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Twenty hours of practice on

, USA

a sequential keying task were administered to determine the

mechanisms responsible for practice-related improvement. Sensitivity to varying stimulus prob-

abilities was evident from the

carliest stages of practice and did not|shift with continued

experience. The efficiency of making keystrokes involving overlap of successive finger movernents

improved more than that for ke
span revealed that with practice

ystrokcs with no possibility of overlap, andian index of eye—hand
subjects expanded their degree of anticipatory preparation. 1t was

suggested that one of the most important things acquired with skill is the ability to execute several

processes simultaneously.

Although pracftice-related improvements in a variety of perceptual-
motor tasks have been well-documented (e.g., see Salthouseiand Som-

berg (1982) for a brief
for a relevant study
known about the exa
ments. The purpose of
deficiency by examinin
keying task.

The task was design
to examine possible p
observed in transcript
and Salthouse (1984b

general review and Leonard and Newman (1965)
involving sequential keying), very little is yet
ct mechanisms responsible for those improve-
the present study was to attempt to address this
ig the detailed effects of practice on a'sequential

ed to be similar to the activity of typing in order
arallels with skill-related differences, previously
ion typing. For example, both Gentner (1983)
found that typing skill was closely|associated

with improvements in the speed of making keystroke sequences involv-
ing alternate hands, but that there was less improvement inl the speed
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190 T.A. Salthouse / Practice effects

of sequences involving repetition of the same keystroke. This pattern
suggests that one factor contributing to the acquisition of keying skill is
learning to overlap successive finger movements efficiently. That is, no
overlap is possible with sequences involving the same finger, and the
greater improvement with other finger sequences may be attributable to
mmproved efficiency of preparing for future finger movements while
simultaneously executing current movements.

Salthouse (1984b, 1985) also reported that more skilled typists

~ needed a larger number of visible characters in the display in order to

maintain their normal rate of typing than did less skilled typists. This
number of characters was designated the eye—hand span, and the
greater eye—hand spans on the part of more skilled typists suggest that
one of the things learned with skill is the ability to anticipate, and
prepare for, forthcoming keystrokes.

While not found to be related to skill in the typing studies, differen-
tial sensmvny to stimuli of varying frequencies of occurrence seems
plausible’ as :a mechanism responsible for at least some of the practice-
related 1mprovement in keying efficiency. That is, with increased exper-
ience on a keying task subjects may learn the probabilities of individual
stimuli, or sequences of stimuli, and consequently alter their response
efficiencies in accordance with the probabilities of specific events.

These three potential concomitants of improved skill were investi-
gated in a sequential keying task performed across 20 hours of practice.
Performance was analyzed on four types of keystroke transition —
involving the same finger and the same digit (1D), different digits but
the same finger (1F), different fingers of the same hand (2F), and
fingers from different hands (2H) — and stimuli were presented with
different probabilities to allow an examination of practice-related
changes in the effects of stimulus frequency on keystroke efficiency. In
addition, ‘the number of visible characters was manipulated on each
session to allow an assessment of the number of characters needed
to maintain one’s normal rate of keying, i.e., the individual’s eye—
hand span.

Method
Subjects

Four adults (three males and one female) between 23 and 36 years of age par-
ticipated in 20 experimental sessions of approximately one hour each.
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Apparatus

Responses were entered via two numeric keypads scpﬂéted by %8.5 cm from one
another on a response panel. The keypads were arranged in a touch telephone format,
i.e., with the ‘0’ key on the bottom and ‘1°, ‘2, and 3’ on the top row, etc. A laboratory
computer monitored the responses, and also controlled tht\: display of the stimulus

sequences on a video monitor.

