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trained over 7 consecutive workdays, each under a different training con-
dition: (1) one S received response prompts from the tactile cue (air-
Jet) keyset, (2) one S received response prompts from the visual cue
(1ight panel) keyset, and (3) one S received no automated response prompts
but was provided with a code sheet for reference during practice sessions.
Training and testing sessions were scheduled for one hour each day.

During this period, each S accumulated a total of 176 minutes of combined
practice aid testing time at her respective keyhboard while working on a
schedule of 8 minutes practice followed by 4 minutes rest. Discrimina-
tion tests for each S were also included in this regimen.

Findings frum these pilot experiments are reported in Section IV,
This series also provoked some procedural changes that were incorporated
into subsequent experimentation.

MAIN SERIES. The main series of experiments followed the general plan of
the pilot study. Three different training conditions (automated tactile
prompting, automated visual prempiing, no automated prompting) were com-
pared by training three groups of six Ss each for five consecutive days.
The following changes in experimental conditions were made for this
series:

(1) Only those six Ss who were to learn the code through
memorization and drill with the code sheet had access
to a code shoet and then only during those periods
when they were actually practicing at a keyset. (In
the pilot study, Ss had been shown the genersl format
of the code and had been allowed 5 minutes to review
the code prior to their first practice session each day.)

(2) A second tactile-prompt keyset was developed in which
the air jets were mounted directly in the keys rather
than adjacent to the keys. Performance with this key-
set was compared to that of the original to seeif the
locations of the air nozzles would improve discrimina-
tion of the tactile prompting signals,

(3) Some programming modi fications were made to make both
the control and the analytical programs more flexible.
To increase flexibility in control of the training
conditions, the program was modified slightly to permit
varying the time delay between the presentation of the
primary stimulus (the alphanumeric character) and the
prompting stimulus (either a tactile or visual signal)
with each 4-minute session. The analytical program
was modified slightly so that summary printouts showing
aggregated numbers and times of correct responses,
error responses, and total responses could be obtained
without hand-tabulating the stimulus-response printout
matrix.

These experiments with 18 Ss were conducted during the period from
14 September through 2 October 1964. Results from this series, including
comparisons of performance under the three different training conditions,
are shown in Section 1V,


















NAVTRADEVCEN 1517-1

Table 3

SUMMARY STATISTICS AND CORRELATIONS
FOR PROMPTING STIMULUS DISCRIMINATION TESTS®

Tactile Visual ::::eiﬁr;ilntziﬁs
Stimuli Stimuli ompting
— — —Stimull
Mean X = 1.78 X = .81 p = .823
Response
- - <

Speed g = 514 o = .155 P 001
(seconds)
Over-all X = 57.3 | X = 96.2 o - .27
Response c -21.59 | o = 3.41 P > .10
Accuracy
(% correct)
Rank Correlations p = 844 p = 343
Between Speed and P < .001 P < 10
Accuracv Scores

* Data from 9 Ss combined; N = 31 for these statistics (i.e., the
number of different chord patterns). See Tables C-1 and C-2
for rankings of chords.

There appears to be a clear relationship between chord complexity
and both response speed and accuracy--as more fingers are called upon
to respond, both the accuracy and the speeu of response decreases.
[(Table 3 shows the rank correlation between chord speed and chord
accuracy for all subjects on the tactile stimulus discrimination tests
(.844). The detailed tabulation showing the difficulty of the various
chords is given in Table C-1 of Appendix C.]

Performance on the visual-stimulus discrimination tests was much
less variable than that for the tactile stimulus, as shown in Table 2.
(Purformance for the 9 Ss combined appears in Table C-2 of Appendix C.)
No subject failed to exceed 93 percent accuracy; accuracy scores ranged
from 93 .4 percent to 99 .0 percent. Similarly, speed scores were
closely grouped on the visual-stimulus discrimination tests, in contrast
to the spread in speed scores for the tactile stimuli. Correlations
among Ss on various discrimination test scores are shown in Table C-3
of Appendix C. The rank correlation between Ss' over-all response speed
and accuracy was positive (rho = +.217), but s with the tactile stimulus

discrimination tests, the magnitude of the relationship did not reach
statistical significance.

The over-all high accuracy of responses to visual stimuli suggents
that the variance in response accuracy and response speed in the visual-
stimulus discrimination tests is due almost wholly to motor difficulties
rather than to failure to perceive the chord response demanded by the
stimulus pattern. Support for this view is provided by the low rank
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(1) Conditions were not mixed during any one week or any trial
session within a week. All Ss in each group received
similar treatment.

