the simulation mode! showed a pattern of

s changes similar to the pattern of changes found in going from student to expert typists (see

{ Figure 5). Decreasing the amount of inhibition between successive letters in the model has the

25 effect of increasing the degree to which several letters tend to be typed at once. When the

j-:: simulation model had a high level of inhibition between successive letters, and thus tended to

Eer type one letter at a time, the pattern of interstroke intervals was similar to the pattem

*. observed with student typists. Whereas when the level of inhibition between successive letters
, was low, causing the simulation model to attempt to type several letters simultaneously, the

o pattern of interstroke intervals was similar to the pattern observed with expert typists. Thus,

; Y this simulation result suggests that an important component of the acquisition of typewriting

-;-}\ skill is the change toward a less sequential and more overlapped mode of performance.

N Overlapped Processing

RN

:P! The observation, that finger movemeats of expert typists overlap in time, suggests that the

mental processes underlying the typing of successive lctters also overlap in time. Figure 6 is a
very schematic representation of the mental processes involved in: typing three letters. It pro-

DX poses that several letters are in different stages of parallel meatal processing at any one time.
;.: While the finger movement is in progress for one letter, the movement is being planned for
:_s: another letter, and still other letters are being read from the original text. No doubt this view
N of typing is much too simple-minded. For example, letters are presumably perceived as a part
of words, and oot as completely independent letters, as Figure 6 would suggest. The point of
. this figure is just to propose that the mental processing relevant to successive letters is carried
s out in parallel and overlaps in time. This picture of overlapped mental processing in transcrip-
P tion typing is supported and elaborated by a number of other studies.

o~

-;'«',: A simpler model of typing would be that each letter is perceived and typed before start-
- ing mental processing for the next letter. In this model, typing is like a series of choice reac-
tion time tasks. But a typical reaction time to perceive and type a letter is between 500 and 600
o msec (Salthouse, in press). This reaction time is in reasonable accord with the interstroke
A intervals of beginning student typists, but the interstroke intervals of expert typists were in the
/ {':. range of 100 to 200 msec, much too fast for this completely sequential model. Therefore, in
order to explain the short interstroke intervals of expert typists, we must postulate that the
* mental processing and execution of successive keystrokes overlaps in time.

o 4

A




Wy T TeT AR FF T e ¥ ¥, T 70

i
o
X
“re
L
g
“
;
°
k>
", 4
’d
-
._‘
4
h
e
—.‘
.8
R
"y
R
- Y
N
%

oy
A

2" 130

Gentner 13 Expertise in Typewriting

WA S NS
M

16
- » 1-Finger Doubles
14 — # 1-Finger Non—-Doubles
- a 2-Finger Digraphs
-
12 o

2-Hand Digraphs

Mean Interstroke Interval

-
10 |-
8 j—
= -
.'-"' L4 o= '//' -
o -
_©
_— -~
4 o~
-
2 L | ) | ) | L
4 s 8 10 12

Overall Mean Interstroke Interval

Figure 5. The effect of changing the amouat of inhibition between successive letters in
the Rumelhart and Norman (1982) simulation model of a typist. Points on the right have the
most inhibition; points on the left have the least inhibition. Decreasing the amount of inhibi-
tion decrcases the average interstroke intervals and also changes the pattern interstroke inter-
vals for the different digraph classes. Compare this figure with Figure 3.
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Figure 6. A schematic representation of the mental processes involved in typing three suc-
cesmive letters. The mental processes, and sometimes the finger movements, overlap in time.
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Another line of support for the overlapped processing model comes from experiments
that vary the amount of preview that typists are allowed. For example, Shaffer (1973)
presented text to an expert typist on a CRT screen, and varied the number of characters the
typist could see ahead of the character being typed. When the typist could see only two char-
acters (the character being typed and the next character) her typing speed was reduced to one-
fourth her normal rate. Shaffer found that the typist had to have eight characters of preview
in order to attain her normal, unlimited-preview typing rate. Salthouse (in press) has reported
similar studies of transcription typing with variable preview, and found that a preview of about
7 characters was required for typists to attain their normal typing rate.

A closely related line of evidence supporting the overlapped processing model of typing
comes from studies of cyc movements. James Hollan and I recorded eye fixations during tran-
scription typing. We found that typists were typically reading about five characters ahcad of
where they were typing. Butsch (1932) reported similar results in an carly study of eye move-
ments during typing. Butsch studied 19 typists and found that the faster typists teaded to look
further ahead in the text. The two factors compensated, so that typists of all speeds were fixat-
ing characters about one second before the character was typed.

One might ask whether, in reading ahead, typists are utilizing the larger structure of
English prose to speed up their processing and performance. Several experimenters (Fendrick,
1937; Shaffer, 1973; West & Sabban, 1982) have varied the regularity in text to determine if typ-
ists are sensitive to structures larger than letters. These studies found that typing speed
increases with structure up to the word level. That is, good pseudo-words were typed faster
than random letters and words were typed faster still, but prose is not typed faster than ran-
dom words. In a study of short range structure in the text, Grudin and Larochelle (1982) have
found small effects of digraph frequency on typing speed: high frequency digraphs are typed
slightly faster than matched low frequency digraphs.

