
THIS REPORT HAS BEEN DELIMITED

AND CLEARED FOR PUBLIC RELEASE

UNDER DOD DIRECTIVE 5200,20 AND

NO RESTRICTIONS ARE IMPOSED UPON

ITS USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELASEj

DISTRIBUTION UNLIMITED,



UN1.1CLASSIFIED

AD 42 6 07

DEFEIS DOCUMENTATION CENTER
FOR

/SCIEFATIFIC AND TECHNICAL INFORMATION

( (AMERON STATION ALEXANDRIA. VIRGINIA

UNCLASSI FIED



NOTTOZs When gove rn t or other drevines, speci-
fications or other data an ued for any purpose
other than in conueotion vith a definitly related
government procurement operation, the U. a.
Government thereby incurs no responhibility, nor any
obligation vhatsoGverl and the feet that the Govern-
ment my have fonimlatedo furnished, or in any vwy
supplied the said drawing, specifiotions, or other
data is not to be regarded by Implication or other-
vise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that s in ay way be related
thereto.



C."RaIIeprt ~ Spie 1 94

C Operator Proficiency
In Interpreting Ground Surveillance

Radar Signals (AN/TPS-33)

1 WI~iii~~Alfred J. Kraemecr, David L. Easley,
Arth~ur L. Miller, owl~ Patil H. ICovowI.ofl

U. . -. GUv(Uw-1j.Ld Li~~

DDCU.S, Army Armor uman Research Ui
Cft%4Port Knox, K~entucky

F JL 2 1964Undor the Technl:oI Supervision of

i E aThe George Waihington Univerity
HUMAN RESOURJICES RIESEARICH OFFICE

operating under contract with
THlE DEPARTMENT OF THlE ARMY

FOR OFFICIAL USE ONLY'

Best Available Copy



Best
Available

Copy



HEADQUARTERS
DEPARTMENT OF THE ARMY

OFV71 OF ThE CHIEF OF ROEARCH AND DCVCL.OpmNT

WA 04fGTO M .C

COD/J

SUJECT: Operator Proficiency in Intepreting Cround SurvP1ilance
Radar Signals (ANITPS-33)

TO: _ -%-.-I . U - , !j .fT:
AQ-I% UAIJ% Ji jALL A-,TJN

"jifuhl. vfIA11 2231'6

1. The attached report is for your information and retentton.

2. This report concerns a study made to Leasure the proficiency of
oparators in identifying signals of representative mlitary targets pro-
duced on the ANITPS-33 radar set.

3. This report is considered applicable and should be of Interept
to those concerned with combat surveillance Lnd target acquisition mat-ers.

4. It is desired that interested agencies review thLa report vith a
view toward making recommendations based on local experience with AN,."PS-33.
Any comments .r recomenacions should be processed througi appropriate
headquarters.

FOR THE CHIEF OF RESEARCH AND IEVLOPMNT:

I [ncl WB AL

Report Lt. Clonel, (S
Ac-tg chief, THan Factors end

Operations Rcsearch Division

FOR OFFICIAL USE ONLY



Operator Proficiency
in Interpreting Ground Surveillance

Radar Signals (ANITPS-331
fly

AIfrnAJ. Keast. DaM4 L. Emlay,
AnN,, L. Millot4 nod Pod H. Sftcnssas

U.S. Aw, Amw SMn Eaed. L6.1 U.S. M
e Rsewch U."

Pa, Kr-,, Km.yPi Escp

The Gwre Wee~jpn Un.ywsitr
ftSAN RESOURCES RESEARCH OFFICE

604tSa -IaIet c..ac*twfi&h
THE DEPARTMENT OF THE ARMY

Toch-icol RepOr 90 C,
June 1964Took ARMORMITE 1111

FOR OFFICIAL USE ONLY



lthe Ihuman Resource@ Research Office In a nongovernmental agency of The George sanhintton
University, operating under contract with the Department of the Army (DA 44-188-ANO.2). hiumliRO'n
mission, outlined In AR 70-8, Isto conduct research In the filida of training, malivation, end loatioraiip,

Research Is reported by ilumRRO in publications of several types.
1. TvchnivoI Reports we preppr A at the completion of a research Took or major portion

ih.'rpol. They are designed specifically for a military audience and convey recommnendations for
Army ,auaion.

2. Resarach Reports may be prepared at any time during a Tak. They ore designed
primarily for a research audience but may be of Interest to a military audience. They report research
findings of Interest and value to the scientific community and do not recommend Army action,

3. Research Memtoranda may be prepared at any time and need not be directly associated
with a particular rrsearch Task. They report findings that may be of interest to a research or
miitary audience or to both. They do not recommend Army action,

4. Cons ulting Reports are prepared upon completion of consulting action requested utnder
litaRROs Technical Advisory Services. They ore Intended for a specific military audience and
usually contain guidelines for Imnplem~entation.

5. Res earch Bulletins are prepaired as r-ntechnical surrutaries of one or more research
Taoks or as reports of other HumRRO activities. Icey are Intended primarily for a military audience
and doi not present recommendationts for Army action. Their distribution usually Includes agencies
and Individuals conducting research, and the general public.

Technical Reports, Reuaarch Reports, and Research Bulletins may be requested fromn the
Director's Office, which also isaues a complete bibliogpsph). Other publications may be obtained
from the Director of Research of the originating Unit or Division.

The contents of this publication do not necessarily
represent the official opinion or Policy of the

Department of the Army.

