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RECOMMENDATIONS

From the results of the study herein reported, the development
of five devides is recomnmended. These devices were :.nceived for
the purpose of developing an optimal combination of the following
objectives: (1) increasing training effectiveness, (2) reducing
training time, {3) decreasing training smmunition expenditures, and
(4) decreasing %$raining costs in facilities, school troops, and ine
structors. The devices axe applicable to training in (1) conduct
of observed fire, (2) flash ranging, and {3) sound ranging. Cou-
Plete descriptions of the functional characteristics of these de-
vices appear in the technical appendices.

I. Basic Visual 5kills Trainer:

A. A device should be designed to train for the basic visual
skills invclved in the conduct of observed fire and in
flash observation.

~ 1. In Job terms, the objectives of this device are:

a. to make the trainee more effective in detect-~
ing and identifying enemy targets

b to make the trainee more effective in detere
“mining the exact location of enemy targets

" ¢« to make the trainee more effective in meking
- estimations of distance ‘ ”

- f. to maks the trainee more effective in r’-em-
R bering the details presented in his zone of
i responsivility.

o , ,
2. In terms of underlying skills, it is the function of
: this devire to improve: (a) form perception, (b) the
extent of the observer's form field, (c) visual loca-
tion, (4) visual memory, (e) visusl disoriminetion,
and ﬁr) perception of distance. . L

II. Forward Obs.rver Trainer-Assessor:

A+ A devic. should be developed to provide practice in the
skills involved in the job o2 forward observer, to provide
an objective measure of overall job performance, and to
provide a validation instrument for training given in
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basic visual skills. This device should simulate +-ose
conditions in the actusl field situation that gignif-
ieant]y bear on the skills :anolved :I.n the Jjob.

- N 'rhe objectives are:

10 provide a realistic situation for the inte~

“, gration of the basic skills involved in the job

b.

III.
A.

to provide practice in acquiring and dealing
with enemy targets

to develop and allow for the application of
efficient procedure and skills of map utiliza-
tion

to provide objective measurées of Jjob performance

to provide a validation instrument for basic
visual skills training

Flash Observer Trainer-Assessor:

The device should provide a situation where the flash ob~
séyver may practice the major operations in his job «
searching for, ascquiring, and identifying targets. Prin-
cipal emphasis is to be placed on detecting cues revealing
the presence of enemy artillery.

A 1, The

/
D-{

objectives a.ré:

40 regulre the observer to employ the basic
/s '~chniques of visual search

,o present targets of vu.r:l.ous types, numbers

-and difficulty

Ce

d.

to provide a means of checking the observer's
response

to provide objective measures of job performance

to provide a validation instrument for basic
visual skills trd.ning
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IV. Sound Outpost Observer Trainsr:

A. A device

<>
5

should be developed to provide training in the

exritical skills involved in the job of outpost cbserver.
The device should be capable of presenting training
materials in a basic perceptual skill tmning m‘oyu,
and/or in a combet simuiated setting. y

1. The

b.

a.

o

objectives are:

to develop skill in Judging the azimuth and
range of varicus sound sources

to develop siill in identifying or estimating
the calibre of 2 gun fired

t0 develop skil) in distinguishing between
ballistic waves, muzzle waves, or shell bursts

toc develop, when used in a combat simulated
setting, skill in selecting targets tlat have
e high probability of being located by sound
ranging methods

to provide objective measures of Job performsnce

to provide a validation 1nltrunn‘b for basic
auditory skills ‘treining. .

V. Bound Reiord Reader Trainer:

A. A devige

should be developsd capeble of producing a graded

series of sound tapes for fvuniu uses,

1, The objectives are:

b.

to develop and reprrdiuss a series of sound tepes
from those easily r:3d to highly complex ones to
be used as treivis; materials

to permit the i+yrodurtion of & graded seriesc of
tapes for use at iastallations which are without
the means of priviusing such a set of training
materials

to permit ths diulap-nt of ‘sound tipes using
thomofpotcntinm.
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to permit, if desived, the development of

sound tapes made in coordinetion with
materials develcped for the outpost ob-
server trainer, thus permitting the inte=-
gration of training for these two Jjobs

to provide ob.j,e,ctivé messures of performe

ance in the critical aspects of the job.
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I. Introduction
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A requirement exists for the development of aids and devices o
to support treining in the following field artillery subjects: oo
él) Conduct of Observed Fire, (2) Fire Direction Center Operatior,
.3) Flash Renging, and (4) Sound Renging. The objective of the
research reported here was to isolate those aspects of the human
task which are critical factors for training, and to state these
eritical factors in terms of training device requirements. Iater
research will consist of the development and testing of devices to
meet these requirements. Such devices optimally would provide (1)
increased training effectiveness, (2) reduced training time, (3)
decreased expenditures of training ammunition, and (i) decreased
costs for training facilities and persorinel.

The field study phase of the research was conducted at the
Artillery and Guided Missiles School, Fort 8ill, Oklahoma. Within
the school, research activities were centered largely in the de-
partments of Gunnery, Observation, and Tactics and Combined Arms.
Courses with which the research staff was -concerned include (1)
Artillery Officers' Basic Course, (2) Officers’ Advanced Course,
(3) officer Candidates' Course, (4) Artillery Flash Ranging Super- Cod
vision Course (Enlisted), (5) Artillery Sound Ranging Supervision
Course (Enlisted) and (65 Artillery Observation Officers Course.

IR v B T e NSy e 0 L
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The investigation of each of the four job areas involved four
phases: (1) analysis of the job, (2) analysis of training for the ;
Job, (3) determination of the basic psychological skills involved
in the critical job requiremerts, and (4) specification of the {
functional characteristics of devices to support the training. The
remainder of this section of the brief presents the essential pro-
cedures of these four phases. ‘

A. Analysis of job
The purpose of the job analysis was to isclate the cxitical

elements of each job. A job element was Judged oriticel if it (1)
is vital to the succéssful completion of the job, and, either.(2) (

5




~ demends a highly developed or complex skill, or (3) *s often performed
, beldw specified standards. .

. The first step in the job anelysis was to review pertiuent
technical literature in each of the four job areas. Field manuals
and the Artillery School lesson plans were the mejor sources of ine-
formetion. This review provided a detailed description of job ob-
Jectives, equipment, activities, and performance conditions.

The second step was to observe the jobs being performed under
the mest realistic conditions available, All such field observations
were made during service practices and field problems. Thes2 obe
-servations, supplemented by interviews with students and instructors,
- led to preliminary judgements concerning critical job elements.

The third step in the analysis was to interview personnel with
combat experience in the four jobs. These interviews provided in-
formation concerning conditions which prevailed in the "real" or
combat situatlons. The special’ requirements imposed by combat re-
" sulted in modifications and additions to the lists of critical ele-
ments. The end product of the job analyses was a list of job re-
quirements which met the stated criteria of criticalness and con-
stituted critical requirements for training.

B. Analysis of training

AN

0

Ubservations were made of those portions of the courses listed
in the introductory section which were Jjudged most relevant to the
Jobs under consideration. Students were followed through the sequence
of instruction leading to the job performance, and through the series
of accompanying field exercises. Instructional methods, training
devices, practical exercises, field problems, and sequence of pres-
entation were all examined with reference to possible device imple-
mentation. Particular attention wes given to the levelopment of
those skills judged to be c¢ritical in the Job analysis. The ob-
servations were supplemented by informal interviews with instructors,
students and administrative staff,

The result of the training analysis wes the isolation of those
portions of the courses where device implementation appeared most
promising. Also, consideration was given to the possible utiliza-
tion of devices by those installations vhose facilities were more
limited than those of the Artillery and GQuided Missiles School.
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C. EBa“*: Dsy ehologleal skills

As 8 result of the job analyses and training analyses, a list
of job requirements was determined which met the imposed criteria
of criticalness and which constituted training problems. In terms
of the nsychological information available concerning these kinds
of performances, basic psychological skills were abstracted from
this list.

D. Device solutions

The finel phase of the research consisted of developing the
functional characteristics of devices which would contribute to
the attainment of a better training product. Functional characters
istics are stated as follows: ‘ .

3]
1. The purpose of the device and the specific skills which
axrs to be developed.
2. The nature of material presented to the trainee by the

device, and the manner (but not the means) of presenta-
tion.

3« The responses required of the trainee which are to be
measured and recorded.

4. Buggested utilization of the device in treining.

III. Overview of the Jobs .

K.- Conduct of observed fire

: 'The purpose of conduct of fire is to bring effective fire on a
'uraet by adjusting with observed rounds. Normally, conduct of fire
is comprised of the following sequence of activities.

1. A forwerd observer occupies an Observation Post (OP) near
the front lines., The OP is connected by radio and wire
to the Fire Direction Center (FDG), and is located %o al-
low the best available view of the front. The forward
observer maintains & constant surveillance of his zone of
responsibility, searching for liml of snemy activity and
remunerative targets.

N T R S S
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©© ¢ 2. Vhen the observer detects a target he (a) identifies
7777 7 1%, eand (b) determines its location by one of three
I comnonly used methods.

3. Using a standard reporting procedure, the observer
‘relays this information to the FOC in the form of
. & request for fire mission, including the type of
T adjustment, armunition, fuze, and method of control
to be employed. )

"4, At the FDC, this information is processed, and con-
o verted into firing data for the guns (see Fire

’ Direction Center Operation). If the mission is to
be fired, FDC signals 'the observer to that effe:t
and indicates when each round (or vollsy) is on the

way.

*» 5+ The observer senses the location of the bursts of the
rounds respective to the adjusting point. Deterwina-
tion is made of deviation (in yards) in range, azimuth,
and, if time fuze is used, height of burst in yaxds.
The observer calls the subsequent corrections to the
FDC, where modifications in the firing data are com-
puted for the following round.

6. When the rounds burst on the observer target (OT)
line, and the adjusting point has been inclosed in
& 100 yard range bracket, the observer calls for
"Fire for Effect.” When the target has been neu-
tralized, the observer rcqucm the FOC to end the
mission.
&

B, Fire direction center

Briefly, the purpose of a fire direction center is to provide
& commander with fire control. It is the agency which translates
target intelligernce, fire missions from higher commanders, and re-
quests for fire into a usable form and transmits them to the guns.
Targets and requests for fire are reported to the fire direction
center where they are plotted on a firing chart. From this plot,
data in & proper form are prcpa.rcd and relayed to the batteries as
fire commands.

The fire direction center (battalion) is organized and super-
vised by the battelion S$3. In this organization; at present, is an
assistant battalion 83, operations gergeant, horizontal and vertical
control operators, computers, and telephone and radio operators.
Thus, a fire direction employs & team involving several jobs. These

)
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may be briefly described as foliows:

1. The S3 plans, coordinates, and supervises the activities‘
of the fire direction center, and trains the personnel.

2. The assistant 83 is the relief and replacement for the 83.

3« The horizontal control operator (Hco) constructs and maine
tains firing charts, operates the target grid, preperes,
vwhen necessary, a range deflection fan, constructs deflec-

¢.  tion index and deflection-correction scale, piots targets,

" and determines and announces data.

4. The vertical control operator (VCO) maintains a chart iden-
tical to that of the HCO. For fire missions, the VCO de-
termines the site for each battery. The VCO is the relief
for the HCO.

5. The computers (cne per firing battery) convert 83 orders
and HCO and VCO deta into fire commands which are transe
mitted to the batteries. Thelr Jobs involve recording,
computing, announcing commands and corrections, and
alerting the battery of an impending fire misaion.

C. Flash observation

The purpose of flash observation is to locate targets, prin-
cipally enemy artiliery, in a given sector of responsibility. There
are two basic elements in the flash observation system: (1) a flash
base comprised of two to four observation posts (OP's), and (2) &
central station called plotting central. The OP's are emplaced in
surveyed positions commanding the best available view of their sec-
tor of responsibility. They are connected by wire and radio with

_Pplotting central. The system operates as follows:

1. A flash observer occupies each OP, and maintains
surveillance of his sector of responsibility. Artil-
lery, although usually hidden, is often revealed by
the flash, smoke or dust vhich accompanies firing.

The observer utilizes such cues to detect the presence
of enemy artillery.

2, When a target is detected, the cbserver adjusts his
viewing instrument (M2) to center the target (or its
probable location) in the optics.

