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cross—country and obstacle course——and (b) in classroom disassembly—
assembly of the M219 machinegun under simulated night conditions before
testing under actual night conditions. Three groups were trained in
each experiment: one group used LADs, one practiced under actual night
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trained group performed as well as or better than the night—trained
groups and significantly better than the daylight-trained groups . The H
LAD concept appears effective as a supplement or substitute for regular
night training in selected situations. However, the actual equipment--
welder i s goggle and filter lenses--should be more rugged to withstand
regular troop use. , 
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FOREWORD 

____ ~~~~~~~~~~~~~~~~ -

The Army Research In s t i t u te  ( A R T )  F’j t~1d U n i t  at Fort Knox, Ky . ,
provides research programs and technical  advisory sorv icos  to support
the U . S .  A rmy Armor Center and its t rain ini . i  commandsif In December
P177 , the commande r of the 1st T r a i n i n g  Brigade (Advance?d In d i v i d u a l
Training Armor) requested ART assistance in  a rest-arch pro k-ct to ex-
plore the possible appl ica t ions  of l i q h t —a t t e n uat i n q  devict’s ( LADs ) to
basic armor and basic reconnaissance training . At that time , the ro-
sources of the briqade were severe ly strained by the t r a in i nn  icad ,
day-night schedule, and equipment limitations .

W ith the full cooperation of the 1st Training Brigade staff and
trai ners , ARI personnel conducted the evaluation as an a d j u n c t  to a
research work u n i t  on crew porformance analysis.

Commanders of the 1st Tra in ing  Bri~~ado , COL Thomas F. W i l l i am s and
later  cOL Richard  L. Co f fman , provided the continued intert’st and com-
mand emphasis that  made this  research t’v . i lua t ion  p o ssi b le .

hn ical  Director
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NIGHT A Rt’S)R TRAINING IN SIMULATED DA RK NESS

BRIEF

Requirement:

This research was done in direct response to a request from the 1st
Training Brigade , Advanced Individual Training ArnK r (AI TA), Fort Knox,
Ky., for technical assistance in assessment of light-attenuating-device
(LAD) applications in armor training.

Procedure: pj .

Two concurrent field experiments in the application of LADS in
supplement or substi tute nigh t armor training were conducted during
the introduction of Tank Forces Management (TFM) training by the 1st
Training Brigade in 1978. One application was in training for night—
time M6OA1 tank driving--cross-country and obstacle course. A second
application was in classroom training in disassembly-assembly of the
M219 machinegun under simulated night conditions . Fl

Each experiment involved the same general design : comparing three
different groups in three trial exercises. Only one of the groups used
the LADs in the second trial, as preparation for the nighttime (cri-
terion) trial. The other two groups provided control conditions for
comparing the LADs-trained group with (a) the group that received no
comparable night training, and (b) the group that did have actual
night practice prior to the criterion nighttime trial.

In all three groups the same measures were taken from the first
daytime trial to the last nighttime trial. These measures included
numbers iif errors observed on critical steps, overall subtask or task
ra tings, and , in the case of M219 disassembly-assembly, time to corn—
pletion , which represented an important standard for this task. A
total of 462 driver trainees were included in all the tank driving
comparisons, and 160 of those were in the LADs (experimental) group;
430 turret trainees were included in the M219 comparisons, with 129 of
those in the LADs (experimental) group.

Findings:

The LADs-trained groups were relatively successful in both M60A1
night obstacle-course driving and in M219 machinegun disassembly-
assembly. In each experiment the LADs-trained group performed as well
as or better than the night—trained group and significantly better than
the control group with no training .

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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The LADs were useful for simulated nigh t driving even on overcast ,hazy, and rainy days, though the Visibility range was significantlyreduced on such days. Use of LADs during daylight can provide similarbenefits to actual night training by enhancing task proficiency innight cross-country driving and in certain selected weapons tasks.

In the Opinion of observers, the welder ’s goggle chassis and fil-ter package adaptation used in this experiment was not sufficientlyrugged for regular troop training use .