Published
June 194

by
The Geerge Wahington University

HUMANM RESOURCES RESEARCH OFFICE
300 Nasth Washingtoen Sbreew
Alejenrile, Virginia 2214

DIer~utod unde the authority of the
Chief of Neewerh end Develient

Depertment of lhe Army
Weshinipten, D.C. 20310

FOR OFFICIAL USE ONLY



CREDITS

Lt. Col. George H. Spires, Jr., was Military Chief of
the Armor Unit during conduct of the research and prepara-
tion of this roport.

FOR OFFICIAL USE ONLY



CONTENTS

Pw~e

Summary and Recommendations
Problem .................................... vii
Method .............................. . vii
.esults .............. ...................... vii

Conclusion and Implications ....................... viii
Recommendations .............................. viii

Dwruipthof @the bnsadt

Objective .............. ................... 3
Background .................... 3
Measurement of Proficiency ....................... 4

Method .................................. 4
Preparing the Signal Sample ................. 4
Assembling the Proficiency Test ................. 6
Administering the Proficiency Test ............... 6

Results and Discussion ....................... 8
Exploratory Study in Signal

Interpretation Trakning ......................... 11
Method ...... .......................... 11

Training Eizercises ....................... 12
Criterion Test ....... .................. 13
Subjects .............................. 13
Apparatus ............................ . 14
Procedure ............................. 14

Results and Discussion ..................... 15

A Percentage of Correc: Responses
by Type of Operator Training .............. 19

B Frequency of Responses for Radar Signas.......... 20
C Signals Used for Training Exercises ....... .... 21
D Sigr.ais Used in Criterion Tex. ................. 25
E Criterion Test Scores ....................... .26
F Training Scores: Mean and Range of Operator

Scores on Training Exercise. ................... 27

FOR OFFICIAL USE ONLY



I Answer Sheet for Proficiency Test ................ 7
2 Operators' Degrees of Confidence in

Making Responses ........................... 10
3 Effects of Speed of Movement Upon Correct

Identification of Tracked and Wheeled Vehicles ......... .1

Tables
1 Percentage of Correct Responses on the Proficiency

Test for All Operators ........................ 8
2 Paired-Signal Exercises. Showing Gradual Increase

in Complexity of Signals Presented on Tapes ......... 12
3 Sequence of Administering Exercise Tapes and

Criterion Test ............................. 14
E-1 Group Scores on Criterion Test ................... 26
E-2 Individual Operator Scores on Criterion Test ............ 26

FOR OFFICIAL USE ONLY



PMOSLEM

The -pimay objective of this -esecmch w~to ceaswe the ranviiy of trmed
A14/PS-33 rufa operatosc- rnafymn ta~ws from the -udi siqnls po*Ced by ty
rod=z eqm -,P-. If the proficiency of the ; 1enms who hod been tested was- lotad to
be not so high as the Arrmy doened exploatory work would be unden*en -4% b- ro
sbnal bflrtoton

METHOD
A test. conssln Of adosignlS gemeraed b:q =zne- d torpts n- the

ANITPS-33 --Jm set. was costrcted md ct-invtnred .s-MUIflfl33 ae-
tots in the Seventh Anny. Tmrrewlit of tie oueratrs had been 'un O w at n ~m
Surveillance and Tiget Acwrmtw Troinni C= m (CTAC. c H -
Arizona. amd 15 hod been tinne I n the 1o. he iMl et sivc's Ea- the test wee
fzacrmdred whle zeprseutrjre m"'tu =Wges weo mow_ w" the beam of the .
at vwusz dmsrAxs and R;mea.- All reozda g wa done =wid- the =mo-st fs ti c-
allianz. so that only skils involved In auditory per-cephual ju1n (S4iml uter-eW1

would be ieoin by the tent
Afa the reut oof the~ ha b - me!#1 pw -

were ot able -o d~scimuizt between trne - wteefr nec . a trafra-g OX&-
metwas tin to determln rbet' e mm '-*CtS cnld he- to 1dentity vVW&

types an the bas of the iiniqie dtanzcteristmcs of the smi ns anme TT~ ten m
waode ofttcers bmami no pemms epmenc at ea-m ' z- we re d by

masOf tiaief zr& d=as of -- 4 signals ; -a-nd by7 th-e'uANTPS-33 M4r.- t
lects We ethe red on themt tinhy to identiy sim5 Simila to -1 e taciea in tim

MfrrP&33 radar oper-s wereal=te o'nage tm Jwa---M bewrveeri
vdedn d troopa on 92% at Moe sias. zukwnre. thmer awvtmpe owcym'z
@ashn ntwf "ucie ime eic l w1 - 52%-mo~ bie There
were no &ffer~a d of sw zerwee mea~ r~e sct,-l at the %-aT

-and those traned an th0j*
The ANITPS33 r--d4- spr- nat fqwenty 16dn4±e -d s-1-l of 1i

travelng- at ~eslowwest pe as those o=S t&vlae.am ~of rma9
tr vling at Mue fastest s we =w he of whend -0-ilm- -ie' o

-eicetype.

'I-- -r~m c--
4 

w a W4 =Wwr m M '- t-.C.
CSTATC. eW S. &Am-y Aiw- S --

FOR OFFICIAL USE ONLY-



.i4aaw subpects, aftr zrrnq ne-nt tr~m m sm='
=Nte to dzscnwnm bewwom smgto ft- #==e- --. atdv--Xe a
was sigmificmtly bettr tha- ame

Thae was wide vwia= th ztdny c! =t-M-!n vtcu t nn
atly retneen ra s±fts be rz-*ed - __ wheetd vaes~L- zvath zm

=i =-mm WtebL.

