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“The Skill of Typing

How can'skilled typists type as fast as they do? A century of study

~has not produced a definitive answer. A leading hypothesis is that

a typist learning to type well learns to make mental processes overlap

writer came into use, the skill of

From almost the time the first type-
" typing has intrigued experimental

psychologists, and it intrigues them even’

today, because the rate at which typists
(even average ones) perform exceeds by
far the rate that laboratory tests quite
common in psychology would lead a
psychologist to predict. Consider a typi-
cal secretarial task, the retyping of a
document. In essence it is the transcrip-
tion of a sequence of symbols (letters,

. numbers and so on) that come under

the typist’s gaze-into a sequence of mo-
tor acts: the pressing of typewriter keys.
Thus it closely- resembles a series of
choice-reaction-time tasks, in which a
subject is prescnted with a single visual
stimulus from a set of two or more stim-
uli after being instructed to rapidly press
a particular button for ¢éach of thc pos-
sible stimuli. Under optimal conditions
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TYPING SPEED exceeds the speed that psychological tests would
jead one to predict. The number below each key on this typewriter
keyboard is the average time required for that keystroke by 10 skilled
typists the author studied. (Times arc in milliseconds.) Most of the
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(highly practiced people and a minimal
number of stimulus-response- alterna-
tives) the average latency, or delay be-

tween the presentation of the stimulus

and the pressing of a button, is approxi-
mately 250 milliseconds. The paradox
of typing is that a latency of 250 milli-
seconds yields a typing rate of 48 words
per minute (assuming five keystrokes
per word). Yet speeds of twice that rate
are fairly common. i
How is it possible? What have skilled
typists learned that enables them to
overcome what appear to be fundamen-

“tal limitations? Everyone has a mini-

mum reaction time, which should set
limits on the maximum typing rate,
and yet skilled typists have developed a
means of overcoming their perceptual
and motor restrictions. Their achieve-
ment may have significance far beyond
the skill of typing. After all, the detailed
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understanding of any skill, in the form

of knowing how: skilled people differ
from less skilled people, should have
implications for the sclection of stu-
dents and for their training in skills quite
generally. Understanding the skill of
typing may even have significance for
rehabiljtation therapy.

Typewriters came into use in the U.S.
in thelatter part of the 19th century,
a period when experimental psychology
was also becoming established. Perhaps
that is why a number of early psycho-
logical studies were done on various as-
pects of typing. The research uncovered
most of the major phenomena of typing:
that it goes faster when keystrokes al-
ternate between the hands, when suc-
cessive keystrokes represent letter pairs
with a high frequency of occurrence in
the language, when the material being
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times are notably fast: less than 250 milliseconds (colored riumbers).
The same typists were asked to rest each index finger on a certain
. key and press it whenever the letter { or r (for “left” or “right”) ap-
peared on a screen. Respofise times were then 500 to 600 milliseconds.
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typed is meaningful to the typist and so
on. Thus the research provided some of
the first scientific evidence pertaining
to man-machine interaction. Indeed, the
research probed what is sometimes con-
sidered one of the most maladaptive
man-machine interfaces ever invented:
the standard, or QWERTY, typewriter
keyboard. . )

The QWERTY keyboard (named, of
coursc, for the sequence of létters across
ils top row) had been devised in the
1870’s without empirical research. It
was a response to a defect of the earlier
machines, namely that moderate speeds
of typing tended to make keys jam to-
gether.. QWERTY has been criticized
for requiring disproportionate effort by
the weakest fingers of each hand, and
several alternatives have been proposed.
Unfortunately QWERTY is now so
thoroughly established that the benefits
of a bettcr arrangement are unlikely to
offset the cost of retraining: present-day
typists and scrapping present-day type-
writers and other keyboard machines.
Clearly specialists in man-machine in-
teraction should participate in the de-
sign of virtually all the equipment pco-
ple use. ’