I have found similar effects of word frequency. I had experts type a text containing pairs
of words that differed in frequency, but shared identical four-letter sequences. For example,
one pair of words was system and oyster, which share the sequence yste. On average, the inter-
stroke interval in the middle of the shared sequence was typed about 10 msec faster when it
was embedded in the high frequency word than when it was embedded in the low frequency
word. The common thread running through the results from all these studies is that typing
performance is sensitive to higher level units in the text, such as digraph and word frequency.
It should be kept in mind that these higher level effects are small compared with the predom-
inant cffects of the letter sequence, as reflected in the keyboard layout and hand constraints.
Nonetheless, these studies clearly demonstrate that expert typing is not merely a sequential,
letter by letter process.

Cognitive Resources Available

Expert typists appear to normally have substantial amounts of unused cognitive resources.
There are numerous storics of typists who can hold conversations or answer telephones while
typing. Typists commonly check the original text for grammatical or spelling errors while typ-
ing. Other typists report that they usually daydream while typing or read the manuscript for
content, and hawve little conscious awareness of typing. In addition to these anecdotes, there is
some experimental data relevant to the issue of available cognitive resources.
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R Transcription typing involves perception (reading the original text), mental processing
'.-j'_:-:j (translating the letters into the corresponding finger movements and planning the movements),
St and action (performing the keystrokes). In the experiment to be described, I looked at how
4 increasing the difficulty of the perceptual part of the task affected overall performance. If typ-
:Q:}: ists normally have extra cognitive rcsources available, they might be able to utilize those
-'.‘:4'.‘\ resources to cope with the increased perceptual difficulty, with little effect on overall task per-
':'.‘ formance. On the other hand, if typists do not have extra cognitive resources available,
*"'\': increasing the perceptual part of the task should degrade overall performance. In this experi-
\, ) ment, I had expert typists transcribe prose from original texts that were obscured by dot
screens of varying density. To determine if the dot screens in fact increased the perceptual
R difficulty, there was also a second task, in which the typists read aloud from the obscured
B texts. The results are shown in Figure 7. Performance on the reading-aloud task indicated that
'.--:'.j- the obscured texts were more difficult to read; the speaking rate decreased by a factor of more
than two for the highest dot density. However, the typing rate was not significantly affected
A by the obscuring dot screens. Apparently, the typists had excess cognitive resources available
to read the obscured texts, without affecting their typing performance.
:,’ Larochelle (1983) studied the performance of novice and expert typists in a discontinuous
-j-fj:-: typing task similar to the task used by Sternberg, Monsell, Knoll, and Wright (1978). In this
Lo task, typists were presented short letter strings, which might be cither words, pscudo-words
‘_._.'_c, containing similar English digraphs, or nonwords containing few common Eanglish digraphs.
e, After warning and start signals, they typed the letters as rapidly as possible. Larochelle meas-
‘::::: ured the [atency between the starting signal and the first keystroke, and the interstroke interval
e between successive keystrokes. The results are shown in Figure 8. Novice performance, partic-
:_{ ularly the latency until first keystroke, was degraded with pscudo-words and nonwords. If
{ expert typing is based on higher level units such as letter sequences or words, we would expect
o the effect of the type of letter string would be even greater on expert performance. Instead,
e expert performance on pscudo-words was ideuntical to performance on words, and nonwords
:{::-: were only slightly slower. This result suggests that word-level units are not a major factor in
et expert typing; instead, the automated performance of experts frees cognitive resources for the
>, extra memory and planning required to type pseudo-words and noawords.
"' Performance Variability
o) Finally, I briefly discuss the variability of novice and expert performance. Quantitative
:.:_-j,: measures of the nature and sources of performance variability can illuminate the mechanisms
ety that determine motor skills. Performance variability can be decomposed into two components.
= First, task-based variability: the variability resulting from the performance of differing tasks
-.:j-: (for example, the difference in interstroke intervals for the digraphs ed and ec). Second,
e repetition variability: the variability found when the task is maintained constant. This decom-
:-"j- position is illustrated in Figure 9. The distribution of all interstroke intervals for a given typist
.,: is composed of a set of much narrower distributions, one for each digraph in a given letter
B context. I have shown (Gentner, 1982) that the main determinants of vhe interstroke interval
e are the four characters surrounding the interval. Therefore, the widths of the narrower distri- :
:::::: butions in Figure 9 represent examples of repetition variability, whereas the distance between
’::_ the centers of the two distributions represents an example of task-based variability.
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Speaking Rate

Typing Rate
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Figure 7. Speaking-aloud rate and typing rate by expert typists from a series of texts ob-
scured by dot screens of varying densities. Although the speaking-sloud rates indicate that the
obscured texts were more difficult to read, the typing rates were unaffected. These data are
the means of three typists.
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Expert Novice
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Figure 8. Performance of expert and novice typists on a discontinuous typing task. The
data plotted are the latency from the start signal to the first keystroke, and the mean inter-
stroke interval between successive keystrokes. Example letter strings are shown in pareatheses.
Note. From Larochelle, S. (1983), A comparison of skilled and novice performance in discon-
tinuous typing, in W. E. Cooper (Ed.), Cognitive aspecis of skilled typewriting (pp. 71 and 75),
New York: Springer-Verlag. Copyright 1983 by Springer-Veriag. Adapted by permission.




....................................................

'
R

*

J_S}_ P

-~

Gentaer 19 Expertise in Typewriting

o
s
‘e 8y %

-

_—All Digraphs

S AR

<

-

-

1

YN
P NS

)
ry ]
.5

L
-4

Relative Frequency

s

-

',
o

) 100 200 ' 300

Interstroke Interval (msec)

.
a
&

ot A, Ay AR
o S

T

[4
.