(2) No explanation of the code was given nor was review or
study of the code sheet permitted prior to any session,
including the initial one. The no-prompt group (Week 1)
was the only one that saw the code sheet, and these ex-
posures were restricted to those times when Ss actually
practiced at the keysets.

(3) One new tactile prompting keyset was constructed in
which air jets were affixed directly to the keys rather
than beiug mounted outside the keys adjacent to their
tips. The Ss in the tactile-prompt group (Week 3)
were rotated through both keysets so that their ability
to discriminate prompts from both keysets could be com-
pared (see Section V).

Two S8 worked simultaneously at separate, independent keysets while
the third rested. Each had two consecutive 4-minute practice or test
sessions followed by a 4-minute rest period. The work-rest pattern was
varied daily tc balance the position assignment of each S at the start
of a day's runs.

Subjects were instructed to seek both speed and accuracy in per-
formance. Commencing on the second day of each week, Ss were privately
shown printouts of their own previous day's performnndgf No intergroup
or intragroup comparisons were provided; Ss were simply told that they
wvere ''doing pretty well--just about as we expected."’ Subjects were
encouraged to do their best, but care was taken to prevent overt indi-
vidual or group competition.

For the visual-prompt group (Week 2) and the tactile-prompt group
(Week 3), the following schedule was maintained in the time delay between
the presentation of the alphanumeric characters and the prompting stimulus:

Day 1: Both primary and prompting stimuli were presented
simultaneously.

Day 2: The prompting stimulus followed the primary stimulus
by 0.5 second.

Days 3-5: The prompting stimulus followed the primary stimulus
by 0.8 second.

Prompts were not presented during test trials.

By the conclusion of each 5-day training period, Ss in each group
had spent the following amounts of time at a keyboard:

18
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Table 6

COMPARISON OF VARIABILITIES ON SPEED AND ACCURACY SCORES
IN 8-MINUTE TEST AT END OF TRAINING®

Ratio of Variances|Ratio of Variances|Ratio of Variances

Comparisons of Mean Time of of Mean Time of |of Percent Correct
Cdrrect Responses | Total Responses Responses
No Prompts 0.1949 0.3848 _ 155.6785
vs. 0.0a85 - 402 | Go7es = °01 | 3 1ess = 483
Visual Prompts | (p 5 .10 (P 2 .10) (P > .10)
No Prompts 0.048% 0.0768 246 .0749
vs. 0.0086 - > | oo1ss - 48 | 32 qess - 7-¢4
Tactile Prompts| p < .10) (P > .10) (P < .05)
Visual Prompts 0.1949 0.3848 246 .0749
vs. 0.0086 22.66 0.0158 24.36 155.6785 1.58
Tactile Prompts| (5 < o1) (P < .01) (P > .50)

. Variances calculated from standard deviations reported in Table C-7
according to the relationship s2 = (N/N-1)o2. All probabilities are
for two-tailed tests,

other two groups; in particular, they were more homogeneous in response
speed than the visual-prompt group. In contrast, the tactile-prompt group
showed the greatest dispersion in accuracy scores.

Three analysis-of-variance tests were performed following the model
suggested by McNemar (1955, Pp. 332-335) for a pseudo three-way classifi-
cution (subjects by methods by days). The first analysis, summarized in
Table 7, examined response speed under practice coaditions over the five-
day neriod for the three groups. The data support the impression, gained
from the summary data in Table 5, of differences between groups, differ-
ences over time, and different rates of change over time within groups.

Table 7

ANALYSIS OF VARIANCE FOR RESPONSE SPEED
IN PRACTICE CONDITIONS®

Source of Variation |Sum of Squares| df | Mean Square F P
Individuals 4.48 15 0.299 --

Training Methods (M) 10.47 2 5.235 17.51 | < 001
Days (D) 17.56 4 4.390 12,33 | < ,001
Interaction: M X D 8.26 8 1.032 2,90 < .01
Remainder 21 .39 60 0.356 -

Total 62.16 89

* Based on performance summarized in Table §.
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To examine the effects of continuous and immediate respons: feed-
back upon learning rate, three new Ss were recruited to undertake
training for a five-day period. These Ss were comparable in general
background to those previously omployedT- Training conditions were
similar to those followed during the main series, except that the key-
set rotation schedule used in the pilot study was followed. Ss were
randomly assigned to a training condition--automated tactile prompting
with feedback, automated visual prompting with feedback, or no auto-
mated prompting (i.e., code sheet memorization) but with feedback.