One of the earliest studies of typing
was reported by William F. Book in
1908. Book had been much influenced
by a classic study of telegraphcrs pub-
lished 11 years earlier by William Bry-
an, an. experimental psychologist, and
Noble Harter, a former telegrapher who
was doing graduate work in psychology.
These earlier investigators had conclud-
ed from interviews, systématic obser-
vation and records of pérformance of
telegraphers that a telegrapher in the
process of becoming expert focuses at-
tention on successively larger units, be-
ginning with dots and dashes, the funda-
mental elements of telegraphy, and pro-
gressing to. characters, syllables, words

" and even phrases. There is now consid-
erable evidence that many skills arc
organized in this hierarchical fashion.
"Moreover, it is clear that skills such as
reading would be almost impossibly dif-
ficult if the reader always analyzed writ-
ten language in units of isolated letters.

. Book was therefore on firm theoretical
ground in suggesting that skilled typing
was achieved by expanding the size of
verbal units from single characters to
words and perhaps even phrases.

Fifteen years after Book’s proposal

the importance of large units of analy-
sis to the skill of typing was empirical-
ly demonstrated by John E. Coover. He
phrased his finding succincetly: “If copy
is prescnted one letter at a time, so that
as soon as the letter is typed another
automatically appears, the expert’s per-
formance is reduced to a series of reac-
tion times to the letters, and his rate
is greatly reduced.” This observation is
readily verified with the aid of a com-

puter. In the procedure I have imple-
mented on a computer in my laboratory
at the University of Missouri at Colum-
bia typists see written material in a “pre-
view display” that can be varied from
one character to 39 characters. That is,
the material shown to them on a vid-
€o terminal can range from zcro to 38

* characters ahead of the character they

are typing. They type at a standard key-
board, and the time (in milliseconds) be-
tween their successive keystrokes is au-
tomatically recorded and stored, along
with the character typed.

Many typists have now been tested
with this procedure. The results are uni-
form in that every subject tested typed
very slowly when the preview was most
limited and typed faster when the pre-
view size increased. The preview sizc at
which the typing rate first equaled its
normal rate (its rate with unlimited pre-
view and with a record of the typing that
was visible to the typist) ranged from
three to seven characters. (The 10 typists

DISPLAY

in the study varied in age from 20 to 40
and had gross typing rates, that is, rates
‘uljcorrected for lyping errors, that var-
ied from 50 to 75 words per minute.) If
‘h:‘e typing rate is affected by the visu-
éﬁliavaﬂability of characters up to seven
spaces in advance of the character being
typed, one must conclude that the typist
attends to these characters. Thus there
mlist be a gap or span between the char-
éc ers receiving the attention of the eyes
and the character whose key is being
I?r cssed. Similar estimates of such a gap
have been reported in analyses of eye
movements recorded in typists.
I_Iow does preview confer an advan-
tage, so that the limitations of re-
detion time are circumvented by skilled
typists? The reason is still in dispute.
The possibility Book would favor isthat
typists developing their skill move from
amode in which they analyze character
byi character to one involving' larger
units such as words and phrases. Thus
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LIMITED PREVIEW diminished the typists’ speed.

(In the example at the top the text is “The cat climbed.. .
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15 17 19
ch typist faced a screen on which a text

- and the preview size is three.) The typ-

always remained a certain number of characters ah'eaf of the character the typist was typing.

ists’ speed approached normal speed only when the p
effect was seen even when the text was randomized by reversing each word letter by letter.

review size approached seven, A similar
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the skilled typist is assumed to impose

groupings on both the input (the text to
be typed) and the output (the sequence
of keystrokes). The input groupings
amount to perceptual ‘“chunks.” Proba-
bly they consist of syllables or common
words, evidently having three to seven
characters. The output groupings are
similar to what contemporary theorists
call motor programs and consist of inte-
gral sequences of essentially automatic
keystrokes. In effect the typing of a giv-
en output grouping is taken to be ballis-
tic: it requires only a start signal, af-
ter which nothing affects the ¢xecution
of the movement. According to this
hypothesis, maximum typing speed re-
quires a preview of three to seven char-
acters because a smaller preview crip-
ples the ability to group. .

