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This study is the first in a series which was conducted under the name STRANGER
III, and which was to examine trainee's long-term memory of motor skills. This phase
examined the effects of varying fidelity of training devices on acquisition, retention,
and reinstatement of ability to perform a 92-step procedural task. Three versions of
the Section Control Indicator Cc. nsole of the Nike-Hercules guided missile system were
utilized. One version was a physical duplicate, fully powered and operational; a
second had no power; and a third was a 'full sized color illustration of the powered
version. Sixty U.S. Army trainees were randomly assigned to one of five training
conditions, 12 to a group. Each subject was tested immediately after training. 4
weeks later, and 6 weeks later, and each was retrained to a criterion level. There was
no difference in training time to learn the procedural task, initial performance level,
amount remembered after 4 and 6 weeks, or retraining time between individuals
trained on high fidelity devices and those trained on low fidelity devices. (al)
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FOREWORD

The objective of HumRRO Work Unit STRANGER is to examine and

obtain a better understanding of long-term memory of motor skills.
STRANGER III deals with retention and retraining of skills acquired under

various simulated procedures.
The research reported here is the first of a series of studies that have

been conducted under STRANGER III. Subsequent reports will describe

further studies on group rather than individual training, variations in low

fidelity devices, and aptitude level in relation to device training. These

studies are of theoretical importance for the area of simulation training

and of practical significance both for economy in training and for effective-

ness of training, remembering, and retraining.
The STRANGER HI studies were performed during 1967 by HumRRO

Division No. 3 (Recruit Training) at the Presidio of Monterey, California.

Director of Research was Dr. Howard H. McFann.
Military support for the study was provided by the U.S. Army Training

Center Human Research Unit. Military Chief of the Unit at the time the

study was conducted was LTC David S. Marshall.
Assisting in the collection of the data were SP 4 Lynn C. Fox,

SP 4 Eugene R. Brown, and SP 4 Louis E. 1Vloore. Data analysis was

performed by Mr. William H. Burckhartt.
HumRRO research for the Department of the Army is conducted under

Contract DA 44-188-AR0-2 and Army Project 23024701A712 01, Training,

Motivation, Leadership Research.

Meredith P. Crawford
Director

Human Resources Research Office



SUMMARY AND CONCLUSIONS

Military Problem
There is strong evidence that simulating devices having relatively low fidelity are as

effective as high fidelity devices or even the tactical equipment when training is for procedural

tasks. Little is known, however, about the long-term retention and reinstatement of performance

following training on low fidelity simulators. If relatively inexpensive training devices are as

efficient for acquisition, retention, and teinstatement of performance as the real equipment, using

them could lead to greater efficiency and training economy.

Research Problem
The purpose of STRANGER HI is to examine the effects of varying fidelity of training

devices on acquisition, retention, and reinstatement of ability to perform a procedural task.

Method
The subjects were trained to operate the Section Control Indicator console of the Nike-

Hercules guided missile system during Blue (preparation) and Red (firing) Status. The procedure

taught and thc training devices used had been employed in an earlier study under HumRRO Work

Unit RINGER (1). In that study men trained with a number of devices varying in functional and/or

appearance fidelity were evaluated on their acquisition of ability to perform the 92-step

procedural task.
In the STRANGER III experiment, subjects were trained individually on one of three panels

differing in appearance and/or functional fidelity:

(1) Hot Panel, a physical duplicate of the tactical panel in which all lights, meters,

intercom, and other indicators worked.

(2) Cold Panel, identical to the Hot Panel except there was no electric power.

(3) Reproduced Panel, a full-size artist's representation (in color) of the Hot Panel.

Sixty trainees in Advanced Individual Training from the U.S. Army Training Center at Fort

Ord, California, were the subjects. They were randomly assigned to one of five training con-

ditions, 12 to a group.
Immediately after training, each subject was tested on his ability to perform the 92-step

procedural task. Each man was tested again approximately four weeks and six weeks later to

see how much of the procedure he remembered; after the final test he was retrained to criterion.

Results
There were no differences in training time to learn the procedural task, initial performance

level, amount remembered after four and six weeks, or retraining time between individuals trained

on high, and those trained on low fidelity devices.
These results were similar to those in the research performed under Work Unit RINGER (1),

in which none of the differences in average proficiency at the end of training, or average training

time, were statistically significant. Men trained on low fidelity devic:es were as proficient as

those trained with devices high in functional and appearance fidelity.



Conclusions
The fidelity of training devices used to train individuals on procedural tasks can be verylow with no adverse effect on training time, level of proficiency, retention, or time to retrain.
Since substantial financial savings can be realized by using low fidelity devices, training

device selection should be based on a careful review of the tasks to be taught, so that inexpen-
sive devices can be used where possible.
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INTRODUCTION

There have been a number of reviews and general summaries of the litera-
ture dealing with simulator training (2-6) and its usefulness as preparation for
training on the actual equipment (7, 8). Simulating devices are used extensively
because the real equipment is expensive, limited in supply, and often inefficient
or even dangerous for training purposes.

Devices simulating tactical equipment have been developed and tested in a
number of training programs, and there is strong evidence that devices having
relatively low fidelity are as effective for training certain specialties as high
fidelity devices or even the tactical equipment (9-15). Most of the studies have
been concerned with procedural tasks in which every action must be done in
sequential order.'

In a series of experiments performed under HumRRO Work Unit RINGER
( 1 ) , the fidelity of devices used totrain men on the Nike-Hercules missile system
was varied in either a functional or anappearance dimension. The results showed
that-the requirements for fidelity in the training device were quite low; use of the
photographic reproduction trained men just as effectively as the device of highest
fidelity or the actual equipment. Lowering the fidelity by reducing the size of the
photographic reproduction had no effect on proficiency, as long as the elements
were clearly visible.

Thr..-3, there is evidence that even very simple devices can be used for
trainingon procedural tasks with no loss intraining time or degree of proficiency.
Since demonstrations of the efficacy of training with low fidelity devices have
been provided on airplanes (13), submarines (14), and tanks (17), the utility of
such devices seems widely applicable.

Even though it has been shown that under certain circumstances device
fidelity is relatively unimportant in training to a specified criterion, this does
not answer equally important questions concerning the retention of the task per-
formance. Is material learned under low fidelity procedures retained as long
as that learned under high fidelity conditions? Is a task trained on a simulator
retained equally well for high and low aptitude subjects? Is there a difference in
reinstatement of performance between subjects trained on low vs. high fidelity
devices? If retention is not as good, or reinstatement of performance more
difficult, after training on low fidelity devices than after high fidelity device
training, the latter may, in the long run, be more economical.

There are virtually no experimental results currently available that ade-
quately answer the questions of the effect of fidelity of training devices on reten-
tion. Although some studies have been done (17, 18), results remain ambiguous.

If relatively inexpensive training devices are as efficient as the real equipment
or very high fidelity devices for training and in later recall, expensive training
or tactical equipment would not have to be allocated and maintained for training
purposes. Savings could be substantial if the training involves expensive items

'As defined by R. B. Miller, a procedural task is one in which discrete, principally "all-or-none"
responses are made to given cues or to specific values of cues in a continuous series of stimuli ( 1 6).



such as missiles, airplanes, and tanks. The purpose of STRANGER III is to
examine the effect c, varying fidelity of the training device on both acquisition
and retention of a procedural task.

An initial study, utilizing the same procedural task and devices as the
RINGER research but extending the experiment to retention, is reported here.
Other reports are in preparation to describe further studies on the effects of
group rather than individual training, of further variations in low fidelity
devices, and of aptitude level in relation to device training.

APPROACH TO THE RESEARCH

Defining the Task

In a procedural task, every action or re3ponse is specified and is so simple
or well known that any subject will either already know how to do it or can
learn it almost immediately. What he must learn is the sequence in which the
actions are to be taken, and to avoid taking any action out of turn.

The task used in this study required responses such as those made by an
operator of a Section Control Indicator (SCI) panel of a Nike-Hercules guided
missile system during preparation and firing status. The equipment (Figure 1)
was identical to that employed in Work Unit RINGER (1). The entire sequence
consists of 92 actions, which are presented in Table 1 according to the different
kinds of actions and their frequency of occurrence. The complete, 92-step
sequence is presented in Appendix A.

In each step, the operator receives a signal and must make a specific
response to it. The signal for an action may

Tactical Section Control Indicator (SCI)simply be the completion of the previous
action, or the action to be taken may be to
monitor or wait for the next signal. Each
such unit, signal and action, is considered
an individual step in this procedure.

Subjects

Sixty trainees in Advanced Individual / ^ 04'e 000
114,Training from the U.S. Army Training Center ,, .1.0. L'4;%

::00.0
Table 1

Description and Frequency of Required Actions
in a Specified Procedural Task

Action

Operating a toggle switch
Operating a push-button switch
Gperating a rotary switch
Operating a rheostat control
Operating a banana plug
Writing the time
Giving a verbal response on phone or intercom
Nlonitoring a light
Monitoring a sound, oral or machine originated
Monitoring a meter

Frequency

29

8
2

2

1

3

11

18

16

2

4

Figure 1



at Fort Ord, California were raadomly assigned to one of five training groups,

with 12 trainees in each group. No one with an Armed Forces Qualification Test

(AFQT) score below 30 was included.'