CONCLUSION AND IMPICATIONS
Although ttbe maltyofo sbqnds was uer - tint =-many toad f

feo ccndttics. the d=l obae = this stu*y - am±~ the -42rw bee
betld :h St -ne pfl -r ntbnckm r--d4 :Venu c=- as amr
nah qeuerztsd by u-ackd Velan -'d sigm!s qemesmd w- wbreledn~k

At vnnatm. ow-mn L- to be basrn thet ofmf - typ atfi

Woct - =h wbe.W an oh~e vt~ cnhtn at ~ eAe bqo -m te

~ nee mds - e b-r the

vsl h rcd -m -- Speed a-:-vsttstts WtMhe z=!

ucfl be %=; M- mm--ebf mesigaspwil --

Ak WSF.33 .=.-::- --"e. by ~t&A-
71h r-Ae butcotsm-t a-&-__dal 1Wtm--

a" fan ay mKfl! that i.a ownc

mybe ar'Fbk- asr =ahC :n- mk2-c
While the arz mastA =--- eLrc u W =d ~

le toc 10-s tfl he M =--S-33.

RECOMMENOABIONS
is a rat i o~ ANwt- iTFPS.n

~L mmm . bc-e a-- ta

*e nttased 'or seict= cpwzw tat cdz eqnvmm swv 2 -natt-
th-wr~e c! tme AN' vw=

FOR OFF#ICIAL USE ONLY



Operator Proficiency
in Interpreting Ground Surveillance

Radar Signals (AN/TPS-33)

FOR OFFICIAL USE ONLY



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 interpretation would be undertaken.

BACKGROUND

Ground surveillance radar of the AN/TPS-33 type is used, particu-
larly during conditions of limited visibility, to augment the surveillance
capability of military units 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.

'Department of the Army, MOS Technical Training of Ground Surveillance Radar Operators,
MOS 113.1, MOS 133.1, ASubjScd 17-133, Washington, March 1,061.
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It has generally been thought that radar operators can readily
discriminate 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/PPS-4
radar set to produce the target sinals for this study, but the A-NI'TPS-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'i 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 ANITPS-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 target variations that would occur during typical surveillance
missions. Vehicle targets were recorded at three locations, so th-pt
both background (amount and type of foliage) and distance(2,400, 5,600,
and 14,500 m. from the radar positioni 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 target variables 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 typep of moving targeth and the combinations nf vartablas
recorded were an follows-

Targets Speeds Distances

Vehic~les 5, 10, l5. z.400. 5.00,.
2 M4SA2 tanks asnd 20 waph and 14,5011 in.
1 M4#A2 tank

2 jeeps
1 jeep
2 APCs
1 APC

2 2 113-ton trucks
1 2 1/2-ton truck

Personnel Marching 100 m.
Infantry squad and

(12 men) riluing
4 men
I man

Each vehicle target was recorded once at each distance at each
of the four speeds t5, 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 uced for producing the vehicle signals were -electedi
because they provided good roads and the necessary lines of sight to
the beam of the radar, which was placed or the roof of an IlI-story
building at Fort Knox. Radio communication between the radar site and
the target sites was maintained during the recording r.'suinns.

Three AN/TPS-33 radar operators., who had been trained at
Fort Huachuca, worked two at a time to operate the net during the
recordion. Recordings were made dirtctly from an output stocket of
the set. Headphones connected to a second output socket enabled the
operator to track the moving vehicle and monitor the quality of the signal.

To preclude any other vehicular movement in the run areas,
road guards were stationed at the perimeter. of these areas. In
addition. the areas had been chosen so that all roads or paths within
the 90-meter rang~e gate of the radar could be monitoved. To further
restrict the area in which movement wast bring detected, the narrow
3'beam of the tadar was used.

At the beginning of each recording session, the radar wan
ranged in on the target si-te by running one vehicle through a art of
stopping and star-ting maneuvern. During these rer ording runs, all
movem~nt ef vehiclen and peruonne! wan monitared by obtservers to
ensure that they were following the prescribed courses.

All reco-rdings were made with a tape recorder (Anuiws Model
60' -2. using low lprint-through Mylar tape of 1 1/2 mils because of itts
high resistance to stretching under conditions of excesstive heat anti
dampness The quality of the recordedl signal was monitored From a
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headset connected to the tape output of the recorder- To prevent 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 input war disconnected to
preclude pickup of any noise that occurred in the re-Zording room

Assembling the Proficiency Test

The recorded target signals were assembled to snake up the
proficiency test. The items available for the test consisted of 96
recordings of vehicle targets (the same eight vehicle targets, recorded
at four speeds at each of three sites), and 6 recordings of personnel
targets (some of which were used twice). The 32 vehicle items for
one distance and a set of 8 personnel items were used to nake up each
of three parts of the test. which thu* contained three groups of 40
items each.

Each item in a group was randomly assigned a number from
I to 40 to determine the order of presentation of the target signals on
the tape. A voice announcement of the number of each iteu w. recorded
on the master tape. preceding and following the appropriate signal.

Initially. signal lengths of 30 to 45 seconds were used. with
tntersignal intervals of 30 seconds Sinve a pretest of six operators at
Fort Benaing. Georgia. indicateai that these times could be reduced, the
recorded signal for the test lsted approximately 30 seconds. The
interval between items was approximately 30 seconds for the first
10 items, and approximately 15 seconds for the remaining 30 jtitnb

Administerng the Proficiency Test

The test was administered to 43 AN/TPS-33 radar operators
mt the Seventh Army at various sites during August 1981 School train-
ing had been given to 2S of these operators at Fort Huachuca and the
remaining 15 oper" r- had been trained on the job. The sample
included all operato. available at the time of the stu-Jyo

The operators' experience var;td widely i. amuzuunt and type.
The amount of relevant experience was generally dependent upon when
the unit had received ground surveillance radar sets- 3ome operators
had been limited to such duties as the setting up of equipment and the
gene:'al operation of the system, rather than the detection and identifi-
cation of targets. but all men in the sample were assigned as ANiTPS-3a
operators at the time of testing.