3. From the scales on the viewing instrument, the observer
obtaine an azimuth and elevation reading from the OP to
the target. - .

e
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/ Following a standard procedure, the observer reports this
information to plotting central, giving an estimate of
~ the probable accuracy of his data.

~5¢ Plotting central, using the reported azimuths to the

<o target from each of the OP's, computes the probable

location of the target by means of a plotting table
~and e simple geometric solution. This information is
forwarded to a Corps Headquarters for further action.

o Targets other than enemy artillery are frequently
o located by the same basic procedure. Additionally, the
flash observers at each OP may operate independently as

> . Torward observers in adjusting friendly artillery fire.

In the latter case, they perform the same operations as
the forward observer discussed in III, A. °

D. Sound rangg

The primary mission of the sound ranging platoon is the location
of hostile artillery. Various Jjobs within the sound ranging platoon
contribute to the successful accomplishment of this mission.

For two of these Jobs, factors were isolated which seemed to

indicate need for device solutions. These two jobs were (1) outpost
observer, and (2) sound record reader.

1. Outpost Gbserver

The outpost observer occupies an OP at least two sound
seconde (at least 675 meters) closer to the locations of hostile
artillery than any microphone in the sound base he activetes. In
addition, the OP is selacted to provide good visual observation of
the enemy area, conceslment, and to minimize the disturbing sounds
of friendly artillery and small srms fire,

The cutpost observer is responsible for constant surveillance
of his zone., He listens for the sounds of enemy guns or friendly
shell bursts which the sound platoon can profitably record, analyze,
and locate. He is responsible for starting the sound recording set
and stopping it when directed to do so. In addition to activating
the sound recording equipment, the outpost observer provides sound
ranging central with important information in regard to the sound
he has singled out for location. Thig includes (1) the probable
azimuth of the sound source heard, (2) his estimate of the range to
the sound source heard, and (3) his identification or estimate of the
calibre of the enemy gun he has heard. This information from the

outpost observer is immortant 4o the scund record reader in enabling

' him to identify the "pattern of arrivals" of sound waves at the

various microphones and consequently leads to & more ralisble target

location.
10
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2., Sound Record Reader

When the outpost observer selects & sound f.« analysis by ‘

~sound ranging methods, he signals the operator of the scusd recorder.

The sound recorder produces a tape which records the arrival time of
the sound at the various microprhones in the sound base. A pattern

of arrivals is thus produced on the tape. In addition to the arrival
time of the sound at each microphone, the recorder produces a record
of the characteristics of the sound in terms of amplitude, frequency,
and wave composition. This record (tape) is turned over to the sound

record reader for anelysis and interpretation.

Selection of the desired pattern of arrivals (breaks) is the
first step in reading a record. If there is only one pattein, this
is a simple task. When there are several sounds recorded on the
tape, and consequently several patterns, the reader must visualize
the desired pattern in order to isolate it from other patterns.
Having isolated a pattern for study, the record reader then attempts

will appear on the sound tape for each microphone in the sound bace.

The oroblem of determining the inlitial breeak in each trace is
complicated by the fact that various conditions such as wind inter-
ference affect the styli that produce the traces. When initisl
breaks cannot be identified, other points on the wave form are used;
these commonly are first valleys, first pssks, and zero lines of the
wave forms.

After a set of arrival times has been determined for a given
sound, the record reader has the task of inspecting the wave forme
selected, to interpret them, and extract information. He attempts
to judge the calibre of the gun firing from the wave amplitude and
fregquency. He attempts to distinguish the wave forms of different
types of guns. He must be sure he hasa't selected bdallistic wave
forms or the vave forms produced by shell bursts; these need to de
distinguished frem muszle waves.

O Z

IV. Results and Conclusions

The major outcome of the present research was the development
of the functicnal characteristics of the five training devices
recomnended as possible solutions to ‘the observed training problems.
These device characteristics are outlined in the Recommendations
section of this report and appear in detail in the Appendices.
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Tables I, IL, and III summarize the relevant information o'b-
tained for the jobs of the forward observer, flash observer, sound
outpost observer, and sound record reader respectively. The crit-
ical job requirements and their ratings on each criteria of criti-
calness are presented along with the underlying psychological
akills; these in turn are related to the training device which is

~ suggested to implement their training.

No table is presented for jobs of the personnel in the fire

. direction center. Observations were made, and the jobs studied,

of those personnel used in fire direction center. Attention was
directed toward those Jjobs in which the training needed might be
alded through device development. These were the jobs of horizone
tal control coperator, vertical control operator, and the computers.

Briefly, the jobs were largely ones which involved procedural
knowledge, plotting and drawing accuracy, computational skills,
record keeping, the operation of devices such as a target grid and

deflection fen, and the announcing of results. Several of the ele- -

ments of these jobs require familiarization and use of operational
equipment. No training device supplementation appeared warranted.
Other elements such as computational skills, procedursl knowledge,

.record keeping, and announcing the results similarly suggested no

need for tnining device support.
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APPENDIX 1: CONDUCT OF OBSERVED FIRE

Y 1. Analysis of the Job of Forward Gbserver

A. Job desc;figtion

The purpose of conduct of fire is to bring effectlive fire to
the target by adjusting observed rounds. For close support missions,
the field artillery is dependent largely on the forward observer as
the man responsible for controlling this adjustment.

The forward observer occupies an observation post (OP) near the
front lines, which permits the best available view of his zone of
responsibility. He is responsible for constant surveillance of this
zone, searching for remunerative targets. When enemy activity which
werrants artillery fire is detected, the observer must bring accurate
fire upon it in a minimum amc 1t of time. This invelves several
eteps. First, the observer must locate the target for the fire direce
tion center. His location may be in terms of (1) military grid ref-
erence, (2) polar coordinsies, or (3) reference to base point, check
point, previous concentration, or center of sector. After locating
the target for his own purpos«s, the observer calls for & fire mis-
sion; the call containing (a) the observer's identification, (b)
location of target, (c) nature of target, (d) type of adjustment,

(e) type of ammunition, (f) fuze action, and (g) method of control.
The fire direction center will in time signal the observer that the
mission is being fired, and that a round is on the way, The cbserver
then attends to the target area and makes a sensing of the round at
its point of burst. BSensing is the determination by the observ.r
of the location of a burst or group of bursts with respect to the
sdjusting point. The observer measures the angular amount in mils
that the burst appears off the observer-target (OT) line, measures
the height of burst in mils if time fuze is being employed, and makes
a range sensing (over or short) whenever a burst is close enough to
the OT line to allow such a sensing, BSubsequent corrections are
baged on these sensings. In adjusting for height of burst and azi-
muth deviations, the WORM rule %width over range equals mils so
range times mils equals width in yaxds) is applied. The OT distance
(in thousands of yards) is multiplied by the measured deviation in
mils. This becomes the correction to apply for the next round. If
a round is sensed as Right of the target, the correction, of course,
must be Left X number of yards. The adjustment of range has as its
objective the splitting of successively smaller brackets (one round
OVER, one round SHORT, constitutes a bracket) until a 100 yard
bracket is obtained. Firs for effect will begin at the center of
this 100 yard bracket, g
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The above degeription provides a view of the forward observer's
Job, narrowly conceived. Its focus is restricted to the acquisition
of a target, and the bringing of fire into the effective zone. This
view ignores situstional variables which mey be of importance. Such
a view, however, has the advantage of pinpointing those activities
- most direstly concerned with the primary mission of the observer.
*) Below are summarized the major job requirements for the Forward Ob-
gserver. Those requirements directly concerneq.‘ with the immediate
accomplishment of the forward observer's job are listed as Group I
~ requirements, while those concerned with the broader aspects of the
Job are listed as Group II requirements.

Group I requirements - The forward observer must:

(1) Acquire and identify targets, evaluate terrain,
estimate distance to the target, sense cbserved
fire, and discriminate between his own and cother
rounds. These requirements all demand visusl
skills,

(2) Utilize a map to locate his own position, pertinent
reference roints; to locate targets for initial
computation of data, and in general evaluate the
terrain.

‘} (3) Know the commumnication procedures for conduct of
fire = in reporting.observations, requesting fire,
and adjusting fire.

(4) Perform simple arithmetical computations ir determ-
ining the initial data (target location), and in
determining corrections in adjusting fire,

Group II requirements - The forward observer must:

(5) Select, occupy, and maintain an Observation Post
that will allow him to perform his primery tasks
us efficiently as possible.

(6) Make judgments of the fire requiremnts for specific
targets and specific tactical sitantions in terms of
ammunition fuze, quantity of fire, etc.

(7) Have & thorough knowledge of the specific situation
in which hs is operating in terms of the current
f“’) plan of action and tactics of the supported unit,

—— —_ L e “WMM g mmmﬂpw‘
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(8) Be familiar with operating in different types qr
terrain since terrsin featurss greatly affect the

performance of all activities lilted under: (l A .

above.

B, Amlication of criteria

The mejor Jjob requirements of the forward obcerver wers exsmired
- to determine the extent to which they constitute griticel require-
- ments for training. Three criteria of criticalness were developed:

(1) the extent to which the job requirement was crucial to the sus

~ cess of tue mission, (2) the level of complexity of the skills ine

volved, and (3) the frequency with which the requirement was per-
formed in a substandard manner. A requirement was critical if it

were Judged crucial and either complex or its performance susstandard.

Table IV (see pege 25) summarizes the application of these ériteria

‘to the job requiremernts.

Criterion l: Crucial to the success of operation

Most of the job requirements listed under Group I, tbove,
are considered crucial to the success of the forward observer's

“mission. The target, first of all, must be detected before any sub~

sequent action can occur. Correct identification is essential for
the safety of friendly forces as well as for determining appropriate
fire requirements. Sensing rounds quickly and accurately, anc
sensing the observer's rounds and not others bursting in the area,
also have apprzeciable effect on the success of the mission since
time lont in esteblishing a bracket may seriously reduce the tacti-
cel advantage. The effect of a failure in the procedural sequence
would probsbly not, however, cause a mission failure if the FIC
team were competent., Computational errors would produce complete
failure only in the case where irmediate fire for effect was neces-
sary. Typically, minor computational errors increase the number of
rounds required to deliver effect on the target but may also en-
danger friendly personnel. Pocrly developed skill in map reading
appreciably reduces effectivenese singe it produces extreme initial
errors, #nd poor ‘terrain sensings.

Most of the job requirements listed undsr Group II, above, ale
though important in the total job complex, are not strictly crucial
to the success of the mission. Deficiency in any of the r:quire-
ments would be most noticed in maleing the ohserver's primary tasks
(Group I) more difficult to perform. The selection, occupaticn and
maintenance »f the OP is probably the most essential tusk in this
group. It is also important that the forward observer be capeble
of operating effectively in different types of terrain. Visual
skills vhich have been adequately developed in & flat or rolling

!
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terrain may be inadequate for rough or mountainous terrain, thus
gericusly reduc’ag the quelity of the observer's performance. Such -,
inadequacies may best be circumvented by providing the observer,

- during his training, with o broader experience in acquisition, o

identification, distance estimating, etc., and it is on this level
that the problem is approached in the present research. 0

Criterion 2: A high ievel, coaplex skill

Of the Group I requivements, neither procedural kixowledge
nor computational skills are high level, complex skills. They are
simple skills and are normelly mastered in a very few practice trials,

Some of the visual taske are clearly high level skills. The
acquisition of a target seems to requira that the observer perceive
some change in a visual stimulus, that ie, the field of obsexrvation
before him. It must be noted that the stimulus is quite complex,
extending over a wide lateral range (perhaps as great as 1809) and
considersble depth (meximum range of the zone of responsibility is
the maximum range that the observer cea. see). The nature of his
responsibility varies with the range, of esxse; he normally fires
on targets that are from 50 to 5,000 yards distant, and including
a veriety of figural elements (which may include builldings, streams,
trees, knolls, bunkers, etc.) which together constitute “figure." -
A target may be irdicated by (1) an addition to the figure component,
as a "tree that was not there yesterday, (2) & change in structure
of the figure, as "three bushes that have moved together since yes-
texday," (3) & deletion from the figure comiponent, as a "lone trec
that has disappesxed,” or (4) & changing figure, as "a tree that is
moving as I observe it."