[y

Figure 9. The distribution of all interstroke intervals is composed of many narrower dis-
tributions of interstroke intervals in specific contexts. This is illustrated with data from Typist
4, showing the distribution of all interstroke intervals, the distribution of lo intervals in the se-
quence alor, and the distribution of jo intervals in the sequence rion. For Typist 4, the haif-
width of the overall distribution was 51 msec, whereas the median half-width of distributions
of intervals in a fixed four-character sequence was 19 msec.

AL
Jr o5
AKX ’

s
2.

R ;..q.f,é &
&—l.;t(:{-.'l.{s'l.‘ }

AL 15

4
» &
P

2]
¢

3

XX

B S 2 g S S T T TRy T P S IO LT ~

.........
. e’ a AP ta ateta ot v, et etatLte
..............




Las et e e MEREASrL S gL SN A AT

Gentner 20 Expertise in Typewriting

Because the interstroke interval distributions arc highly skewed, I have used two non-
parametric measures of variability. The absolute variability of a distribution is measured by its
half-width — the difference between the third and first quartiles. The relative variability of a
distribution is the half-width divided by the median. Not surprisingly, both the absolute task-
based variability and the absolute repetition variability decrease dramatically with greater
expertise, as the interstroke intervals decrease by an order of magnitude.

The relative variability is a more meaningful measure when performance differs by such
large factors. The relative task-based variability is roughly indicated in Figure 3. The points
falling on a vertical line in Figure 3 represent the median interstroke intervals of a given typist
for the different digraph classes. Because the median interstroke intervals for the different
digraph classes are plotted on a log scale, the vertical scatter of the medians for each typist is a
measure of the relative task-based variability. If doubles are ignored for the moment, Figure 3
shows that beginning students typed the remaining three digraph classes at roughly the same
speed, showing very little task-based variability. The relative task-based variability increased
with skill, with the fastest experts showing the greatest variability for the three digraph classes.
Inclusion of doubles complicates the picture, because beginners type doubles twice as fast as
other digraphs, whereas doubles fall between 1-finger and 2-finger digraphs for the experts.
Considering all four digraph classes, then, there is no major change in task-based variability
with skill, although typists at the lowest and highest skill lcvels have greater relative task-based
variability than typists of intermediate skill.

In contrast with task-based variability, students and experts showed clcar differences in
repetition variability. Table 3 lists the mean value of the relative repetition variability for stu-
dent and expert typists. Because an interstroke interval is affected by the surrounding four-
character context, repetition variability is best measured by the variability of the middle inter-
stroke interval in a four-letter sequence. Unfortunately, many of the students did not produce
enough repetitions of four-letter sequences for this type of analysis. Instead, Table 3 lists the
relative variability of the second interstroke interval in a three-letter sequeace (for example, the
os interstroke interval in mos), which should be almost as good a measure of repetition variabil-
ity. The relative repetition variability is lower for expert typists than for studeats. The largest
difference was for one-finger digraphs, where the relative variability of experts was only a third
that of students. One-finger digraphs had the highest relative variability for students, but were
very regular and similar to doubles for the expert typists.

In summary, both the absolute and relative variability of expert performance is fower,
compared with the variability of student performance. The difference between the relative
repetition variability of expert and student typists, however, depends on the task. For exam-
ple, the relative repetition variability of one-finger digraphs is dramatically lower for experts
than students, but the relative variability of two-finger and two-hand interstroke intervals is
only moderately lower for experts.

Characteristics of Expert Performance
Cognitive versus Motoric Constraints
When the performance of student typists is compared with the performance of expert

typists, by far the largest change we see is that experts are much faster than students. Inter-
stroke intervals decrease by factors of three to ten. This increase in speed is accompanied by a
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Table 3

Mean Relative Repetition Variability for the
Second Imserstroke Interval in a Three-Letter Sequence
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shift in the underlying determinants of performance. The performance of the student typists is
limited primarily by cognitive constraints, whereas the performance of the expert typists is lim-
ited primarily by motoric constraints. Students type all digraph classes at approximately the
same speed, regardless of the letter locations on the keyboard. The only exception is doubles,
which are typed twice as fast, cither because they are typed as a single unit or because move-
ment planning is simplified for the second letter of a double. For experts, howewver, interstroke
intervals can vary by factors of two or more depending on the keyboard location of the Ictters
and the fingers used to type them. In general, digraphs that allow independent or overlapping
finger movements arc typed much faster by experts than digraphs that do not. All expert typ-
ists appear to take at least some advantage of these possibilities when typing sequences on
opposite hands. The fastest typists are also able to move fingers on the same hand indepen-
dently, and thus can rapidly type letter sequences involving different fingers on the same hand.
Doubles and one-finger digraphs, where no overlapped movemeats are possible, are typed most
slowly by all expert typists.

The differences in repetition variability mirror the differences in the interstroke intervals.
Absolute and relative variability decrease with increasing skill. Among student typists, the rels-
tive variability of one-finger digraphs is similar to two-finger and two-hand digraphs. Among
experts, however, performance on doubles and one-finger digraphs is limited by motoric con-
straints. Experts, therefore, type doubles and one-finger digraphs more slowly and with lowes-
relative variability than the other digraph classes.

Although motoric constraints are the main determinants of expert performance, small
effects of cognitive constraints can be found. For example, experts type high frequency
digraphs and words slightly faster than matched low frequency digraphs and words.