Training Devices
Subjects were trained on one of three panels that differed in appearance or

functional fidelity. These devicesthree of those developed in the RINGER

researchwere:
(1) Hot Panel. This device is a physical duplicate of the tactical SCI.

Every light, switch, meter, intercom, and telephone is functional.

(2) Cold Panel. This device is identical to the Hot Panel except that it

has no electric power. Therefore, no light, meter, intercom, or telephone

functions, though the switches can be operated.
(3) Reproduced Panel.

This is a full-size artist's Training Groups and Panels on Which
reproduction of the Hot Panel They Received Their Training and Testing

and is painted to resemble an
illuminated Hot Panel.

Design

Test Panel

Training Proficiency

The training and test design Panel Test
Retest 1 Retest 2

is presented in Figure 2. Three
of the trainee groups (Groups
1, 2 and 4) were always tested
on the high fidelity simulator
(Hot Panel) , regardless of
the panel on which they had
been trained.

To avoid the possibility

Group 1 Hot Hot Hot Hot

Group 2 Cold Hot Hot Hot

Group 3 Cold Cold Hot Hot

Group 4 Repro Hot Hot Hot

Group 5 Repro Repro Hot Hot

that mere exposure of all groups
FigL.

to the Hot Panel at the time
of proficiency testing might affect retention, the two other trainee groups were

not originally tested on the Hot Panel. One group (Group 3) was trained on the

Cold Panel and was given the proficiency test on the Cold Panel. Similarly, one

group (Group 5) was trained on the Reproduced Panel and tested initially on the

Reproduced Panel. Neither of these groups was exposed to the Hot Panel until

retesting, four and six weeks after training.
In addition to the acquisition and retention data, General Technical Aptitude

Area (GT) and AFQT scores were obtained for each subject.

CONDUCT OF THE RESEARCH

Training Procedures
The subjects were trained individually, with two enlisted men on the research

staff serving as instructors.2 The subject was told that he would be trained to

operate a piece of Nike-Hercules equipment. The instructor then showed a

'Low-aptitude personnel were omitted from this study and studied separately at a later date.

2Each instructor trained approximately the same number of subjects. All retesting was conducted by

one instructor. Statistical tests indicated no significant differences between instr-ctors on proficiency

scores or on time to train for the trainees.
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diagram of a typical Nike-Hercules site (see Appendix B) and described the
functions of the major pieces of equipment.

Using the appropriate simulator on which the subject would be trained, a
demonstration "talk-through" of the 92-step procedure was then presented. The
instructor showed and described the signal for an action, and the action itself,
and gave a brief, simple explanation of why the action was taken. For example,
the first signal is the simultaneous onset of a Blue Status light and sound of an
alarm buzzer. The proper action is to turn the power switch to the on position.
The explanation given was "turning the power switch ON provideS e3ectric power
to this panel."

When the instructor had completed the 92-step demonstration, the subject
attempted to perform the procedure. When an error was made, it was immedi-
ately corrected and the procedure continued. The instructor pointed out that
certain sections of the procedure could be grouped for easier learning. He used
verbal expressions, such as "good" and "that's right" to reinforce correct actions.
(Not every action was reinforced, and no attempt was made to follow an exact
schedule, although reinforcement was used more frequently in the early stages
of training.)

Cueing was also used when a subject hesitated to take some specific action
after he had apparently recognized the signal. For example, completion of the
seventh action ("Plug the Headset-Handset into Station 21 is the signal for the
eighth action, which is to announce over the Headset-Handset, "Blue Status
received, Section A." If, during the training, the subject completed the seventh
action and hesitated too long in making his announcement, the instructor might
say, "You plugged it in, now use it." As with the verbal reinforcement, cueing
was used more often in the early part of training.

A tactical SCI automatically furnishes knowledge of results to an operator
after many of his actions. For example, when the prepared button for Launcher #1
is pressed, the red prepared light goes out and the green prepared light goes on.
Of the simulator training devices, only the Hot Panel provided this same knowl-
edge of results. For the other two devices, the instructor provided the trainee
this information orally. Using the example above, when the prepared button was
pressed, the instructor would say, while pointing to the proper lights, "Now this
red light is off, and this green light is on."

On the Cold and Reproduced Panels, the subject could only "speak" certain
actions instead of actually performing them. The trainee had to verbalize that
"the red light is off, and the green one now is on." Trainees on the Cold Panel
actually threw the switches on the panel while Reproduced Panel trainees simply
went through the motions of throwing the switches.

The training session was continuous, except for an occasional brief rest
break, until the subject could perform one errorless trial, or until the maxi-
mum time of three hours was reached. All subjects completed training in the
time allotted.

The procedures that had been followed in the RINGER research differed in
that men were trained in groups of five, rather than individually as in STRANGER.
The instructor gave a demonstration "talk-through" of the procedure, then selected
a trainee to attempt to perform it while the other trainees observed and helped
him when he made an error. After the trainee had gone through the 92 steps, a
second trainee was selected to perform and the first became an observer. Each
trainee in the group performed twice and observed eight times, before being tested
on the Hot Panel, whereas in STRANGER an individual's training continued until

6



he achieved one errorless trial (or until three hours had passed) before being
tested on the Hot Panel.

Te sting
Groups Initially Tested on the Hot Panel

Approximately five minutes after a subject had been trained, he was
tested in order to ascertain his level of proficiency. For three of the five
treatment groups, proficiency was tested on the Hot Panel, which was considered
equivalent to a tactical SCI. The trainee was told that he was to perform the
92-step procedure using the Hot Panel, and that all parts of the device operated.
He was cautioned to take his time and asked if he had any questions before
starting. Then the instructor operated a switch that turned on the Blue Status
light and the alarm buzzer, and the trainee began the test.

In every case, the alternate instructor was present in the room and
acted as scorer, keeping a record of the trainee's errors. Each step omitted or
taken out of sequence constituted an error. Any question the trainee asked during
the procedure was answered by the instructor, and an error was scored for that
step. If the trainee made an error that would have prevented continuance, the
instructor corrected the error and recorded it, and the trainee continued with
the test.

The trainee was told that he would be sCored on accuracy only, and
that time was not a factor on the test. The proficiency score was the number
of steps performed correctly.

Groups Initially Tested on Cold and Reproduced Panels

Two of the treatment groups were not tested initially -
Following the five-minute wait after training, the men in e
tested on the panel on which they had been trained (one on Co
Reproduced Panel). The test procedure was generally the sarn
with the Hot Panel.

- the Hot Panel.
1 group were
Panel, one on
as that followed

Retesting and Retraining
Approximately four weeks after training (26-30 days), eacsh subject was

brought back and all were tested on the Hot Panel. The same testing procedure
as previously described was used. After the test the instructor reviewed any
errors made by the subject and pointed out the correct actions.

Two weeks (14-18 days) after the first retest, a second retest was given fol-
lowing the same test procedure. After the test, if any errors had been made they
were corrected and the trainee attempted to perform the procedure correctly.
Continued attempts were made until the trainee reached a criterion of 90 correct
or better. Both the number of trials and time to reach criterion were recorded.

RESULTS

Data analyses are based on 12 men in each training group. Analysis of
variance procedures were used to test for diffe ences related to the use of the
three training panels. Details of these analyses are presented in Appendix C.
Individual scores on each variable are presented in Appendix D.

Mean scores of the five experimental groups for all of the variables studied
are presented in Table 2. In conducting the analyses of variance, the two groups

7



initially tested on the Hot Panel and the two groups initially tested on the Cold
and Reproduced Panels were compared separately with the group trained and
tested on the high fidelity simulator.

Table 2

Mean Scores on Independent Variables for Experimental Groupsa

Test
Treatment Groupb

Hot/Hot T Cold/Hot Cold/Cold Repro/Hot Repro/Repro

AFQT Score c
Mean 78.1 78.8 58.4 79.2 70.5
SD 22.3 20.2 20.0 10.3 23.2

GT Score c
Mean 122.0 124.0 106.0 126.0 116.0
SD 17.7 16.9 21.7 11.9 17.9

Time to Train
(minutes)

Mean 114.0 113.3 118.3 97.3 132.3
SD 21.9 30.1 30.0 30.5 37.2

Proficiency
Score

Mean 90.9 89.2 90.1 88.3 89.5
SD 1.0 3.1 1.6 3.4 S.6

Retest 1
Score

Mean 75.7 75.0 75.4 75.1 71.7
SD 5.2 4.3 6.1 8.0 8.3

Retest 2
Score
Mean 82.9 83.3 83.3 83.6 83.3
SD 4.6 4.8 6.5 5.0 5.5

Trials to
Retrain
Mean 2.5 2.5 2.3 2.2 2.5
SD 1.0 0.8 0.4 0.7 1.0

Time to Retrain
(minutes)

Mean 20.7 19.9 19.0 17.8 21.1
SD 10.3 6.9 4.0 8.3 10.4

aDesignation indicates method by which the subject was trained and method by which his
proficiency was originally tested.

bAnalyses of variance for these groups showed that differences were not significant.
Nean scores somewhat above the average Army input for all groups.

