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PROBLEM

The primary chjective of this research v 1o measwre the prohiciency of trmined
AN/TPS-33 radar operciors in entifying togets from the oudio signols produced By the
be not 50 high o the Army desired, explomtory work would be undesicken rn bammg in
signal interpretation.
METHOD

A test, consisting of cudio signals genercted by 3 vwoyieny of torgels o the
AN/TPS-33 rodr st was coastructed ond of=inistered < o “TP5-33 sudsr oper-
tozs in the Seventh Amy. Twenty-eight of the cperators hod bees trminad ot the Crmber
Azizona, ond 15 hod been troined o0 the jok. The 12 tmget simcis for the tost wame
recorded while represenisiive miliimy orpets were moving within the beom of the roder
would be meammed by the test.
were oot chie o discrimingts behy tracked ond whesled wehicle:, - roining espen.
ment wos ren 1o determine whether noive suhiscts oold be mmgd 1o wdentify welicle
seans of topad recordings of =i signsls prodeced by the ANATFS 3 iodx. The =3
jecis were then tested on their chility 1o identify signols similor to thace tnchedad intae
training exescises.!

RESULTS
AN/TPS-33 rodoy operators were chle, oo the overoge, to Jiscnminits betwses

The AN/TPS-33 roder opsrcioms sost Degently (deanfied sigmels of wd
vehicle type.

Y oopies f masning oud R Ibes o printed Srwers MAve Lew seglimd 1e USSTSIASD
CETATC, =4 e U5 Amy Armor Solonl
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CONCLUSION AND IMFLUCATIONS
Although the uniity of the signals wos I superior & thot normally fognd ander

W

{zrocked of wheeled) oo chomarenisy
smal, aidticng] tmmng emrhasis needs to b

e

oiney tromung study suggest that oo ohitan o Righ

Fhile the dats o5 ue =t

ore comporsie to those of the 2
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DESCRIFPTION
OF THE RESEARCH

Operator Proficiency

in Interpreting Ground Surveillance
Radar Signais (AN/TPS-33)
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OBJECTIVE

Ground surveillance radar operators must be skilled in detecting,
locating, and identifying moving targets. The purpose of the present
study was to measure the proficiency of AN/TPS-33 operators in one
of these three skills—the ability to identify targets from the charac-
teristics of the audio signals produced on the radar. If the proficiency
of the tested operators was found to fall below the level desired by the
Army, exploratory work on development of improved training methods
for signal interpreiation would be undertaken,

BACKGROUND

Ground surveillance radar of the AN/TPS-33type is used, particu-
larly during conditions of limited visibility, to augment the surveillance
capability of militaryunits such as armor battalions and infantry battle
groups. Because target information on this radar is presented by an
audio signal, the proficiency of the operator in interpreting target
signals determines the usefulness of the system.

The AN/TPS-33 is a medium-range radar that detects moving
targets in line of sight, with a maximum range of 18,000 to 20,000
meters. The radar set, when in place, consists of a rotary antenna,
antenna drive, and transmitter mounted on a pedestal. A telescope is
mounted on the antenna to provide an optical axis for the orientation
of the radar set. A control box is connected to the set by a 150-ft.
cable to permit remote-control operation; thus, the operator can per-
form his job from a covered and concealed position removed from the
antenna site. The radar has two beam widths, 10°for searching and
3° for tracking.

The ground surveillance radar is designed to detect moving targets,
such as vehicles and personnel, which are indicated by audio tones in
the operator’s headset. The operator can analyze these audio tones to
determine the type and speed of the detected target.

No formal program of instruction in signal interpretation exists
for ground surveillance radar operators. Training is specified very
generally in Army Subject Schedule 17-133,' the objective of which is
to qualify such operators for duty in all Active Army and Reserve
component units as authorized by TOE or TD.

'Departmeat of the Army, MOS Technical Training of Ground Surveillance Radar Operators,
MOS 113.1, MOS 133.1, ASubjScd 17-133, Waahington, March 1861.
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It has generally been thought that radar operators can readily
discrimiinate between audio signals produced on the ground surveillance
radar sets, However, preliminary examination of the nature of the
target signals indicated that special training may be required before
operators can be expected to achieve a high degree of proficiency in
interpreting ‘he radar signals.

Initially, the researchers planned to use the short-range AN/PPS5-4
radar set to produce the target signals for this study, but the AN/ I'P5-33
was substituted because it was more readily available at the time this
phase of the study was undertaken. The aural displayof this equipment
is similar enough to both the AN/PPS-4 and the AN/TPS-25 (another
medium-range set) that the data obtaine in the present study may be
applicable to these sets, as well as being of interest in connection with
other sets under development.

MEASUREMENT OF PROFICIENCY

Method

Only skills involved in auditory perceptual judgment (signal inter-
pretation) were to be measured in testing operator proficiency.
Therefore, no attempt was made to duplicate all field conditons in
recording the target signals to be used in testing proficiency; instead,
efforts were directed to employing optimum signal returns.

The study of operator proficiency was carried out in three steps.
First, target signals produced on the AN/ TPS-33 radar set were recorded
on master tapes. Second, a proficiencytest of signal interpretation was
assembled, using the taped sounds. Finally, the test was administered
to a sample of AN/TPS-33 ground surveillance radar operators.