The test was administered to toe operators in groups. The
size of a group depended on the number of operators who reported for
testing at a 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 waa connecter'. Shielded
audio-cables led from this junction box to individual volume control
boxes, the headsets were also connected to the conirol boxes. The

actual ANITPS-33 headset was used by 36 operators, and 7 operators,
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for whim AN/TPS-33 headsets were not available, used hi-fi headsete
(Knight Model KN-400).1 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~
qua lity of the pluyback signal was monitored by the test administrator.

Part of an answer sheet is reproduced in Figure 1. Subjects
were required to make several choices on ealch Item-first on general
and then on more specific categories of target information. On emarh
item, the operator first chose between "vehicles" and "troops." If he
chose "vehicle,"- subsequent choices led to more specific identification,
and then to 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
part ______ __No._________

Date _______ __Start_________

Lest N... elis -.. Ml feli i' orgmnzation Dowe of Birth

(a) 'I'm very sure' (b) 'I'm pretty sure, (c) 'I'm not sure* (d) 'It's a guess"

jTank a becd 5 Mph aItc d
Trecked a bc d NuCac O~hbdHmber of Vehicles

Vahrle a bCd _______-One ab cd

Truck ab cd 15 Mpha b cd

TolWheeled a becd Jeabcd120MhabcdTwo ab cd

Item
1 Numbler of Troops

One Man a bc d
Marching a b C d

Troops abe cd Four Men a becd
Running a b c d

___________________ Squad of Men a becd ________

(Tank a becd 5 Mph ab cd
Tracked a b c d 1ACabcd1 p Number of Vehicles

Vehicle a bc d ________ One i becd

ITruck ab cd 15SMph ab cd
Wheeled abcdTwoa abecd

abcdlj a becd 20 Mph ab cd I

TeL 
umbr *1 Troops

ItemMrh~.~j One Man a becd

Figure I

'Analyns of results showed that: the group us ing the hi-fi headat to perform~ er! oilsbrut the
JadM@ level as the group usng the AN/TP"S.33 hesdets.
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each category, the subject marked the degree of -onfldcnce-(a) throug;
(d) on the answer sheet-with which he -made the response.

A practice tape of 5 items was administered to make certain
that the operators understood how to record th-ir answers during the
test. The subjects were monitored throughout the test to ensure that
they followed instructions and did not share I-formation. Rest periods
of approximately five minutes were scheduled after every 20 Items.

Results and 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 52%. However, their average at curacy in dis-
criminating between tracked and wheeled vehicles (32%). and between
types of tracked or wheeled veh'cles, was approximately what could be
expected on the basis of guessing alone. Although the percentage of
correct identifications was somewhat higher in specialized categories
dealing with numbers and speed of movement, these data have only
limited value because so many operators were not able to make the
primary dir, criminatlons.

Table 1

Pnitn *1 Ceds bespmns on e Pmficifty Tes# fo AN Operu et
(N - 4O1

Veicriesi or Trnp? so 4.RgsO 91.9 "

Tmcked o wnerledl' SO .lA- 52.4 Z

ta" V A o _ 6W. 49.2 1-_1

h5OAor1eep'AM 0.0 I1-1

CM*usrssinbet I.at I M I.17l

If Tr-e-.-

%-hfW Mea 4 'x to0 M9 W)5 199

Gmcns em~bel2 6139 47.P IM6

P"-s 4t 1iIl~l l I i -p- Aw -. 1 _ 1 -sr-tlt v-4 - i~
' 

of i ig il .z#

We. . iht d n a-b .= .! -el it d. P4.." m rnlq ai
A- te ni-.in I- 'Too * ,f' -" b ,r-o de awe w fll of nnne r lpwae. (tLwhe!

ce 16 p q.ns ard - -td %4ki. *
'Of 1h. S.tW P-ah!. mnp.nn#. _6 #.MQ o" .. sbhh for amn0e 4M. It nt Pont .1

ste n en cscid e. emwh or by .i.i. iehs e Ites. ad= t *~fli.w s'k a. .. pI.. is i
nieglOihIIAt N tY
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The low over-all p~trforzrance o the group was not anticipated.
especially since the quaitty of the signals in tile test .n t ar Sul'-

rnor to that which radar opr-ators would encounter under most field
conditions. Tnere were oniy small differences in prformc-nce between
operators tra.ned on tet o and those trained at Fort !t'aiehuca (see
Appendix A).

The answers of the cperators in-ated that, at a group, they
thought they were not guessing. It can be seen in Figure 2 that they
felt 'very sure- or "prety sure' of the majority oi their responses.
The more specific the category, the less confident the operators tended
to be.

Further evidence that the operators were not guesting In making
their choices is to be found in an analysis of the responses to each
signal. Had the operators been guessing, there hhould have been no
consistent pattern of responses. Generally, however, regardle,i of
vehicle type, signl of vehicles traveling at the slowest speed were
most frequently identified as those of trac.no venrles, and signals of
vehicles traveling at the fastest speed were most frequently identified
as those of wheeled vehicles. For example, sigtals produced by a tank
moving at 5 miles per hour wre correctly identified in 40 rr.an.in-e es
(31%); there were only 10 situatIons ,7.I) in which these - i were
considered to be those of a jeep. The simgal of a tank moving at Z0
miles p-r hour, on the other hand, was identified as t"at of a tank In
only 5 responses (4%j and as a jvep in 57 responses (44%).

The effects of speed of movement upon correct ident-ihation are
summarized fortracked and wheeled vehic les in Figure 3. The detailed
data on frequency of resoses for all types of targets are presented
in Ap pendix B.