Having perceived a change in the figural component of the visual
stimulus,; the otuerver must identify this new stimulus element; the
identificaticn involving perception of form. Range estimation is a
third perceptual task which is a complex skill. Normal target dis-
tance requircs that cues of size, perspective, shading, superimposi-
tion, etc, be interpreted either in terms of "more than" or “less
than" or in terms of & specific number of yards. Precise estimation

of range may be made unnecessary by map resding skills.

The smne cuas ars employed in sensing a round as over or short
of the target, with superimposition being of maximum importance in
the case of line shots. In sensing a round, speed of perception is
important for two reasons., Firsh, once a burst haa expanded, it
ma occupy an appreciable lateral distance, making the Jjudgment of
ceater=of-burst difticult. Second, any wind in the target area moves
£-2 burst off the original point of impact. Optimally then, the

" sensing should be mede at the instant of the appearance of the dburst.
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Map reading may alsc reprosent @ complex skill, though one
less well analyzed in terms of behavioral components. The knowledge
varigble concerning the meaning of symbols, how to measure distance ’
and azimuth, and the representation of contour do not constitute a
complex or difficult-to-learn area. Relating this knowledge as

- -presented on a given mep to a terrain actua’ly viewed may well be

complex. For the Group II requirements, relstively little evidence
is sveilable {o indicate the level or complexity of the skills in~
volved. However, information from interviews with instructers and

f._fchbat experienced personnel suggests that these requirements de-
o i.is-Axng;ggxrx;either' high level nor complex skills. ’

Criterion 3: Substandard performance

Certain of the Group I job requirements were observed to

© be verformed in a substandard manner. Inability to read a map is

by considerable odds the most frequently mentioned weakness attribe-
uted to studbats (both beginning and advanced) by faculty and staff

- ab Fo. 8i1i. It is the most frequently mentioned deficiency on the

part of the forward observer experiencing combat for the first time,
end it is & veakness commonly applied by senior officers to the
present #leld arvilleryman-in-general., Observations confirm this
insdequacy on the part of the student, and data gathered on accuracy
of initial date demonstrates the prevalence of extreme errors in
this task which is essentially based on ability to relate terrain
to a map representing the terrain.

It is difficult to ascertein the extent to which the necessary
perceptual. skills are present in the sample of forward observers
available for study. The absence of a suitable criterion measure
for sensing rounds makes the testimony of experienced observers opea
to question., Data gathered indicate considerable discrepancy be-
tween experienced observers sensing the same round from identical
viewing points. It is cquite clear that ability to estimate range,
and ability {o make maximum use of terrain features in sensing
rounds could be improved. No practice in target acquisition was ob-
served; it may be inferred that performance in this area could also
we improved.

All reguirements listed under Group II were frequertly mentioned
by interviewees as being performed in & substandard manner. This

was especially characteristic of the new forward obazerver experiencing

combat for the first time.

2k

k4 »
e et <t e o S b o

‘\"



- —
i

TV e bty et Ao

S

e

o«

N
2
~UN,

N No

TABIE IV

Table IV summarizes the application of the three criteria of criti- -

cainess to the major job requirements of the Forward Opserver.
Starred items are considered critical requirements for training.

_ —_Criteria
. Crucial ] Ccmplex‘ Substandard

Job re(;uix:emem .
#* l.Acquisition of artillery

targets \ yes yes not observedl
* 2.Identificaticn of targets yes yes not observed
* 3.Memory of terrain detail yes yes not observed

*

4.Estimetion of observer- .
target distance yes - yes yes

* 5.Sensing burst deviatiocns -
speed and aceuracy yes yes yes

#* 6.,Map reading - locating tar=-
gets and other relevant .
points yes yes yes

% T7.Map reading - terrain eval-
uation and visibility
sketches yes yes yes

# 8,Procedural knowledge - re-
porting observations, re= .
questing and adjusting fire no no no

# 9.Computation of initial date
and correcticns yes . no no

#10.Judgment of fire require-
nents for specific sitvations
in terms of axmo. fuze, quan~
tity of fire, ete. ‘yes ‘no not observed

#11.8election, occupation and i
maintenance of OP . yes no yes

#12,Comprehension of mission -
knowledge of current scheme

of action and tactics of '
supported unit doubtful ne not observed

RN
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| TABIE IV (continued)

jﬁ'iteria; _ -
Job req,uirement . Crucial .Camplex Substandard
#13.Sensing "own" rounds -
discriminating between
bursts of different
weapons yes yes not observed
#14 . Familiarity with different
types of terrain yes yes not observed

’l'l'hese items were either not aveilable for observation or too few
instances were available to permit a reliable judgment.

C. Analysis of training

Observations of the training program for the Officer's Basic
Course et Ft. Sill were made, with special attention being given to
the critical job requirements (Table IV, pp. 25-26). These observa-
tions were supplemented by interviews with the administrative staff,
instructors and students. The purpose of the training analysis was
to determine the extent and nature of training related to the de-
velopment of skill in the critical job requirements, and to isolate

portions of the program where device implementation seemed most
promising,

Requirements 1, 2, and 3 (Table IV) concern target acquisition
and identification. No training for these skills was observed. Dur-
ing service practices, various objects (rusty material, beaten-up
area, etc.) are located in terms of some reference point by the in-
structor, and identified variously as "patrol in the open," "stalled
tank," "enemy machine gun," etc. It would be impossible to have
real target activity during a service practice, of course, and it
would be both time~consuming and expensive to have such realistic
practice during dry-run sessions on the ranges. Some opportunity is
present during the Combined Arms Tactical Exercise, but real limita-
tions are again obvious. No aids or devices which present this ex-
perience are currently available. Opportunities for this skill de-
velopment are greater in poste-school training situations, but time
and expense would remain as deterrents. An additional difficulty
with any practice session in which realistic targets are acquired
in the field, is that a valid criterion of performance is extremely
difficult to establish. While it is possible to record all activity
taking place in a given area, this record will ignore the relative
difficulty of acquiring a particuiar terget from & particulsr ob-
servation post; as a consequence, "scores” for cbservers will not be

26
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éomparable, knowledge of results will contain considerable error
variance and it will not be possible to chart the progress of the )
student. ) B C 4

Requirement U refers 4o estimating distance from observer to
& target on the basis of the available cues. Service practices
provide opportunity to practice this skill. In particular, two ‘
service practices are devoted in part to situations where "pure"
estimates (made solely on the basis of such cues » without regard
to the map) are made. Additional experience is provided in a
practicel exercise in mep reading. There is ro instruction given
in how to accomplish this task; there is widespread agreement that
it is extremely difficult and that very few people can do it.
Whenever an individual estimates distance, he gets some knowledge
of his accuracy by observing where his round lands. However, this 5
informetion is seldom formalized, and may be in error due to the o
diffeience between the Observer-Target line and the Gun-Target . ~
line.™ There are no alds or devices currently availsble which ate
tempt to develop skill in distence estimations.

e e e e e

Requirement 5 is concerned with speed of sensing. All service
practices are conducted with instructor emphasis on this factor.
This emphasis takes the form of oral commands to make sensings more .
quickly. From observations of service practices it is evident that
meny students continue to view the target area through binoculars
long after the burst has expanded and been blown from its original
proint of impact. The nature of the observer's activity during this
period (between the time of appearance of burst and the report of
correction required) is not ciear. The cbserver might make his
Judgment of location instantly, but keep his glasses on the target
area vhile calculating the correction. Despite the absence of
clearcut evidence, it appears safe to assume that observers differ
in the speed of their perception of location. There are no aids
or devices presently employed which develop skill in this area.

Requirements 6 and 7 are concerned with the ability to use a
map effectively in accomplishing the observer's mission. The spe-
cific skill required is the ability to relate the terrain viewed
to the map of that terrain. /the program of instruction in map
reading consists of classroon instruction on symbols and represen-
tations employed on artillery maps, and a half-day field exercise
consisting of (1) traversing a compass course, and (2) practice in
locating positions by map. In addition, during the first service
practice, the instructor points ocut target locations on an enlarged
map after the students have made their own estimates using their
regular equipment. This is an opportunity to relate terrain to mep
by seeing how a ridge, oreek-line, or depression looks from an

]If the target grid is used properly this difference is compen- ~
sated for and increases or decreases in range vill be accurately o

portrayed.
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oblique view as well as from the perpendicular view presented on
the map. In view of the considerable importence of map reading,
this instruction seems quite brief. Also, it may be unfortunate
that map reading instruction and observed fire instruction are
not administered by the same department. While emphasis on map
reading is great throughout service practlces, a certain come-
partmentalization in the- ‘hudent's thinking is fostered by the
fact that he is "ﬁ.nisheo.“ with map reading (has been examined in
this subject) when he goes on the range for service practices.
Aids available include enlargements of maps, perpendicular and
oblique aerial photos, and pressed out contour maps. The first
two aids are employed with effectiveness. Use of contour maps as
an instructional aid was not observed. During this research, the
project staff instigated a modification of the OF fan, with the
objective of reducing the clutiter on the fan so that the map could
ve seen more easily. A series of tests demonstrated the superior-

ity of initiel data computed using this fan over that computed us-
ing the previous model.

Requirement 10 refers to the judgment of fire requirements for
specific situations. Skill iz developed in the training program
to the extent that the student is capable of selecting the proper
fuze and shell when given a target description by the instructor.
However, since the target described bears no relationship to the
target perceived (see earlier comments regarding acquisition of
targets) there is no practice in relating a seen target to a re-
quirement for a particular combination of fuze and shell.

Requirement 11, selection, occupation and maintenance of the
OP, is given introductory treatment in the observed program, .
further skill to be developed in the post-school phases of train-
ing. Since these later phases were not observed, no comments con-
cerning the adequacy of training can be made beyond that inferred
from the report that weakness in this requirement is typical of
the inexperienced forward observer.

Requirement 13, sensing "own" rounds and discriminating be-
tween bursts of various artillery weapons faces the handicap al-
ways present in training situations resulting from the need to
conserve ammunition. A result is that the students experience is
largely confined to (1) the smaller weapons, (2) the less expen-
sive fuzes, (3) short ranges (to conserve tube life). No aids or
devices are present which extend the student’s range of experience
in regard to the visual stisulus.l

lPuff-boards and similar training devices are not relevant
here, since they are not intended to simlate the visual stimulus.
They may be quite adequate in the developnent of procedural knowl-
edge.

g.
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Requirement 1k, femiliarity with various typmes of terrain,
cannot be adequately developed where training facilities afford a
limited variety of terrain features. Training at Ft. Sill, for
example, cannot be expected to give the forward observers the vis-
ual experiences needed for skill in a typical terrain. Further,
it was noted that observers who had developed an adequate profi-
ciency in hilly terrain, made gross errors of estimate when first
operating in relatively flat terrain. A means of providing the
observers with experience in a wide variety of terrain situations
would be a desirable addition to the program, and one for which no
training device currently exists.

D. Basic psychological skills

The anelysis of the job of forward observer, and the analysis
of the training he receives isolates certain job requirements which
meet imposed criteria of criticailness, and which, in many instances,
also constitute training problems. It is for these requirements
that the develcpment of training devices seems most amenable.

It is the estimation of the research staff that the most prof-
iteble approach to the development of valid training devices is in
terms of the more basic skills which account for differences in per-
formance in each job requirement. The recommended device, then,
represents & means of developing this skill (or skills) rather than
an attempt to duplicate the more superficial aspects of the jecb.
For this reason, an attempt was made to abstract from the list of
critical requirements (which constituted training problems) the
underlying skills. The following is & list of the required skills,
expressed in psychological terms.t 2

C~The tomrd: observer must be able to:

1. perceive minimal changes in & complex, visual
stimulus

2. retain in memory “Mll of a complex, visual
stimulus

3. translate available cues into estimations of
distance

. identify typical target objects through form -
perception ‘

.

1S,one Job requirements were too complex to permit analysis
into basic skills at the present level of research. These are in-
cluded in the list for sake of completeness, but retain their origi-
nal description.
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- 5. perform the above tasks in varying physical
settings <

" “  6.c make a judgment based on the location of a
visual stimulus at the instance of its
appearance, and resist changing this judg-
meat as the stimulus becomes distorted

7. discriminste between visusl stimuli of wn-
determined similarity, i.e., between bursts
of various artillery wespons

8. translate a complex visual stimulus into a
specific requirement for fuze action, ammuni-
tion, etc.