Preparing the Signal Sample

A sample of signals that radar operators might be expected to
identify was recorded at Fort Knox, Kentucky. Targets were selected
from the list supplied in Army Subject Schedule 17-133. The speed,
number, and direction of movement of the targets were varied to produce
the kinds of targetvariations that would occur during typical surveillance
missions. Vehicle targets were recorded at three locations, so that
both background (amount and type of foliage) and distance(2,400, 5,600,
and 14,500 m, from the radur posiuon} could be varied. Personnel
targets were located at a fourth site approximately 100 meters from
the radar, which had been moved to ground level.

Over all, 96 combinations of vehicle targetvariables were run
The vehicles at the nearest and farthest sites moved toward and away
from the radar along a line that cut the axis of the beam at a 30°angle;
targets at the intermediate site moved, for most of the run, along a
line parallel to the axis of the beam. Personnel targets were recorded
moving toward the radar.
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The types of moving turgeta and the combinations nf variables
recorded were as followa:

Targets Speeds Distances

Vehicles 5, 10, 15, 2,400, 5,800,

2 MABAZ tanks and 20 mph and 14,500 m,

1 M48A2 tank

2 jeeps

1 jeep

2 APCs

1 APC

2 2 1/3-ton trucks
12 1/2-ton truck

Personnel Marching 100 m.
Infantry squad and
{12 men) running
4 men
1 man

Fachvehicle target was recorded once at each distance at sach
of the four speeds (8, 10, 15, and 20 mph). The three personnel targets
were recorded at 100 meters once at each rate of movement (marching
and running).

The areas used for producing the vehicle signals were aelected
becsuse they provided goud roads and the necessary lines of aight to
the beam of the radar, which was placed or the roof of an 1i-story
building at Fort Knox. Radio communicationbetween the radar site and
the target sites was maintained during the recording sesainns,

Three AN/TPS-33 radar operators, who had been trained at
Fort Huachuca, worked two at a time 1o operate the set during the
recordings. Recordings were made directly from an output socket of
the set. Headphones connected to & secaond cutput socket enabled the
operator totrack the moving vehicle and monitor the quality of the signal,

To preclude any other vehicular movement in the run areas,
road guards were atationed at the perimetera of these areas. In
addition, the arezs had been chosen so that all roads or paths within
the 80-meter range gate of the radar could be monitoied. Ta further
restrict the area 1n which movement was being detected, the narrow
3*beam of the rzdar was used,

At the beginning of each recording sesslion, the radar wz
ranged in on the target site by running one vehicie through a set of
stopping and starting mancuvers. [During these recarding runs, all
movemant cf vehicles and personne! waos monitored by ohservers to
ensure that they were following the prescribed courses,

All recordings were made with a tage recorder {Ampex Madel
60:-2), using low print-through Mylar tape of 1 1/2 milg becauss of its
high resistance to streiching under conditions of excesaive heat and
dampness The quality of the recorded gignal was manitored from a
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headset connected to the tape cuiput of the recorder. To pravent later
confusion, a voice announcement of the identity of the target signal was
recorded on the tape immediately preceding the target signal During
the recording of the signals, the microphone inpiut war disconnected to
preclude pickup of any noise that occurred in the recording room

Assembling the Proficiency Test

The recorded target signals were assembled to make up the
proficiency test. The items available for the test consisted of 96
recordings of vehicle targets {the same 2ight vehicle targets, recorded
st Tour speeds at each of three sites), and 8 recordings of personnel
targets {some of which were used twicej. The 32 vehicle items for
one distance and & set of 8 personnel items were used 1o nake up each
of three parts of the test, which thus contained three groups of 40
items each.

Each item in a group was randomly assigned s number from
1 to 40 to determine the order of presentation of the target signals on
the tape. A voice announcement of the numberof cach ilem was recorded
on the master tape, preceding and following the appropriate signal.

Initially, signal lengths of 30 to 45 seconds were used, with
intersignal intervals of 30 seconds Sinrea pretest of sixoperators at
Fort Benning. Georgia, indicatea that these times could be reduced, the
recorded zignal for the test lausicd approximately 30 seconds. The
interval between items was approximately 30 seconds for the first
10 items, and approximately 15 seconds for the remaining 30 items

Administering the Proficiency Test

The test was administered to 43 AN/TPS-33 radar operators
in the Seventh Army at various sites during August 1961 Schosl train-
ing had been given to 28 of these operators at Fort Huachuca and the
remaining 15 oper- s had been trained on the job. The sample
included ai] operato. available at the time of the study.

The aperators’ experience varied widely in amount and wype.
The amount of relevant experience was generally dependent upon when
the unit had recelved ground surveillance radar setz. 3ome operators
kad been limited to such duties as the setting up of equipment and the
genelal operation of the system, rather than the detection and identili-
cation of targets, but allmen inthe sample were assignedas AN/TPS-30
operators at the time of testing.