It appears that the operators were basing their vrhicie idetification
solely on signal charac'eristics due to tin- vehicle's, -p-ed They
retained this association betweer, speed and vehicle udentf-ration
despite the fact that for all type-- of vehices the dolnna- pitch of
the signal rises as speed increases. There are, however. o'her char-
acteristics of the target signal for each type of vehicle -h=at remain
unique and unchanged regardless of speed- Familiarity with thst

characteriatlea presumably would help operators to make ronre reli-
able identifications of tracked and wheeled vrhicles. The :pa'trnn
of respwise choices sugpest-d that the poor performance ought have
been due. at least in part, the misconception. acquired do, ,ng tra..,-ig,
thal lilt nmniaut pitch of lg. fum wilce-Ui , elhi.lea in - high( I-
than the dominant pitch of signals for tracked vehicles, r'- rdles.
of vehicle speed.

Measurement of the proficiency of ANITPS-33 -ad- - upwrators
not onv howed that their average level of performane tn d-Wn murshing
between tracked itnd wheeled vehiclcs was about the percen='ge that
wotld h e resulted fr", guessing, but also providen indica t ions of
some smrces of operatot weaknesses in 'ruz tng sir- Explora-

tory work toward possilr methods of tmproving training -.- erpre-
tatio. hr-efore was undertaken
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Effeis of Speed of Movement Upon Correct Idertlificallon
of Tracked and Wheeled Vehiclot
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Training Exercises

Tapes were devrloped to give the student practice in discrim-
mIating between signa ls fu.r tracked and for wheeled vehicles. The tapes
provided a pause for student response followed by announcement of
the correct iuentity of the sigral.

To fsilitate learning the sinal characterlstics peculiar to
each vehicle type. two schemes were employed in conatructilug the
tralinng exercises: (1) Signals for tracked and wheeled vehicles were
presented in pairs. so that the characteristics of the two types of
signals could be readily compared. (2) Because vehicle speed and
number of vehicles, as well as the type of vehicle, determine the
characteristlcs o? the audio signal. the exercises weri ordered so as
to br.-g in these additional characteristics gradually. I itial exercises
preseted signals with only those differences that are due to vehicle
type; later exercises added the -haricteristics attributable to vehicle
speed and number of vehicles (see Table 2).

tawle Gmd.S Mine" is C.mplsn o s ~ah Preassad " Top"s
Pow"ItI - o am r_..a

1i4 n1 il Clptt i FaA inus~

i -ab IIn

i I ..M

& i.- Sian

ar in sm.b t

I With I

* i

F0 .5 Eli

2 -A

Twenty tramnrg-rxerclsr tape* were constructed. rat h con-
sisting of a series of 20 recorded rauin signals produced liv vrhicir
targtts. In addition, an o'rientation tape, cu'nslstaing ef 24 signals. wam
conutri-,trd to farlitilarize thr subjects with the variety of vehicle
signals on which they wre to bye trane and tested.
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On 10 of the exurcise tapes the audio signalu were presented
singlyl on the other 10 tapes the signals wore presented in pairs, For
the signal pairs, one signal wis produced by a tracked vehicle and the
other by a wheeled vehicle, Single-Signal Exercise I consisted of the
same 30 signi~lm used in Paired-Signal Exercise I; 3ingle-Signal
Exercise 2 contained the 20 signals used in Paired-Signal Exercise 2;
and so on. The signals used in the exercises are shown in Appendix C.

Signals for all 83 vehicle item. from the proficiency measure-
ment phase were used, Because of background conditions and siting
during the recording of the master tapes, the clearest signals had been
obtained for vehicles run at the location farthest from the radar
(14,500 m.). Therefore, most of the signals selected for the training
experiment were from the more distant locations,

On each tape every item was ssigned 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 signal on an answer
sheeti then the signal or signals were identified by voice announce-
ment on the tape, In the orientation tape, the identity, f the signal was
announced before the signal was heard by the subject,

Criterion Test

Two forms of a criterion test were constructed, nach containing
32 signals, Since several recordings of each signial had been made for
the proficiency study, it was possible to use similar but not identina
signals of the same targets and thus to construct two nearly vqulvalent
forms of the test. Insofar as possible, the signals used In the test
were not identical with those used for the training exercises, The
format and the method of recording the test wivre the same as they
were for the exercises, exviept that nn Identification was recorded on
the criterion test tapes, The signals used for the test are listed in
Appendix D,

Subjects

Although ground surveillance radar operntore are enlisted
men, officers were used as subjects in the exploratory study, At that
tlmc no formal training program M, the operators was being conductvd
and it was difficult to find enlisted men iligiblo for such training to
serve as subjects for the experiment, However, because the purpose
of tMis particular experiment was simply to discovur whether it is
possible to teach signal discrimination to nalve subjocts, it was not
doomed necessary to use potential trainees as subjeuts. Alsu, It
appeared that the timp invosted would yJeld the greatest return if a
comparatively small number of junior-gradv Army officers were used
as subjects, as It has frequently been ubuervod that they are in general,
)nore highly motivated in performing experimental tasks thin are ran-
domly selected enlisted men.
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Ten junior-grade Armv officers, therefore. ser-ved as subsec's
for the experiment. They had fl3 knownt auditory defects and no previous
experience in listening to radar signals.

Both training and testing were conducted in a quiet room. The
tapes were played on the Ampex Model 601-2 tape re:order. The signal
from the recorder was fed through the Knight Model IMJ-400 amplifier
to the headsets. Six subjects used the Knight Model KV-840 hi-fi
headsets, and four subjects used the A.NITPS-33 headsets. A voL-me-
control box was provided for each headset.