9. locate relevant points in his sector of
responsibility by relating the terrain to a
map of the area

- 10. use his map as an &ld to sensing by studying

the map to locate areas not visible from the
oP.

E. Trainer for basic visual skills for

forward ooserver and ZIASh ODSErver
Objectives

l. General. The purpose of the basic trainer is to de-
velop certain aspects of perception vhich underlie successful pere
formance in conduct of observed fire and also flash observation.
There are several advantages accruing from a device emphasizing
this development. By removing a particular skill from the jcb
situation in whic¢h it is found, training may be focused on this
one task. In the job complex, the operation of this skill is
often obscured by concomitant operation of many other skills., In
the job itself, neither the trainee nor the instructor can assess
the status of the trainee's learning on this component skill. A
device then, gives greater definition to the learning task at the
early steges of learning. It is implicit in the above discussion
that measurement of iearnitig on & component skill is possible in
the device gatting, while it is not in the actual job situation.

A score based on performance in a complex job is actually a reflec-
tion of varying amounts (scores) of a number of underlying skills.
In the job performsnce, the trainee's "score" on each skill is un-
known, hence, two lesrners with identical over-all scores may be
quite different in their unknown score pattern. Given a single
skill to be learned, identical scores presumably indicate identical
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ability on the skill in question.’ A further advantage of skill
development via devices is the reduction of field exercises, since
such exercises would,; in the device-implemented program, have the
status of situation tests wherein skills developed in the tasic
program would be practiced together.

2. Specific. The particular skills which are to 'be de=-
veloped by the besic trainer are:

a. Iden’ification of objects through form
perception

b. ILocation in space of visual stimuli

c. Perception of specified changes in a
complex visual field

d. Retention of details of a complex visual
stimudus -

e. Translation of specified visual cues into
estimates of distance

Stimulus characteristics

1. General. In the following discussion, the tem
stimulus will refer to specific elements such as & shell burst, a
vehicle, a tree, a triangle, or a person. The term stimulus field
will refer to the context within which the stimulus appears. The
characteristics of the stimulus and stimulus field which follow
will specify (1) the variables, and (2) the extent of the variation
where this is known. In reality, however, it is this latter speci-
fication vwhich consti t.:tes the development program for the device.
It is assumed that ‘the vehicle for presenting visusl stimuli is
readily available in the form of an ordinary slide projector or
tachistoscope. ¥What must be developed :ll the series of stimull
vhich will leal to effective learning.

'L.[t is recognized that skills identified in the current re-
search are probably not unitary, i.e., not perfectly unrelated.
Anslyses made possible by gathering scores on the skills isolated
may demonstrate the relationships which prevail, and would then
suggest a new alignment of skill development. Since such scores )
cannot be gathered under present trdaining procedures, this would ,
seem to be further argument for the suggested device develcpment. ﬁ
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2. Specific. In raw form, the variables with which we
. mf. deal are

btimulus variables Stimulus field variables

X SN “ &e Size a. brightness

Sy e bs ‘brightness b. contrast effects
: : I c. fomm ¢. complexity
o : d. eolor d. extent

e, position
f. duration

' These variables must now bhe considered in the context of the
T particular skills which are to be devaloped.

3. Stimuli presented must oe identified and located.
Stated in terms of underlying variables, the effective form field
. of the perceiver is to be extended. Considerable research is
‘available here, suggesting (1) that tachistoscopic presentation of
stimuli is useful, (2) that simple stimuli such as regular geomet-
‘ vic forms are useful in early stages of learning to perceive form,
{ {3) crude divisions of location, such as the four quadrants, are
sutisfactory for early stages in learning to locate stimuli, (&) a
simple uncluttered stimulus field may be used in early stages, (5)
thet progressive increases in (a) field complexity, (b) specificity
: of stimulus form, (c) precision of judgment required, should charac-
‘5 ' terize the series of stimuli.

k. Minimal changes in a complex visual stimulus must be
perceived. This involves the ability to retain in memory the de-
tails of a stimulus field as well as the ability to perceive near-
liminal alterations in specific elements of the field. This would

~require practice with stimuli near the lower threshold (in bright-
ness, absolute and relative to the field; size; color contrast, etc.)
for the individusl. It would alsc ruguire that experience be gain-
ed vith stimulus situations where the change was in“terms of an
additional element, the deletion of an element, the movement of an
element, etc. Provision for testing the retention of details of

! stimdus fields varying in complexity would be necessary.

5. Monocular cues to digtance must be utilized by the
perceiver to arrive at an estimate of distance. In the field sit-
uation, these cues interact in infinite variations. In the device
situation, a cue may be reacted to singly, the operation of other
cues being controlled. More difficult stimuli would present vari-
ous interactions. It is assumed that a two-dimensional (flat)
representation of an oblique view is satisfactory for this purpose,
but three~-dimensional presentation might be investigated in a de-

___ velopment phase.

32

e Al e T st T o

_‘M; .
)



Response characteristics

1. The nature of the trainee's response is impliecit in
the preceding descriptions. The trainee is to respond with a
Judgment of vhere; what, beyond, in front of, greater than, less
than, etc., depending on the skill under development.

2. The recording of responses may be handled by typical
paper and pencil instruments. The design of a specific answer sheet
is a minor problem given the design of a specific stimulus series.

anwl.edge of performance

It has already been noted thet this basic visual skills
trainer is not conceived to provide e simulated combat situation.
There is no necessity for the trainer to feed back immediately
knowledge of performance to the trainee; knowledge of performence
will not provide new informaticn that would alter the task of the
trainee. It is, however, desirable that knowledge of performance
be resdily available for reinforcement-and motivational purposes.

Suggested utilization

The basic visual skills trainer is recommended for use in
conjuncetion with the forward observer trainer assessor, the flash
observer trainer assessor, and with programs of field exercises.
Personnel being introduced to the Jobs of forward observer and
flash obhserver could use the trainer to build up basic visual skills
as a means of improving performance in more complex training situa-
tions. The trainer also could be used to measure, visual s.ills and
select those in need of such training.

F. Forward observer treiner-sssessor |

Objectives

A The general purpose of this dewvice is to provide a situ-
ation where the forward observer may practice the operations in-
volved in his job. As such, the device is 4 simulator which pre-
sents much the same stimulus situation as is presently provided by
service practices. The advantages of such a simulator are those
vwhich typically result from a device as opposed to a field setting:
(a) an objective criterion of performance is more readily obtain-
ed; (b) the learning task is more manipulatable by the instructor,
vhich allows the ordering of an effective sequence of practice
sessions; (c) & reduction in cost may be effected by reducing the
nuber of field exercises necessary. The simulator here recommended
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ma.y alsc serve as & validation instnment for a basic percentual

" vskills trainer. It thus represents an intermediate criterion in
Yo reg&rd to that device.

!l'he speci‘fic training o'bjectives of this device are:

1. to provide a realistic situation for the inte«
gration of the basic visual skills demanded by
the job

2. to provide practice in acquiring and dealing
with realistic targets

3. to develop and apply efficient procedures and
skills in map utilization.

Stimulus characteristics

The device is to provide the essential elements involved
in searching for, acqguiring, and firing upon enemy targets. These
elemenrits may he categorized as: (a) those comprising the context
(stimulus field) or total situation; (b) those comprising specific
targets (stimuli) such as tanks, bunkers, etc.; (c) those compris-
ing shell bursts (bursts) which result from observer conduct of
fire. The first two classes of elements are instructor-gmntreolled,
the latter is a product of student-observer behavior. All three
classes must be "psychologically equivalent" to stimuli present in
the actual job situation. The device stimuli must produce the
same behavior in the cbserver as does the field situation. Careful
measurement of the functional characteristics of all three classes
is required, and the device then designed to reproduce these
characteristics. Prior to this measurement, certain requirements
appear necessary on the basis of available knowledge.

1. Stimuwlus field. The device should produce a stimulus
t:l.cld vhich has the following characteristics:

s, occupies similar extent (total visual space)
to typical zones of responsibility

b. can be varied in terms of content, color,
contrast effects.

2. Stimulus. The device should present stimuli which
have the following characteristics:

&. they can be varied in intensity, form, color,
size, contrast with field
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b. a number can bz present at any given time

¢. appearance of target stimuli at any location
within the field is permitted

d. movement of target stimuli is permitted, with
the duration of their presence & variable.
3. Burst. The device should present shell bursts which
have the following characteristics:

&. bursts can be varied in size, location, color,
contrast with field

b. locetion must be a function of observer's
request for fire.

L. Map. The device should present a standard artillery
map representation of the srea within which the stimulus field exists.

Response characteristics

1. General. The observer is required to search, acquire
and identify, and take action against targets which are pres.nted
by the device. The stimuli and field are varied to duplicave the
essential characteristics of a variety of missions and tactical
situations. The difficulty of a task actually presented is to be
consistent with the observer's stage of learning.

[
2. Specific

8. The observer engages in surveillance. Behavior
required by the device corresponds to that re-
quired by the actual situatinn. A means should
be provided to encourage systematic search.
Information regarding an assumed tactical situ-
ation may be provided with a resulting inference
concernins ponible target locations. The ob-
‘server should keep & log of all observed active’
ity.

b. The observer acquires targets. Having observed
eneny activity, the observer must locate the

o activity and report this location in terms of

4 an available reference system. The observer

’ Jjudges the relevance of the activity for the
m:l.ssion assigned to him, and decidcs on &
course of action.
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¢. The cbserver comducis fire. When enemy activity-

warranting & five mission is located, the cb-
server may request fire. The observer's adjust-
ment of fire follows the precedure smployed in
the aciual job.

Knc"leége Bf pe:fommas

In ordexr for the device to b= waximelly effective as a
learning experience, the device must bie akle tu provide nowledge
©of progress at any time such knowledge would be useful. This
means that Xnowledge mey be given following axy response {includ-
ing the bebavior of witWholding a response). The instructer using
the device may critique the observers at any point; for example,
after unobserved activity, after an setivity has been izcated
{pointing out wp cues which migit have teen upplied), after any
burst in a fiie¢ misslion, »r upon comple¥tion of a mission. The de-
wicn then should inelude suggostions lor presenting knowledge of
pr¢. ress to the obgerver. These suggestions should include notes
on frequent errors, useful cues, rationals for approved decisions
concerning missions and the like.

Suggested wtilizalion .

The farward cbserver trainer assessor is recommended for
all forward observation iraining programs offered at the Artillery
and Guided Missiles School. It is concelved as a supplement to
the present sevvice practices offered. It could serve both in the
initial learning of the job an®k in programs designed as "refreshers"
for those with previous experience.
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APPENDIX 2: FILASH GsseXVATION

I. ‘Analysig of the Job of Flash Obseryer

A. Job description

The flash observer is s member of flash ranging platoon which
has as its primary mission the locatisn of enemy artillery. Addi-
tional duties of the flash ranging Il -tcon inelude location of
targets of opportunity, conduct of individuel fire missions, and
assistance in registration fire.

The flash platoon operates most effectively when the tactical
situation makes it possible to set up & "long base." A long base
consists of four observation posts placed in surveyed positions a=-
long = line roughly paralleling the front, each post being several
thousand yards distant from its neighbor. The observation posts
are connected by wire and radio commumication te a central plotting
station. Necessities of a combat situation may require the use of
a shorter base and fewer observation posts. Target locations by a
short base are usually less accurate than those determined by a
long base., '

At each observation post there is a flash ohserver and three
assistants. The observer and his crew are responsible for constant
surveillance of their sector of responsibility and for the report-

-ing of details of observed activities to plotting central. The

observer may utilize the unaidzd eye, binosulars, or the M2 observ-
ing instrument in his search. When a target is detected, ‘the ob- 1
server adjusts the M2 so that the target is centered in the optics.

Readings are then obteined from the azimuth and vertical scele of

‘the instrument, and are sent immediataly to plotting central along

with appropriate identifying information. At plotting central the

map location of the target is determined through the use of & plot-
ting table utilizin. simple geometric principles. .