The test was administered to tne operators in groups. The
g:ze of & group depended on the number of operators who reported for
testing at & given location, eight men being the maximum. Seating
arrangements precluded sharing of information by the operators

The test tape was played on the Ampex Model 601-2 tape
recorder. The signal from the recorder was fed through an amplifier
{Knight Model KN-400)} to which a junction box wa< connecter. Shielded
avdio-cables led from this junction box to individual volume control
boxes, the headsets were aiso connected to the conrol boxes. The
gctual AN/TPS-33 headset was used by 36 operators, and 7 operators,
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for whom AN/TPS-33 headsets were not available, used hi-fl headsete
(Knight Model KN-400).! Since the maximum volume possible on the con-
trol boxes was uncomfortably loud, operators were instructed to adjust
the sound intensity to a comfortable level. Throughout the test, the
quality of the pluyback signal was monitored by the test administrator.
Part of an answer sheet {8 reproduced in Figure 1. Subjects
were required to make several choices on each item—first on general
and then on more specific categories of target information. On each
item, the operator first chose between “vehicles” and “troops.” If he
chose “vehicle,” subsequent choices led to more specific identification,
and thento estimates of speed and number of vehicles. If the choice was
“troops,” subsequent choices led to estimates of number and speed. For

Answer Sheet for Proficiency Test

SIGNAL IDENTIFICATION TEST FOR GROUND
SURVEILLANCE RADAR OPERATORS

Peet No.
Date Srart
Leat Neme First Neme ] Renk MOS Orgenizetion Dete of Birth

(o) “'m very sure”  (b) “I'm pretty swe™  (c) “I'm not sure” (d) “It's o guess”

Tonk abed|l SMphabed
Trocked o b ¢ d; Number of Vehicles
APC obcd||10Mphabcd
Vahicleabcd Oneobecd
Truckabedi1SMphobed
Wheeled abcdg Twoabc d
Jeep abecd||20Mphabecd

Tes!
ltem

1 Number of Troops
One Man abcd

Marchingo b ¢ d
Troops abcd Four Men obcd
Running abcd

Squad of Men abcd

Tank obecdl| SMphobecd
Tracked a bc d Number of Vehicles
s APC abcdi|1OMphabcd
Vehiclea b c d Oneabecd
{Truckobed||15Mphabed
Wheeled abcd Twoobecd
Josp abecd||20Mphabecd

Test Number of Troops
Item
One Monabcd

Marchinga b c d
D P W N N N N N N N

Figure 1

"Analynis of results showed that the group using the hi-fi hendmctn performed ut about the
sume level as the group using the AN/TPS-33 headsets.
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each catégory. the subject marked the degreeof confidence—(a) througn
{d) un the answer sheet—with which he madz the response.

A practice tape of § iiems was adminiztered to make certain
that the operators undersicod how to record their answers during the
test. The subjects were monitored throughout the test to ensure that
they followed instructions and did not share information. Rest periods
of approximately flve minutes were scheduled after svery 20 items.

Results snd Discussion

The percentages of correct responses made by the operators on
the test are shown in Table 1. The operators had little difficulty in
discriminating between vehicles and troops; their average performance
level at this stage was #2%. However, their average accuracy in dis-
criminating between tracked and wheeled vehicles (52%), and beiween
types of tracked or wheeled vehicles, was approximately what could be
expected on the basis of guessing zlone. Although the perceniage of
correct identifications was somewhat higher in speclalized categories
dealing with numbers and speed of movement. these data have only
limited value because soc many operators were not able to make the
primary discriminations.

Toble 1
Parcantage of Correct Respanses on the Preficiency Test for All Operaten
{(R-43}
i fhance Nember af 4etnel Sranderd
Chaicr Seaxe® Responses® Secer? ftesiatinn
= %
Vekiclel(s] or Troope? 56 3,B80° 219 57
H Vebieleinla
Tracked or wheeled? 0 1855 R ] 42
H tracked—
tank = APC? E 697 92 Hrl
H wheeisd—
trock or jeep’ 58 132 0.0 i1
Correct =k 5 185 180 85
Correct number S 385 6i.l TE
H Treops—
Varchiag o rensing? k= 619 &5 99
Correct assber 33 639 HP &8

zﬁa’a&gi of corrret eapmants that maxid e raperisd oo Basis of geesiag
Fack co=paiation s beard oo gumber of carract teapotsra io the gecrding more graeral gaesiion
bog. thecaleainios for “Toah o APO™ was baard oo the 3ember E771 of correet upetses (" Trachsd™!
oa the pracedis gerstion, Torarked or Bherled Seburbe
“Of 1he 5,160 presible reaponses, iy £.820 wrev svaileble b anairsin  Sawe it 52 oo paris &f
HeEs were safied or bed by ap saking the toel, and =af speraioe sode se M) s dmres
catrgarmes throagies: the test
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The low over-all performrance ol the group was not anticipsted,
esprcially since the quality of the signals in the test was far sape-
rior to that which radar opevators would encounter under mmost ficld
conditions. ‘fnere were unly small differences in performance between
operators trained on tav job and those trained at Fort Hiachueca (see
Appendix A).

‘The answers of the cperators indizated that, as a group. they
thought they were not guessing, [t can be seen in Vigure 2 that they
felt “very sure” or “preity surc” of the ma ority o their responses.
‘The more specific the category, the less coenfident the operatars tended
to be.