Shortly after Book made his sugges-
tion a number of people proposed: the
competing idea that typing speeds cir-
cumventing .the choice reaction time
are accomplished by an overlapping of
“processing ‘operations.” August Dvo-
rak, a strong advocate of this position,
was also a critic of QWERTY and the

inventor of an alternative keyboard.

Dvorak, like Book, asked why typing
strokes are faster than isolated choice-
reaction-time responses. “The answer,”
he wrote in 1936, “is that even with a
two-letter sequence, whilc the first finger
is stroking, the second finger is starting
its play for position and overlapping its
stroke with the first.” -

The processing cperations can be giv-

‘en modern labels remarkably similar

to the ones incorporated in recent
“stage theories” of choice-reaction-time
tasks. They might begin with encoding:
the perception of each character. Then
would come the categorization of the
stimulus (say into the class of the left- or
right-handed keystrokes), the fixed deci-
sion as to which finger must type and
finally the preparation and execution of
the actual typing movements. On this
hypothesis maximum typing speed. re-
quires a ‘certain previcw because’ the
visual availability of text - characters
allows the sequence of processing op-
erations to be executed in parallel for
a number of characters, the late stages
of one sequence accompanying the ear-
lier stages of others instead of the strict
succession dictated by the availability
of only one character at a time.

Some support for the “chunking hy-
pothesis” (the onc that Book would fa-
vor) is available from an analysis of the
time intervals between the keystrokes
made by a typist who repeatedly types
the same text with unlimited preview.

"Under these circumstances a typist is

generally quite consistent in the tempo-
ral pattern of keystrokes composing a
given word, as though the individual
keystrokes were under the control of a
single motor program. The consistency
cannot simply be attributed to the differ-

INPUT: The cat climbed . ..
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CHUNKING HYPOTHESIS is an attempt to account for both the preview effect and the
remarkable speed of skilled typists. It proposes that the material to be typed gets mentally
“chunked” into multicharacter units (here words) and that the typing of each unit is governed

by an autonomous “motor program.” If the preview is too limited, ch

INPUT: The cat climbed

OUTPUT T
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ing is acted.

m b e d

" OVERLAPPING OPERATIONS is a competing hypothesis. It proposes that typing of each
character proceeds in steps (here five) such as perception of a character, its assignment to a

hand and so on, and that the steps overlap. If preview

TIME PER KEYSTROKE (MILLISECONDS)

TEMPORAL PATTERN OF KEYSTROKES over
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The quick brown fox j

s too limited, overlapping is counteracted.

Hu DS over the lazy dog

10 typings of “The quick brown fox...”

by one typist seems at first to favor the chunking hyp}othesis. A given letter (such as o) is typed at

different speeds in different words,

as if it were under the control of different motor programs.
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ing accessibility of various keys or to
variations in ‘the strength or dexterity
of individual fingers, because the same

character turns out to be typed with dif-

ferent latencics in different contexts. An
example is the letter o in the familiar
sentence “The quick brown fox. jumps
over the lazy dog.” The typists [ studicd
typed it with an average latency of 370
milliseconds in the word brown, 160 mil-
liseconds in fox, 185 milliseconds in over
and 130 milliseconds in dog. C

urther results, however, suggest im-

portant qualifications of the chunk--

ing hypothesis. If the hypothesis is inter-
preted literally and the characters of a
word are organized into a strictly ballis-
tic motor program, one might predict

. that errors made at any point in_its exe-
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cution would go undetected until at least
the end of the program. The prediction
can be examined by an analysis of the
errors committed in normal typing. It
has been reported (in fact, the first re-
ports came soon after Book’s pioneering
work) that the keystrokes accompany-
ing the first intimation on the part of

" the typists that an error has been made

are partially inhibited, in that they are
weaker or dclayed with respect to nor-
mal typing. These phenomena might

- serve, then, as a marker of the instants

when errors are detected. The markers
do havea drawback: it is difficult to pre-
dict a typist’s groupings. A preferable
strategy is to assume that groupings
do not exist. Errors could theén be de-

tected immediately. A failure to find.

evidence of immediate error detection

r T t (SPACE)

c r a t (SPACE)