Procedure

i :

The basic task for\t‘hé subjects was to key the digits displayed on the monitor as
rapidly and accurately| as possible. The digits were displayed in tWo sizes; the large
ones were to be entered on the left keyboard and the small ones were to be entered on
the right keyboard. A * ‘touch keying’ strategy was to be employed with the middle three
fingers of each hand assigned to the 4-5-6 ‘home row’ keys. Finger 'position was not
monitored but all subjcjacts reported that they complied with this strétegy. Seven digits
were presented in the normal conditions, with the display shifting one digit to the left
with each successive ke}ystroke. That is, pressing a key causcﬂ the leftimost digit on the
display to disappear, the remaining digits to shift one space to the leff, and a new digit
to be displayed on the iright edge of the display. 1

Specific digits were presented with probabilities of 0.20 (for ‘0’ which could be
pressed with the ‘0 key% on either keypad), 0.14 (for one digit jon each jkeypad), 0.06 (for
two digits on each keypad), 0.03 (for four digits on each keypad), and 0.01 (for two
digits on each keypad).LTwo of the subjects received one assibnment of probabilities to
specific digits, while the other two subjects had those probabilities assigned to different
digits. It was impossible to balance the probabilities perfectly across [ingers and rows
because of the cxistenc‘é of the 0.14 probabilities-(assigned alternatcly to the ‘4’ and ‘¢’
keys on each keyboard), but with this exception each finger and each row had a similar
distribution of the 0.01‘7 0.03, and 0.06 probabilities. o

Each session consiEted of 32 blocks of 100 digits cach under the conditions

described above, and 7
displayed digits. The d
on subsequent blocks ¢

blocks of 100 digits each with a systematicallyj varied number of
splay contained 7 digits on the first of these special blocks, but
ontained 5, 3, 1, 2, 4, and 6 digits, respectively. This manipula-

tion of preview was designed to determine the number of characters needed by the

subject to achieve his

or her normal rate of keying with the stan:dard display of 7

characters. Stimulus probabilities in these conditions were the same as those in the
standard display condition. K

Results

The median interva
and was rcduced to 252

between successive keystrokes averaged 708 fpsec on session 1,
msec by the 20th session. Mean accuracy ranged from 92.1% to

94.6% across sessions, with three of the four subjects consiﬁtently averaging about 5%
errors and the remaining subject about 8% errors. Becaure the agcuracy level was
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Fig. 2. Relative efficiency of ke
function of practice.
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reasonably high, and because few ‘relations beiween skill and tyg

reported in previous studies

of typing, all remaining analyses were
and third quartiles of

the time variable. The means of these medians, and of the first ‘
the interkey interval distributions, across the 20 experimental sessions are:illustrated in

fig. 1. The same pattern was
the 20th session was 0.48, 0.

ystrokes to stimuli with different probabilities of

based
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Stimulus
Probability

occurrence as a

e of error have been

exclusively on

evident for each subject as the median interkey interval on
23, 0.40, and 0.40 that of the 1st session, respecnvely, for

the four subjects. Fig. 1 clearly indicates that performance 1mprovcd dramaucally asa

function of practice, and

hence subsequent analyses focused on determmmg the
reasons for this improvement.

One analysis examined the effects of stimulus probability on interkey 1ntcrva1 across
Each response key was categorized accordmg to the
probability of its associated stimulus digit, and the mean of i the medldn interkey
intervals in that category computed for each subject. These means were then averaged
across the four subjcets for each of the 20 sessions of the experlment“However in
order to indicate the changes in these measures relative to the overall pracuce-related :

different stages of practicc.

shift in performance, the means were converted to ratios by dividing |

them by the

average median interkey interval for the standard conditions on each respwnve session.
For example, the interkey interval for the digits: with a 0.14 probability
on session 1, the intcrkeyi interval for all digits on session
consequently the relevant ratio was.0.95. This procedure was followed for ‘all probabil -
ity categories on each sessioh, with the results displayed in fig. 2. ‘

was 7

aizas 675 msec

§ msec, and
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The striking feature of fig. 2 is that the differences among the various probabilities
remain quite stable across the 20 sessions of the experiment. Least-squares linear
regression slopes for the average data were all less than 0.003, and none of the r2
values exceeded 0.34. Each subject exhibited this same pattern as 18 of the 20 »2 values
(5 probability conditions for each of 4 subjects) were less than 0.5, and the remaining
two (from different subjects) had slopes of only 0.004 and —(.005. These findings
suggest that a changing sensitivity to the frequencies of different stimulus events is not
responible for the practice-rclated improvement because there is 1o’ apparent shift in
the relative efficiency of keying sequeneés with different probabilities of occurrence,