Further evidence that the operators were not guessing in maxing
their choices is to be found in an analysis of the responses 1o cach
signal. Had the operators been guegsing, there should have been no
consistent pattern of responses. Generally, however, regardiens of
vehicle type, signuls of vehicles traveling at the slowest speod were
most irequently identified a8 those of track.s venicles, and signals of
vehicles traveling at the fastest speed were most frequently identificd
as those of wheeled vehiclies. For example, signals produced by a tank
moving at 5 miles per hour were correcily identificd in 40 responses
(31%). there were only 18 situations {7%) in which these :
consideﬁﬁ to be those of s jeep. The signal of a tank moving at 20
miles p=r hour, on the other hand, was identified as that of a2 tank in
only & responses (4%) and as a juep in 57 responses (46%).

The effects of speed of movement upon correct identification are
summarized fortracked and wheeled vehicles in Figure 3. The detatled
dats on frequency of ressonses for all 1ypes of targets are presented
{n Appenadix B.

It appears that the operators were basing their vehicie ide
solely on signsl characteristics due to the vehicle's spee
retained this assoclalion betlween specd and vehicle identsf
despite the fact that for ail types of vehiclies the domina
the signzl rises as speed increases. There are, however, oih
acteristics of the target signal for each iype of vehicie that
unigue and unchanged regardless of speed. Familiarity with these
characteristica presums wouid help operators to mnake more reh-

1tification
Thm.’

abie iééﬁ!;%’;canons e{ *rsgieu and aﬁee,eé E;c!es '?ﬁ:: terns

that ;p;mmam pxks; of rignaia fur shecles) vehicles s ai®ay
than the dominant pitch of signals {or tracked vebicles, reg
of vehicle speed.
Mezsurement of the proficiency of AN/TPS-33 radar o
i¥ showsd that theiraverage level of performanda. 10 dis
tracked and wheeled vehicies fsi aboul the perc
wounid have resulted from: guessing, t&‘ ¢ provideg if
some sources of operalor weaknesses in Inlerpr -ting sign=is.
tory work toward possible methods of impreving tratning is
tation therefore was underiaken
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Operators’ Degrees of Confidence in Maoking Responses
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Hfecis of Speed of Movement Upan Correct Ideniification
of Tracked and Wheeled Vehicles
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EXPLORATORY STUDY IN
SIONAL INTERPRETATION TRAINING

An o tirwt wtop In developing improved tralning for ground survoil-
hanioee rudur opurators, an vxploratory study was conduuted to determine
whothur nulve oporators can be taught to base thelr ldentifloations of
vehlals type on the charactoristine of the signal that romaln unlque and
unchangod regardloas of veliluly spuud,

ethod

There wore fwn stops in the oxporiment, Plewt, oxurclsos to ho
uwad in tratning oporators to diserimionte hotweon tracked and wheolud
vohiclos wore conmtructed from tho aignels thal hud boon used [n the
proflejency moasurement wtudy, Rovond, nalve wubjuctan wore trainod
hy means of thone eoxercimes wnd wore then glven a critcrion tost to
dotormine the lovel of their performance in making the discrimination,
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Training Exercises

Tapes werse developed 10 give the student practice in discrim-
inaling between signais furirscked snd for wheeled vehicles. The tapes
provided a pause for student response foliowed by announcement of
the correct iuentity of the signal.

To facilitate learning the signal characteristics peculiar to
each vehicle type, two schemes were employed In constructing the
training excrcises: (1} Signals for tracked and wheeled vehicles were
presented in pairs, =o that the characteristics of the two types of
signais could be readily compared. {3} Because vehicle speed and
number of vehicles, a3 well &8 the type of vehicle, determine the
characteristics o7 the audio signal. thc cxercises were ordered 50 as
to briag in these sdditions] characteristics gradually, Ir:tial exercises
pressnted signals with only those differences that are due to vehicie
type: ister exercises added the charscieristics sttributable to vehicle
speed and number of vehicles (see Table 3).

Tebie 2
= * he : F
Srowing Oreduet incronis in Complexity of Signals Presenied on Tepss
s *amier o Folicles PO
pigon Cemparst & Fack Sperds Sorode Srias Conpared
fj‘f*. fem of Fark gkt sy
B Frerciss stres Bew
i Pkl 10 Same mph
2 Imak2 i5 Same mph
3 HEE L 3 5:=38 e mph
4 HE 2 B 5223 ferent mph
. juakl
5 ' 16 Same
& Penh? i Same =pb
fwhi
H o ERES— Same mph
Fwich
it i
& - 5= Differsst mpd
2wk 2
g HE =1 3 5128 Sa=s =5k
is HEE: 3t 3B Defferent mph

Fackuem st raisinsssipul bra e icfssdt b apdas i bam s nbos e vadp ke
bt semgariecs slaipalcharnrsenates tpnaditCliste Se s tasmalresrd en b Sem clogriwyom tns

Twently training-exercise tapes were consiructed, rach con-
sisting of & series of 30 recorded audis signals produced by vehicle
targeis. In addition. an orientation tape, consisting of 24 signals, was
constructed to familiarize the aubjecis witl af vehicle
signais on which they were 1o be trained and tested,
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On 10 of the exurcise tapes the audio signalu were presented
singly; on the other 10 tapos the siynals wore presented in pairs, For
the mignal pairs, one signa) was produced by a tracked vehicle and the
other by a wheeled vehicle, Single-Signal Exoroise 1 consisted of the
same 30 signnls used in Palred-Signu! Exercise 1; Jingle-Signul
Exvrcise 3 contained the 30 signals used in Paired-8ignal Exercise 2;
and so on, The signala used in the oxercises are shown in Appendix C,