Adaptable, Context-Sensitive Performance

When we first started to study typists, we expected that such an over-practiced motor
skill would be performed in a rigid fashion. Instead, typing has turned out to be a very flexible
skill that responds easily to the varied demands of the task. Although expert typists practice
primarily with prose texts, they are able to adapt their skill to novel tasks with little or no
decrement in performance. For example, typists can transcribe random words or obscured
texts at the same speed as normal prose. In another experiment, I asked expert typists (who
did not know Dutch) to transcribe magazine articles written in Dutch. Surprisingly, they were
able to do this task at a rate oaly about 20% lower than their normal typing rates. We have
also scen that expert performance is routinely sensitive to opportunitics and limitations of the
task. For example, interstroke intervals are shorter for sequences which allow movement over-
lap, and when typists increase their overall rate, the sequences permitting overlapped move-
ments speed up the most.

Overlapped Processing

Expert typists achicve their high speeds by overlapped, parallel processing of successive
letters. This overlap is evident throughout the perceptual, planning, and often the execution
phases of performance. The evidence that mental processing of successive letters overlaps in
time comes from a number of studies showing that 1) there is insufficient time for serial pro-
cessing of the letters, 2) the eye fixations of typists are about one second ahead of their typing,
and 3) typists are responsive to text structure above the letter level.
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The Expert-Novice Continuum

Expertise in typing, ranging from student typist to normal office typist to champion typ-
ist, does not lic along a single continuum. Even in the simple case of the finger movement
from d to e, student progress is marked primarily by increasing speed of finger movement,
wherees experts differ primarily on the amount of lag time between the first keystroke and the
initiation of movement to the second key. As another example, the overlap of finger move-
ments on opposite hands is acquired first, but the fastest typists achicve their speed by also
overlapping finger movements within a hand.

Large Individual Diff erences

Finally, one major characteristic of expert performance in typing that has not beea dis-
cussed here is individual differences. In most experimental psychology studies, it is not possi-
ble to tell whether the differences observed among subjects are significant or merely the result
of random variation. The situation is different with studies of typing, however, because it is
casy to record more than ten thousand keystrokes in the course of an hour, and thus obtain
very high reliability for an individual subject.

Although there are many results, such as those reported in this paper, that hold for typ-
ists in general, [ often find large individual differences among expert typists. Differences in
typing speed among professional typists are well known. I have also found large differences in
the finger trajectories for a given keystroke. Typists differ in their seasitivity to the effects of
word frequency and digraph frequency. They also exhibit major differences in error rates, the
pattern of errors made, and the error mechanisms. It’s clear that there are many ways te he an

expert typist.




\

2
-

WNAN,

R

gt

P A

Ay

Crr e
sl J‘J a'

P

Geatner 24 Expertise in Typewriting
References

Butsch, R. L. C. (1932). Eye movements and the eye-hand span in typewriting. Journal of Edu-
catiomal Psychology, 23, 104-121.

Feadrick, P. (1937). Hicrarchical skills in typewriting. Jowrnal of Educational Psychology, 28,
609-620.

Gentaer, D. R. (1981). Skilled finger movemems in typing (Tech. Rep., CHIP 104). La Jolla:
University of California, San Diego, Center for Human Information Processing.

Gentner, D. R. (1982). Evidence against a central control model of timing in typing. Jowrnal
of Experimensal Psychology: Human Perception and Performance, 8, 793-810.

Gentaer, D. R. (1983). The acquisition of typewriting skill. Acra Psychologica, 54, 233-248.

Gentner, D. R., Grudin, J., & Conway, E. (1980). Finger movements in transcription typing
(Tech. Rep. 8001). La Jolla: University of California, San Diego, Center for Human Infor-
mation Processing.

Grudin, J. T., & Larochelle, S. (1982). Digraph frequency effects in skilled typing (Tech. Rep.,
CHIP 110). La Jolla: University of California, San Diego, Center for Human Information
Processing.

Hill, L. B. (1934). A quarter century of delayed recall. Pedagogicd Seminary and Jowrnal of
Genetic Psychology, 44, 231-238.

Hill, L. B. (1957). A second quarter century of delayed recall or relearning at 80. Jowrnal of
Educational Psychology, 48, 65-68.

Hill, L. B., Rejall, A. E., & Thomdike, E. L. (1913). Practice in the case of typewriting.
Pedagogical Seminary, 20, 516-529.

Larochelle, S. (1983). A comparison of skilled and novice performance in discontinuous typ-
ing. In William E. Cooper (Ed.), Cognirive aspects of skilled typewriting (pp. 67-94). New
York: Springer-Verlag.

Lashiey, K. S. (1951). The problem of serial order in behavior. In L. A. Jeffress (Ed.), Cere-
bral mechanisms in behavior (pp. 112-136). New York: Wiley.

Rumelhart, D., & Norman, D. A. (1982). Simulating a skilled typist: A study of skilled
cognitive-motor performance. Cognitive Science, 6, 1-36.

Salthouse, T. A. (in press). Effects of age and skill in typing. Jowrnal of Experimental Psychol-
ogy, General.

Shaffer, L. H. (1973). Latency mechanisms in transcription. In S. Komblum (Ed.), Astention
and performance ((Volume 4), pp. 435-446). New York: Academic Press.




S AT TR TR R e e W

. K

~ae
N
N

g
L!.

Gentner S Expertise in Typewriting

,.|'.'..-'q
PR
i )
olaal e

PRI

N MO

Sternberg, S., Monsell, S., Knoll, R. L., & Wright, C. E. (1978). The latency and duration of
rapid movement sequences: Comparisons of speeck and typewriting. In G. E. Stelmach
(Ed.), Information processing in motor comrol and learning (pp. 117-152). New York:
Academic Press.