None of the comparisons indicated significant differences (see Appendix C).
In training time, initial performance level, amount remembered after four and
six weeks, or retraining time, results were similar for individuals trained on
high and low fidelity simulators.

DISCUSSION

Acquisition

The results of the study indicate that men can be trained to perform a pro-
cedural task as well on very simple, low fidelity devices as on a functional, high
fidelity device. These results are consistent with those of other researchers

8



who have shown that for fixed procedural tasks, fidelity is relatively unimportant

in the training device (1,9-16). Moreover, the actual proficiency scores
obtained are similar to those reported under Work Unit RINGER (1) using the

same equipment, even though the training procedures were somewhat different.

Retention
Regardless of the fidelity of the training device, all subjects retained the

material equally well for more than a month. Of greatest interest was the

finding that the groups remembered equally well even when they had not been

exposed to the high fidelity device during training. Swanson (18) found, similarly,

that differences associated with the use of various types of training aids were
negligible immediately after training and also approximately six to eight weeks

after training.

Reinstatement
When retraining to restore the original level of performance, men in the

groups trained on the low fidelity devices relearned just as fast as men in the

groups.trained on the high fidelity device. This was true even though two of the

groups had not been exposed to the high fidelity device until the time of retraining.

It seems clear from this study that high fidelity simUlation is not a manda-

tory requirement for procedural tasks. Without exception, training on a simpli-

fied device resulted in high positive transfer to the criterion task, and, most

important, retention of the skill was comparable for all groups.
Knowledge that simple devices are sufficient for training with no sacrifice

of retention of performance can mean that it is feasible to use training devices

that are less complex, less expensive, and easier to maintain than high fidelity

devices. Low fidelity devices may serve as trainers for trainers, or to intro-

duce procedures of practice in basic skills, or to prepare trainees for practice

on complicated simulators or the tactical equipment. For instance, low fidelity

devices have been shown to be as good as the real equipment for training the

following tasks: learning basic instrument and radio-range procedures in

aircraft (12); control of course and depth of a submarine (14); pre-start check,

engine start, engine run-up, and engine shut-down of aircraft (13); preparation

and firing status of a Nike-Hercules guided missile system (1), and starting

and stopping procedures in a tank (11).
They may be used to advantage where practice on a task is impossible, for

example, for reserve units.

CONCLUSIONS

The fidelity of training devices used to train men in procedural tasks can
be very low with no adverse effect on training time, level of proficiency, amount

remembered over time, or time to retrain. Trainees who do not even see the

operational device can still perform efficiently with a high degree of transfer.

High fidelity devices simply are not necessary to train on these types of tasks.

Since the financial saving realized in using low fidelity devices could be

great,' selection of training devices should be based on a careful review of the

tasks to be taught to determine where inexpensive devices could be used.

'For example, the estimated cost of the high fidelity simulator (Hot Panel) developed in the RINGER

research was $3,000 while the Reproduced Panel cost approximately $100.
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Appendix A

COMPLETE SEQUENCE OF PROCEDURAL TASK

ctr.n#4,,rd Blue Status Procedures

Operator is standing before the SCI, which is open but "cold." He is
monitoring for Blue Status light and Alarm buzzer to sound.

SIGNAL

1. Buzzer and Blue Status light.

2. "All crewmen present" on

ACTION

1. Throw Power switch to ON.
2. Throw Panel Light switch to ON.
3. Put hand under Panel Light to

check for illumination level.
4. Adjust light level with control knob.
5. Throw all four Intercom (IC)

switches to ON.
6. Throw all four Launcher Power

switches to ON.
7. Plug Handset-Headset (HH) set

into Station 2.
8. Announce "Blue Status received,

Section A" on HH set.
9. Put IC switch to TALK and hold.

10. Announce "Blue Status" on IC.
11. Check and adjust mike level while

announcing.
12. Release IC switch to LISTEN.
13. Press Alarm shutoff button till

buzzer stops.
14. Monitor for "All crewmen present"

on IC.
IC. 15. Announce "All crewmen present,

Section A" on HH set.
16. Monitor for "Battle Stations" on

HH set.
17. Announce "Battle Stations received,

Section A" on HH set.
18. Operate IC switch,
19. Monitor for green ON DECK light.
20. Announce "Battle Stations" on IC.
21. Monitor for "Launcher prepared"

on IC.
22. Press PREPARED button for #1.

3. "Battle Stations" on HH set.

4. Green ON DECK light.

5. "Launcher #1 prepared"
on IC.
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SIGNAL

6. Green #1 PREPARED and
SAME light on.

7. "Launcher #2 prepared"
on IC.

8. Green #2 PREPARED and
SAME light on.

9. "Launcher #3 prepared"
on IC.

10. Green #3 PREPARED and
SAME light.

11. "Launcher #4 prepared"
on IC.

12. Green #4 PREPARED and
SAME light on.

13. "Launcher #1 ready" on IC.

14. Noise on IC.

15. "Launcher #2 ready" on IC.

16. Noise on IC.

17. "Launcher #3 ready" on IC.

18. Noise on IC.

16

ACTION

23. Monitor for green #1 PREPARED
and SAME light.

24. Monitor for "Launcher prepared"
on IC.

25. Press PREPARED button for #2.

26. Monitor for green #2 PREPARED
and SAME light.

27. Monitor for "Launcher prepared"
on IC.

28. Press PREPARED button for #3.

29. Monitor for green #3 PREPARED
and SAME light.

30. Monitor for "Launcher prepared"
on IC.

31. Press PREPARED button for #4.

32. Monitor for green #4 PREPARED
and SAME light.

33. Monitor for "Launcher ready"
on IC.

34. Operate IC switch.
35. Announce "Stand clear, Launcher

#1 going up" on IC.
36. Throw Launcher Elevation (LE)

switch for #1 to UP.
37. Monitor noise on IC till it stops.
38. Throw LE switch for #1 to OFF.
39. Monitor for "Launcher ready"

on IC.
40. Operate IC switch.
41. Announce "Stand clear, Launcher

#2 going up" on IC.
42. Throw LE switch for #2 to UP.
43. Monitor noise on IC till it stops.
44. Throw LE switch for #2 to OFF.
45. Monitor for "Launcher ready"

on IC.
46. Operate IC switch.
47. Announce "Stand clear, Launcher

#3 going up" on IC.
48. Throw LE switch for #3 to UP.
49. Monitor noise on IC till it stops.
50. Throw LE switch for #3 to OFF.
51. Monitor for "Launcher ready"

on IC.



SIGNAL

19. "Launcher #4 ready" on IC.

20. Noise on IC.

21. Section Chief comes into
revetment.

22. Section Chief turns safety
keys to FIRE.

23. All four LAUNCHER
READY lights on.

24. Green READY TO FIRI_
light #1 on.

25. Green LAUNCHER
DESIGNATE light on.

26. Smooth movement of needle
full left to full right twice.

27. SECTION READY green
light on.

28. Section Chief says "Blue
Status checks complete."

ACTION

52. Operate IC switch.
53. Announce "Stand clear, Launcher

#4 going up" on IC.
54. Throw LE switch for #4 to UP.
55. Monitor noise on IC till it stops.
56. Throw LE switch for #4 to OFF.
57. Wait for Section Chief.
58. Throw all four IC switches

to OFF.
59. Monitor for four amber LAUNCHER

READY lights.
60. Throw Heaters and Gyros (H&G)

switch for #1 to ON.
61. Reccrd time on log.
62. Monitor for green READY TO

FIRE light for 11.
63. Throw DESIGNATE switch to #1

strip.
64. Press LAUNCHER DESIGNATE

button.
65. Monitor for green LAUNCHER

DESIGNATE light.
66. Press SLEW button and hold

through check.
67. Throw SECTION READY switch

to READY.
68. Monitor for green SECTION

READY light.
69. Wait for Section Chief to OK.

70. Announce "Blue Status checks
complete, Section A" on HH set.

Standard Red Status Procedures

Operator is standing in front of open SCI. Power is on. Blue Status is
on. Checks are complete. Operator is wearing Handset-Headset (HH)
set and is monitoring for Red Status.