Utilization of Findings :

The LAD concept can be recommended as an effective supplement ortransition to regular night training and as an effective substitutefor night training in certain tasks where problems in scheduling peopleand resources require reduction of the night~ training load. The appli-cation of LADs also offers potential for greatly increased control andsafety in selected night-training exercises. Further development ofthe chassis and filter package 1$ recommended.
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Ni ;wi ARMOR TRAININ ; IN SIMULATED DARKNESS

I NTRODUCTION

Recent  rev is ions  in m i l i t a r y  t r a i n in q  have laced i r ~~reased em-
phasis upon t r a i n i n g  for  ni ght  operat ions under  complete  b lackou t  so
as to prepare soldiers to perform without providing light clues to
enemy sensors . For example , tank drive r tra inees are required to
perform tasks such as M6OA1 tank cross-country obstacle course driving
at night with no lights inside or outside and no niqht-vision systems
aids. As another example , tank turre t crew trainees are required to
per form a complete  disassembly, assembly, and f u n c t i o n  check of the
M~ l~ machinequn in 4 minutes  or less , wi th  no errors , in darkness .

F Commanders and t ra iners  have expressed serious reserva t ions  about
the costs of n igh t t r a i n i n g  in terms of both personnel and equi ~me n t .
Prohib i t ive  schedulinq problems plus the  high incidence of tank damage
in n i g h t  d r i v i n g  that occurred when th i s  t r a in i n s  was introduced at
For t Knox , Ky . ,  in 1977 s t imula ted  a request to the U . S .  Army Research
Institute (ARI ) from the commander of the 1st Tra in ing  Brigade , Adva nced
Indiv idual  Tra in ing  Armor (AITA ) . The commander asked for support  in
a research project to explore the possible applicat ions of l i g h t -
attenuating devices (LADS ) to basic armor and basic reconnaissance
tra ining programs .

I t  was noted that  the nigh t environment presented hazards that
of ten  went beyond safe l imi ts  before the limi t was f u l l y  comprehensible.
For example , in one task , driver trainees negotiated a tank obstacle
course at night under complete blackout , i . e . ,  without the aid of in-
struments, infrared, headlights, or f lashlights. Of eigh t tanks per-
forming that exercise , five were disabled temporarily by the end of
the 20—minute session . Since maintenance costs associated with the

.repair and recovery of tanks are high , and since the night schedule
of training was heavy , the commander at that time sough t an alterna-
tive to actual training at night.

The LADs concept has been under development in ARI since 1974.
Three prototypes have been fabricated and evaluated for use in various
night combat training tasks , including nigh t r i f l e  marksmanship, dis-
tance estimation , target detecti on, terrain walking , and nap—of-the-
earth helicopter piloting .

OBJECTI’.i E

The objective of this evaluation was to determine whether LADs
training in the daytime could serve as an effective supplement or sub-
stitute for actual nighttime training in armor crew tasks.

1
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P ROCE DURE

Two para l le l  experiments were run c o n c u r r e n t l y ,  employing (a )  462
M6OA1 tank driver trainees in nigh t  d r iv ing  of a cross—country obstacle
course , and (b )  430 tank tur re t  t rainees in nigh t disassembly-assembly
of the M2 19 machinequn .

The d r iv ing  trainees were divided into three groups ; each group
received the same t r a in ing  on the f i r s t (dayt ime) t r ial  for record
and the last  (n igh t t ime)  t r ial  on the driving course . Only one of the
groups, the experimental group, wore the LADs on the second (daytime )
t r i a l  on the course. The other two groups served as controls.  One of
the control groups received no training between the f i r s t  t r ia l  and the
last  (c r i t e r ion)  t r i a l .  The second control group had an actual n ight-
practice run between the f i r s t  t r ial  and the cr i ter ion t r ia l .  Corn—
parisons were expected to determine whether LADS t ra in ing (given to k
the experimen tal group) was be tter than no t r a in inq  in its e f f e c t  on
the night t ime t r ia l  performance , and whether LADs t ra in ing  was as
e f fec t ive  as actual n ight  t ra in ing  in its e f f e c t  on the night t ime
criterion performance .