The data were also examined with respect to the probability of the transition
between particular keystrokes (c.g., going from a 0.14 probability ‘digit to a 0.01
probability digit), but there was little overall effect of prior probability, and virtually
no- influence of practice on relative performance with different prior probabilities.

The effects of type of transition between successive keystrokes were examined by
first categorizing each digit-key pair according to its assignéd hand and finger, and
then determining whether successive keystrokes involved fingers from different hands
(2H), different fingers on the same hand (2F), the same finger but different keys (1F),
or the same finger on the same key (LD). Median interkey intervals were computed for
cach of these categories for each session, and then means determined across the four

240:[
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Fig. 3. Relative efficiency of different types of keystroke transitions as a function of practice. The
terminology is 2H for keystroke sequences involving different hands, 2F for sequences involving
different fingers of the same hand, 1F for different keys pressed with the same finger, and 1D for
the same key pressed by the same finger.
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subjects. Ratios of these means relative to the mterkey interval for all digits are
displayed in fig. 3. Least- squ‘ares linear rcgressmn slopes were 0.000 for 2H, —0.002 for
1F, 0.006 for 2F, ond -0.012 for 1D, with r? values of 0.00,0.21, 0.70, and 0.86,
respectively. All subjects we le consistent in exhibiting the steepest slopes With the 1D

\
keystrokes, with "generally ‘small or unsystematic changes on| the other types of

keystrokes. |

The results of fig. 3 are shbstanndlly different from those obta.med in skilled typing
because fast typists are invariably much faster with 2H (two-hand) transitions than 1D
(one-digit, or repetition) transitions. The ratio for 1D keystrokes appears to be
approaching 1.0 with practlée however, suggesting that there is less absolute improve-
ment with practice on thcse‘ keystrokes compared to the other types of keystrokes. In
fact, the mean of the medla‘n interkey intervals decreased a total of 546, 522, and 414
msec between sessions 1 and 20 (or the 1F, 2H, and 2F keystrokes, respectively, but
only decreased 151 msec fog the 1D keystrokes.

A final analysis was bast on measures of the eye—hand span. These, values were
derived from the results with the systematically varied preview windows by first
determining the median int‘Erkey interval with each preview size. The span was then

identified as the preview Wl‘ndOW at which the median interkey interval cxceeded the

. third quartile (75th perccnlllc) of the distribution of interkey intervals from - the

standard (preview = 7) conditions. This ‘procedure is analogous to that lemployed in
studies of typing (e.g., Salthouse 1984a, 1984b, 1985), and can be interpreted as

Eye-Hand Span
=
1
¥

|
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Fig. 4. Mean eye—hand span, |reflecting the number of visible characters needed
normal rate of keying, as a function of practice.

to maintain a
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indicating the number of characters needed to maintain one’s normal rate ol keying.
The means of the four subjects across the 20 sessions of practice are displayed in fig. 4,
wherc it can be seen that there is a consistent trend for the span to increase with
practice. The parameters of the least-squares regression equation were: span = 0.937 +
0.045 (Session), #* =0.77. One subject did not exhibit an increase in eye—hand span
across the practice sessions, but each of the other subjects went from a. span of 1 in the
initial sessions.to a span of 2 for at least the final five sessions.

Discussion

Despite experience limited to 20 hours, keying performance im-
proved substantially across the duration of this experiment. By the last
session the median interkey interval was reduced to 36% the initial
value, and the interquartile range reduced to 28% the initial value.
Some of the improvement across the initial sessions may be a matter of
becoming familiar with the key positions and learning to execute novel
keystrokes, -but factors such as these are probably of only minor

" importance after the first few hours on the task.