TYPING ERRORS weaken the chunking hypdthesis. Four errors are shown: substitution (a),
such as caef instead of cart; intrusion (3), such as carrt instead of cart; omission (c), such as cal
instead of cart, and transposition (d), such as craf instead of cart. In each case typists slowed

_ one keystroke after the error (dark color) was made. The slowing is taken to signal awareness

that something is wrong, The chonking hypothesis implies errors cannot be detected that soon.
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would therefore tend to support the

notion that typing is controlled in multi-
character groups. )
I determined the median latencies for
the keystrokes before and after each of
four types of errors: substitution errors
(typing caet instead of cart, for example),
intrusion errors {(carrt instead of card),
omission etrors (cat instead of car?) and
transposition errors (crar instead of
car?). The interpretation of the omission
results is difficult: the latency of the
omitted keystroke might be incorporat-
ed into that of the next keystroke. In
addition some errors are not detected
unless the typist proofreads the typed
copy. No error-detection phenomena
could reasonably be expected from un-
detected errors. Nevertheless, my re-
sults suggest that a-large proportion of
errors are detected immediately, and
not at the end of multicharacter groups.
This is not to say output groupings can-
not exist. It does, however, indicate that
the control of typing is not complete-
ly relinquished to multicharacter motor
programs. ’
Additional evidence for the conclu-
sion that keystrokes are controlled in
units smaller than words or syllables has
recently been provided by Gordon D.
Logan of the University of Toronto. Lo-
gan employed a-technique in which typ-

ists were instructed to stop typing when- -

ever they heard a tone. He reasoned that
if word-length motor programs con-
trolled typists’ keystrokes, the typists
would type to the end of a word regard-

"less of both the “position” of the stop

signal and the number of letiers remain-
ing to be. typed. Logan found that re-
gardless of word length the typists hear-
ing the tone actually stopped after an
average of only one or two lctters.

Athird piece of evidence that weakens ‘

the chunking hypothesis emerges

‘from a comparison of the typing of nor-

mal and random texts. The chunking hy-
pothesis leads to two predictions about
the typing of random texts. First, the
process of chunking calls for the match-
ing of grouped input material to prees-
tablished motor programs, and so the
process should be disrupted by material
that does not have the familiarity of nor-
mal English. Hence the rate of typing
should be greatly reduced. Second, a
random text is not amenable to chunk-
ing even with unlimited preview. Hence
the rate of typing should not be affected
by reducing the size of the preview.
These predictions were examined by
having typists type scntences where each
word had been reversed letter by letter.

The resulting text is not genuinely ran-

dom, but it does have the advantage of
disrupting the familiar letter sequences
and word organizations of English while
preserving the letter [requencies and the
pattern of interword spacing. Preview
sizes of 19 characters and onc character

I
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were presented, and typists performed

- under each condition twice. The first

prediction proved to bé true: typing
speed was impaired. The second predic-
tion proved to be mistaken: the viewing
of 19 characters resulted in markedly
faster typing than the viewing of one
character at a time. Thus the preview
effect is pronounced. Indeed, increasing
the number of visible characters pro-

vided nearly as much relative advan- -

tage with the meaningless material as
it- would with notmal text. It seems. to
follow that the benefits of presenting
more than one character at a time are
not simply atiributable to the input
chunking and output chunking of mean-
ingful patterns. } )

The chunking hypothesis is weakencd
still further by the finding that the laten-
cies of successive keystrokes have a rela-
tively low correlation. That is, the time
it takes a typist 1o make a given key-
stroke proves to have little rclation to
the time it takes the typisl to make the
next keystroke. If the successive key-
strokes were within an output grouping,
one mightexpect to find such a relation.
If the first keystroke takes longer, the
second .one should too. After all, they
would both be under the control of a
single higher-order process.

Finally, the chunking hypothesis is
weakened by the finding that there is no
relation between the length of a word

"and either the latency of the first key-

stroke in the word or the median inter-
val between successive keystrokes .in

~the word. The reason a word-length

effect might have been expected is that
the time needed for a motor program
to be “retrieved”” and “prepared for ex-
ecution™ (to borrow the terminology
of computer science) should be related
to the number of units (separate key-
strokes) governed by the program.