The same measures were used on each of the practice exercises de-
scribed above. The measures included records of errors——recorded by
the tank commander (TC) --on cri tical steps in driving subtasks such as
star ting, level driving, ver tical obs tacle crossing , di tch crossing , F
etc . The measures also included performance ratings by the ~~ /instruc-
tor on each subtask and records by the ARI observer on si te of cri tical
incidents and weather/terrain conditions.

The turret crew trainees were also divided into three groups that
followed a similar pattern of instruction through the M2l9 disassembly—
assembly exercises. The experimental group was given a daytime ( l ighted
classroom) tr ia l followed by a LADs t r ia l  and then a f i na l  nighttime
(blackout) trial for criterion. The first control group was given no

• training between the daytime trial  and the (blackout) criterion trial.
The second control group was given an extra blackout trial prior to the L
criterion trial.

Records of subtask errors on cri t ical  steps in each tr ial  were
kept by trainee/observers , who also rated the overall performance on
the task. In addition--since the performance standard called for M2 19
disassembly, assembly , and function check w i t h i n  4 minutes——elapsed
time was recorded on each t r i a l .

RESULTS

The LADs-trained group performed as well as the night-practice
control group in the M6OA1 night obstacle course driving , and both were
s ignif icant ly  better than the con trol group withou t tr a in i ng in measures
of performance improvement (error changes) during the training .

2
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I ’t - r t o rm a n e e  rat inqs did not show s i gn i f i can t  d i f f e r e n c e s  among the three
groups. Cr i t ica l i i u - i de r i  ts , l ar ge ly  minor incide? n ts such as thrown
t rack s or tanks mired  in mud , were scattered rather evenly among the
t h r e e  groups and were Oven more f requent  in day driving than in n i qh t
drivin g . Use of the LADs (~~f t ~~r an appropriate period of adapta t ion
to the dark) was feasible even during the worst visibility conditions
oxpori eneed--combinat ions of overcast, ligh t rain , and haze--though
t he range of visibility was reduced , as might be expected , on compara-
ble overcast or hazy nights .

Of the turr et crew t ra inees , the LADs-trained group performed as
well as the niqht-practice control group on M21&) machinequn disassembly-

~~sernbly error measures and somewhat better than the control qroup with-
ou t traininq , but the differences among groups were not significant.

• In terms of performance ratinqs , the LADs-trained group performed wel l ,
but differences among the three groups were not signi fi cant . On the
elapsed time measures, the LADs group performed significantly better
than the group without training and also significantly better than the
nigh t-practice group.

~ONCLUS IONS

1. The l i g h t — a t t e n u a t i ng  device (LAD) concept is appli cable and
training is effective in either supplementary or substitute
simulated night training in armor weapons and M6OA1 tank cross-
country obstacle course driving .

It’
2. Use of the LADs afforded certain advantages in class control ,

scoring, feedback , and correction by the instructors .

RECOMMENDAT IONS

The fol lowing recommendations are made, based upon the experimental
r esu lt s , the review of previous LAD research , and accumulated exper ience
w i t h  the  LADs .

1. The LAD concept has very wide application to simulated nigh t
training in tasks that are to be accomplished in moonlight to
low—starlight levels of darkness and that  do not require fine ,
detailed vision .

1. The density 5 LADs art’ not recommended for traininq tasks that
require detailed vision , such as acquiring main gun t ar get s  or
tracking distant targets on the tank optical sight system .

3. A more ruqqed chassis and fitt er package for the goggles will
be needed for most Army t r a i n i ng  applications.

•:::i : ~~~~~~~~~~~~~~~~~~ 
• ~~~~-~~- _____
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The introduction of the Tank Forces Management (TFM) Program of
Instruct ion for armor trainees placed increased emphasis on training
for ni gh t opera tion s wi thout the aid of a r t i f i c i a l  l i g h t in g . Trainees
were required to perform a numbe r of tasks under n igh t  cond i t i ons ,
giving no light signal to a potential enemy . The tasks included dis-
assembl y and assembly of the M2 19 machinequn i n a darkened room (for
gunner-loader trainees) and nighttime cross—country tank driving , using
neither exterior nor interior light (for driver trainees) .