Very little of the improvement across any of the sessions appears
attributable to learning and utilization of stimulus probabilities. Highly
probable stimuli were responded to more efficiently within the first
session of 3200 responses, and relative performance did not vary

systematically with subsequent experience. A similar invariance of

frequency effects across different levels of typing skill was reported by
Salthouse (1984b), and thus it seems unlikely that keying proficiency
- develops by increased sensitivity to varying event probabilities.

The relative efficiency of certain keystroke sequences did change
across practice, but the absolute pattern was quite different than that
characteristic of skilled typists. Repetitions of the same keystroke
improved less over the 20 sessions than did other types of keystroke
transitions, but they remained the digrams with the shortest interkey
interval. With skilled typists, on the other hand, repetitions are usually
the slowest type of keystroke transition (cf., Gentner 1983; Salthouse
1984b). The differential rates of improvement across the four digram
types may account for this pattern reversal because extrapolation of the
present results to additional levels of practice would eventually yield
the configuration characteristic of typists. Gentner (1983) and Salthouse
(1984b) also reported that keystroke repetitions were relatively fast
among the least skilled typists, and exhibited the smallest amount of
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absolute difference Lcross typists of varying skill levels. The typing and
keying results are therefore compatible with one another, and- differ
largely with respect to the amount of “experience and the associated
level of performance. In other words, the final ﬂevel. of performance
achieved in the currlent_ study was probably comparable to only the very
lowest levels of skilgi examined in the typing studies. :

One unambiguous shift with practice is the humber of displayed
characters needed to maintain one’s normal rate of keying. On the first
session only the to—h)e—keyed digit had to be visible in order to perform
at the rate achievéd with seven visible characters, but by the 20th
session three of the‘four subjects needed two visible digits to perform at
their, now much faster, normal rate. It seems rea$onable to expect that
these eye-hand spalns would continue to expand with increased experi-
ence because Salthé‘)use (1984b, 1985) found thati the size of the spans
was positively correlated with typing skill. ! j

The changes in ‘ye—hand span and efficiency of certain keystroke
sequences both indicate that improvement in keying tasks is associated
with greater preparation for forthcoming keystrokes. A larger eye—hand
span means that the subjects are beginning to process impending
stimuli before the completion of the prior keystroke, and the greater
improvement for kéystroke sequences involving the possibility of over-
lap of current ancﬂ future finger movements implies that subjects are
learning to respond to stimuli in a less discrete and sequential manner.
In light of the con‘firmation of these conclusior{‘s in recent studies of
skilled typing (e.g), Gentner 1983; Salthouse 1984a,- 1984b, 1985), it
seems safe to infer|that these factors play a major role in the practice-
related improvements observed in several types of manual keying tasks.

In summiary, the present study provides some initial answers to the
question of what is learned when an.individual improves on a sequen-
tial perceptual-motor skill. One answer is that there is more efficient

execution of the n;iotor responses, particularly those in ;lwhich there is

~ the possibility of overlap in preparatory processes. Perhaps because of

this greater execution efficiency, there is also a temporal expansion of
the preparation with processing beginnning on characters progressively
farther in advance}of the relevant keystroke as the skill develops. It is
still not clear whether this enlarged span reflects a single buffer that
increases in capacity, or the gradual development OF qualitatively

distinct types of processing each with its own Enique time course of
preparation. A fingl, and somewhat surprising, negative answer to the
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question of what is learned is that it is apparently not the relative
frequencies of different stimulus events. In neither the present longitu-
dinal study of sequential keying nor in the ecarlier cross-sectional
studies of typing has a relation been found between overall level of skill
and sensitivity to the probability of alternative stimulus events (i.e.,
digits or letters). It is possible that more complex tasks may reveal an
effect of practice or skill on sensitivity to stimulus probability, but the
discovery that probability effects were evident in the first session of the
current study suggests that information of this type is detected very
early and is probably not an important factor in skill acquisition
occurring after the initial encounters with the task.
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