Procedure

Subjects were trazit-i and tested two at a time. Thev were
first briefed on the radar systemn and the nature of the task. but were
not verbally instructed on signal characteristics. The orientation tape
was th-n played, after which the experimenter discussed the subjects*
imprcssions of the signais and answered th--t questions.

The two-day schedule of training and testing is shoun in
Table 3- Two seq.iences for prisenting the exercises were employed,
with half th"- subtects assigned to each training sequence- In Sequence A.
the single-signal exercise was presersted before the corresponding

Toblis 3

Saeae of Adm~uis is in xeise Tpes ed Ceimud.. Taw

1 *wastai~ aEitirisTispi. itaai. Ta." Eateose Tapts
P.w.IJ I Pimli I

Ezerttsee Talsti Paired 2 Fzsrt"a Tapes Psiredl 2
Single 1 PAU-4 1 Patftd I Paired 3

Mie I PaSwfI iae I Paked 4
Sige2 Parted 5_ Psir Paoli S

Pawes 2 sti,; 6 Sie5!e? Plwd6
imk t Paired -A Paired 3 -siffoor6

N'wtdi Stagie7 Iringle 3 Pai
Paired7 snagie

Vsraa xe-s Tap VFeav is. Tapes Fievn iss Tap"a Faiecive Taw*.
.agie 3 Pawed - Ssaif.. 3 Paired 7

sis 1 -%2
1
. a Single I paseed 9

S-irle 4 paiw" a Pairet!4 SaMk~ J!
Passed single 9 Saige 4 Niird 9

S P~~~wa4 9r P.eS Sa.
1 aWed s sit.5 ,. 10 siallis S Paired 10

P"~ 10 sialts to
Cjrrrwe Teat C Cei:.,moa Teat Certis Ttist "rtiesm Tear

'F ItJ " 84 ofhe C-1-nis T-1 - .*s age .ra i. Us of -1 .. ,as-te do n 41. *ad
v.a t i .. e d m "4w
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paired-signal exercise. In Sequence B. the pa.red-signal rxrrc;ses

were presented first. For both sequences, reviews were given a th e
begiwnig of the afternoon sessons and at the beginning of the second
day. Rest periods of from 5 to 15 minutes were given between exerlises.

The subjects were tested at the eno of each day. One member
of each pair was given one of the test f7rm=z on Jhe 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 :est scores for the entire group were 61% 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 a = 3-01.
p < .02). Thus. the results show that it is possibie to teach naive
subjects the characteristics by s.ich signals of tracked and whed
vehicles may be distinguished. tSee Appendix E.1

After analysis stowed that differences in performance due to type
of ,eadset used were ncl 1bc, data were gr_ -.-- " regard to t.he
type of headset used. The test scores made by the group t; ained in
Sequence A (which averaged 6"% on the first day and 76% on the second
day) were ccsistittly higher than those made by the group trained in
Sequence B (which averaged 56% on the first day and 64% on the second
day). This consistency seems worth n-¢ting even though., because of the
small size of the two samples. differences cannot be assigned any
statistical significance.

Inspecton of the scores made by individual subjects during the
traning exercises provided information on the pattern of irdividual
performances. The range of individual scores mane by the sutjects on
the various training exercises is shown, with the group means. in
Appendix F. As might be expected, subjects who did well on the exer-
cises aso did well on the crtrlon tests. Wide differences in perform-
ance between subjects were evident durine both training and testing.
These differences were consistent, in that subjects whose averge per-
formance was poor ten-ed to be consistently poor-that is. they scored
poorly whenever scores were recorded-and those whose average
performance was good were consisten'ly good. The corrclat:on of -71
betweer the criterion test scores for the first and second da)s gives
further indcation of individual consiste*ny of perfor.ance.

in summary, it has been found that. rth traumunL xt is possibir tn
obtain an avengte performance in target dibu~a;ntht: ~nz
cantly better than chnce. However. the wide. cos'rnt d.ffeurences
in performance observeo between individual snblects suggest ttnt
obtaining a k;0.cc !pc~.rc be n-=h rnorr a rbe
sel ction than of training. An effctive combination of selecton a-nC
training procedures shoul id produce ANITPS-33 o-erators whi can
discriminate betwcc the s:ignals of *acked ve.h.e aac .- ^os Of
wheeled vehicles.
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Appendix A

PERCENTAGE OF CORRECT RESPONSES
BY TYPE OF OPERATOR TRAINING

Operators I rained at Fort Ilu.ch.ae Operator% Tran.ed on Jo,

Item Chance ~.... (=8 N

S.e"Number of Act. Standard Number of Actual 5tnad
Responses -- ree4 o io... Respone- -c De .a..

Vehicle(s) or Troops? so 3.120 92.6 5.9 1.760 90.7 5.2

if Vehicle(s)-
Tracked or

wheeled? 50 2,468 52.4 3.8 1.387 52.4 4.9

If tracked-
tank or APC? 50 434 50.6 19.4 263 16.7 12.9

If wheeled-
truck or jeep? 50 857 47.9 10.7 46.j 54.0 I1l

Correct mph 25 2.468 38.2 8.0 1,387 37.7 9.6

Correct number 50 2,468 61.9 7.9 1.387 59.7 7.0

If Troops-

Marching or
runuing 50 428 65.9 20.8 211 75.9 17.0

Correct nuatber 33 428 15.9 18.2 211 45.8 13.8
'Percen'-ae of coarec rteponse. that would be expected o " ba's of guessing.

l"ach calculatioen r bad an number of corret responses to the -,ienmg more genera-qte-i.oo
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Appendix t;

FREOUENCY OF RESPONSES FOR RADAR SIGNALS

I Nunmber of Responae.