SIGNAL

1. Red Status light on.

2. Green SELECTED light on.

ACTION

1. Monitor for Red Status light.
2. Announce over HH set, "Red Status

received, Section A."
3. Monitor for green SELECTED

light.
4. Throw Heaters and Gyros (H&G)

switch for #2 to ON.
5. Record time on log.
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SIGNAL ACTION

3. Buzzer, green FIRE,
LAUNCH ORDER, and
MISSILE AWAY lights on.

6. Monitor for buzzer and green FIRE,
LAUNCH ORDER, and MISSILE
AWAY lights.

7. Throw SECTION READY switch
down (OFF).

8. Throw LAUNCHER ELEVATION
switch for #1 to DOWN.

9. Monitor for green READY TO
FIRE light on #2.

10. Move LAUNCHER ELEVATION
switch for #1 to OFF.

4. Green #2 READY TO FIRE 11. Throw DESIGNATE switch to
light on. #2 strip.

12. Press LAUNCHER DESIGNATE
button.

13. Monitor for green LAUNCHER
DESIGNATE light.

5. Green LAUNCHER 14. Press SLEW button.
DESIGNATE light on.

15. Monitor SLEW METER for correct
check.

6. Smooth movement of needle 16. Throw SECTION READY switch
left to 0, right to 0, twice. up (ON).

17. Monitor for green SECTION
READY light.

7. Green SECTION READY 18. Monitor for green SELECTED
light on. light.

8. Green SELECTED light on. 19. Throw H&G switch for #3 to ON.
20. Record time on log.
21. Monitor for Buzzer and green FIRE,

LAUNCH ORDER, and MISSILE
AWAY lights.

9. Buzzer and green FIRE, 22. Throw SECTION READY switch
LAUNCH ORDER, and down (OFF).
MISSILE AWAY lights on.
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Appendix B

ORIENTATION TO THE NIKE HERCULES SITE AND
THE SECTION CONTRM INnrATAR (SCI)

The Nike Hercules is primari .r. ?ntiaircraft missile and can be
armed with a nuclear warhead. The sA.:.e donsists of approximately
eight major pieces of equipment. The layout varies from site to site,
depending on geographic conditions, and on this chart you see one
example of a basic site layout. This could represent an area of several
miles, and the only consistency is the separation of the IFC (Integrated
Fire Control) area (the upper half of the diagram) from the launching area.

'..s.-.._.....__.....:/......,

v

,........................"-......... '

.....".---.......-***7

,.
CONTROL CENTRAL of SITE

BCO
RADAR SCOPES

COMPUTER

SCI SECTION 8 SCI SECTION C
SECTION REVETMENT SECTION REVETMENT

LAUNCHERS

MI6

LAUNCHERS LAUNCHERS

The AR operates continually as it searches the area of protection.
When a target has been acquired, the AR sends azimuth and range data
to the Target Tracking Radar through the computer.
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Target Tracking Radar (TTR)
The TTR locks on the target and tracks it until the target is either

released by the Battery Control Officer (BCO) or destroyed by the
selected missile. The tracking data is fed to the computer to enable it
to plot the missile course to the intercept point.

Missile Tracking Radar (MTR)

When the missile is fired the MTR controls the flight pattern and
sends missile position data to the computer.

The three radars have operators constantly monitoring the
display scopes.

Battery Control Officer (BCO)
The computer information is monitored by the BCO who makes

the final decision whether a missile should be launched.

Launcher Control Officer (LCO)
The LCO relays the commands from the BCO to the Section

Control Indicator (SCI) operators. The LCO controls 12 missiles
through three SCI panels, and it is his responsibility to select a missile
for firing.

Section Control Indicator (SCI)

The operator of the SCI coordinates his duties with his Section
Chief and the LCO. He checks the SCI daily and maintains communication
between the LCO and the launcher crew. The SCI supplies the power
to the four missiles on the launchers. The SCI operator is responsible
for the crewmen and the status of the missile during this procedure.

You are here to learn the SCI procedures in Blue Status and Red
Status. Blue Status is the procedure taken to prepare a missile for
firing, and Red Status is the actual firing procedure.

Do you have any questions?



Appendix C

ANALYSIS OF VARIANCE TABLES

Table C-1

AFQT Scores

Source df I MS I F

Table C-5

Retest 1

MSSource dj
1

F

Between

Within

Total

4

55

59

953.56

390.38

2.44 Between

W ithin

Total

4

55

59

32.39

43.29

< 1

Source

Table C-2

GT Scores

df MS F

Table C-6

Retest 2

Source df MS I F

Between

Within

Total

4

55

59

732.81

306.73

2.39 Between

Within

Total

4

55

59

0.67

28.34

< 1

Table C-3

Proficiency Score

Source df MS7 F

Table C-7

Trials to Retrain

Source Eli- MS 1 F

Between

Within

Total

4

55

59

11.31

7.62

1.48 Between

Within

Total

4

55

59

0.32

0.67

< 1

Table C-4 Table C-8

Time to Train Time to Retrain

Source I df I MS F Source
1

df 1 MS I F

Between

Within

Total

4

55

59

1839.28

920 .03

2.00 Between

Within

Total

4

55

59

17.14

71.78

< 1
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Appendix D

INDIVIDUAL SCORES ON EACH INDEPENDENT VARIABLE

Table D-I

Individual Scores on Hot-Hot

Subject AFQT GT
Time to
Train
(min.)

Number
Correct

Retest
ttl

Retes t
*2

Trials to
Retrain

Time to
Retrain
(min.)

1 65 111 150 92 75 80 5 39

2 94 130 126 92 72 73 2 16

3 89 128 126 92 80 86 2 17

4 65 129 132 91 67 75 4 44

5 94 149 72 91 83 85 2 20

6 87 126 108 91 67 87 3 25

7 95 136 120 91 80 85 2 16

8 89 124 114 91 75 84 2 16

9 39 85 108 91 79 84 2 14

10 33 93 126 91 76 84 2 14

11 93 121 108 89 73 85 2 14

12 94 127 78 89 81 87 2 13

Mean 78.1 121.6 114.0 90.9 75.7 82.9 2.5 20.7

SD 22.3 17.7 21.9 1.0 5.2 4.6 1.0 10.3

Table D-2

Individual Scores on Cold-Hot

Subject I AFQT GT
Time to
Train
(min.)

, Lnumeer
Correct

Retest
*1

Retest
n

Trialsto
Retrain

Time to
Retrain
(min.)

1 98 144 90 92 76 85 2 14

2 56 112 180 92 75 83 2 17

3 87 129 168 91 77 86 4 26

4 99 141 90 91 81 88 2 13

5 89 121 73 91 75 82 3 24

6 67 109 150 90 67 75 3 31

7 95 136 100 90 76 85 3 24

8 95 124 90 90 80 92 1 7

9 81 136 132 88 72 77 3 25

10 80 117 148 88 80 84 2 14

11 32 83 120 86 70 78 3 24

12 67 130 90 81 71 84 2 20

Mean 78.8 123.5 113.3 89.2 75.0 83.3 2.5 19.9

SD 20.2 16.9 30.1 3.1 4.3 4.8 .8 6.9
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Table D-3

Individual Scores on Cold-Cold

Subject A FQT GT
Time to
Train
(min.)

Number
Correct

Retest
#1

Retest
#2

Trials to
Retrain

Time to
Retrain
(min.)

1 56 79 120 92 65 69 3 20

2 33 94 138 91 88 88 2 15

3 63 111 84 91 77 89 2 16

4 91 128 90 91 82 89 2 15

5 63 120 90 91 68 80 3 25

6 33 94 132 91 76 76 2 17

7 37 102 126 91 73 89 2 17

8 46 119 95 90 72 82 2 15

9 79 141 120 90 74 91 2 16

10 59 83 155 88 80 84 2 18

11 89 128 90 88 75 79 2 17

12 52 74 180 87 75 83 3 27

Mean 58.4 106.1 118.3 90.1 75.4 83.3 2.3 18.2

SD 20.0 21.7 30.0 1.6 6.1 6.5 .4 4.0

Table D-4

Individual Scores on Repro-Hot

Subject AF'QT GT
Time to
Train

Number Retest Retest Trials to Time to
Retrain

(min.)
Correct #1 #2 Retrain (min.)

1 71 120 108 92 75 82 3 23

2 77 130 72 91 88 92 1 6

3 72 130 84 91 86 91 1 7

4 88 120 100 91 74 81 3 21

5 81 132 96 91 85 87 2 15

6 88 141 65 90 72 84 3 28

7 87 135 70 89 68 83 3 36

8 59 112 90 89 78 86 2 16

9 98 126 114 86 72 83 2 15

10 82 141 110 85 61 74 2 16

11 72 100 84 83 69 78 2 19

12 76 121 180 82 73 82 2 16

Mean 79.3 125.7 97.8 88.3 75.1 83.6 2.2 18.2

SD 10.3 11.9 30.5 3.4 8.0 5.0 .7 8.3
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Table D5

Individual Scores on Repro-Repro

Subject AFQT GT
Time to
Train
(min.)

Number
Correct

Retest
*I

Retest
g2

Trialsto
Retrain

Time to
Retrain
(min.)