The observer is requirzd tc be thoroughly familiar with the
terrain in his sector of responsibility. He makes “panoramic”
sketches indicating azimuthe and distances to prominent points,
and "visibility" sketches showing areas masked from his sight. He
utilizes & map to aid in his general evaluation of the terrsin, as

J"Target‘ is used here in a general seuse to danete mke;mff.- ’
flashes, air bursts, targets of opportunity, and so forth.
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vell as to determine referencz points and to make visibility sketches.
Knowledge of the terrain helps the chserver both in searching for

~ = targets and in estimating distances to the targets, the latter infor-

~ mation being essential in the situation described below.

Plotting central cannot determine the locaticn of a target une-
less at least two, and preferably three, OP's have reported an azi-
muth to that terget. A major problem in flash observation requires
the observers to locate and report data on the same target. Common

» ‘orientation becomes difficult in a combat situation where numerous

targets may be present, and where poor visibility conditions obtain.
In addition, many of the targets are often of very short duration
as, for example, en artillery flash or a smoke puff.l ILocation by
other observers may be facilitated if the first observer to detect
the target is able to estimate its distance from the observation
post. With this information, plotting central can compute a "look-
ing azimuth" to the target for each of the other observers.

In loc ting and firing upon targets of opportunity, the flash
observer fu ttions in either of two ways. First, he may coordinate
his observations with other observers in the manner described above,
or he may cperate exactly &s does the forward observer in conduct

" of observed fire. The job of forward observer has been discussed

in Appendix 1 and will not be reviewed here.

In registration fire the observers are oriented toward the ex-
pected point of shell burst. When the burst occurs the M2 observing

- instrument is carefully adjusted by the observer so that the burst

is centered in the reticle superimposed on the optics. Subsequent
bursts are reported in terms of their deviation in mils from the
center of the reticle, no further adjustment of the instrument being
made. Readings are obtained from the calibrations which appear on
the reticle.

The above description provides & view of the primary activities
of the flash observer. Major attention has been given to the acqui-
sition, or more specifically, the detection, of targets. This has
been done since detection is the prime essential of flash observa-
tion and all other activities ar¢, of necessity, secondary. From
the description of the job of flash observer, certein raquirements

J‘Becen‘b developments in flash and smoke reducing agents success-
fully minimize the visual cues available to the observer. Universal

adoption of these agents may lead to either (a) s change in the pres- - -

ent mode of location, or (b) & change in the primary mission of the
Flash Platcon. -
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for the performance of the job may be inferred. These are listed
below. ‘

Visual skills are involved in detecting and identifying
targets, in evaluating terrain, in estimating distances
to targets, and in reading the M2 observing instrument.

Perceptual-motor skills are involved in adjusting the
M2 instrument so that the target is exactly centered in -
the reticle.

Procedural knowledge is utilized in reporting observa-
tions to the plotting central and communicating with
other OP's. .

Map reading skills are utilized in locating reference
points, in preparing visibility sketches, in range
estimation, and in general evaluation of terrain.

il

Technigues of search are involved in surveillance of
the sector of responsibility.

Knowledge of enemy tactics and equipner;f. is useful

in determining the most probable location of targets .
and in identifying the wmts. . h

B. Application of criteria

The major Job requirements of the Flash Observer were exarined
to determine the extent to which they constitute critical require-
ments for training. Three criteria of criticalness were developed:
(1) the extent to vhich the requirement was crucial to the suc.sss
of the mission, (2) the level of complexity of the skills invoived,
and (3) the frequency with wvhich the requirement was performed in
a substandard msnner. A requirement was critical if it wvas judged
crucial, and either complex, or its performances substandard.

Table V, page 13, swmarizes Eﬂ ‘application of these criteris to
tha ‘Job requirements.

Criterion 1: Crucial to success of operation

Flasl. ranging procedure is initiated with the detection
of a target by the observers. Unless visual contact can be made,
the flash platoon is inoperative. It is apparent, therefore, that
those skills directly related to target detection are most critical
in terms of the present criterion. The skills directly involved
in detection include visual skills, and techniques of search in-
cluding persistence in surveillance. The observer must be skilled
" in the primary aspects of vision, observe the sector in a systematic
and efficient manner, and aintnin h.ts observations continuously for
given time periods.
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Other skills contribute indirectly to detection. Map reading
skilis help the observer to become more knowledgeable about the
terrain in his sector. Knowledge of enemy tactics is useful in de-
termining where to look in a given sector. Estimating range to a
target, another perceptual skill, is sometimes essential in getting
other observers "on" a target ocnce it has been located by one of
them. These skills, while important, are not as critical in terms
of the present criterion as those listed sbove.

The observer, having detected a target, must report the OP-
target azimuth to plotting central. To obtain the azimuth he must
adjust the M2 observing instrument so that the target is exactly
centered. Errors in azimuth may lead to inaccurate plots. The
perceptual-motor skills involved in adjusting the M2 are therefore
critical to the over-all operation. There is, of course, more
tolerance for error in this task than in detecting the “&rget in
the first place. Errors in adjustment may be compensatory, and
since information is ordinarily obtained from at lecast three ob-
servers, individual error may be cancelled out. The azimuth and
vertical scales of the instrument must be read correctly, or plots
will be made with information basically in error. Such errors
would probably be additive rather than compensatory.

Procedual knowledge, while important for smooth operation, is
seldom critical to success.

Criterion 2: A high level, complex skill

Some of the perceptual tasks required of the flash ob-
server are clearly high level skills. Detection of the target de-
mands that the observer respcnd to stimuli which:

7 1¢ May be smsll in absolute size and subtend but a
minor portion of the visual field

" 2. Present little coatrast to the visual field in
: terms of culor and light

3. Are néur "'ie lower perceptual threshold in absolute
‘ light intensity value

4. Appear for a very brief period of time

The extent to which detection of stimuli having such character-
istics is trainable must be determined by careful laboratory study.
However, it is clear that since detection is at the core of flash
. ranging, these skills should be developed as highly as possible.
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Identification of targets demands that the obgerver, having
- detected a target, also recognize its form and correlate this with
prior experience. The nature of this task varies from the ideati-
fication of an artillery piece by its flash to the identification
of common enemy material in plain sight. In all cases, identifica-

tion represents a complex skill involving form perception and recog-
nition.

Range estimation is another perceptual task which is a complex
skill. When targets are plainly visible, the observer interprets
cues of size, perspective, superimposition, sheding, etec., to esti-
mate the distance to a target.l He is aided in this estimation by
his knowledge of the terrain, and his information about prominent
landmarks. The observer is often required to make estimations when
darkness has obscured the terrain, as in estimating the distance to
an artillery piece revealed only by its muzzle flash. Here, such
cues as time between the "flash and bang," and silhouette or eclipse
of prominent landmarks must be used. Secondary cues, such as the
caliber of weapon firing, as judged from its sound, provide some
information as to the probable distance.

Search techniques, although apparently simple, actuslly require
fairly highly developed skills. The sector of responsibility in-
cludes a much larger area than can be erncompassed with a single
glance. Effective search requires first that the observer possess
basic visual skills, and secondly, that he use systematic scanning
procedures. The obsexrver must scan his sector both thoroughly and

P S SRS B

rapidly so that each part cf the field is under continual surveillance.

The extent of the observer's visual form field and his speed of per-
ception are important variables in this performance.

Certain aspects of map reading may also be classified as higher
level skills. Knowledge of the meaning of symbols, contour lines,
guides, measuring distances and directions does not constitute a
complex or difficult area to learn. However, relating this infor-
mation as presented on & given map to a particular terrain may in-
volve several complex skills. More information is needed regarding
the exact nature of these skills.

Use of the M2 observing instrument involves certain perceptual-
motor skills, as in the adjustment of the optics to center a target
in the reticle. When the target is stationary the problem tends to
be minimal; however, a moving target (such as a shell bursting in
air), or one of very short duration greatly increases the complexity
of the task. In the latter case, the problem becomes one of rather
precise eye=hand coordination which must be accomplished quickly.
Reading deviations of bursts from the center of the reticle (as in
registration fire) requirec perceptusl speed and visual memory.

7 iBecauﬁe of the distances normally involved, binocular cues
are not useful in making range estimations.
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Criterion 3: Substandard performance

The training situation observed at Ft. 8ill did not pre-
sent an opportunity for extensive cbservation of the flash observer's
performance. Some aspects of the flash observer's job were not avail-
able for observation, and others only in somewhat restricted situa-
tions. However, certain observations were pertinent, and other in-

formation was obtained from interviews with combat experienced per-
sonnel. ‘

The most atriking psrformance deficiency was in the acquisition
of targets, especially in detecting artillery flashes. In the sev-
eral night problems observed, the flash observers were largely un-
successful in detecting the muzzle flashes. Flashless powder was
used for these problems, and it is concelivable that the muzzle flashes

were not within the -visual range. The latter should not be accepted
as conclusive until more reliable tests are made.

The interviewees were wianimously agreed that range estimation
was generally below acceptable standards, This was apparently a
major cauee for concern among responsible personnel. This concern
stems from the difficulty that observers frequently have in orienting
on a common target when multiple targets are present. It was also
indicated by the 1nterv1mel that map reading performance vas
conmionly sube-pars 2
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TABLE V °

Table V sumarizes the application of the three criterie of criti- -
calness to the major Job requirements of the flash observer. o
Starred items are considered critical requirements for training.

- i
e e A 3 st et et e S R AR AT

’ _ ~ Griteria ,
Job requirement Crucial  Complex ubst.

#1.Acquisition (detmction) of

targets yes yes yes
*2,Identification of targets yes yes not. observedl
*3,Estimating distance to targetns yes yes not observed
*4 Reading scales of M2 observ-

ing instrument yes yes no
*5,Adjusting M2 to center

target doubcful yes no

6.Procedural. knowledge-report- '

ing observations to plotting

central and communicating .

with other OP's no no no
#7.Mep reading - locating ref-

erence points, preparing visi-

bility sketches, range estimm-

tion and terrain evaluation _yes T yes yes
#8 ,Fmploying efficient search- )

techniques to cover sector ‘ s

of responsibility . yes yes yes

9.Knowledge of enemy tactics and :
equipment no ne not cobserved

JTbese items wers either not available for observation or too few
instances ware available to permit a relisble judgment.

k3

P
i

bl y B, RP Tt -..;l!:x)muww TN, R . S8 75 A




(,”. Analysis of training

.. The training relevant to those job requiremenﬁs determined as
" eritical in the preceding section was analyzed. Observations were

- made of two training sequences; the Artillery Flash Ranging Super-

vision Course (Eniisted) and, the Artillery Observation Officer's
" Course. The conteat of the two courses is essentially the same.

’ . Weither course is designed to train men specifisally for the Job of

© #7ash cbserver, but as the titles suggest, they are to train perscn-
. vwho are to supervise flash ranging operations. The emphasis in
- xhe course is on developing a thorough understanding of flash rang-
' -ing procedures and a familierity with the jobs performed by person=~
nel in theé>platoon. Less emphasis is placed on the development of

‘s high degree of skill in any of these various jobs, including that
of the flash observer. Since the courses obscrved were not speci-

fically oriented toward skill development, the statements which foi-~

low are not to be interpreted as critical of training in relation
to stated course objectives.

Several statements may be made regarding the efficacy of
practice relative to critical requirements 8, 1 and 2 (the search,
detection, and location of targets), and to requirement 4 (the esti-
mation of distance to ta.rgets)‘.l This practice occurred largely in
the context of field exercises, and mey be summarized as follows:

1. There was an insufficient amount of practice for the
production of skill in these critical aieas. A large
portion of the allotted time was required to set up
the plotting central and to establish the flash base.
The total number of problems presented was small and
the intervals in between the problems were often long.

2. The observers were seldom required to search in a
-gystematic fashion for targets in their sector of
responsibility. Information regarding target loca-
tions was present in the practice situation that
would seldom, if ever, be available in combat.

3¢« A nminimum of coordination between observers on the
. flash base was required. Usually, targets were pre-
sented singly so that orientation on a conmon target
by the observers was easily achieved. Therefore,
estimation of distance to a target was seldom needed
to get the observers "on target," minimizing the
amount of practice of this oritical activity.

l’rhe critical requirements referred to here are the starred
items in Table V, p. U3. —
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4. The trainees sometimes lost interest in their activi-
ties due to certain unavoidable delays in the over-all
operation. As a result, they may have failed, in ,
these instances, to profit maximally from the practice.