= M
,:" -~ g

%
‘i

;’l

L.

West, L. J., & Sabban, Y. (1982). Analysis of stroking habits of novice through expert typists.
Delsa Pi Epsilon Jownal, 24, 1-12.

5 X
W

. iy T R
O

4
’
[}
.

'.\}" )
.
AN .

. 8

» I. .
LN
‘-' '. » v *

1, L

> - t‘ S
LA

o~
“‘ >

3

f\1-\-. S \q CARS R TSR REN \-._'. -.c‘\q . \--.‘- RN SRS

1S y = ’ NN RSN B8 S N I Sy IR R I w,



.....

.o
1%

A

(W]
5
{5
n)
( N CHIP Technical Repert List
3
AN 1. David M. Green and William J. McGill. On rhe equivalence of detection probabilities and well known sta-
D B tistical quantities. October 1969.
I
' 2. Donald A. Norman. Commenss on the information structure of memory. October 1969,
3. Norman H. Anderson. Functionsl measwremens and psychophysical judgmems. October 1969.
- 4. James C. Shanteau. An additive decision-making model for sequential estimstion end imerference judg-
e ments. October 1969.
. S. Norman H. Anderson. Averaging model applied 10 the size-weight illusion. October 1969.
. 6. Norman H. Anderson and James C. Shanteau. Information integration im risky decision making.
23 November 1969.
3‘_- 7. George Mandler, Richard H. Meltzer, and Zens Pearlstone. The structure of recognition. Effects of list
- tags and of acoustic and semantic confusion. November 1969.
;» 8. Dominic Massaro. Percepinal processes and forgesting in memory tasks. January 1970,
> 9. Daniel Graboi. Searching for targets: The effects of specific practice. February 1970,
. 10. James H. Patterson and David M. Green. Discrimination of transiens signals having idemtical energy spec
. s tra. February 1970.
) 11. Donald A. Norman. Remembrance of things past. June 1970.
N 12. Norman H. Anderson. Integrasion theory and attitude change. August 1970,
;’ 13. A.D. Baddeley and J.R. Ecob. Reaction time and short-term memory: A trace sirength alternative 1o the
) high-speed exhanstive scanning Kypothesis. November 1970.
. 14. A.D. Baddeley. Retrieval rules and semamsic coding in short-serm memory. December 1970.
b 1S. Roy D. Patterson. Residue pitch as & function of the number and relative phase of the componens sinusoids.
o March 1971,
2 16. George Mandler and Marilyn A. Borges. Effects of liss differemsiation. category membership and prior
",« recall on recognition. May 1971.
,z 17. m’m‘:i Rumelhart, Peter H. Lindsay, and Donald A. Norman. A process model for long-term memory.
v 18. David E. Rumelhart and Adele A. Abrabamsen. Toward e sheory of enalogical reasoning. July 1971,
L 19. Martia F. Kaplaa. How response dispositions integrase with stimuius information. August 1971,
! 20. Martia F. Kaplss and Norman H. Anderson. Comperison of information integration and reinforcement
models for imerpersonal attraction. August 1971,
1 21. David M. Crcea snd R. Duncan Luce. Speed-accaracy tradeoff in anditory detection. September 1971.
>, 22. David E. Rumelhart. A mulsicomponent theory of confusion among briefly exposed aiphabetic characters.
November 1971,
- 23. Normaa H. Anderson and Arthur J. Farkas. New light on order ¢ffects in attitude change. March 1972,
) ; 24. Normas H. Anderson. Information integration theory: A brief survey. April 1972,
) 25. Donald A. Norman. Memory, knowledge, and the answering of questions. May 1972,
XY 26. David J. Weiss. Averaging: An empirical validisy criterion for magnitude estimation.
L, Normas H. Anderson. Cross-task validation of functionsl measuremens. June 1972,
% 27. David E. Rumelhart snd Patricia Siple. The process of recognizing tachkissoscopically presemed words.
- Avgust 1972,
A ¢ 28. Ebbe B. Ebbesen and Richard Bowers. The ¢ffects of proportion of risky to conservative arguments in a
! group discussion om risky shift. September 1972.
y 29. Ebbe B. Ebbesea and Michael Haney. Flirting with death: Variables affecting risk saking on owr nation’s

. - Mighwaeys. September 1972,
30. Norman H. Aaderson. Algedraic models in perception. November 1972,
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Norman H. Anderson. Cognitive algebra: Information imegration applied 10 social attribusion. December
1972.

Jean M. Mandler and Nancy L. Stein. Recall recognition of pictures by children as a function of organiza-
tion and of distractor similarity. January 1973,

David E. Rumelhart and Donald A. Norman. Active semantic networks as a model of human memory.
Marc Eisenstadt and Yaakov Kareev. Towards a model of human game playing. June 1973.

George Mandler. Memory storage and retrieval: Some limits on the reach of attention and consciousness.
July 1973,

Keat L. Norman. A method of maximum likelihood estimasion for stimulus integration theory. August 1973.
Yaakov Kareev. A model of human game playing. August 1973,

Donald A. Norman. Cognitive organization and learning. August 1973,

The Center for Human Information Processing: A Five Year Report - 1968-73,

Larry D. Rosen and J. Edward Russo. Binary processing in multi-alternative choice. October 1973.

Samuel Himmelfarb and Norman H. Anderson. Imtegration theory analysis of opinion atiribution.
December 1973.