1 61 117 84 92 76 82 9 13

2 31 102 150 92 63 80 3 97

3 86 122 114 92 78 82 3 24

4 50 97 84 92 83 87 2 17

5 99 130 168 91 71 82 2 17

6 81 143 66 91 73 90 1 8

7 71 107 180 91 68 78 4 33

8 98 140 132 90 82 90 1 7

9 63 106 162 89 68 89 3 24

10 37 83 160 89 62 80 3 25

11 98 128 138 85 79 87 2 15

12 71 122 150 80 57 72 4 43

Mean 70.5 116.4 132.3 89.5 71.7 83.3 2.5 21.1

SD 23.2 17.9 37.2 3.6 8.3 5.5 1.0 10.4

24

t,



Unclassified.. --------- - RIII,

DOCUMENT CONTROL DATA - R.& D
(Security classification of title, body of abstract and indexing ermotation must be entered when the overall report is classified)

1. ORIGINATING ACTIVITY (Corporate author)

Human Resources Research Office
The George Washington University
Alexandria, VirRinia 22314

DEVICES

2a. REPORT SECURITY CLASSIFICATION

Unclassified
26. GROUP

3. REPORT TITLE

ACQUISITION, RETENTION, AND RETRAINING:
EFFECTS OF HIGH AND LOW FIDELITY IN TRAINING

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

Technical Report
5. AUTHoa(5) (First name, middle initial, fast name)

Douglas L. Grimsley

6. REPORT DATE

February 1969
7a. TOTAL NO. OF PAGES

27
76. NO. OF REFS

18

5/3. CONTRACT OR GRANT NO.

DA 44-188-AR0-2
b. PROJECT NO.

2J024701A712 01

9a. ORIGINATOR'S REPORT NUMBER(S)

Technical Report 69-1

O. OTHER REPORT NO.(S) (Any other numbers that may be assigned
this report)

10. DISTRIBUTION STATEMENT

This document has been approved for public release and sale;

its distribution is unlimited.

11. SUPPLEMENTARY NOTES

Long-Term Memory of Motor Skills

12. SPONSORING MILITARY ACTIVITY

Office, Chief of Research and Development
Department of the Army
Washington D.C. 20310

13. ABSTRACT

To examine the effects of varying fidelity of training devices on acquisition,
retention, and reinstatement of a procedural task, soldiers were trained
individually to operate the Section Control Indicator (SCI) console of the Nike.
Hercules guided missile system during preparation and firing status. Subjects

with no previous experience on the equipment were trained on one of three panels
differing in appearance, functional fidelity, or both, and tested immediately
after training. Approximately four and six weeks later they were retested and
retrained to the original level of proficiency. Results indicated that there

was no difference in training time, initial performance level, amount remembered

after four and six weeks, or retraining time, between individuals trained on
high and low fidelity devices for procedural tasks.

DD 1 W15 1473 Unclassified
Security Clansification



Unclassified
Security Classifica tion

18.
LMK A LMK 8 LMK C

KEY WORDS
ROLE WI ROLE WT ROLE WI

Appearance Fidelity

Fixed-Procedure Training

Functional Fidelity

Retention

Retraining

Simulation

Training

Training Devices

Unclassified

Security Classificat ion



DISTRIBUTION LIST

2 OIR OASO MANPOWER TAMA)
1 CHF OASA ATTN 00C LIB AR
1 OIR WSEG WASH., O.C. 20305
1 01A DASD MANPOWER C RESERVE AFFAIRS
2 COMO* FLO COMO DEF ATOmIC SAT AGy SANDIA BASE ATTN FCTGT
2 NASA SC! E TECH INFO FACILITY COLLEGE PARK m0
1 GINO US EUROPEAN GOND ATTN SUPPORT PLANS OR JO
1 CINC US ARMY PACIFIC APO (MI SAN FRAN ATTN GO CAT OEM OIV
2 CG SOUTHERN EUROPEAN TASK FORCE APO 011166 Ny
1 CG US ARMY JAPAN Ap0 96343 SAN FRAN ATTN G3

10 CG uS ARMY FOMCES SOUTHERN GOND ATTN SCAACO AP0 00030 NY
1 CO US Aim ALASKA ATTN AMACO APO 96749 Ny
2 CG US &Amy EUROPE 00 09403 Ny ATTN OPNS OIV
1 CO AMmy TRANS RES COMO FT EUSTIS ATTN TECH LIB
1 CG US ARMY AO COMO ENT Ail ATTN AOGCA

CG 1ST ARMY FT GEORGE g MEAN
1 CG 310 US AAmy iT MCPHERSON GA
1 CG FOURTH ARMY iT SAN HOUSTON ATTN G3
3 CG FIFTH amy FT SHERIDAN ATTN ALFGC TNG

CG STITH ARMY PIES OF SAN FRAN ATTN AmAAV
1 CG 1USA ATTN AG-Ac Apo 16301 SAN FRAN
2 CO EUSA ATTN G-3 APO 96301 SAN FRAN
1 01A MEL APG m0
1 CG USA COC ExPERIME4TATION COM0 FT ORO
2 ENGNA PSYCHOL LAI PIONEERING RES OIV AIM NATICK LABS NATICK MASS
1 TECH LIS ARMY NATICK LAOS NATICK MASS

CO OFF OEVEL ENGNA LAB EOGEW000 ARSENAL
1 CO USA COC INST OF LANO CBI FT BELVOIR
1 CO USA COC CAA AMY ALA
I REOSTONE SCIENTIFIC INFO CTA US AAmymSL COMO ATTN CHF 00C SEC ALA
1 CO USAPA mILTV OFT TOBYHANNA Alm DEPOT
1 CG ARMY ELEC PG FT HuACHUCA ATTN TECH LIB

12 CO 1ST AIM OEF GUIDED mSL SAGO TNG FT RLISS
2 CG US ARmy CDC EXPERIMENTATION CORO FT ORO
1 SIXTH V S ARMY LTA DEPOT SLOG m 13 14 PIES OF SAN
1 PLANS OFFICER PSYCH HOMES USACOCECFORT ORO

CG FT ORO liTiN G3 TNG OIV
1 OIR WALTER REED &Amy INST Of RES WALTER REED AAmy 4E0 CTA
2 OIR WALTER REED ARMY INST Of RES WALTER REED ARMY 4E0 CTR

ATTN NEMPSYCHIAT OIV
1 CO HQ ARMY ENLISTED EVAL CTA FT BENJ HARRISON
1 OPTy FOR liOASTIONAUT PG AIR PG CTR EGLIN APB
1 CO USA MOBILITY EQUIP Ag0 CTA ATM TECH 00C CTA FT. BELVOIR
1 CO FRANKFORO AISNL ATTN SmUFA-NER01/202-4
1 CG 20 RGN ARAOCOm RICHAAOS-GFIAull AFT
1 CG OTH AGN USAAADOOm ATTN G) TNG GUNTER AFI ALA
2 6TH AGN USAAAOCOm FT BAKER
1 4TH ATM mSL COMO AIR TRANSPOITATLE SAN FRAN
1 PERS SUBSYS DIV CREW WISES OUT AERONAUT SYS OIV WAIGHT-RATI.ASON AFT
1 OIR ARMY BO FOR AVN ACCIDENT RES FT RUCKER
2 eo PICATINNY AASNL DOVER N J ATTN SUm0A VC!
1 OEF SUPPLY AGY CAMERON STATION ATTN LIS
1 CO Altmy CAT DEVIL OM FT BENJ HARRISON ATTN AOJ GEN AGy
1 REF m MS IS NASA ALA
1 CST OPNS RFS GP COO FT BELVOIR ATTN SR OM ANLS HUNAN FACTORS
1 CO Alm COC INF RGy FT BENNING
I CO Altmy COC ARMOR AGy FT KNOX

Altmm COC SPEC WARFARE ACT FT BRAGG
1 EVAL OIV OAO ARmv SIG CTR scH FT MONMOUTH
1 CO US ARMY CDC A7N WY FT RUCKER

CHF CURRICULUM IR RESIDENT INSTA OERT AAmy LOGISTI:S 4114QT CTA FT LEE
2 CO AAmy CST DUEL GOND OAT SUPPORT GP
9 CIVLN PERS OFCA US /Amy SPT CTA ST LOUIS *TUT EMPLOYEE OEM OFCR

LIS ARMY WAR COLL CARLISLE TIKS
1 COROT ARMY INTEL SOH ATTN A460-A0 iT HOLAAIA0
1 OMIT COMO GEN STAFF CO "T LEAVENWORTH ATTN ARCHIVES
1 OIR 00 mILIT PSYCHO! !OAHU, US 4ILIT ICAO WEST POINT
1 US MUT ACAO WEST POINT ATTN LTA

COROT ARMY AVN SOH PT RUCKER ATTN SOH LIB
2 COMOT ARMY SECUA AGy ING CIA SOH FT DEVENS ATTN LIB
1 MID FLO SERV SOH BROOK/ ARmy mE0 CTA FT SAM HOUSTON ATTN STIMSON LIS

go 01A OF INSTA AMA ICH FT KNOT
1 COMOT ARMY ARMOR SON :4 KNOX ATTN WEAPONS DEPT
1 COROT AIM CHAPLAIM SOH FT HAMILTON
1 COMOT ARmy CHEM colol SCH FT mCCLELLAN ATTN FOUC AOV
1 ARMY FINANCE SCH FT IENJ MillItON