5. There were no techniques available for objectively
evaluating the performance of the observers. Without
this evaluation and subsequent connection o. errors,
skill must be expected to develop mors slowly.

The above statements point up certain problems often present
in field exercises: limitations in amount of practice and type of
problems, lack of complete control by the instructor of the rele-
vant variables, trainee disinterest, and lack of reliable perform-
ance meagures, Training devices potentially can cobviate most of
these problems, at least in early phases of training, and at the
same time effect certain financial economies.

Requirement 4 refers in part to the sensing of burst deviations
during registration fire. The practice afforded during the field
exercises was well controlled, although the amount of practice was
small.

Reguirement 2, identification of targets, refers to the identi-
fication of cues revealing the presence of artillery smoke dust,
flash, burst patterns, etc. No specific practice was observed other
then that inherent in the field problems,

Requirement 5 refers to the aligmment of the M2 viewing in-
strument on a target. The amount and type of practice afforded
this activity is apparently adequate, and device implementation does
not seem indicated.

Requirement T refers to the use of terrain maps in locating
reference points and in making visibility sketches. There are
universal problems in training personnel to use maps correctly and
the present situation was no exception. There was & conscientious
attempt to produce the required skills, but in the opinion of those
interviewed, current methods were not as effective as desired. The
major problems lie not in presenting the basic weap information, but
in teaching the trainee to relate the terrain to the map. This
latter activity, in the opinion of the project staff, requires the
development of & number of. basic perceptual skills through the use
of special training situations, possibly best presented dy training
devices. .

D. Basic gsycholoy_.co.l pkills

The anslysis of the job of Flash Observer, and the anslysis of
the training he receives isclates certain job requirements which

us
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meet imposed criteria cf criticalness, and which, in many instances,
constitute. training problems. It is for these requirements that the

development of training devices seems most amenable.

ments are exmessed below in terms of the more basic skills under-

lying the performance of each requirement.l

reprssent a means of developing this underlying skill rather than
", duplicating the more superficial aspects of the Jjob.

The ?lash observer must:

L.

Q

&

2.

3.

k.
5.
6.

8.
9.

perceive stimuli in a complex visual field which may
bé small in sbsolute size, subtend a very minor por-
tion of the field, appear for brief intervals, pre=-
sent low contrasts, .and ayve near liminal in inten-
sidy

be able to make a judgment of the location of a
visual stimulus of short duration

be able to retain in mmory details of a complex
visual stimulus, sometimes after very short ex-
posure

be able to identify typical target objects through
form perception

be able to translate available cues into estimations
of distance

be able to perform perceptusl-motor acts requiring
fine coordination

be able to locate reference points in his sector
of responsibility by relating the terrain to a map
of the area

be able to make "visibility" sketches from a map

use efficient procedures for searching his sector
of responsibility.

IIn some instances the complexity of the requiremiént did not

permit its analysis into basic skilla. - The requirement is included

- in the list for sake of completeness.
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E. Device solutions.l Flash

observer trajiner - asgessor

Objecti_.ves.

The general purpose of a flash observer trainer assessor
is to provide a situation where the flash observer may practice, in
a simulsated setting, some of the busic operations vequired by his
Job. The advanteges to be obtained over field practice are several.
First, an objective means of evaluating the observer's performance
can be made availsble, providiug a more accurate picture of perform-
ance levels and the course of learning than is presently cobtainable.
Secondly, the task renaired of the observer is more compietely in
the control of the instructor, thus the practice sessions mey be
gradusted in amount and difficulty to fit the observer's stage of
lezrning. Third, provision can be made for the inclusion of activi-
ties not efficiently trained for the present program. Fourth, the
fdevice' can substitute for certain of the field exercises, reducing
the cost of current training programs.

The specific training skiils; objectives of this device are as

follows:

1.

2.

3.
h‘o

to provide a simulated situation for the integration
of the basic visual skills required by the Job

¥c provide practice in acquiring realistic targets
to develop and apply efficient search techniques

to develop skill in the use of the M2 oblerving
instrument.

Stimulus churncteri.r_bics

The device is to duplicate the essentisl elements involved
in searching for, acquiring, and identifying targets. 'The elemente
of the situation may be classified into (&) those visual stimuli
which represent the target, and (b) the field or context in which
the target stimuli sppear. The former will henceforth be referred

~ to as the stimulus and the latter &s the stimulus field,

The stimulus and stimlus £icld provided by the device are to
e psychologically identical to those in the actual gitvatiop. -
“Pyychologically identical" implies that Lhie dcvice provide a ltimﬂ.us

J‘.‘l‘he Trainer for Basic Visual Skiils iz spplicable %o the trsin-

ing of the flash observer as well as the forward observer. 8ac dis-
cussion of this trainer in Append.nx 1, pusel 20-36. ‘ =

s

by

Do

TV . —

P -

i e g e et A v



complex vhich affects the senscry receptors of the observer, in
this case, visual receptors, as they would be affected in an
actual situation. Careful messurement of the various attributes

of the stimulus and its field in the natural setting are reguired
and the device should be desigrned to reproduce these attributes.
Such measurement of the stimulj and their fields was not feasible
in the present study and of itself constitutes a diffisult but not
imposcible task. The loglcal first step in the consitruction of
the present device would be to make such measuremen:s as accurately
&8 practiczl with present equipment and techniques. The attributes
of the stimulus and its field which are judged to be important by
the investigators are listed below.

The stimulus. The device is to present stimuli which have
the following chmcteristics:

1. The stimuli can be varied in light intensity, form,
coler and size.

2. Several stimuli can be produced simultaneously.

3. Stimuli can be produced in all portions of the
visual field.

4., Duration {temporal) of the stimuli can be varied.
The stimulus field. The deviez should produce a stimulus
field which has the following characteristics:

. 1. Occupies the same total visual space as does the
field in the actual situation.

2. Can be varied in terms of content, light intensity,
and color.

The display. The stimulus and the stimulus field should be
arranged so that the observer makes the same overt responses as

" he does in the actual situation. For example, vertical and lateral

head movements are to duplicate those required to scan the sector
of responsibility.

Resnonse characteristics

Trainee behavior. The observer is required to search,
acquire, and identify stimuli presented by the device. The stimuli
and their field are varied to reproduce the psychological slements
of many different targets, terrain, visibility conditions, and so
forth. The difficulty of the task in each of the activities is
varied to fit the observer's stage of learning. The three activi-
ties required of the observer are analyzed below.

»?



Searching behavior. Overt mcvements required by the de-
vice correspond to those made in actually searching a sector of
responsibility. A means should be provided to ericourage the obe
server to conduct search systemata;ally. This might be done by
requiring him to report the presence or absence of stimuli in
sequential portions of the visual field. To expand the form field
the subportions of the field could gradually be increassed in size,
sa that the observer learned to take in more and more territory in
& single glence.,

Acquisition. The observer reports and/or records &ll
stimuli which he detects in his search of the stimulus field. If
the M2 observing instrument or its simulator is to be used, the ob-
server is required to adjust the instrument to center the stimulus
in the reticle, and he may be required to record an nzimuth and
declination reading.

Identification. The observer is required to identify the

© stimulus which comprises the target. Since these stir -1i are quite

varied, the observer will need to have & great deal of practice in
recognition of form and diserimination of form.

Measurement of responses. The o“osérver's responses can
be measured in the following ways:

1. Total numver of targets detected in a standard -
sequence.

2. Time required to make & given number of acquisitions.
3. Accuracy of identification.

4, Azimuth and error of a given target,

Knowledge of performance

A means should be provided to give the observer a fairly
immediste assessment of his performance. In acquisition his atten-
tion should be directed to those tergets wiich he has overlooked,
50 that he may rfee how they appear. Incorrect search procedures

ghould be psnalized and subsequently corrected. It is not necessary

tor the deviee o provide immediate kiowledge of results to the
irainee for ihe purpose of providing new infcrmation which has
sitered his task.

Mested utilization

The Flash Observer Trainer Assessor is suggested as a
supplementary device to be used with the Trainer for Basic Visual
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Skills. Its sppearance in the training prograw is ideally soon
after the observers have built up their bvasic visual skills with
the basic trainer. The amount of practice reaquired to gain pro-
ficiency in searching, acquiring, and ildentifying tergets must
be determined by experimental test. To obtain maximum use of
the device, it is sugzested that it be constructed so several
observers may be trained simultaneously, perhaps even as & tean.

The Flash Observer Assessor-Trainer, if developed, must be
velidated by demonstrating that persons trained on the device
perform the Jjobs more effectlively then those who have not received
such training. The Assessor itself, since it supplies objective
measures of performance, ¢an be utilized in the validation of the
Vieual Skills deyice, and of the training program for flash ob-
gexvation.

50
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APFENDIX 3: SOUND RANGING

I. Anslysis of the Job of outms,t Qbserver

A. Job deseription ‘

The outpost observer occupies an OP at least two sound seconds ‘
(at least 675 meters) closer to the locations of hostile artillery :
than any microphone in the sound base he activates. In addition,
the OP is selected to provide good visual observation of the enemy
area, concealment, and to minimize the disturbing sourds of friendly
artillery and small arms fire.

The outpost observer is responsible for constant gurveillance
of his zone. He listens for the sounds of enemy guns or friendly
shell bursts which the sound platoon can profitably record, analyze,
and locace. He is responsible for starting the sound recording set
and stopping it when directed toc do so. In addition to activating
the sound recording equipment, the outpost cbserver provides sound ‘
ranging central with important information in regard to the sound >
he has singled out for location. This includes (1) the probable
azimuth of the sound source heard, (2) his estimate of the range to
the sound source heard, and (3) his identification or estimate of
the calibre of the enemy gun he has heard. This information from
the outpost observer is important to the sound record reader in
enabling him to identify the "pattern of arrivals" of sound waves
at the various microphones and consequently leads to a more reliable
target locetion.

The above description provides a focus on those aspects of
the outpost observer's job which are most directly concerned with
the primeary mission of the sound platoon. The focus is restricted
to the acquisition of & target which a sound platoon has a satis-
fectory probability of locating, and of providing information which
will make the target location easier and more reliable. No attempt
is made in the description to describe situational Ffactors which
may affect the job and one's success in it. This has the advantage
of directing attention to the basic skills most directly involved
in the ohserver's primary Job. . Thus;.the sbove descripticn-may be =
rvewritten in terms of the skills and lniowledge involved.

Job requirements: ,’
1. Skill in judging the direction (azimuth) of various
sound sources is involved in alding the sound record

reader in visualizing the patterns of arrivals of &
selected target.

51




R

W
N

-2+ Skill in judging the range of various sound. sources

. "is involved in aiding the sound record reader in

visualizing the patterns of arrivals of a selected
target.

3. BSkill in estimating or identifying the calibre of
an enemy gun aids in the analysis of the sound tspe.

4, Skill in distinguishing between vericus sounds such

© &8 are produced by ballistic waves, muzzle waves, or

shell bursts is involved in aiding the sound ranging
platoon to select only muzzle waves for analysic.

5. Judgment in the selection of profitatle targets for
analysis by sound ranging methods alds the efficiency
©of the platoon.

6. Knowledge of sound ranging procedures facilitates
selection of tergets for analysis.

T. Knowledge of the characteristics of enemy artillery
and its employment aids in knowing the probeble
types of fire expected from various locations.

8. Map reading skills are utilized in the evaluation
of terrain in terms of probable artillery locations.

9. The ability to select and occupy ar QP is required
to obtain good visual observaticn, concealment,
and to minimize the disturbing sounds of friendly
artillery and small arms fire.

1C. Ability to deétonate an explosive if a base is to
be “shot °in" is required. -

B. Application of criteria -

Criterion 1l: Crucial to success of operation

Requirements l-U4 are percéptual skills, all of which are
eritical to success. A failure in ‘any one of these sericusly en-
dangers the probability of locativg an enemy gun by means of sound
renging. A large error in Judging the direction of a sound source
increases the difficulty of visualizing the correct pattern of
arrivals of sound waves as they are recorded on the sound tape.
Poor judgment of gun calibre would produce error i estimating range
and consequently increase the difficulty of reading the sound tape.
Confusion of & ballistic wave for a muzzle wave, of course, would
result in erroneous information to the sound ranging central.
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Requirement 5, the selection of profitable targets for analysis,
is critical tc success. A wise selection of targets makes the tasks
of others in the sound platoon ones that can be accomplished. A ,
poor selection leads to failure of the platoon to lccate the target.