Stpal Trak,d V-hice Wheeled Vehicle
Troop(s) Total'

I Tank APC Truck I jeep

Vehicle Speed (mph)

One T4nk S 40 35 35 10 7 127

10 30 54 7 2 13
15 6 22 58 43 0 129
20 5 13 49 57 0 124

Two Tanks 5 43 25 35 7 1 111
10 27 29 42 15 0 113
15 13 24 43 45 1 126
20 10 20 25 69 1 15

One APC 5 43 26 35 8 15 127
10 14 18 61 19 1 113
15 3 9 38 62 0 112

20 8 15 44 59 0 12

Two APC* 5 33 24 33 14 8 112
10 27 25 51 9 0 112
15 12 21 52 24 0 109

20 17 28 53 11 0 129

One Truck 5 47 14 38 6 6 111
10 8 19 719 21 1 IM
15 10 17 51 35 0 113
20 2 9 33 85 C 1 29

Two Trucks 5 28 34 44 16 1 123
10 24 32 45 1 0 112
i5 10 21 35 47 0 :13
20 8 17 29 73 0 127

One jeep 5 17 28 4. 21 2 115

30 M 20 61 28 2 127
15 2 8 4 69 1 114
20 6 20 37 62 1 326

Two Jeeps 5 54 27 41 1 2 125
10 24 29 40 19 2 II
15 12 16 52 4.; 0 125
20 8 t4 38 62 4 126

'ersonel Movement

One M t terching 10 2 0 2 130 14
Running 63 33 9 2 93 20

Fou Men Marching 23 19 8 4 117 171
Running 40 24 5 2 57 128

Squad %firching 31 11 I I 126 170
Running 16 7 3 2 115 143

'Each vebcle item *a% used thitee times in the te ; thug. 329 respon aes ,s the malm number p.-
.1ble fm each vehicle at I-, 1 h .- l -11 ett .S =2c 2 . - ,a 4 .- n ei target-. 1-19 renposeme
were p-.ihie for thee t, ,d th;re time. 172 o thoe asod four times., and 215 for those used ftle times
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Appendix C

SIGNALS USED FOR TRAINING EXERCISES

Orientation Tape

llmi 
Ve hic le  I .'&

One Jeep 20
2 One Jeep 5

3 One Jeep 10
4 One Jeep iS
5 One Jeep 20
6 One Tank 20

One Tank 5
A One Tank 10

One Tank is
iii On- T.i
I One Truck _10

i" One Truck 5
13 One Truck 10

!4 One Track Is
Is One Truck 20
16 One APC 20
17 Onc APC5
IA One A PC In
19 Ca. s.- 15

20 One APC 0

Paired $is=aIs

Vehicle as =1h V
hic e  

-;.b

21 Wheeled 20 Tracked 20
IV Wheeled 15 Tracked IS

23 Wheeled 10 Tracked 10
24 Wheeled 5 Tracked 5

Poired-Signol Exarcises'

Pairedbigna| Exercise I

I One Tank 10 Oz. jeep 'o
2 One Tank 10 One leep 10
3 One leep 10 O. VC t0

4 One Jeep .O One X'C 10

5 On- Truck 10 One VI'C 10
6 One Truck 10 One TAek to

One Truck 10 On, AM. 10
8 One Tank 10 One jeep 10
9 One AM'C to One Truck 10

10 One Tank 10 One T.ck 10
(C. ,abed)

'The 20 mnital. .sed in P .-d nif,| tetr.- - - -s.'nirl .eparter -s2eie.Suan+

1:.m iP ' Ok . . ar. ; -P..IrIv a
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Paei-Igwwl Exwlss" (Coxanmedi

I- Pair" S4p.Al-

Vht mp T-vehicle mp

raired-Si,.1 Execise 2

1 Two Trucks 15 Two Tanks 15
2 Two APCs 15 Two Trucks IS
3 Tw% J,. 15 Two Tmnks is
4 Two Jeeps is Two APC. IS
5 Two Tasks IS Two Truck, is
6 Two Teaks IS Two Trucks is
7 Two Track* is Two APC* IS
8 Two Trucks 15 Tw, AP'.* IS
9 Two Jeeps 15 Two Tanks 15

10 Two Jeevs is Two APCa IS

Paired-Signal Exercise 3

1 One APC 20 One Jeep 20
2 One Track 5 One Tank 5
3 One Trck 10 One APC t0
4 Oat Tank 15 One jeep is
5 One Truck 20 One Tak 20
6 One AIE is Oue Jeep 15
7 One ?c 5 Owe Track S
8 OeTank 10 One Jeep 10
9 Oe Trck 20 One Tok 20

10 One AP 5 Oe Jcep 5

Paired-Sigmal Exetcise 4

SOne APC 20 One Jeep S
2 One Jeep 20 One APC 5
3 One Jeep S o Tak 20
4 One Truck 10 One APC 20
S Out Truck 15 One Tank S
6 Oue Truck 5 A-- Is

One Track 10 One APC is
8 One Tank 20 One Jeep is
9 One Jeep 20 One Tank 1

10 One APC 10 Ot- Truck 5

Pw;aed- -ina Exereie S

1 One Truck 10 Oae Tank 10
2 Two Tasks 10 Two jeeps 10
3 One APC 10 One Truck 10
4 Two jeeps 10 Two APCs 10
S Oe Task 10 One jeep t0
6 Two A'P'C 10 Two Cracks t0
7 One jeep 10 ot APC 10
8 One Jeep 10 One Tr-.-k 10
9 Two Tnk, 10 Two Trucks 10

10 One J.ep 10 Oar Tok 10

( Coarimwed)
Th. 20, .!at used ft P rdsia Eucen. -;. t n.. pf-- -lf Ll 5jg-gA

1uria : A-..a-" I i- -'i .uit I --..- yvatel- r si~ e5 Ett-0m. 2.
a" so ON.
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Peiwdt-gmuI Sxefctlun* (ciwdj