George Mandler. Consciousness: Respectable, useful, and probably necessary. March 1974.

Norman H. Anderson. The problem of change-of -meaning. June 1974,

Norman H. Anderson. Methods for studying information insegration. June 1974.

Norman H. Anderson. Basic experiments in person perception. June 1974.

Norman H. Anderson. Algebraic models for information integration. June 1974.

Ebbe B. Ebbesen and Viadimir J. Konecni. Cognitive algebra in legal decision making. Scptember 1974.
Norman H. Anderson. Egquity judgments as information insegration.

Arthur J. Farkas and Norman H. Anderson. Inpws summation and equiry summation in multi-cue equity
Jjudgments. December 1974. .

George Mandler and Arthur Graesser II. Dimensional analysis and sthe locus of organmization. January
1975.

James L. McClelland. Preliminary letter identification in the perception of words and momwords. April
1975.

Donald A. Norman and Daniel G. Bobrow. Onr the role of active memory processes in perception and cog-
nition. May 1973,

J. Edward Russo. The value of unit price information. An information processing analysis of point-of-
purchase decisions. June 1975,

Elisss L. Newport. Motherese: The speech of mothers to young children. August 1975,

Norman H. Anderson and Cheryl C. Graesser. An information integration analysis of attitude change in
group discussion. September 1978.

Lyna A. Cooper. Demonstration of a memtal analog of an external rotation.

Lyna A. Cooper and Peter Podgorny. Mental transformations and visual comparison processes: Effects of
complexity and similarity. October 1975.

David E. Rumelhart and Andrew Ortony. The representation of knowledge in memory. January 1976.
David E. Rumelhart. Toward an interactive model of reading. March 1976.

Jean M. Mandler, Nancy S. Johnson, and Marsha DeForest. A struciural analysis of storvies and their
recall: From "Once upon a time® 10 "Happily ever gfter”. Macch 1976.

David E. Rumelhart. Understanding and summarizing brief stories. April 1976.

Lynn A. Cooper and Roger N. Shepard. Transformarions on representations of objects in space. April
1976.

George Mandler. Some attempts 10 siudy the rotation and reversal of integrased motor potterns. May 1976,
Norman H. Anderson. Problems in using analysis of variance in balance theory. June 1976.

Norman H. Anderson. Social perception and cognition. July 1976.

David E. Rumelhart and Donald A. Norman. Accretion, tuning and restructuring: Three modes of learn-
ing. August 1976,

George Mandler. Memory research reconsidered: A critical view of traditional methods and distinction.
September 1976.

Norman H. Anderson and Michael D. Klitzner. Measurement of motivation.

Michae! D, Klitzner and Norman H. Anderson. Movivation x expectancy x valuwe: A functionsl measwre-
mens approach. November 1976.
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Viadimir J. Konecni. Some social, emotional, and cognitive determinanss of aesthetic preference for melo-
dies in complexity. December 1976.

Hugh Mechan, Courtaey B. Cazden, LaDonna Coles, Sue Fisher, Nick Maroules. The social organization
of classroom lessons. December 1976.

Hugh Mehan, Courtacy B. Cazden, LaDonna Coles, Sue Fisher, Nick Maroules. Appendices to the social
organization of classroom lessons. December 1976,

Norman H. Anderson. Insegration theory applied to cognitive responses and astitudes. December 1976.
Norman H. Anderson and Diane O. Cuneo. The height + width rule in children’s judgments of quantity.
Norman H. Anderson and Clifford H. Butzin. Children's judgments of equity. June 1977.

Donald R. Gentaner and Donald A. Norman. The FLOW tusor: Schemas for utoring. June 1977.

George Mandler. Organization and repetition: An extension of organizational principles with special refer-
ence to rote learning. May 1977.

Manuel Leon. Coordination of iment and comsequence information in children's moral judgments. August
1977.

Ted Supalls and Elissa L. Newport. How many seats in a chair? The derivation of mouns and verbs in
American Sign Language. November 1977.

Donald A. Norman and Daniel G. Bobrow. Descriptions: A basis for memory acquisition and retrieval.
November 1977.

Michael D. Williams. The process of resrieval from very long term memory. September 1978.

Jean M. Mandler. Categorical and schematic organization in memory. October 1978.

James L. McClelland. On time relations of mental processes: A framework for analyzing processes in cas-
cade. October 1978.

Jean M. Mandler, Sylvia Scribner, Michael Cole, and Marsha DeForest. Cross-cultural invariance in
story recall.

Jean M. Mandler and Marsha DeForest. Developmental invariance in story recall. November 1978.

David E. Rumelhart. Schemata: The building blocks of cognition. December 1978.

Nancy S. Johnson and Jean M. Mandler. A rale of rwo structwres: Underlying and surface forms in
stories. January 1979.

David E. Rumeclbart. Analogical processes and procedural represenations. February 1979.

Ross A. Bott. A study of complex learning: Theory and methodologies. March 1979.

Laboratory of Comparative Human Cognition. Toward a mified approachk 1o problems of culture and cog-
nition. May 1979,

George Mandler and Lawrence W. Barsalou. Steady state memory: What does the one-shot experimens
assess? May 1979,

Norman H. Anderson. Imtroduction to cognitive algebra. June 1979.

Michael Cole, Edwin Hutchins, James Levin, and Naomi Miyake, Editors. Naturalistic problem solving
and microcomputers. Report of a Conference. June 1979,

Donald A. Norman. Twelve issues for cognitive science. October 1979.