Requirements 6 and 7, involving knowledge of sound ranging
procedures and the characteristice and employment of enemy artillery
are crueial to success. Knowledge of sound ranging procedures would
promote the wise selection of targets for analysis, and would aid
the outpost observer acquiring and passing on the kind of informa-
tion thet would aid others in the sound platoon. Knowledge of enemy
artillery (types of guns and employment) would aid in estimating
range to a selected target and in identifying gun calibre. The
accuracy of these judgments would, of course, aid others in identi-
fying the pattern of arrivals on the sound tape, and in identirying
the wave form of a particular gun.

Requirements 8 and 9, map reading skills and the task of
selecting and occupying an OP, are of doubtful criticalness. In-
ability or poor performance in either of these requirements does
not establish a high probability of mission failure. The kind of
estimates of azimuth and range provided by the outpost observer do
not require or permit the pinpointing of a target location on & map.
The selection of an OP can be made by the platoon leader to increase
the probability of mission success.

Requirement 10, the "shocting in" of a base, is of doubtful
criticalness. This particular method is only a sudbstitute when
satisfactory maps are not available, or when the terrain makes other
survey methods difficult or impossible.

: : Y
Criterion 2: A high level, complex skill

In respect to this criterion, the perceptual abilities
involved in the job, requirements l-4; are high level, complex skills.
Research in sound localization has established that individuals vary
in their skill in estimating direction and distance of a sound source.
These skills do not appear to be simple ones which are mastered in
a few practice sessions. Similarly, identification or estimation
of gun calibre from its sound, and discrimination veiween ballistic
and muzzle waves are not skills easily acquired through combat ex-
perience. Combat experiences with these sounds does not commonly
lead to skill in identifying and discriminating between them.

It should be roted that the stimulus presented to the observer
can be quite varied and complex. First, it can originate over a
fairly wide lateral range, and over considerable depth in range.
The wider the variety of guns employed by the enemy, the more com-
plex the stimuli become. In addition, distracting sounds (ballistic
waves, shell bursts, other guns and small arms fire) accompany the
stimulus to complicate the observer's task.

53




al

Requirement 5, selection of profiteble tergets for analysis,
involves judgment of a g:omple‘c nature. The judgment involves the
selection of & target taat has a high probebility of being success=
fully analyzed by aound ra.ngz.ng, all the factors bearing orn thia
probability must be considered in making the Jjudgment.

Requirements 6, 7, 8, 9, and 10 are either not complex skills

- or of doubtful complexity. Knowledge of sound riunging procedures
and knowledge of the characteristics of enemy artillery &nd its

- employment represent information possessed by the observer. As
such, this informetion can be teught in the wlassroon and measured
through the use of traditional classroom testn. Requirement 8, map
reading skills, is of doubtful complexity in the case of the outpost
~ observer., His job does not require the use ¢f & mep to pinpoint
target locations; he uses & map largely to determine the general and
probeble location of targets. The pinpointing of the target re-
sults from the use of the sound equipment. Requirements 9 and 10,
selecting and occupying an OP and "shooting in" a bese are not com-
plex skills,

Criterion 3: Substandard performance

This third criterion suggests the folluwing when applied
to the perceptual skills involved in this job (requirements l-L).
The field exercise for the outpost observer provides no training
or measure of his skill in identifying enemy guns. Second, the
guns employed tend to be those of smaller calibre; this is done to
reduce training costs. Thus, no medsure of performance is possible
in respect to the observer's skill in estimating gun calibre.
Occasionally, TNT is used to simulate the gun; this makes a measure
of the auditory perceptual skills of the observer unreliable. In
smmna.ry, the field exercise proiides no satisfactory measure of
performance, and very likely is not adequatc to train the observer
in the perceptual skills meded. At the same time, combat veterans
with experience in this job report that these ckills are commonly
substandard in the combat situation,

Requirement 5, selecting profitable targets for analysis, is
not traineé for or measured in the field exercise. The observer's
task is oversimplified in that only one gun, or guns from one
sector are fired at a time. Again, combat veterans report that wise
selection of targets is commonly substandard in the combat situation.

Requirement 6, knowledge of sound ranging procedures, wes ob-

served in the few instances available. Trainees seemed to oe adequate-
1y informed on sound ranging procedures.
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No reliable appraisal of the quality of performance can be
made in respect te requirements 7, 8, 9 and 10. These performances
were elther not required in the training program, or there were too
few instances of the performances to permit & judgment. (For Re=
guirements see Table VI.)

*
¢

TABIE VI

This table presents the evaluation of the job requirements of the
sound observer. Starred items are considered critical requirements
for training.

_ _ Criteria___
Task Critical Complex _Substandard
* l.Judging the direction
(azimuth) of various sound
sources yes yes not observed
* 2,Judging the range of vari-
ous sound sources yes yes not observed
* 3,.Estimating or identifying
{the calibre of an enemy gun yes yes  not observed
#* 4, Distinguishing between vari- .
ous sounds such as are pro=- N
duced by ballistic waves, i
muzzle waves, or shell bursts yes , yes not observed
# 5,Selecting profitable targets
for analysis ty sound rang-
" ing methods . yes yes not observed
6.Knowing sound ranging pro-
cedures yes . no no
T.Knowing charscteristics of
snemy artillery and its
employment yes no not observed
8.Map reading skills doubtfui doubtful not observed
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TABIE VI (continued)

: ' Criteria
Task. Critical ,cqmplex _ Substandard
O.Selecting and occupying an .
oP ' doubtful no not cbserved

10."Shooting in" a base : doubtful no not observed

¥

lIn the obgerved training program, these performances were
either not reqguired or too few instances of the performances
were available to permit a reliable judgment.

C. Evaluation of tra.inigg = Quipost observer

Requirement 1 ~= abillity to perceive the direction of a sound
source: The fleld exercise involves certain disedvantages in the
training of this skill. First, for safety reasons, guns are not
located to the front of the outpost observer and fired toward him;
range limitations occasionally prevent the guns from being placed
to the observer's front and fired laterally to his OP. Secondly,
a8 the trainee becomes familiar with the ranges, he is apt to know
in advance the location (and direction) from which rounds will be
fired. No aids or devices which offer this training in perceiving
direction are currently available.

Requirement 2 -- ability to estimate the range of a sound
source: Several factors interfere with the field exercise being a
superior training experience in this requirement. First, cost con-
siderations reduce the use of large <calibre guns which, in combat,
would be located at greater ranges than small calibre guns. Second,
the guns that are used are not realistically located in terms of
probable enemy artillery tactics; guns are located at "approved and
established" gun positions on the ranges. These positions may be
"wrong" in terms of calibre and typical methods of employment.
Third, these "approved" gun positions become known to the trainee
and his judgment of range is influenced. No aids or devices offer-
ing this training are currently available.

Requirement 3 == ability to identify or estimate the calibre

of enemy guns upon hearing their muzzle waves: The gexrvice practice

does not, and probably cannot, employ enemy guns to traein outpost
observers. The guns that are employed, due to cost considerations,
tend to be those of light and medium calibre. Consequently, traine
ing in this requirement is handicapped. .
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Requirement 4 -~ ability to distinguish between various sounds
such as are produced by ballistic waves, muzzle waves, or shell
bursts: - Due to cost considerations, TNT is ocecasionally used %o
simulate artillery fire., This, of course, provides no training in
this requirement. When guns are used; the shell burst does not
occur to the front of the observer as would frequently be true in
combat. This safety precaution may oversimplify the training sit-
nation.

Requirement 5 -~ ability to select targets wisely for analysis
by sound ranging methods: The present training program does not
present the trainee with several possible targets from which he must
make a selection; one gun or guns from one firing point is all that
is presented &t & time. This again is likely the result »f cost
problems. The battlefield sound situation does not appear possible
in the field exercise. No training aid or device is currently
available to provide this training. ,

D. Basic psychologizal skills

In order to consider device development for the critical job
requirements of the outpost obsérver, the basic psycholcgical skills
involved in these requirenments were a.bstracted.

Basic psychological skills
1. Sound localization: Ability to render a juignent
of optixmm aaauracy on the direction of a sound
source

2. Sound localization: Ability to estimate with
optimum accuracy the range of a sound source.

: 3. Auditory discrimination: Ability to identify or
. estimate the calibre of various guns upon hearing
their muzzle waves,

" 4. Auditor ' discriminstion: idility to distinguish

between various sounds such as those produced by
ballistit waves, muzzle waves, and shell bursis,

5. Judgment: Ability to select targets wisely for
snalysis by sound ranging methods.
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E. Recommended device for sound outpost .
’ cbgerver --»Vsound outpost oﬂserve: trainer

. Obﬂegtives
1. General:

a. to provide objective measures of job performance
in the critical aspects of the job

. to provide the means of presenting training
materials in & basic auditory skills training
program and/or in a combat simulated setting

' ¢, to provide a validation instrument for basic
auditory skills training.

2. The skills to be developed are:

a. sound localization: ability to render a judgment
of optimum accuracy on the éirection of a sound
source

b. sound localization: ability to estima.te with
optimum accuracy the range of a sound source

¢c. auditory discrimination: &bility to identify
" or estimate the calibre of varizus guns upon
hearing their muzzle waves ’

d. av iiiory discrimination: ability to distinguish
b - een various sounds such as those produced by
ballistic waves, muzzle waves, and shell bursts

e. Judgment: ability to select targets wisely for
analysis by sound ranging methods. a

timulus characteristics

1. General: In general, the stimuli to be presented are
chiefly auditory. Visual stimuli needed are maps of terrain and
views of terrain.

2. Target stimmlus: The target to be acguired and located
is the sound produced by the muzzle wave of an artillery piece. The
device should be capable of providing the sounds produced by va. ous
guns, in particular those likely o be employed by "enemy" artillery.
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The device should be capnble of presenting sounds which appear to
or have originated from roughly 3000 to 15,000 yards from the ob-

server, and originate in a sector covered by an 800 mil angle to
his front.

In order that the stimulus be psychologically 'true” to the
trainee, it should have the following characteristics: First, the
phase differences of the stimulus %0 the two ears must be accurate.
Second, the binaurel time differences of the stimulus in arriving
at the two ears must be accurate. Third, it is probable that the
intensity differences snd distance differences of the stimulus to
the two ears are negligible for low frequency tones arriving from
distances involved in outpost observer iraining. Fovrth, the
stimulus when presented to the trainee's ears must possess the
characteristic of externalization; that is, its location or origin
must not appear to be inside or near the head. It must be exter-
nalized properly in space. [Fifth, the sound stimulius must be
accurately presented to the trainee in respect to freguency, ampli-
tude, and wave compositicn.

3. Stimulus field: The auditory setting in which the stimulus
is »resented should possess the following characteristics. The '
field should contein the audibleé sounds which accompany a muzzle
wave, such as the ballistic wave and shell burst. Secondly, the
device should be capable of presenting a field ranging from simple
to cumplex in respect to the number of enemy guns firing from veri-
ous locations and the number of distrazting sounds such as friendly
artillery and small arms fire.

The device should be\ capeble of prasenting or withholding the
visual field or view of the terrain as seen from the observer's OP.
This viev need not exceed an 800 mil angle to0 the cbserver's front.

Response: characteristics

Four responsges are reguired of wh: trainees. First, the
trainee selacte a target among those .uerd {or analyeis by sound
ranging method. The device should be cspuhle of resording the
selections made. Second, the trainee mohes &« Judgnent of the direcw
tion of the sound source; the response sghould be expressed in mils.
Third, the trainec estimates the rang cf the sound sowrce he has
heard. Fourth, the traines identifies the enemy gun or estinmktes
its calibre at least to the extent of classifying it as light,
medium, or heavy.
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Knowledge of performance

In terms of training objectives, there is no interaetion
between stimulue and response (trainer and trainee) required. The
device need not feed back immediate knowledge of performance to the
trainee, Such knowledge of performance would not be consistent
with The combat situation. It would be desirable, however, for the
device to provide knowledge of perromnce for reinforcement and
motivational PUrpoLes.