CONOT ARMY ADJ GEN SOH FT IiiNJ HARRISON ATTN EOUC AOV
1 EOUC AOV USAIS ATTN AJIIS-H FT TENNING
1 01A OF 1NSTR USAIS ATTN AJIIS-0-EPAO FT AENNING
1 HQ US Allmy ADJ GEN SCm FT IFNJ HARRISON ATT OMIT
1 LII AAmy Qm SCH FT LEE
1 COOT ARmy OM SCH FT Lfd ATTN EOUC ADV
& c0m0T ARMY TRAN; Sem Ft EUSTIS ATTN EOUC ADV
1 CO USA SEC AGv TNG CTR g SOH ATTN IATEV RUH ACV FT um)
1 COROT Almv mILIT POLICE Sem FT G011004 ATTN DIA OF INSTR
2 COMOT uS AIMY SOjTmEAS/ERN SIG SOH ATTNI EOUC ADVISOR FT GORDON
1 COROT USA AD SOH R1 :1t3S
1 CG ARMY 0A0 CTA SOH MAC:MEN PG ATTN AISO-SL
s AssT COMOT Amy All DEE sem ET BLISS ATTN GLASSE TECH LIB
9 CG ARMY ARTY ma CTA FT SILL ATTN AWN OFFA

COROT ARmi O(f INTEL SOH ATTN SIAS DEPT
COROT ARNO FORCES STAFF COLL NORFOLK
COMOT ARMY SIG SOH FT MONMOUTH ATTN EOM COORO
COROT JUDGE ADVOCATE 4094KALS SCH U OF vA
()AU MOOT uSA AVN SCm ELEMENT GA
OPT', ASST. COROT USA AVN SOH ELEMENT GA
USA AVN SCH ELEMENT OFC OF OIR OF 1NSTA ATTN URIC ADv GA
IOUC CONSLT ARMY MIL!? POLICE Sem FT GORGON
COROT ARMY ENGNR Sem FT IELVOIR ATTN AIBBES-SY

2 COROT US Emmy ICH EUROPE ATTN REF LIS APO 09172 NY
CHM POLICY TNG LIT DIV ARMY ARMOR SCH FT KNOX
COROT ARMY AVN Sem FT RUCKER ATTN EOUC AOV
COROT ARMY PRIMY 'TEL SOH FT WOLTERS
DIR US ITIL ACAO WEST POINT
OIR OF MILIT INSTA US mIL1T ACAD WEST POINT
SPEC WARFARE SCH LIB FT ARAGG
USA SPEC HAMM SOH ATTi COUNTERINSURGENCY DEPT FT BRAGG
ARMY SEG cm Sem FT MONMOUTH ATTN TOO LIT DIV GAO

2 SECT US ARMY MSL g MUNITIONS CTR A SCH REDSTONE ARSNL
2 COMOT WRENS AIM COOPS ICH CTR FT MCCLELLAN

2

2
1

1

1

1

a

1

2
so

1

1

1

a

a
1

a

a
1

2
a
1

1

1

lo
2
5
1

4
2
1

10

2

a

a

HO ABERDEEN PG ATTN TECH LIS
COROT US ARMY INTEL SCOT FT HOLUM)
COMOT ARMY OM SCH DEC DIR OF MONRESID henry FT LEI ATTN TNO 10101A DIV
OIR ARGO AN OPNS DEPT USAIS FT BINNING
DIR COMM RIC USAIS FT SINNING
D1R AIN-AIR MOBILITY DEPT USASS FT SINNING
OIR COMPANY TACTICS DEPT 04IS FT BIN4144
CG US ARNY SIGNAL CTR I SCH ATTN SIODTL-) ICOSIT III
SECy OF ARMY, PENTAGON
OCS-FERS OA ATTN CHF CS DIV
DIR OF PEAS STUDIES RES ODCSPE* DA ATTN SG WALLACE I. CLEMENT
CO FOREIGN SCI TECH CTR NUN SLOG
AGS FOR FORCE DEVEL OA ATTN CHF TNG 0Iv
CG USA MAT COMO ATTN AMe110.41
CHF OF INGNAS OA ATTN ENOTE-T
HO ARMY MAT COMO 1f0 ORCTE ATTN ANCRO-Re
CHF OF PEAS OPNS OFCI PIKS DRCTE OA ATTN SIG BA
CG ARmy mE0 100 COMO ATTN BEHAV SCI RES BR
US ARMY BEHAVIORAL SC! RES LAS WASH, O.C. ATTNs CAD-AR
OPO PEAS mGT OEV OFC ATTN NOS SEC INK EQUIP) OPOMO
ARMY PROVOST MARSHAL GEN
01A CIVIL AFFAIRS DACTE ODCSOPS
OFC RESERVE COWIN 0A
CHF ARmy SECUA AGY ARLINGTON HALL STA ATTN AC OF S 01
AOMIN 00C ATTNI TCA !HEALY! CAMERON STA ALEX., VA. 22314
Co US ARMY ME0 RES LAB FT KNOX
CG AAmy ELECT COMO FT MONMOUTH ATTN ANSEL CA
CHF Of TM OA ATTN CHF TECH INOSTR LIAISON OFC
CO USA ELCT COMO ATTN ANSEL-ROO
CG ARMY mE0 THO COMO ATTN M100m-SA
U S ARMY BEHAVIORAL SC! RES LAB WASH, D.C. ATTN CNO-AIC
COMM ARmy elT SURVEIL SOH FT HUACHUCA ATTN ATSUR
TNG DEVIL OIV CM/CS-PERS
CO US ARMY MAT COMO WASH O.C. ATM! AmCPT-Cm ROST DITIENNE
PREs ARMY ARMOR SO FT KNOX
PRES ARMY INF BO FT BENNING ATTN FISP OIV
PRES ARMY AIR ciE2 BO FT BLISS ATTN mST 01V
PRES AAmy mAINT BO FT KNOX
PRES ARMY AVN TEST AO FT RUCKER
PRES ARMY ARTY BO FT SILL
LIB ARMY AIN ELIO & SPEC WARFARE BO FT BRAGG
OPTy PRES ARMY MAT COMO BO ABERDEEN PG
CO Altmv CST OFVFL COMO mILIT POLICE AGy FT GORDON
US ARMY ARCTIC TEST CTA R & 0 OFFICE SEATTLE
CG 20 ARMORED DIV FT 4000 ATTN 0IV AVN OFCI
CG 4TH ARMORED 01V APO 09726 NY
CO 16TH ARMOR GP FT. KNOX
CO 20 AAMOREO CAV AEGT APO 09696 NY
CO 30 ARMORED CAV AEGT APO 09034 NY
CO 14TH ARMORED CAV REGT APO 09026 Ny
CG AAmy AMA & ARTY FIRING CTA FT STEWAAT ATTN AC OP S TNO OPCR
1ST AAMOREO 01V HQ g HO CO 07 m000 433N AC Of S OE
1ST INF 01V 1ST ME0 TANK IN 630 AAMOR FT RILEY
30 INF OIV 1ST AN 64TH ARMOR APO 09036 NY
1ST TANK IN 730 ARMOR 7TH INF 01V APO 96207 SAN FRAN
BTH INF DIV 20 IN 66TH AMR APO 09034 Ny
CO COMPANY A 30 AN 320 AMR SO ARMORED DIV ISPIARTHIADI APO 03055 po
CO 1ST BN 9Tm ARMOR APO 96278 SAN FRAN
CO STH BN 370 ARMOR FT KNOX
CO 30 mE0 TANK AN 61TH ARTIOA ATTN SUPO 01026 NV
CO 30 mED TANK AN OTTH ARMOR APO 09066 Ny
CO 20 AN 34Tm ARMOR Ar0 96266 SAN FRAN
CALIF NG 40TH ARMORED DIV LOS ANGELES ATTN AC OP $03
SSTO COMO HO 01V ARMY NG JACKSONVILLE FLA
CO 1SOTH AVN RN NJ AIR NG ELIZAIETH
CG HO 2ITH ARMORED DIV NY AIR NG SYRACUSE
TEXAS NG 49TH ARMORED 01V DALLAS
CG ARmy ARMOR CTA FT KNOX ATTN GO AIATIGT
CG 1ST INF 01V ATTN 03 APO 96343 SAN FRAN
CG 310 INF OIV ATTN GO 14Y
CG 4TH INF OIV ATTN GO APO 96262 SAN FRAN
CG 7TH INF 01V ATTN 02 APO 96207 SAN FRAN
CG 1TH INF OIV ATTN G2 APO 09111 Ny
CG STm INF 01V !MECO FT CARSON
ee 24Tm INI olv ATTN G3 PT RILEY
CG 120 AIN INF OIV FT BRAGG ATTN G)
CO 197Tm INF SAGO FT BINNING ATTN SO
CO 1ST BN IREINFI 30 INF 1THE OLD GUARD! FT MYER
CO 30 BN 6TH INF REGT APO 06742 NY
CO 1715T INF ERGO APO 96731 SEATTLE
CG 29Tm INF 01v APO 96229 SAN FRAN
CO 10 IN 3IITH INF APO 09029 NY
CO 1ST IN 39Tm INF APO 09034 NY
CO 2N0 IN 191m INF NV ATTN S 3
CO 1ST IN !MEW 320 INF 1ST ARMORED DIV IOU IRONSIDISI FT M000
4TH ON Mem) 94TH INF FT KNOX
CO ARMY PARTIC GP NAV TNG DEVICE CTA PT WASHINGTON ATTN CODE 01A
CONSOL RES GP 7TH PSYOP GP APO 96241 SAN FRAN
OA OFC OF ASST CHO OF STAFF 1100 CON90-ELCT ATTN CITS-6 WASH
CG mIL1T 01ST OF WASHINGTON
US DOCU OFCR DEC OF US NATL MILIT REP SHAPE APO ORM NY
SYS RES GP ENGNR MAN STA COLUMBUS n
OIR AIRY LIS /ENTAGON
STRATEGIC PLANNING GP CORPS OF !NM ARMY MAP SERV
CHF OF MILIT MST OA ATTN GEN REF AR
CO 24TH ARTY GP IA01 COVENTRY
CG 31ST ARTY BOO AIR DEF OAKDALE PENNA
49TH ARTY GP AIR DEF FT LAWTON
MO 4/99TH ARTY REST NORFOLK
2IITH ARTY GP AIR OEF SELFRIDGE APO
920 ARTY SAGO AO FT HANCOCK
HO NIAGARA-BUFFALO DEF 3114 ARTy BROD AIR DIE LOCKPORT
HO 49Tm ARTY BAGO AIR OEF ARLINGTON NTS ILL
39TIT ARTY BROD AIR DEO FT ofo G MEADE
CG 101ST AIN DIV ti CAMPBELL
CG 1ST CAv 01v Ar0 96490 SAN FRAN
US ARMY GEN EQUIP ATTN TECH LIS FT LEE
US AIM TAOPIC TEST CTR Fo Walt 1142 AT1N MAE SCIENTIST FT CLAYTON
GINO uS PACIFIC F1T FPO 96614 SAN FRAN
CINC US ATLANTIC FLT COOe 512A NORFOLK ATTN LTC DOTY