Bignals for all 88 vehicle items from the proficiency messure-
mont phase were used, Because of baokground conditions and siting
during the recording of the master tapes, the clearest signals had been
obtained for vehlcles run at the location farthest from the radar
(14,000 m,), Therefore, most of the signals selected for the training
experiment were from the more distant locations,

On each tape every item was assigned a number and a voice
announcement of the number was made at the beginning of each item,
After the target signal or pair of signals, there was a short interval of
silence during which the student could identify the sigual on an answer
sheet; then the signal or signals were identified by voloe announce-
ment on the tape. In the orientation tape, the {dentity . { the signal was
announovd before the signal was heard by the subject,

Criterion Tesat

Two forms of a criterion test were constructed, anch containing
32 signals. Since several recordings of each sigral had been made for
the proficienoy study, it was possible to use similar but not identiaal
signals of the same targets and thus to construct two nearly vquivalent
forms of the test, Insofar as possible, the signals used in the test
were not identical with those used for the training exerocises, The
format and the method of recording the test wure the same as they
were for the exercises, wxnept that nn {dentification was recorded on
the oriterion test tapes, The signals used for the test are listed in
Appendix D,

Bubjects

Although ground surveillance radar operntors are enlisted
men, officers were used as subjects {n the exploratory study, At that
tim2 no formal training program fn1 the operators was being conducted
and it wan difficult to find enlistod men nligible for such training to
sorve as subjects for the experiment, However, because tho purpose
of thim particular experiment was simply to discover whether it Is
posmible to teach signal discrimination to neive msubjects, it was not
deomed nocessary to use potential trainces ax subjevts, Almu, Il
appeared that the time Inveosted would yield tho greatest returnif s
comparatively small number of junior-grade Army officers were used
as subjects, as [t has frequently beun ubwerved that theyare in general,
more highly motivated {n performing experimental tasks than are ran-
domly selected enlisted inen,
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Ten junior-grade Army officers, thercfore, served as subjec’s
for the experiment. They had no known auditory defects and no previous
experience in listening to radar signals.

Apparatus

Both training and testing were conducted in a Quiet room. The
tapes werz played on the Ampex Model 621-2 tape rezorder. The signal
from the recorder was fed through the Knight Model KN-409 amplifier
to the headsets. Six subjects used the Knight Model KN-840 hi-fi
headsets, and four subjects used the AN/TPS-33 headsets. A volume-
control box was provided for each headset.

Procedure

Subjecis werc trainea and tested two at a time. Thev were
first briefed on the radar syste.n and the nature of the task, but were
not verbally instructed on signal characteristics. The orientatio: tape
was then played, after which the experimenter discussed the subjects’
impressions of the signals and answered their questions.

The two-day schedulc of training and testing is shown in
Table 3. Two seqaences for presenting the exercises were employed,
with half the subjects assipgned to each training sequence. [n Sequence A,
the single-signal exercise was presented before the corresponding

Toble 3

Sequence of Administering Exercise Topes end Criterion Tent

Sequence A Segwescr B
Sequcace
Fust Doy I Sreamd Dy Faret Dav E Second D
Uaraieg Ornontatics Tape  Fxcrrise Tapes  drientstion Tape  Exercise Tapes

Pawred | Paned 1

txertise Tapes Paired 2 Frercise Tapes Pewed 2

Single 1 Parred 1 Pased 1 Paired 3

Paed § Pazed § Single § Paired §

Single 2 Fawed 3 Pawed 2 Paarvd 5

Pawed 2 Single 6 Sieghe 2 Pawed 6

Swagie 1 Pagrd & Paired 3 Siagic &

Paired 3 Singie T Siagle 3 Paired 7

Pawed 7 Singie 7

\fteraona Baerciee Tapen  Exercise Topes  Faercine Tapes Faercine Tapes

“ingie 3 Pawed ° Single 3 Pawed T

Single ! Siagle & Siagle 1 Paired 8
Sirgle 3 Pared 8 Paired § Sisgle 8
Pawed § Sirgle 9 Sisgle 4 Paieed 9
Sipgle 3 Pired 9 Paired 3 Ssagle ¥
Paed 5 Siagle 10 Siagie 3 Paxed 10
Paured 10 Sisgle 10

Criterson Temt* Crizerica Test Crrterion Test Catersee Test

Forms & and B of the Crutonian Test mere eoch gives 1o k¥ of the wrafests su the fwet doys. ond
were ahrromed 28 the second dovn
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Faired-signal exercise. In Sequence B, the pa:red-signal exercises
were presented first. For both sequences, reviews mere given at the
begirning of the afternoon sessions and at the beginmng of the second
day. Rest periodsof from 5 1015 minutes were givenbetween exercises.

The sukjects were tested at the eng of cach day. One member
of each pair was given one of the test Iorris on the first day, and the
other form on the second day. the sequence was reversed for the other
subject in each pair.