When the 1st Training Brigade , Advanced Individual Training Armor
(AITA) , inaugurated this program of instruction in 1977, the scheduling
of personnel and equipment for night training strained the brigade ’s
resources. The commander noted tha t the night driving environment
presented hazards that were very difficult to control and associated Ps
with these was a high incidence of tank damage .

One suitable alternative was to use light—attenuating devices (LADS)
that simulated night illumination levels in dayliqht. Such devices have
been in development and evaluation by the U.S. Army Research Institute
for the Behavioral and Social Sciences (ARI) since 1974.

Simula tion of nigh t i l lumination levels using LADs could o f f e r  a
number of advantages over actual nighttime training in terms of safety,
training effectiveness, and scheduling flexibili ty. Safety and control
could be increased because individual and group performances could be
monitored more closely in the daylight by trainers with unrestricted
vision . For example, tank commanders/ins tructors (TC5) could observe
terrain contour and warn drivers of potentially hazardous situations .
Training effectiveness would improve since the TC would be better able
to observe , evaluate, and correct trainee performance . Finally , in-
creased flexibility in scheduling would be especially beneficial to
traininq centers with limited facilities.

To date (mid—1979), three prototype LADs have been fabricated.
They represen t different filter sandwich designs and means of attach-
men t: (a) a sandwich on the standard Army sun/wind/dust goggle; (b)
outsert lenses on the Ml7 protective mask , and (C) insert  lenses in  a
conventional welder’s goqqle. Figure 1 shows the sandwich version ,
field-tested for infantry tasks including distance estimation , targe t
detection , and terrain walking. Aviation tasks consisted of such nap-
of-the earth helicopter maneuvers as 360 and 45 bank turns, hovering ,
obstacle avoidance , and obstacle detection . The results of these pre-
liminary field tests were encouraging, since per tormances with the
LADs appeared degraded to the same extent as those under actual nigh t
conditions . Unfortunately, the initial mockup of these LADs could not
accommodate corrective lenses and was too fragile and expensive for
more extensive field testing (Farrell , 1975) .

4
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The fleX t st age  of development ‘ioduct’d l i gh t — a t  t t ’lttl. * t I ng I I t  ~ ‘

tha t  f i t as out  se t to uses  on ( l i t ’ t .mdard Army ‘t cc t I VI ’ m.ts k ( M l  /A I)
as shown i n  Figure 2. ‘flieso LAhs were I 10 l d — t  0cc t .‘d wt fit .‘l ‘tucti t S S I t ltt ’
9th Infari tr Division at t”o r t l,ewis , Wash. A bj&iensj ty It ’itc ; tt tv~ ic ~t an
opt ica I den s i ty  ~ f . ~ in t he  upper port ion and 4. &~ in the l ower pen t i sri
was used tsr s~ttt’ t y re~tsons— —so t h a t  n,tv i ga t o t s  coin I i i  Vt ’ I t y the i n  t ~ ‘~~‘ I —m g  e . t c ; i  lv.

The find i r igs  I ri d i cat  oil tha t compa red wi th ci ty ligh t c i ’ n it’ i-mar t ‘ t ’

actua l nigh t t tint’ per fonnancos dog railed i cm i f I cant I y in to flris s I m a y  I s i  —

t i c c i t  stcoe t and .tccu racy . Pert o rmanct’ obt a i iteil us I miii t he I .At ts were
i ut ermedi at e  t e  the so found iii t he daylight ~m~i a t  in I qh t . I t  .g ‘~ 

‘ear
tha t the I den~~i ty ~;, i t t ’ t y fe a t u r e  al lowe d nay i g . r t  ors ins  i m u  l.A I~,; t ~ ‘

trave l f a s ter  than those’ who per formed a t n i gh t  . h owever , the  A R1
~~ t en t  i s  ts conduct i nq t he research com ic I tided t h a t  a i rig le —d en s i t  V 1.Ah )
probably ~~ u ld  have y i e l d e d  r osin t comparabl e t c ’ , t c ’ t u a l  n i g h t  t i n il i sis
(Pe te rs , ~ lecla , ~ P i t i e t c ~ rg , I ‘17’)) .