CINC PACIFIC DENS RALS SECT FPO 36410 SAN FRAN
1 COR TAG CONARNO US PACIFIC FLT SAN DIEGO
I CAP BUR Of MED SUNG ON ATTN CODE 813

TECH LIB FIRS 118 BUR OF NAV PERS AAL ANNEX
3 DIE FIRS RES DIV SUR OP NAV PERS
1 TECH LIB BUR OF SHIES C001 2101 NAVY 0/PT
2 NAV AIR SYS COND REF ATLANTIC NAV AIR STA NoRpoLK
1 mUNAN FACTORS 811 WOOL RES 0Iv OAR
I !AGAR PSYCHO'. BA OAR C001 ASS ATTN ASST HEAD WASH OC
3 CO DIA NAV TNG DEVICE CTR ORLANDO ATTN TECH LIS
1 CO KT ANT1-AIR WARFARE TNG SAN DIEGO
1 CO NUCLEAR WEAPONS TNG CTR PACIFIC U S NAV AIR STA SAN DIEGO
1 CO NAV AIR OEM GTE JOHNSVILLE PENNA ATTN NADC Ltd
2 PLT ANTI-AIR WARFARE TNG CT* DAN NECK VA BEACH
2 CO ELT TAG CTR NAV BASE NEWFORT
I COR FLT TAG GP NAV BASE CHARLESTON
2 CO FIT TAG GTE NORFOLK
% CO FLEET TNG CTI1 U S NAV STA SAN DIEGO
1 CITA PSYCHCL MENTAL HYGIENE UNIT US NAV ACAD ANNAPOLIS
I PRES NAV WAR COLL NEWPORT ATTN MAHAN LIB

CO NAV GUIDEO mst. Stm 011m NECK VA BEACH
2 CO DER ATLANTIC FLT ANTI-SUB WARFARE TACTICAL SCH NORFOLK
1 CO NUCLEAR WEAPONS TNG GTE ATLANTIC NAV AIR STA NORFOLK
2 CO FLT SONAR SO" KEY WEST
1 CO FLT ANTI-SUB WARFARE SCH SAN DIEGO
I CHF OF NAV RES ATTN SPEC ASST FOR A t 0
I CHF Of NAV RES ATTN HEAD PERS TAG 1101 COOE ASS

I CHF Of NAV RES ATTN HEAD GP PSYP.HOL OR COOE 432
I OIR US NAV RES LAS ATTN CDOE 3I20
S CO OFF Of NAV RES AA OFFICE SOK 33 FPO 03510 NY
1 CHF OF NAV AIR TNG TNG RES DEPT NAV AIR STA PENSACOLA
I CO NAV Stm OF AVN MED NAV AVN NED GTE PENSACOLA
1 CO 1010 FLO RES LAS CAMP LEJEUNIE
1 CDR NAV mS1. CTR POINT MUGU CtLIF ATTN TECH LIB COOE 3022
1 DIA AEROSPACE CREW EQUIP LAB NAV AIR SAONE GTE PA
1 CO DIA NAV ELEC LAB SAN DIEGO ATTN LIB

DIC NAV PERS RES ACTVY SAN DIEGO
I NAV NEUROPSYCHIAT RES UNIT SAN DIEGO
2 CDR NAV ASI. CTI1 COOE 3342 POINT MUGU CALIF
I DIR PERS RES LAB NAV PERS PROGRAM SUPPORT ACTIVITY WASH NAV VD
1 NAV ENG PERS GTE NAV STA NAV yo ANNEX CODE 83 ATTN LIB WASH
1 COROT MARINE CORPS HQ MARINE CORPS ATTN CODE A0-111
1 AO MARINE coRps ATTN Ax
I DIA MARINE CORPS EDUC CTA MARINE CORPS SCH QUANTICO
I OtR MARINE CORPS INST ATTN EVAL UNIT
1 CHF Of NAV DENS OP-01P1
1 CHF Of NAV OPAS OP-031
1 CHF Of NAV DNS OP-OTTI

COOT HOS OTH NAV OIST ATTN EDUC 110V NEW ORLEANS
1 CHF OF NAV AIR TECH TAG NAV AIR STA MEMPHIS
I DIA OFS EVAL GRP OFF OF CHF OF NAV OPS OPOSEG

COMOT PTP COAST GUARD HQ
1 CHK OFCR PERS RES REVIEW BA COAST GUARO AO
1 DENS ANtS OFC mi) STRATEGIC AIR COMO OFFUTT AFS
I CINC STRATEGIC AIR [DAD oPFuTT APB ATTN SUP-3
I AIR TNG COMO RANDOLPH AFS ATTN ATFTM
I HQ AIR TNG C000 ATMS RANDOLPH APB
I CHF SCI 01V PACTS ICI TECH DCS 010 HQ AIR FOAJE AFASTA
1 CHF Of PERs RES OR URCTE OF CIVILIAN PERS OCS-PERS AQ AIR FORCE
1 CHF ANAL DIv IAPF0FL IRI OIR OP FERSONNEL PLANNING HOS USAF
1 FAA CHF INFO RETRIEVAL BR WASH D.C.
I FED AVN AGY MED LIS HO-440
I HQ AFSC SCOB ANDREWS APB
1 ROME AIR DEVEL CTA RAIlm GRIFFISS APB
I COR ELEC TYS 0Iv L G HANSCON FLO BEOFORD MASS ATTN ESRHA

SACRAMENTO AIR NAT ARIA SMACU-PERS RES mCCLELLAN AEI
1 ATC AM) RANO3LPH AFS
I HO SMOG (Sms1R) AF UNIT POST OFC LA AFS CALIF
I mILIT TAG CU OPE LAMM, APB
2 ASTOTH AERD MEO RES LA1 RAPT WRIGHT-PATTERSON AEI
I AIR 100fEmENT DESIGNATOR AMAm SNOOKS APB
1 HOS ATC OCS/TEcm TAO 'MASI RANDOL9H AFO
4 HQ AIR TRANS COMO ATCTO-m RANDOLPH AFS
1 COR ELEC SYS 01V LO HANSCOM FLO ATTN ESTI
I OIR AIR U LIB MAXWELL APB ATTN AuLST-43-251
I AIR FORCE SCH OF AEROSPACE MED POOKS APS ATTN AEROME0 LIS
1 DIA OF LIB US AIR FORCE ACAO
I COMOT 04F WPAS SYS MGT CTR AF INST Of TECH WRIGHT-PATTERSON AFE
I COROT ATTN LIS Off APAS SyS MGT GTE AF INST OF TECH WRIGHT-PATTERSON
1 CACTI Of AEROSPACE SAFETY AFIAS-L OPT! tG NORTON AFE
1 110TH FIRS RES LAI FRA-A AEROSPACE MED DIV LACKLANO AVO
1 TECH TAG CT* ILMTC/DP-I-L11 LOWRY AFS