Results and Discussion

The mean criterion test scores for the entire group were 1% for
the first day and 70% for the second day. The group’s performance on
the first day’'s test was significantly better than chance {§ = 3.01,

P < -02). Thus, the results show that it is possibie to teach naive
subjects the characteristics by which signals of tracked and wheejed
vehicles may be distinguished. (See Appendix E

After analysis showed that differences in performance due to type
of headset ysed were nogligiblc, data wore grouped without regard tothe
type of headset used. The test scores made by the group tiained in
Sequence A (which averaged 6% on the first day 76% on the second
day) were consistently higher than those made by the group trained in
Sequence B (which averaged 56% on the first day and §4% on the second
day). This consistency seems worth noting even though, because of the
small size of the two samples, differences cannot be assigned any
statistical significance.

Inspection of the scores made by individual subjects during the
training exercises provided information on the pattern of irdividual
performances. The range of individual scores made by the subjccts on
the variocus training exercises is shown, with the group means, in
Appendix F. As might be expected, subjects who did well on the exer-
cises also did well on the critorion tests. Wide differences:n perform-
ance between subjects were evident during both training and testung.
These differences were consistent, in that subjects whose average per-
formance was poor terried to be consistentiy poof—"*.a: is, they scored
poorly whenever scores were recorded—and thogze whose average
performance xas good were consisten’ly ;oa:‘. The correlation of 71
betweer. the criterion fest scores for the first and second days gives
further indication of individual consistency of performance.

in summary, it has been found that, with tramning, i1t is possibies tn
obtain an average performance in target disSrumination that s sigmii-
cantly better than chance. However, the wide, consistent differences
in performa.m:e Sbservea between individual subjecis suggest thy

oblaining a high lovel of performancs may be muck more 3 problem of
selection than of training. An effective combination of seiection and
training procedures should produce AN/TPS-33 operators wh3 can
discriminate beitween the signals of tracked votucies aad those of
wheeled vehicles.

FOR OFFICIAL USE ONLY *




APPENDICES
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Appendix A

PERCENTAGE OF CORRECT RESPONSES
BY TYPE OF OPERATOR TRAINING

Operators Trained at Fort Huschuea

Operators Trained on Job

hes Chagee L __. _(N=28) (X-15)
Svore® | Xamber of | Actual Standard | Numberof | Actmal Standard
Responses Szure Deviation {Responses Sceze Desiatian
£ -4 %
Vehicle(s) or Troope? S0 3,120 92.6 5.9 1.760 90.7 5.2
if Vehicle(s)-
Tracked or
wheeled? 50 2,568 52.4 3.8 1,387 52.4 1.9
if tracked—
tank or APC? 434 50.6 124 263 46.7 12.9
I wheeled—
truck or jeep? 50 857 479 10.7 163 53.0 11.1
Correct mph 25 2,468 38.2 8.0 1,387 37.7 96
Correct number 50 2,463 61.9 7.9 1,387 59.7 7.
If Troops—
Marching or
running? 50 428 65.9 20.8 21 75.9 1.0
Cormrect number a3 428 15.9 18.2 211 45.8 13.8

*Percercage of comest rezponses that would ke expected o *ho basis of guessing.
MEach calcnlation 12 baard on number of correct respoases tu the preceding mofe general quest.on
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Appendix b

FREQUENCY OF RESPONSES FOR RADAR SIGNALS

Number of Responses
Signal Tracked Vohicle Wheeled Vehicle
Troopis) Towat*
Tank APC Trock l Jeep
Vebicle Speed (mph)

One Tank 5 40 35 35 19 7 127
10 2% 30 54 7 2 113

15 6 22 58 43 0 126

20 5 13 49 57 0 124

Two Tanks 5 43 25 35 7 1 111
i 27 29 4 15 0 113

15 13 24 L 45 1 1%

20 10 20 25 69 1 125

One APC LY 43 26 35 8 15 127
10 14 18 61 19 1 113

15 3 9 38 62 [1] 112

20 8 15 44 59 1] 126

Two APCs 5 33 24 33 14 8 12
10 2 5 ol 9 1] 112

15 12 21 2 24 0 109

20 17 28 53 31 0 120

Oce Truck 5 7 14 38 6 6 111
10 8 19 ki 21 i 12

15 10 7 51 35 0 13

20 2 9 33 85 [ 129

Two Trucks 5 28 34 “ 16 1 123
10 24 3z 45 1 1] 12

15 10 21 35 47 0 13

20 ] 17 29 7 0 127

One Jeep 5 17 28 47 21 2 115
10 1 20 6! 23 2 127

15 2 8 34 69 1 114

20 6 i) 37 62 1 1%

Two Jeecps 5 54 27 41 1 2 125
10 24 29 40 19 2 it

15 12 16 52 43 0 125

2 8 13 38 62 4 125

Fersonael Movement

One Mar Marching 10 2 0 2 130 144
Running 63 33 9 2 93 200

Four Men Marching 23 19 8 ) 17 17!
Running 40 23 H 2 57 128

Squad Marching 31 1 1 } 126 170
Running 16 7 3 2 115 143

*Each vehicle iten was used thiee times in the test; thus, 129 responses =12 the maximam gember pos.
sible for each vehicle at earh spred if all cohiecis madz roupamata. Fuv the prrsoncei targets, 12V respoases
were possible for those used three times, 172 for (hose used four times, and 215 for those zsed five times
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Appendix C
SIGNALS USED FOR TRAINING EXERCISES