F igure  sh c ’wc ; t hi ’ we 1 de ’r ~~ ; qoqq it’ ve ’rs iorr  ~~i i ch had undenqont ’
ox I 0115 Vt’ I tt! id test i nq at Fort Jackson , S . Ca r . , tot use ’ i n t hi ’ t ra i i i  —

ing amid te sting of n igh t ri fi t ’ marksmanship. The r e s u l t s  of tit ’ f i r s t
of these  tests  va I i  ~1.i t ~‘d the be’hav iora 1 correspond~’nce cc I t liocs’ ins i ri g
various optical  d e n s m t  ics of the’ LADs (4~~ ’s , ~~.O , .intci ‘c . . i) to the per—
forma r ices of men uride r di f fe ’ r’ t ’ri t lu n a r  phases ( f u l l  , gua r t e l  , am i d n e w
moon) . The cor n- e s~ ‘onde r ice was i n  to ruts o t the  ~~~‘ r c ’e’ i t t  .nge 0 t t ra i I t O t ’ S

qual i fy i  mii i f o r . re ’cord , whi ch i nvo l ved ach i ev I ri g .i sr ’ec i f i  i’d number of I ~
hi ts on expesures t o  ic op—up t a rg e ts . i t  var ious di  st  amtc ’es ; (Ii i oda , I “175 ;
B 1 eda ,‘~ Labro ~ Z i , I ‘17 9) . r

Cliii ’ limitation of the welder ’s goggle Version of the LADs Ic ; t lie
re ’c; tr I c ted f i t ’  Id of vi cc i on ——about  ‘ c~~ — —a s compared wi th the n i o r m a  I day —
time or niqhttirnt ’ fjt ’ld of v i s i o n — — a h ~’ut 17 1’ . The t int d i tiqs of t h e  p
Fort ‘Jackson field t t ’ ~~ I s indica ted that  a wid e ’ fj~’ld c i t  v i e w  is  rio t
essential for LADs used in nighttime rifle marksm,insh ip  t i a  i t t  i r ig ,tiid
es t i rig . However , an i mpor tart t gent’s t ion a r i se s  reqa i’d i rig the ext  en t

to which periphera l vision migh t  be necessary to d r ive  a t 5iri k on -  t o
disassemble—assemble weapons . In view of the limi tat ions i nherent in
the welder ’s goggle versi on of the LAps , the’ armo r t r ,u n i  rig brigade’
conunander reclines; t i’d t h a t  ART sc ion  t is t conduct a pro ii mi nary a550c;s —

merit of the fe a s i b i l i t y  of us i rig tJ~Ds t s r  various ul qt i t  t lint’ atiiio i t a sks.

Included among the  s e l e c t  i’d armor task;; wore drivin g wit ii t h e ’

M6OA I tank arid M34 driving trainer v eh i c l e , di sassembt v —assembi v of
the M2 1 “I mach ine-’qun , ansi  t i n e  t ank  gunn ery  t a sk  . U n ’  1 l in t  nary . % s S t ’Sc~~~
merit s  of the LADs i n  these app l i c.i t ion;; i n d i cat e d  a t . i i  i probabi I i  I v
of success w i th  th e’ driver tasks despi to the  r educed t te  Id of v i eW
pe run i t ted by the t AIls, an ti a re’ 1 at I VI’ ly high probabi ii iv of c; ’i l c ’c ’e’c ; c;

with the’ weapen d isassembly—asserubly task . The t ank gunnery task was
abandoned because no I t.her the’ t .inci e ’ t nor the t o t  Ic I e coin Id he ’ ac’qu i t e d
through the LAD when used w i t h  tank s i g h t s .