Donald A. Normaa. Slips of the mind and an outline for a theory of action. November 1979,

The Center for Human Information Processing: A Description and a Five-Year Report (1974-79).
November 1979.

Michael Cole and Peg Griffin. Cultural amplifiers reconsidered. December 1979,

James L. McClelland and David E. Rumelhatt. An interactive activation model of the effect of conmtext in
perception. Part I. April 1980.

James L. McClelland and J.K. O'Regan. The role of expectations in the use of peripheral visuwal informa-
tion in reading. February 1980,

Edwin Hutchins. Conceprual ssructures of Caroline Island navigation. May 1980,

Friedrich Wilkening and Normas H. Anderson. Comparizon of two rule assessmems methodologies for
studying cognitive developmens. June 1980.

David E. Rumelhart and James L. McClelland. An imeractive activation model of the effect of contex: in
perception. Part II. August 1980,

Jean M. Mandler. Stractural invarianss in developmem. September 1980.
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100.
101.
102.

103.
104.
108.
106.

107.
108.
109.

110.
111.

12.
113.
114
115.

116.
117.
118.
119.

121.

David E. Rumelbart and Donald A. Norman. Analogical processes in learning. October 1980.

James A. Levin and Yaakov Kareev. Persoral computers and education: The challenge 10 schools.
November 1980.

Donald A. Norman and Tim Shallice. Artention 10 action: Willed and automatic control of behavior.
December 1980.

David E. Rumeclhart. Understanding understanding. January 1981.

George Mandler. The structure of value: Accounting for taste. May 1981,

David E. Rumelbart and Donald A. Norman. Simslating a skilled typist: A study of skilled cognitive-
motor performar~e. May 1981.

Jean M. Mandler. Representation. June 1981.

Donald R. Gentner. Skilled finger movements in typing. July 1981.

Edwin L. Hutchins and James A. Levin. Point of view in problem solving. August 1981.

Michael Cole. Society, mind and developmens.

Michael Cole. The zone of proximal developmens: Where culture and cognition create each other. Scp-
tember 1981.

Laboratory of Comparative Human Cognition. Culture and cognitive developmen:. November 1981.
Donald R. Gentner. Evidence against a central control model of 1iming in ryping. December 1981.

Robert M. Boynton and Allen L. Nagy. The La Jolla analytic colorimeter: Optics, calibrations, pro-
cedures and control experiments. December 1981,

Jonathan T. Grudin and Serge Larochelle. Digraph frequency effects in skilled typing. February 1982.
Donald R. Gentner, Jonathan T. Grudin, Serge Larochelle, Donald A. Norman, David E. Rumclbart.
Studies of ryping from the LNR Research Group. September 1982,

Donald A. Norman. Five papers on human-machine imeraction. May 1982.

Naomi Miyake. Construcsive imteraction. June 1982.

Donald R. Geataer. The development of typewriting skill. September 1982,

Margaret M. Riel. Investigating the system of developmem: The skills and abilisies of dysphasic children.
February 1983,

David E. Rumelhart and Donald A. Norman. Represemation in memory. June 1983.

George Mandler. Consciousness: I1s function and construction. June 1983,

Norman H. Anderson. Schemas in person cognition. September 1983.

Norman H. Anderson. A theory of stereotypes. December 1983.

Norman H. Anderson. Psychodynamics of everyday life: Blaming and avoiding blame. December 1983,
Donald R. Gentner. Expertise in typewriting. April 1984.
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Cognitive Science ONR Technical Report List

The following is a list of publications by people in the Cognitive Science Lab and the Institute
for Cognitive Science. For reprints, write or call:

ONR-8001.

ONR-8002.

ONR-8003.

ONR-8004.

ONR-8005.

ONR-8006.

ONR-8101.

ONR-8102.

ONR-8104.

Institute for Cognitive Science, C-015
University of California, San Diego
La Jolla, CA 92093

(619) 452611

Donald R. Gentner, Jonathan Grudin, and Eileea Conway. Finger Movemenss in Tran-

. scription Typing. May 1980.

James L. McClelland and David E. Rumeclhart. Asn Imeractive Activasion Model of the
Effect of Comext in Perception: Pars 1. May 1980. Also published in Psychological Review,
835, pp. 375401, 1981.

David E. Rumeclhart and James L. McClelland. An Interactive Activation Model of the
Effect of Contexs in Perception: Part Il. July 1980. Also published in Psychological
Review, 89, 1, pp. 60-94, 1982,

Donald A. Norman. Errors in Human Performance. August 1980.

David E. Rumethart and Donald A. Norman. Analogical Processes in Learning. Sep-
tember 1980. Also published in J. R. Anderson (Ed.), Cognitive skills and their acquisition.
Hillsdale, NJ: Eribaum, 1981.

Donald A. Norman and Tim Shallice, Armention 10 Action: Willed and Amsomaetic Comrol
of Behavior. December 1980,

David E. Rumelhart. Understanding Understanding. January 1981.

David E. Rumelhart and Donald A. Norman. Simslating ¢ Skilled Typiss: A Sindy of
Skilled Cognitive-Motor Performance. May 1981. Also published in Cognitive Science, 6,
”o l.x’ m

Donald R. Gentner. Skilled Finger Movements in Typing. July 1981.

Michael 1. Jordan. The Timing of Endpoims in Movemem. November 1981.
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ONR-8105.

ONR-8106.

ONR-8107.

ONR-8201.

ONR-8202.

ONR-8203.

ONR-8204.