Table C-8 presents a combined record for the three Ss over the
3-day period. Individual records for the three Ss are shown in
Tables C~9 through C-11 in Appendix C. The three Ss were essentially
identical in both response speed and accuracy by the final 4-minute test
session on the fifth day--by that point, over-all mean response times
wore between 0.75 second and 0.78 second, and response accuracy scores
between 96.7 percent and 99.1 percent for the three Ss.

No statistical tests comparing the three S8 with one another seem
appropriate nor, for that matter, necessary. It is meaningful, however,
to contrast the performance of the three Ss who received continuous re-
sponse feedback with the performance of the 18 Ss trained under similar
prompting conditions but without response feedback. Figure 2 compares
the mean test performance for both the Ss trained with and without a
response feedback signal. More aetailed summaries for both groups appear
in Table C-8 and C-12 of Appendix C. (See Table 5 for the records of
each training group.)

Tables C-8 and C-12 show rather clearly that the three feedback-
trained Ss compared favorably with the most proficient of the 18 Ss
trained without feedback. Differences between the two groups favor the
feedback-trained group at most points of possible comparison.

A statistical test of differences hetween the feedback-trained
group and the nonfeedback-trained group was performed for term: nal test
performance on the fifth or final day of training. To increase the
reliability of the performance measures for the fecedback-trained group,
the two 4-minute tests administered on the fifth day were combined. The
statistical tests apply, therefore, to performance tests of 8 minutes
duration administered to both groups at the end of essentially identical
amounts of total training time. The summary statistics and the test of
mean differences are presented in Table 10.

The very small size of the feedback-trained group suggests restraint
in interpreting the statistical significance of the feedback group's
superiority in response accuracy. The difference is in the expected
direction, however, and the magnitude of the t-ratio provides persuasive
support for the conclusion that continuous and immediate response feed-
back does, facilitate psychomotor learning.
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Table 10

MEAN DIFFERENCES IN SPEED AND ACCURACY
ON EIGHT-MINUTE TERMINAL TESTS OF PERFORMANCE
BY FEEDBACK-TRAINED AND NONFEEDBACK-TPAINED GROUPS

Nonfeedback Feedback
Trained Trained
(N = 18) { (N = 3)
Mean Total |
Response 1.08 0.84
Time (sec)
Standard
Deviation 0,387 0.045
Mean
Difference 0.24
té 1.021 (p > .10)
Percent
Correct 88.65 98 .53
Responses
Standard
Deviation 10 .98 0.695
Mean
Q,
Difference 88
te 36.296 (P < .001)
t = xl _ x2 where 52 = le ’ 2x2
23 . 23 N1 + N2 - 2
Ny N

24
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Estimates of Proficiency Limits. Three 5> who had participated in
the main series were recalled for further training during the period
7-11 December. They were among the better performers from the carlier
experiment and may be identified 1n Tabie C-7 as subjects C, K, and O.

These Ss were urged to work toward maximum response speed consistent
with accurescy. To accelerate their relearning of the code, each was
allowed to study the code sheet and to use it for reference during prac-
tice sessions if desired. Relearning of the code was fairly rapid.
wWithin 20 minutes of review practice, each S had returned to a level of
response accuracy very similar to that achieved at the end of her train-
ing 8 to 10 weeks earlier. After about 30 minutes of review practice
and testing, each S was also responding at about the same speed as she
had achieved by the end of her earlier training. Cumulative records for
each ot these Ss covering both weeks of training are shown in Appendix C
(see Tables C-13 through C-15).

On the basis of the three-subject pilot study conducted in July-
August, where training had extended over a 7-day period, it had appeared
reasonable to expect that over-all mean response times of 0,50 second or
less would be achieved by one or more of the Ss in this retraining experi-
ment. Two of the three Ss in the pilot study, it will be recalled, had
achieved over-all mean response times below 0.60 second during test runs
toward the end of their training period. These performances were never
matched by any subsequent Ss, including the three who received the second
week of training,. Undoubtzﬁly the 8-10 week recess between the end of
one training sessirn and the start of another was a substantial handicap
for them to overcome, Nevertheless, the rate of improvement in response
speed shown during the final days of training was not as great as had
been anticipated.

The cumulative performance of these three Ss over all thelir test
runs~-=three or four during their first week of training and 10 during
their second wexk of retraining--is shown in Figs. 3, 4, and 5. Fluc-
tuations ‘n response accuracy as increased speed was sought suggest that
a reasonable upper limit for transmitting the 3l-item code on such S-kay
kcysets as were used in these experiments probably falls in the range from
0.50 to 0.60 second for all chords.
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differences in speed were very slight by the fourth or fifth day of
practice. A somewhat lighter ""touch” on the old keyset probably con-
tributed to this difference. This difference in touch also may have
served to obscure somewhat any actual differences b2tween the keysets

in cue discriminability. It was evident that for these Ss, the new key-
set was not an improvemert in terms of speed. Four of the six were more
accurate when using the new keyset, but the practical difference in
accuracy was trivial, suggesting that neither keyset was superior to
the other.