No single item -among these lines
of evidence is conclusive in itself.
Taken together, however, the findings
strongly imply that typing speeds cii-
cumventing choice-reaclion-time rates
are unlikely to be accountable solely to
& switch from single-character to sylla-
ble- or word-length units of analysis.
Why, then, does the chunking hypothe-
sis seecm 50 compelling? One explana-
tion might be the strong subjective im-
pression among most skilled typists that
they need only think of a word and it
seems to be typed automatically. This

impression may be due more to the typ-

ist’s input than to any output processes.
In particular, the lifelong habits of read-
ing probably include the perception of
written language in multicharacter in-
put units. Thus a manuscript in the proc-
ess of being typed may get perceptually
chunked by syllable or word. After that
the preparation and execution of the dis-
crete motor acts that constitute typing
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LACK OF SYSTEMATIC CORRELATION betw(’een the speeds of keystrokes made in suc-

cession by peoplé typing “The quick brown fox.;.” also weakens the chunking hypothesis.
Edich dot shows the correlation between the time required for a.given keystroke and the time
required for the preceding keystroke. The scale ranges from 1 through 0 to —1.'A correlation
of 1 means that an increase in one of the variables i$ always accompanied by a proportionate
inc¢rease in the other. A correlation of —1 means that an increase in one variable is always ac-
companied by a proportionate decrease in the other) A correlation of 0 means that the varia-
bles have no relation. The broad scatter of points suggests that the characters.in each word can-
not be part of a higher-order chunk. Broken line in ithe chart shows correlations among key-

strokes obtained from the typing of the in nonrepetitious material. Again no relation emerged.
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LACK OF WORD-LENGTH EFFECT weakens the chunking hypothesis still further. The
hypothesis predicts that motor programs for long wonds should take: longer to “retrieve” and
“execute.” Yet the median time per keystroke needed to type a word (black curyve) and the time

needed to type the first letter in it (colored curve) are independent of the length of the word.
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may proceed in ways utterly inaccessi-
ble to.conscious awareness.

How can the evidence that seems to
favor the chunking hypothesis (for ex-
ample the consistency in- the temporal
patterns of keystrokes 'making up the
words in “The quick brown fox . .. ) be
explained. if not by a motor program?
Specifically, how..can the: evidence be

. explained by the competing hypothesis

that skilled typists make their processing
operations overlap? One possibility is

- that the time required.for a keystroke -

depends on factors such as the position
of the preceding keys and subsequent
keys and the direction in which specific
fingers must move. The importance of
these factors is documented by the find-
ing that the time necded for a keystroke

‘is I¢ss when the preceding keystroke was

made by a finger of the opposite hand.
My own studies of normal typing:show.
that opposite-hand sequences of two
keystrokes are executed an average of
40:milliseconds faster than same-hand
sequences: Similar effects have been re.
ported by carlier workers investigating
sequences involving the same finger or
different fingers (the latter are faster)
and the same row or different rows of
the keyboard. (The rcsults are a . bit
complicated; for example, the index fin-
ger moves inward on a row faster than
it moves to a différent row.) :
One might also expect that the rela-
tive frequency with which particular se-
quences of letters have been typed in
the past is important, so that common-
ly typed sequences are executed faster
than less-practiced ones. This possibility
can be examined by calculating the cor-
relation between two variablés: on the
one hand the frequency of occurrence of

various two-lciter sequences in English -
.and on the other thé latency between the

two keystrokes: in each sequence as
the sequences arise in the course of nor-
mal typing. The range of occurrences
is great: from zero percent for sequen-
ces such as gz to 3.68 percent for the se-

‘quence.¢h. Therefore I worked ‘with the

logarithms of the frequencies of occur-
rence. The correlation turned out to be
low: only some. 4 percent -of the varia-
bility in the latency between keystrokes