P.h.d SiaL.
V.W'11 mp

Pak"tj-Sigtn £ntcin 6
I Ose Track i3 T.. APC,. is
2 OlJsep is Two APCs IS
3 One Truck S Tio Tanks is
4 Two Trucks 15 0" APr- is
S One jeep Is Iwo T anks .
6 Two APCs is One rp Is
7 Two Tuks, is 3-- T,.-L Is
8 One Jeep Is T. :.n.s is
9 Oft Tesk is T-. .- , is

10 Ose Truck is Iw APICs Is
PairJ.Sigsal Exrcise 7

I O Tank 20 One Track 20
2 Oe Jeep S One APC S
3 Two Tanks is Two Jcepa is
4 Two Trucks 15 Two Tasks I.
S O Truck 5 O" APC S
6 Two Jeeps 20 Two APC* 20
7 Oat APC 20 Oae jep 20
8 Two Tanks S Two Jeep* S
9 One Task 10 One Tr ck 10

10 Two APCs 20 Tw, Trucks 20
i'uind.-Sipel Facengse S

One Track 20 On- Task is
2 Two Jet; 10 Two Tasks a
3 T-o APt. S Two J"lp IS
4 Two Trucks S Two APaC0
S Out rok S OGe Al PC
6 Oa Teak 10 Ot jeep S
7 Two Jeep. S Two Tos t0
8 On. APC 15 OatTruck -T0
9 (Up APT Is On jeep 201
10 TwoTasks 3 T- Tuks 20

Pswed.Sipsml Ex"ercise 9
I On APC 10 Two Trck* 1o
2 Two APCa 10 One J"p 20
3 Two APts S Out Truck a
4 Ove Jeep 20 Two Taks 2
S Two Jetps 20 On Teal 20
6 ONe Track 10 Two T-s.. 10
7 Two Jeeps is Out A I-
8 TwoTrucks N 0. AMC 20
9 Two Jeep 10 One Task 1O

10 Two Trct S Ota Tk
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Paired-Silmal Exoicia 10t.itm4

I *'.o jeeps S 0" A P to
2 One Jeep to T-- A1~s
3 %ne Tank 210 T. Tiacks I .

IT-o Tooki Is Om* Truck V0
Two Jeeps 20 Oeik-
Tw Trck One APC 20
T- oTn&. Cli-Twuk

a One APC 10 Tw. jewpo 20
9 Tw- Jeeps 30 One AM. 2.0

10 Ne Task S TwTrck 0S

tFaeicie 1IN V- .4 Is NP. -41. fiivo 2 ~.&. P ~ .. 'sed in lism Nga rw w 2ne 2.
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Appendix 0

SIGNALS USED IN CRITERION TEST

T7- I- A Tv Pons 8
S ,.ignal i ima

02c Ouck 20 1 n Oaccp I1-
2 Two Trucks Two Trucksv

3 O Tak s 3 Two4PC 10

4 Ore Jeep 10 4 Two Trucks 13

TwoTe , ,  15 S One Tank 10
6 Tw- Took. 20 6 One Trmck a

One Jeep 20 7 Two Tasks 13
S T.o Jeeps s S Oe Jeep

9 OGar - c.k 10 9 (Me Trj, 2-0
10 OneTank t 10 O(M iruck IS
it Two AM*t1-0 it One Tank

TwJeep. 12 Oe PC

13 Oe AMC 20 13 One AM t0
14 Oae Te- 20 14 Two Jeeps 15
i. o0 4C A 15 Two Tans to
16 Two Track 20 i. Two APC a

17 Two Jeepsi 20 Two Trucks 10
18 Ta ok i 10 !8 One Jeep 10
19 Out AI: 1 19 Two Jep.
20 Two Trucka Is 2 Two Trgrik 2T

2 Two JKC n0 21 Two Jeeps
22R OF-tep One AK -__O

23 Ne jeep 21 Me CoTruck 10
2IF OareTook 124 Two ILPCs 2

W- One -%.C sTlesi,
6 Twn Tank. 3 26 one kpt I

Twocieps 10 -:7 One Jeep 20
28 On Truck 15 2-! Ou Tot5 20

T- %fr. 219 Iw aai. zo
30 Tw. %'(;. ta~ts 1

T.. TwTrucks 1n 31 true Isanks 1s
.. One Truck 1 33 Two Tans Z
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Appeadix E

CRITERION TEST SCORES

T*bIa E-1

G-op Scon on C.-iorw' Test

T. t0 61.0

Seqnwce A 5 65.6
S""t B S S63 637

Hi-fi beaidts 6 57..0 702

khnln 4 63.6 69

Tabo E-2

on criterion et0

Tusi Ot ~ t"

6 GS3

3 $~94

S73 1 7.-|.

8 343 68

9 F LS

76.
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Apondix F

TRAINING SCORES

Man and Rang. cl Op*rator Scoii

on Twluitg Exrcsts
01 10)

t $2,0 12.3 60-10D
2 -.4.0 12.7 50- 9
3 69.0 .8 M68D
4 5 6.0 2..- 30-90X
s -. 0.....'''' J&164 :-IOD

G VQ.0 12.0 70-IODJ
".0 4. SO-

1 82.0 16.S .0-100
9 6"9.0 1S- 60-!0

10 -9.0 is. 30-90

1 69.0 15.2 50- a5

3 . 5.9 f V.

8 861.5 16.5 400-as
9 77.0 15.2 60 -10

10 .0 15.2 5400-

9 7.0 134 s5

6O 3 14F 4U-SS O
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