AP HUNAN RESOURCES LAB 1401HTO WRIGHT-PATTERSON APB
CO MOAN RESOuRCES LAB BROOKS APS

I PSYCHOGIOLOGY FROG NATL SC! FOUND
1 DIA ASTI SECO AGY FT GEO G MEADE ATTN TOL
1 DIA NATI SECO AGY FT GEO G MEADE ATTN OIR OF TAG
s CIA ARTA OCR/ADD STANDARD DIST
1 SYS EVAL DIV RES DIRECTORATE 000-000 PENTAGON
1 DEPT OF STATE BUR OF INTEL RES EXTERNAL RES STAFF
1 SCI INFO INCH WASHINGTON
2 CAP NOT g GIN TNG OIV TA 200 FAA WASH DC
1 BUR OP RES A INGE US POST oFC DEPT ATTN CHF HUMAN FACTORS ER
1 fONIC MEOIA IR OE DEPT OF HEW ATTN T 0 CLEMENS
1 OFC OP INTERNATL TNG PLANNING t EVAL SA AID WASH DC
1 SYS DEVIL CORP SANTA MONICA ATTN LIS
2 DUNLAP ASSOC INC DARIEN ATTN LIS
2 RESEARCH ANALYSIS CORP MCLEAN VA 22101
1 RAND CORP WASHINGTON ATTN LIB
1 DIA RANO CORP SANTA MONICA ATTN LIB
2 U Of SO CALIF ELK PERS RES GP
1 COLUMAIA U ELEC RES LABS ATTN TECH EDITOR
1 NITRE CORP BEDFORD MASS ATTN LIS
2 U OP PGA LEAANING 1.0 GTE ATTN OIR
I HUNAN SCI RES INC NORFoLK
I HUNAN SCI RIS INC MCLEAN VA
2 TECH INPO cTR Etat!!! DATA SERV N AMER AVN INC COLUMSUS 0

1 CHRYSLER CORP MSL DIV DETROIT ATTN TECH INFO CEA

2

1

2

2

1

2

2

2

1

2
2

2
2

1

1

1

1

1

APO 1

1

1

1

2

1

1

2

1

1

2

2
1

1

1

1

1

AVCD CORP AVM NSL SYS DIV ATTM EACH LSO WILMINGTON MASS
RAYTHEON CO ELK SERV OPAS SUOLINOTON NESS
EOUC C TAG CONSULTANTS ATTN A. C SILVANA LA
GIN DYNAMICS POMONA DIV ATTN LIB DIV CALIF
AVN SAFETY ENOR t RES Div OP PLIANT SAFETY POUNO INC PHOENIX
N ARNAR01 CORR POMONA CALIF ATTN DOPY SOO
OTIS ELEVATOR CO DIV ATTN LIB STA140040 COO
CHF PARS SOPS AIRPLANE DIV PS 74-30 RENTON VASA
THIOKOL CHIP coRP HumETRICS DIV LOS ANGELIS ATTN LISN
CTA FOR RES IN SOCIAL SYS FLD OPc PT MAGA
!AST PO4 DIP ANLS RES /AGAR SUPPORT DIV WASHINGTON
mUGHIS AIRCRAFT COMPANY CULVER CITY CALIF
OIR C101 FOR RES OA LEARNING TEACHING U OF MICH
EDITOR TAG RES AOSTA AMER SOC Of ENG DIAS U OF TINTO
HUNAN FACTORS SECT R0 GEN DYNAMICS ELECTRIC MOAT VAOTON
GTE FOR RES IN SOCIAL SYS AMER U
SRITISH MP! IMITISH OEF RES STAFF WASHINGTON
CANADIAN JOINT STAFF OFC OF OEF RES MENDER WASHINGTON
CANADIAN ARMY STAFF WASHINGTON ATTN GS02 TNG
CANADIAN LIAISON OFCR ARMY ARMOR BD FT KNOX
GERMAN LIAISON DlicA ARMY AVN TEST BO FT RUCKIR
ACS FDA INTEL FOREIGN LIAISON OFCR TO NORNE0 RELIT ATTACHE
ARMY ATTACHE ROYAL SWEDISH EmsSy WASHINGTON
NATI. INST FDA ALCOHOL RES OSLO
OEF RES mE0 LAB ONTARIO
FRENCH LIAISON OFCR ARMY AVN TEST BO FT RUCKER
ORITISH LIAISON OFCR ARMY AVN TEST SO FT RUCKER
OFc OF AIR ATTACHE AUSTRALIAN EMBSY ATTNI T.A. NAVGN MASH, D.C.
YORK U DEPT OF PSYCMOL
AUSTRALIAN ERBSY OFC OF MIT ATTACHE WASHINGTON
U OF SHEFFIELD DEPT OF PSYCNOL
mENNINGER FOUND& ION TOPEKA
AMER INST FOR RES SILVER SPRING
AMER INST FDA RES PGH ATTN LIEN
OIR PRIMATE LAB uNIV OF WIS MADISON
MATRIX CORP ALEXANDRIA ATTN TECH LISA
AMER TEL.TEL CO NY
u OF GEORGIA DEPT OF PSYCHOL
OBERLIN COLL DEPT OF PSYCHOL
OR GEORGE T HAUTY CHAN DEPT OF PSYDLU OF DEL
GEN ELECTRIC Co SANTA BARBARA ATTN LIB
VITRO LAOS SILVER SPRING mD ATTN LISA
HEAD DEPT OF PSYGMOL UNIV OF SC COLUMBIA
TENN VALLEY AUTHORITY ATTN CHF LABOR RELATIONS BR 01V OF PERSONNEL

KNOXVILLE
U OF GEORGIA DEPT OF PSYCHO'.
GE CO WASH 0 C
AMER INST FOR RES PALO ALTO CALIF
MIDI STATE U COIAL
N MEN STATE U
ROWLAND CO HAODONFIELD NJ ATTN PRES
NORTRONICS Div OF NORTHROP CORP ANAHEIM CALIF
OHIO STATE U SCH OF AVN
AIRCRAFT ARMAMENTS INC COCKEYSVILLE MO
OREGON STATE U DEPT OF MILIT SC! ATTN AOJ
TUFTS u HUNAN ENO* INFO AALS PROJ
MUMAN FACTIRS RES GP WASH U ST LOUIS
AMER PSYCHIL ASSOC WASHINGTON ATTN PSYCHOL LISTA
NO ILL U HEAD DEPT OF PSYCHOL
GEORGIA INST OF TECH OIR SCH OF PSYCHOL
TELL TEL LABS INC TECH INFO LIB WHIPPANY LAB NJ ATTN TECH REPORTS LION
ENGNA LIB FAIRCHILD HILLER REPUSLIC AVN DIV FARMINGDALE N Y
WASHINGTON ENGNR SERV CO INC KENSINGTON MO
LIEF SC! INC FT WORTH ATTN PREs
AMER l'EmAV SC! CALIF
OIR INSTR RESOURCES STATE COLL ST CLOUD NINA
COLL OF wm MARY SCM OF HUG
SO ILLINOIS U DEPT OF PSYCHOL
ComMuNKABLE OISEASE CTA DEVIL CONSULTATION SERA SECT ATLANTA
WASH MILITARY SyS oIv SETHESDA RO
NoRTHwEsTERN u DEFT OF INOSTR ENGAR
HONEYWELL ORD STA MAIL STA 106 MINN
Ny STATE EOUC DEPT AesTRACT EDITOR AVCR
AEROSPACE SAFETY DIV U OF SOUTHERN CALIF LA
N E ORANDON S SMITH RES ASSOC U OF MINN
GTE FOR THE AOVANCEO STUDY OF EOUC AGAIN ATTN IONE MARRON U OF OREG
A A HEW. ASSOC OIR CAREL WASH Ot
CHF PROCESSING DIV DUKE U LIB
U OF CALIF GEN LII DOCU DEPT
FLORIDA STATE U LIB GIFTS ExCH
HARVARD U PSyCHOL LABS LIO
U OF ILL LIB SER DEPT
U OF KANSAS LIB PERIODICAL DEPT
U OF NEBRASKA LISA ACQ DEPT
OMIO STATE U LISS GIFT ExCH DIV
PENNA STATE U PATTEE LIB DOCU OESK
PURDUE U LISS PERIODICALS CHECKING FILES
STANFORD U LISS DOCU LIS
LISA U OF TEXAS
SYRACUSE U LIB SEE DIV
U OF MINNESOTA LIB
STATE u OF IOWA LISS SEE ACQ
NO CAROLINA STATE COLL Om HILL LIS
oSTON U LISS ACQ DIV
U OF MICH LISS SEE DIV
BROWN U LIB
COLUARIA U 'JOS DOCU ACO
OIR JOINT U LISS NASHVILLE
U OF DENVER MARY REED LIB
OIR U LIB GEO WASHINGTON U
LIS OF CONGRESS CHF OF EXCH GIFT DIV
U OF PON 000 LIBN
CATmOtIC U LIB EOUC I PSYCHOL LIB WASH OC
U OF KY MARGARET I KING LIB
SO ILL U ATTN LION SEE OEFT
KANSAS STATE u FARRELL LIS
BRIGHAM YOUNG U LIB SEA SECT
U 011 LOUISVILLE LIS BELKNAP CAMPUS

OF SoC SC!
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