_could be attributed to the variability in

the logarithm of the [ requency of occur-

- rence of two-letter combinations. Nev-
‘ertheless, the average latency decreased
~ by about 52 milliseconds for each log-

unit increase in frequency. Thus a fre.
quency effect emerges. I-have not done
a'similar-analysis for longer sequences,
but it is reasonable to guess that three-
Ictter combinations might also. show a
[requency effect. It has been estinrated

that only 104 three-letter sequences .
(out of 263, 0r 17,576) account for near- -
Iy half of the occurrcnces of three-let-

ter sequences in English. -
. So far I have emphasized the similar-

TIME PER KEYSTROKE (MILLISECONDS) -
[a%3
(=
(=

400

W

[«]

[=]
I

—
)
(=}

th gh ch

{3.681%) (.270%)

~(-585%) (.025%)

730’ '

B0 -

80.

TYRING SPEED (WORDS PER MINUTE)

120

240

eh . wh- xh )
(406%)- (.004%}

TYPING OF TWO-LETTER COMBINATIONS suggests one reason typing speeds for a giv-
en letter tend to vary from word to word. In each case the letier 4, typed by the right index fin-

ger, was preceded by a letter typed with the opposite hand. In 4 and gh (left) the £ and the g are
typed by the leftindex finger; 14 i$ commoiter in English. (Frequencies of occurrence are in pa-
rentheses.) In ¢/ and ek (middle) the ¢:and ‘the ¢ are typed by ‘the lett middle finger; c# -is the
commoner. In-wh and x4 (right) w and'x are typed by the left ring-finger; wh is the COMMONer,
The time required to type # is greater for the 4. in each of the less, common combinations.

ities among typists. T should also.men-
tion - the. differences. One-.of these s

the extent to which typists comprehend .

what they type. In'the course of my stod-

ies some typists reported they had virtu- .
“ally no idea of the content of what they

typed. Others said they could: compre-
hend.the material-at least as well ‘as if
they had merely read it: Their subjective
reportsare supported by their.scores on
posttyping :comprehension tests, which.
ranged. from -12.5 perceni -correct re-
sponses to-73.percent.

Alother way in which typists dif:
fered - was. in the frequency. with'
which they made errors of vafrioustypes.
The least frequent type-of ‘error for
all - typists was,“transpositiori, but  the
most frequent type was either intrusion,
omission or substitution. The duration
of the-keystrokes associated with f-
rors.also varied. ‘Some typists r’hade}cx—

tremely fast keystrokes by pressing two

fingers almost sim ultaneously. The first

keystroke would ‘come with 4 normal’
latency,: the second -would ' come: per:

Haps .10 ‘milliseconds later. The -értor
(often anintrusion -error) ‘might. be ei-
ther, onc of the strokes. - s
All-things considered, ‘it appears that
the limits of reaction time are circum-

vented primarily because skilled typists

have learned to overlap ‘the perform- -

- ance of miany of the operations involved

in‘taking keystrokes. This overlapping
is-impossible when:the ‘material to be
typed isdisplayed only a few characters
at altime. What does this conclusion im-.
ply for the understanding of skill? First,
the results from the study of typing-are
consistent with.results from the study
of -other perceptual-motor - activities in
suggesting that a cognitive component
is'present in nearly-all skilled behavior.
Attention to characters ahead of the:one
being typed may be due to the develop-:
men{t of multicharacter. units of analysis
and;

|executionior it may be -due to the
ove ‘lapping, of ‘processing - operations.
Either way, the. mechanisms dre-high-
1y, rejltional adaptations: to’ the limits of
processing character by character.
Sclcond,; the processes mediating be:
t'w‘eéb the inputand the output in typing

.areiexquisite]y.coordinated: the skilled.

‘typis%t does not often hesitate. The inten-
siverpractice nécessary to achieve high
IcVeIﬁF‘ «of skill appears, then, to result in
the “¢limination of unnecessary opera-
tions, in the ability to-execute more-than: -
one operation dt a time and perhapsina. -

‘reduction in the attention demanded of

the typist by certain operations. These:

‘charicteristics 'may be common to a

wide|variety of: activities’ and S0, may.
serveias some of:the goals toward which
any-kind of training should be oricnted. :
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