Orientation Tape
Single Sigsals
ftem
Vehicle ! mph
i One Jeep 20
2 One Jeep 5
3 Oune Jeep i0
) One Jecp 15
5 One Jeep 20
6 One Tank 20
7 One Teak 5
8 One Tank 10
g One Tank 15
0 On~ Tank 1)
11 Une Truck 20
i2 One Trock 5
13 One Truck 10
L] One Truck 15
5 One Truck 20
16 One APC 20
7 Ozs APC 5
1R One APC i
19 Sac APC 15
20 One APC 20
Faired Signals
Vebicle | = } Vebicle | =
21 ¥heeied 20 Tracked 20
] Khecled 15 Tracked 15
P ®heeled 10 Tracked
24 ®heeled 3 Tracked 5

Pgired-Signo! Exercises®

Paired-Signal Fxercisc 1

1 One Tank 10 Oae Jeep 1
2 One Task i0 One eep HY
3 One leep Hy Ozne APC 10
i Qe Jeep 10 One APC 10
3 One Truck Hy One ATC 10
6 One Truck i0 One Task 10
T One Truck 0 One APL 10
8 One Tank 14] One Jeep i
[ One APC 12 One Truck 10
H One Tank ie One Trock 10
{Contunued:

The 20 signals uned iz Paced Signal Freter<e § =rir presented aeparaiely 1= Sungle-Sigosi
geise 1 thosr weed in Paprrd Sigmal Frercane 2 wes=

enented aeparately s SagleSignel Lrercine 2,
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Paired-3igne! Exercises® (Continued)

Paired Siguals
frem E

Vehicle i mph Vehicle aph
Paired-Signal Exercise 2

i Two Trecks 15 Two Tanks 15

2 Two APCs 15 Two Trucks is

3 Twn Jeepa 15 Two Terks 15

4 Two Jeeps 15 Two ATCs 15

5 Two Tasks 15 Two Trucks i5

6 Two Tesks 15 Tws Trucks 15

7 Two Trecks 15 Two APCs 15

8 Two Trucks 15 Twn AP s 15

9 Two Jeeps 15 Two Tanks 15

10 Two Jeeos 15 Two APCa 15
Paired-Sigma! Exercise 3

1 Oae APC 20 One Jeep 20

2 Cne Truck 5 One Tank 5

3 One Truck 10 Ose APC 10

) One Tasnk 15 One Jeep 15

5 Oue Truck 20 Oue Tank 20

& One APC 15 One Jeep 15

7 One APC s Ore Trock g

8 Ouas Task 10 Ozne Jeep 10

9 Ose Truck 20 Oune Tank 20

10 Ose APC 5 Oae Jeep 5
Paired-Sigaal Exercisc 4

1 One APC 20 Ose Jeep S

2 Oae Jeep 2 Oze APC 5

3 Oxe Jeep 5 Gae Task 20

4 One Treck 10 Ose APC 0

5 One Truck 15 One Tesk 5

] Oue Truck s e Tank i5

H One Truck 10 Ose APC 15

8 One Tank 2 Ose Jeep 15

g Qee Jeep 20 Oae Tank 15

io One APC 10 Qs Trock 5
Parired Sigsal Exerciae §

1 One Truck 10 Ose Task 16

2 Two Tasks 10 Two jeeps 10

3 One APC 10 Cae Troeck 10

4 Two jeems 10 Two AP 10

5 One Task 10 Ose Jeep 16

6 Two APCs 10 Two ftucks 10

7 One Jeep 10 e APC 10

8 Oae Jeep 10 One Trek H

9 Two Tanks 10 Two Trecks i0

10 One Jrep 10 Oze Task 10

{Coniinged) -
Tre 20 siguals used 2 Pabed S1pual Exercisr | were pronented arpararely {a Single Sigaal
Frercise 1: thone saed in Prired Signal Frorrie 7 werr roaogtod sszararely o Single.Si sl Exerctne 2,

ssd o o
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Peired-Signe! Exercises® (Continzed)