GENERAL LIMITATIONS OF THE DATA

Three instances of difficulty were experienced in the recording of
data. The first occurred during the pilot study, when an incompletely
tested analytical program was found to contain an error, and data for
28 minutes of practice runs and 4 minutes of tes: runs for three Ss
woere omitted from the cumulative record. The second difficulty was an
experimenter error that occurred on the first day of the main series,
and resulted in the loss of 8 minutes of practice data for one S. The
third occurred during the second day of the third week of the main series,
when a paper tape failed to feed properly and 12 minutes of practice data
for two S8 were lost.

A question remains regarding the extent to which findings on the
discrimination of tactile stimuli and on response speed are equipment-
bound. These findings are vulnerable to the influence of keyset design.
One might suppose that keysets with somewhat di fferent key shapes and
arrangements would have been easier for all Ss to operate, thus leading,
perhaps, to somewhat different error rates and response times. A
glove-like contrivance, for instance, might have permitted better "'tar-
geting” of the airjets. Since no changes were made in the basic design
of the keysets used by all Ss during the experiment, however, the rela-
tive performance of the different training groups probably can be con-
sidered as stable findings.

The degree to which discrimination of tactile prompts was influencad
by the particular equipment used also limits somewhat the generalization
of conclusions regarding the utility of tactile prompts. Recall that
the group trained with the aid of tactile prompting was significantly
less variable in responfe speed than the group trained by the visual
prompting method. It is tempting to ignore, for purposes of speculation,
the physical characteristics of the tactile prompts and to consider them
as & special case of what might be called "proximal’ prompts--that is,
prompts directed toward and received by the musculature required to exe-
cute a motor act. (Thus, proximal prompts for a finger response on
8 S5-key keyset could be any appropriate signal directed to the fingers--
e mechanical linkage, a mild shock, a vibration, pressure, etc.). Con-
ceivably, techniques for providing proximal prompts could be developed
that are less ambiguous and more easily discriminated than were the
tactile air-jet signals used in this study. If difficulties in dis-
crimination could be at least partly overcome, then the usefulness of
proximal prompting in learning certain sensorimotor skills might be
markedly increased. This would be particularly true if the decrease in
intragroup variability proved to be reproducible for other Ss and for
other types of sensorimotor skill learning. -
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SECTION VII

RECOMMENDAT IONS

The following recommendations are based on the foregoing conclusions,

(1)

(2)

Cost/benefit analyses of alternative training procedures
should include the possibility of a computer-served auto-
mated system whenever a requirement for skill training

is generated. Automating training for many sensorimotor
skills is feasible. With growing experience in the uses
of such systems, it is plausible to expect that training
system analyses will show increasingly that the benefits
of such systems for specific training applications and
general training research will justify the costs asso-
ciated with their development, refinement, and use.

Particular encouragement should be given to investiga-
tions of procedures for automatic and continuous on-line
analyses of learner performance so that the training
system cen adapt to changing learner requirements. If

a training system is to adapt appropriately to the
cumulative performance of individual trainees, then
psychologically defensible rules must be programmed to
guide these adaptive changes. Research leading specifi-
cally to the development of such rules and programs
appropriate to them should be stimulated.

When the nature of a training problem is such that
response prompting techniques suggest means for
facilitating skill acquisition, particular care

should be taken to assure that the prompting stimuli
under consideration will be discriminated easily by
all traineos, either from the outset or with a minimum
of special discrimination training. In general, more
familiar ¢ttimuli are to be preferred over less familiar
or exotic s*imull as response cues so long as the
training problem permits their use. When consonant with
the response patterns to be learned, visual and aural
stimuli probably shnuld be preferred over tactile,
kinesthetic, or other stimuli. Exceptions may occur

in situations where normal channels are unavailable

or overloaded, or when unusual stimuli are more com-
patible with the kinds likely to be encountered in
operational settings. For example, if a response in
an operational environment is to be triggered by visual
signals, then visual stimuli probably also offer the
best option as response-prompting stimuli.

1f response prompts for motor acts have utility, such
utility appears likely to be greatest for sequences
of motor acts in which (1) the precise order of acts
must be mastered amd (2) each successive act does not
embody sufficient cues to unambiguously prompt the
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FIG. B-8 PRINTOUT DATA SHEET AND SEGMENT OF PUNCHED PAPER TAPE
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