Suggested utilization

In addition to the device uses discussed, one special use
skould be noted. It eppears likely that the recommended device
could be employed in team training of several members of the sound
renging platoon. Specifically, the device could present sound
sources of known location to the outpost observer. Sound record
tapes of the same stimuli could be made for training of the sound
record reader. The contribution of the work of the outpest observer
to the work of the sound record reader and later the sound ranging
plotter could be demonstrated. The integration of these three
functions, in a tsaining situation, is & use of the device worth
consideration.
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II. Analysis of the Job of Sound Record Reader

A. Job description

When the outpost observer selects a sound for analysis by
sound ranging methods, he signals the operator of the sound recorder.
The sound recorder produces a tape which records the arrival time
of the sound at the various microphones in the sound base. A pat-
tern of arrivals is thus produced on the tape. In addition to the
arrivel time of the sound at each microphone, the recorder produces
a record of the characteristics of the sound in terms of amplitude,
frequency, and wave composition. This record (tape) is turned over
to the sound record reader for analysis and interpretation.

Selection of the desired pattern of arrivals (breaks) is the
first step in reading & record. If there is unly one pattern, this
is a simple task. When there are several sounds recorded on the
tape, and consequently several patterns, tihe reader must visualize
the desired pattern in order to isolate it from other patterns.
Having isolated a pattern for study, the record reader then attempts
to determine the time of the initial break for esach trace; a trace
will appear on the sound tepe for each microphone in the sound base.

The problem of determining the initial break in each trace is
complicated by the fact that various conditions such as wind inter-
ference affect the styli that produce the traces. When initial
breaks can’t be identified, other points on the wave form are used;
these commonly are first valleys, first peaks, and zero lines of
the wave forms,

After a set of arrival times have been determined for a given
sound, the record reader has the task of inspescting the wave forms
selected, to interpret them, and extract information. He attempts
to judge the calibre of the gun firing from the wave amplitude and
frequency. He attempts to distinguish the wave forms of different
types of guns. He must be sure he hasn't selected ballistic wave
forms or the wave forms produced by shell bursts; these need to be
distinguished from muzzle w&ves.

. The sbove description may be rewritten in terms of the skills
and knowledge involved.

Job requirements:

1. The ability to distinguish the wave forms produced
by ballistic waves, shell burst, and muzzle waves.
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2. The ability to identify and locate breaks in sets
‘ of traces.

‘3. The sbility to visualize the pattern of arrivals
from information given by the outpost observer.

‘4. The ebility to visualize the approximate wave form
from information given by the outpost observer,

‘\5. The ability to estimate gun calibre from the wave
frequency (period).

‘6. The ability to determine the time of the initial
break (or other selected point) for each trace.

T. Experience with a particular sound ranging set.
</ - -

AN

B. Application of criteria

‘Oriterion 1: Crucial to success of operation

Requirement 1, distinguishing between wave forms is cru-
cial to success., If the wave forms produced by the ballistic wave
or shell burst are confused with the desired mmzzle wave, the re-
sultant plot is bound to be in error, and the location of the sownd
source i1s not sccuraiely ascertained. Sound plotting methods assume
that the sound originates at a fixed source; it is only the nuzzle
wave that originates at the location of the fired. 'The ballig-
tic wave may originate at various points in the sheli's trajectory.
The wave produced by the shell burst, of course, does not locate
the position of the gun.
1
Requirement 2, idehtification of breaks, is crucisl to success. v
Every error in fixing the point of break results in plotting errors.
This produces & large polygon of error and consequently the esti-~
mate of the accuracy of a location by sound ranging methods cannot
be precise.

Requirement 3, visuelizing patterns of arrivals, can often be
vital to success. If only one or two gutis have fired, the sound
tape may be fairly easy to read. On the other hand, when the sound g
tape includes numerous arrival patterns and other distracting waves
or waverings, the ability to visualize the pattern one seeks be-
comes important. ILack of this ability is quite apt to reswult in
complete feilure. :
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Requirement 4, visualizing the wave form sought, is crucial
to success. Similar to requirement 3, the ability to visualize
the approximate wave form one should get on a tape is important
to success in finding a pattern of arrivals on a complicated sound
tape.

Requirement 5, estimating calibre from wave frequency, is of
doubtful criticalness to success. A measurement of the recorded
veriod of & wave is only an aid in estimating calibre. Only smooth,
typical gun waves, free of distortion, are useful for this purpose.
Even under these restrictions, the recorded periods will vary for
guns of the same calibre, due to variations in gun design, powder
charges, weather, distance. Thus, specific weapons cannot be iden-
tified with reat confidence, but guns can be classified as light,
medium, or heavy. If the record reader, by means of this skill,
can provide a rough classification of gun calibre, this can be use-
ful to intelligence and to those deciding if the target is a prof-
itable one.

Requirement 6, determining arrival times, is crucial to success.
Errors made in this matter result in plotting errors, which in turn
lovers the accuracy with which the location of a target may be es-
timated. The more vague the estimate of target location the less
profitable the target becomes.

Requirement 7, experience with a particular sound ra.nging set,
is of doubtful criticalness to success.

Criterion 2: A high level, complex skill

Requirements 1, 2, 3, 4, 5, and 7 represent complex skills.
Crie cannot be expected to-master any one of these skills in a few
practice sessions. Secondly, it is apparent that these abilities
represent something more complex than the possession or understand-
ing of information. The making of fine discriminations, the visual-
izing of expected patterns, the making of judgments from complicated,
incomplete, and distorted data, and knowing the pecularities of &
psrticular sound ranging set suggest that such abilities are not
easily acquired.

Requirement 6, determining arrival times, is simplified as a

task through the aid of record readers. Adequate skill can likely
be attained in a rohtmly few practioce sessions.
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Criterion 3: Substandard performance

The application of this thirs criterion was not as complete
as would be desired. Training sessions in tape reading were not
available for cbservetion during the field study. In the observed
field exercises only one firing point was active at a given time;
this resulted in tapes that were easy to read. Performance under
complex conditions was not observed. However, the following suggests
that performance in tape reading is often substanderd. Veterans
with combat experience in sound ranging platoons report that failures
in making accurete locations are commonly due to errors introduced
during the {epe reading phase.  The steps which follow tepe reading,
plotting and computing, are more easily checked for errors. (For
Requirements see Table VII.)
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This table presents the evaluation of the job requirements of the
1 sound record reader. Starred items are considered critical job
N requirements.

Criteria —

- Task ‘ Criticai coqple.c “Substandard
*1.Distinguishing the wave
forms produced by ballistic
waves, shell bursts, and : _
mizzle waves ) yes yes not observedl
*¥2,Identifying and locating ,
breasks in sets of traces - yes yes doubtful
i *3,Visualizing the pattern of
arrivals from information .
given by the outpost observer yes yes not observed
*4 ,Visualizing the approximate
wave form from information
given by the outpost observer yes yes not observed
5.Estimating gun calibre from o
the wave frequency (period) doubtful yes not observed
6.Determining the time of T
arrival of each break Yes - no doubtful
T.Knowing, through use, a
particuler sound ranging

set doubtiul yes not observed -

lIn the observed training program, these performances were
either not required, oversimplified, or too few instances

. of the performances were a.uihbie to ,pemit & reliable
Judatnt. »
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C. Evaluation of training - sound record reader

Requirement 1l ~« ability ‘o distinguish various wave forms: -
A librsry of sound tapes is used for part of this training.
Treinees are given practice in distinguishing ballistic, shell
burst, and muzzle waves. In the Ft. Sill situation, claessroom use
of this library is an eid to the training program. It is not known
if similar libraries exist where non-resident training is carried
on. It is also nobt knownh if the sound sources recorded on the
tapes used are known. Such knowledge would serve to test and ap-
praise student skill. No indication was found that the library of
tapes have been arranged in a graded series for maximum training
benefit. Field exercises using TNT are inadequate for training in
this requ.rement.

Requirement 2 == ability to identify and locate breaks: The
field exercises observed are inadequate for training in this re-
quirement. Tapes resulting from field exercises typically record
the firing of cne gun. The problem of locating breaks has been
simplified; adequate performance at this level would not be adequate
for combat conditions. The sound tape librexry serves a useful
training function in this requirement. There appears to be no rea-
son why training in this requirement can't largely take place in
the classroom or non-field traeining session.

Requiremerts 3 and U4 -- ability to visualize the pattern of
arrivals and expected wave forms from information given by the oute
post observer: It appears that training in these wequirements
could be given principally in the classroom setting. All that is
required is the sound tape and the information from the outpost
observer. This does not require the field exercise except as an
experience in coordination between two jobs.

D. Basic psychological skills

In order to consider device developwent for the critical Job
requirements of %he sound record rsmr, the basic psychological
ski.'l.la involved were abstracted.

mic paycshological skillse
1., Visual discrimination: Ability to discriminate
between similar stimuli (wave forms precduced by
muzzle, ballistics, and burst). o

2. Visual perception: Ability t4 :I.dentify stimulus
component (break in wave).
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3. Vieualization: Ability to visualize stimuli which
would result from a specific source (pattern of
arrivals).

k., vVisualizetion: Ability to visualize stimuli which
would result from a specific stimulus (wave forms
of various guns).

E. Recommended device for sound record

reader - sound record reader itrainer

Objectives
l. General:

a. To provide for the reproduction of a graded
series of tapes for use at installationas which
are without the nmeans of producing such & set
of training materials.

b. To permit the development of sound tapes using
the guns of potential. enemies.

. Ce To permit, if desired, the development of sound
tapes made in coordination with materials devel-
oped for the outpost cbgerver trainer, thus per-
mitting the integration of training for these
two Jjobs.

d. To provide objective measures of Jjob pertomnce
4n the critical aspects of the job.

" 2, 'The skills to be developed dre:
| . Visusl discrimination: Ability to discriminste
between similar stimuli (wave forms produced by
~ nuzzle, ballistics, and burst).

be Visual perception: Ability to identify stimulus
component (‘nreak in wave).

¢, Visualization: Ability to visualize stimuli
vhich would fesult from & specific source
(pattern of arrivals).

d. Visualization: Ability to visualize stimuli

vhich would result from & specific stimilus
(vave forms of various guns).
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'St:t:mulus characteristiqs

1. General: In general, the stimuli to be presented are
chiefly visual in the form of sound tapes. Information from the
outpost observer could be presented visually or audibly.

2. Target stimulus: The targets (figures) are the
tracings produced by four or more styli on a sound tape, The
tracings represent the impact of the muzzle wave of & selected
enemy gun on four or more microphones in a sound base. 'The device
should be capable of producing sound tapes identical with those
produced by the operational equipment used for the same purpose..
In sddition, it should bé possivle to make numerous undistorted
coples of any tape produced.

3¢ Stimulus field: The visual setting in which the
stimulus is presented may contain ballistic waves, the waves pro-
dreed by shell bursts, the weves produced by other guns (enemy or
friendly), the waverings due to wind and any other sound that may
be picked up by the microphones. The device should record these
sources of waves or waverings in the same way that operational
equipment would. ‘ :

Response characteristics

Four responses are required of the trainee. First, from
+$he information furnished by the outpost observer, the trainee re=-
poris what p~ttern of errivals he visualizes. 8Second, from the ine
formation given by the outpost observer, he reports what approximate
wave form he visualizes and seeks. Third, he locates the proper
pettern of arrivals on the sound tape. Fourth, Le selects a set of
breaks on the sound tape. ' :

Knowledge of performance

In terms of training cbjectives, there is no interaction
between stimulus and response (trajzier and trainee) required. The
device need not feed back immediate knowledge of performance to the
trainee. Such knowledge would not provide additional cues to the
trainee for the accomplishment of his task. It would be desirable,
however, for the device to provide knowledge .gf performance for
reinforcemernt and motivational). purposes.
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Suggested ubilization

The primary values of the device are (1) it permits the
development of a graded series of sound tapes for training, (2) it
could permit the development of sound tepes using enemy guns and
stimulus fields more like those experienced in combet, and (3) it
permits a more organized and complete training in these require-
ments for non-resident instellations which may not have the means
of producing sound tapes.
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