Paired Sighels
bem =

¥ehicle I =k ¥ehicle =ph
Paiced Signal Exercise 6

1 One Track ia Tou AFCs 15

2 Ore Jeep 15 Two APCs 15

3 Ose Truck 5 Twa Tazks i5

4 Two Trucks is One APC 15

5 One Jeep i3 jws Tasks 15

6 Two APCs 5 Ooe Jeep i35

7 Two Tenks 15 Qs Tre b 15

8 Oze Jeep 15 Tw. ‘xnes i5

9 One Tank is Trn ceps i5

18 Ose Truck 15 Two APCs 15
Paired Signa!l Exercise 7

1 One Tanl 20 Ose Truck 20

2 Oee Jeep 5 Oze APC s

3 Two Tanks H Twe Jeepa i5

4 Two Trucks 15 Two Tanks 15

5 Ose Trock E) Ozne APC 5

% Two Jeeps 20 Two APCs 20

7 Oze APC 20 Ose Jeep 20

8 Two Tanks 5 Twe Jeeps 5

9 Oze Tank 10 Ose Track 1

10 Two APCs 20 Tws Tracks pesi
I'aired Signal Exercine 8

H Onme Truck 20 One Task i5

2 Two Jetps H1J Two Tanks 5

3 Two APCs 3 Two Jeeps 15

4 Two Trucks 5 Tws APCa 20

5 Ose Trock H Ose 410 20

6 Oue Tesk 10 Qe Jeep 5

7 Two Jeeps 5 Twe Tasks io

8 Oee APC 15 Gze Trock 20

9 Oae APC i3 Oae Jeep 20

10 Two Tarks 5 Twz Traks 20
Paired Sigzal Exercise 9

1 Ose APC i0 Twa Tracks g

2 Tws APCs 0 One Jeep 0

3 Two APCs 3 Oae Treck s

4 Cze leep 20 Twe Tasks 25

5 Two jeeps 20 Oae Tank 20

6 Ooe Treck HJ Two Toass 1]

7 Two Jeepe i5 One APC i3

8 Two Trucks 20 Oae APC 0

[ Tws Jeepe Hi One Tasi H

it Two Trucks 2 One Task 3

- {Continued ; —
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Paired-Signa! Exercises*/Continscdi

Paired Signala

b= Vehirle T mph i ?r&frk }

=gk
Paired-Signal Eacrcise 10

i Tivo Jeeps 5 Oac APC i0
2 One Jeep 10 Twa APCs 5
3 One Tast 20 Twu Trucks 15
) Two Tenks i5 Ons Truck 0
5 Two Jeeps p. 1] Oze Task k4
6 Twe Trocks 5 One APC 0
H Twa Tanks ) Use Treek 5
8 One ADPC 10 Tweo jeeps 28
9 Twe Jeeps 10 One APL o
10 One Tank 5 Tws Trucke is

*The 210 sipnzhe wnedis Paired Rigee! Faercine  wrer presented separstely i Single Signal
Frercie 1, thene gaed i Paurd-Sigaal Faercine 7 were proarnied srporately = Sisgle Sigsal Fasrrine 2,
a3d 50 ca.
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Appendix D

SIGNALS USED IN CRITERION TEST

Yest Form & Test Fer= B
Signal Sigzal
fie Iir= =

Vehuele =pk Vebicis I aph

H One Trsk 20 H Oac Jeep 15
2 Tws Trucks ES 2 Tweo Trucks 3
3 One Tasi 5 3 Two APCs 10
3 Oee Jeep ig 3 Two Tracks 13
5 Twe Tasks 15 3 One Task 12
[ Two Tanks et & One Truci 5
H One jeep 3G 3 Two Tasks 15
-] Twso jecps 3 8 One Jees 5
g One Treck H g Une Trad et
He One Taszk i5 4] One fruck i5
H Tws AP 28 it Onr Task 5
Hed Tws Jeepn ] 1z Use APL 5
i3 O=e AFC 28 Hed One APC 1o
id Oze Ted e i3 Two jeeps 15
i3 0= ATC 5 15 Twe Tasks 10
is Two Trsclks 0 it Twe APCs 5
1T Twa jecps i) Hey Tweo Trecks 10
i8 Twe Tanks ia H:] One Jeep e
19 One Al 10 19 Two Jeepn n
-1 Twe Tracks 1% e o Two Tracks 24
2 Twe 3P0~ He 2 Two jeeps %
z Oze Jeep 5 22 Ose APC b
3 Ose Jees E] 23 Oee Treck o
EH Oze Task e 3 Two LPls B
s O=e APC i3 sy T-é}ggé HE
S Twe Tanks 3 % Ose AP 5
by Twe jeeps ig 27 Oae Jeep et}
5 Gae Track is i One Tazt k-t
) Twe 170s i3 et Iwe fasis ]
38 Twe AP0 5 aar twa itis iz
3t Twe Tracks 1] kH tae ja=k i5
32 Oae Trect 5 32 Two Tass= 5
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Appendix £

CRITERION TEST SCORES

Tabia E-1

Greup Scores on Criterion Tent

I % -
i Fust Doy I Serans Ty
< 3
Total 10 61.6 a8
Sequesce A 5 65.6 756
Seguesce B 5 563 617
Hi-fi beaderts ] 3.8 P+ 5]
4X TPSI3
hkeadsets 4 636 693
Takis £.2
individuo! Operator Scores
on Critgrion Test
Tont Sczes
Saboees — T
Fies: Dy i Zecasd Day
b %

1 £28 &8T5

Z %3 534

3 593 363

4 £2 4 TR}

s &35 %3,

& 594 &2 8

B Bl Tie

B 333 $53

g L5 Tise

v =3 Eocy

[ 2
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Appendix F
TRAINING SCORES

Maon and Ronge of Operator 5<oies
on Troining Exsrcises

x=10)
E;.:'::" % Lezg Score m Raagr of Srores
<
Paired-Sigual
i 220 123 &-130
2 740 127 30- 90
3 69.0 8.8 & 55
3 56.0 n.:3 35 90
5 30 16.4 3100
6 8%.0 126 0-100
v .0 14.2 50 90
a B0 16.5 2100
9 9.6 152 60100
i0 9.0 152 55100
segie-gaal

H 69.0 158 $5- 85
2 3 2. 46

3 tB.U 3.9 &4 B0
4 3.0 133 8. B
s 6135 135 - B
& w3 Hol 45 $3
v 2¢ 8% &3 8
B - 123 &8 5
g 8o 133 50
iC EE] 16 3 451
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