ONR-8205.

ONR-8206.

ONR-8207.

ONR-8208.

ONR-8301.

.............

Gary Periman. Two Papers in Cognitive Engineering: The Design of an Interface to a Pro-
gramming System and MENUNIX: A Menu-Based Interface to UNIX (User Manual).
November 1981.

Donald A. Norman and Diane Fisher. Why Alphabetic Keyboards Are Not Easy to Use:
Keyboard Layowt Doesn’t Much Matter. November 1981. Also published in Hwman Factors,
24, pp. 509-515, 1962.

Donald R. Gentner. Evidence Against a Cemtral Comtrol Model of Timing in Typing.
December 1981. Also published in Jowrnal of Experimental Psychology: Human Perception
and Performance, 8, pp. 793-810, 1982.

Jonathan T. Grudin and Serge Larochelle. Digraph Frequency Effects in Skilled Typing.
February 1982.

Jonathan T. Grudin. Cemtral Comtrol of Timing in Skilled Typing.
February 1982.

Amy Geoffroy and Donald A. Norman. Ease of Tapping the Fingers in a Sequence Depends
on the Memal Encoding. March 1982.

LNR Research Group. Studies of Typing from the LNR Research Growp: The role of comtex:,
differences in skill level, errors, hand movemems, and a compaer simulamion. May 1982.
Also published in W. E. Cooper (Ed.), Cognitive aspects of skilled typewriting. New York:
Springer-Verlag, 1983.

Donald A. Norman. Five Papers on Human-Machine Interaction. May 1982. Also published
individually as follows: Some observations on mental models, in D. Gentner and A.
Stevens (Eds.), Mental models, Hillsdale, NJ: Eribaum, 1983; A psychologist vicews human
processing: Human errors and other phenomena suggest processing mechanisms, in
Proceedings of the International Joim Conference on Artificial Imelligence, Vancouver, 1981;
Steps toward a cognitive engineering: Design rules based on analyses of human error, in
Proceedings of the Conference on Human Factors in Computer Systems, Gaithersburg, MD,
1982; The trouble with UNIX, in Daamation, 27 .12, November 1981, pp. 139-150; The trou-
ble with networks, in Datamation, January 1982, pp. 188-192.

Naomi Miyake. Constructive Interaction. June 1982,

Donald R. Gentner. The Developmens of Typewriting Skill. September 1982. Also pub-
lished a8 Acquisition of typewriting skill, in Acta Psychologica, 54, pp. 233-248, 1983,

Gary Periman. Natwral Artificial Languages: Lowdevel Processes. December 1982, Also
published in The /mernational Journal of Man-Machine Studies (in press).

Michael C. Mozer. Lester Migration in Word Perception. April 1983. Also published in
Jowrnal of Experimemal Psychology: Human Perception and Performance, 9, 4, pp. 531-546,
1963.
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ONR-8302.

ONR-8303.

ONR-8304.

ONR-8401.

ONR-8402.

ONR-8403.

ONR-8404.

David E. Rumelhart and Donald A. Norman. Represeniation in Memory. June 1983. To
appear in R. C. Atkinson, G. Lindzey, & R. D. Luce (Eds.), Handbook of experimental
psychology. New York: Wiley (in press).

‘The HMI Project at University of California, San Diego. User Cemtered System Design:
Pars 1, Papers for the CHI 1983 Conference on Human Factors in Computer Systems.
November 1983. Also published in A. Janda (Bd.), Proceedings of the CHI '83 Conference
on Human Factors in Computing Systems. New York: ACM, 1983.

Paul Smolensky. Hdmwny Theory: A Mahematical Framework for Stochastic Parallel Pro-
cessing. December 1983. Also published in Proceedings of the National Conference on
Artificial Intelligence, AAAI-83, Washington DC, 1983.

Stephen W. Draper and Donald A. Norman. Software Engineering for User Interfaces.
January 1984. Also published in Proceedings of the Seventh International Conference on
Sof sware Engineering, Orlando, FL, 1984.

The UCSD HMI Project. User Cemtered System Design: Part Il, Collected Papers. March
1984. Also published individually as follows: Norman, D.A. (in press), Stages and levels in
human-machine interaction, International Jownal of ManMachine Studies; Draper, S.W.,
The nature of expertise in UNIX; Owen, D., Users in the real world; O’Malley, C.,
Draper, S.W., & Riley, M., Constructive interaction: A method for studying user-
computer-user interaction; Smolensky, P., Moaty, M.L., & Conway, E., Formalizing task
descriptions for command specification and documentation; Bannon, L.J., & O’Malley,
C., Problems in evaluation of human-computer interfaces: A case study; Riley, M., &
O’Malley, C., Planning nets: A framework for analyzing user-computer interactions; all
published in B. Shackel (Ed.), INTERACT ‘84, First Conference on Human-Computer
Interaction, Amsterdam: North-Holland, 1984; Norman, D.A., & Draper, S.W., Software
engineering for user interfaces, Proceedings of the Sevemh Imernational Cornference on
Sof tware Engineering, Orlando, FL, 1984.

Paul Smolensky and Mary S. Riley. Harmony Theory: Problem Solving, Parallel Cognitive
Models, and Thermal Physics. April 1984. The first two papers will appear in Proceedings
of the Sixth Annual Meeting of the Cognitive Science Society, Boulder, CO, 1984.

Donald R. Gentner. Expertise in Typewriting. April 1984. To appear in M. T. Chi (Ed.),
The nature of expertise (in press).
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