(c
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_ _ _ _ _ _ _ _ _

There t s i t ’ , t h e  1st Traininq Brigade and AR! decided to proceed
with field evaluatioii;; of the LADs applica tion to tank night driving
training arid night weapons disassembly—assembly t r a in ing .

Formal f i e ld  e v a l u a t i on  of the LADs was considered necessary for
severa l reasons . Foremost was the fact that  the LADs do rio t replicate
n i g h t  condi t ions  p rec i se ly ,  but approx imate some essential features of
ni ght illu m ination .

There was also some concern about the restricted peri phera l vision
of the welder ’s gogg le LAD, specifically,  that t h i s  would l i m i t  depth
and cite pe rcept  tor i  and i n h i b i t  sk i l l  acquisition. S - i

(J

Lr (~11T-A’rrE NuATINc; DEVICE DESCR IPTION

The density 5.0 filter package ~~s selected for this  experiment
be ’u ’amise  it appeared most l i ke ly  to provide a leve l of i l l u m i n a t i o n  corn—
parable t ic  n a t u r a l  n igh t t ime  unde r a wide ranqe of dayl igh t cond i t ions .
Sh own l~’low are’ the  dens i ty to l igh t  and t ransmissiv i ty  (T) to u l t r a —
v i o l e ’t (DV ) am id i n f r a r e d  (IR) , as wel l  as safe ty and env i ronmental
limitation s of the goggles used in this expe r iment.

Specifications

Filter package - t~~lded neutra l densi ty polycarbonate p l a s t i c
plates

— Density = (transmits 1 x 10 
5 )

- Reflective to LIV and IR

-6
T < 1 x 10 at 38Smir

T < 4 x ~~~~ from 750—260Ds11

- Deform s (bu t does not break ) on impac t

- Resists impact from -40°F to +25 0°F

Softens and distorts at +350°F

Filter package maker : ~~nnit ech Division of Gentex

Chassis (face mask) : Welder ’s goggle design with added flaps , foam
strips , and air vents

Chassis maker: American Optica l company

9

- 
___________ -~ --- . ~~~~~~~~~~~~~~~~~ 

L



RESEARCh PLAN AND PROCEDURE

Improvement of performance effectiveness was the criterion used for
evalua ting the LADs in this research . The standard was defined opera-
tionally as the degree to which intervening practice changed the per-
fornunce r a t ing,  the elapsed time, or the number of errors involved in
performing a given task . The research plan in both experiments included
three d i f f e r en t groups of trainees, only one of which received the LADs
training during the practice exercises. The other twe qroups were used
as con trol condi tions , in order to compare the LADs—trained qroup with
(a) the group that received no comparable intervening night t ra in ing,
and (b) the group that did have actual night practice prior to the night-
time criterion trial. The first contro l condition was included to pro-
vide a baseline level of performance for determining whether any type
of night t r a i n i ng  makes a difference . An actual night condition was
needed to determine whether the LADs provided nearly the same t r a i n i n g
transfer as practice during normal nighttime darkness.

p.-
The 1st Training Bri gade , in cooperation with ARI , conducted twe

concurrent f i e ld  experiments involving driver t ra in ing  wi th  the MGOA 1
tank and turret crew training in the disassembly-assembly of t.he M219
machinequn . A total of 24 companies participated in the tank driver
training , while only 12 of these same companies were represented in the
di sassembly-assembly training . Each company was made up of twice as 

- -S

many platoons of turret crew (qunner/loader) trainees as tank driver
trainees. The performance data were collected during practice exercises
prior to the examinat ion. The performance measures for both the tank
dr iver and disassembly-assembly tasks included error counts and sub-
jective ratings by obaervers. In addi tion, time required to comple te
the la tter task was recorded , because a time requirement is included
in the performance standard for disassembly-assembly of the M2l9
machinequn . - 

- ‘

Forty-eight platoons of driver trainees were assigned to the three
types of driver training conditions. The field experiment progressed
in a series of three phases which included (a) day training for al l
soldiers , (b ) exposure to one of three practice conditions, and (c) a
cri terion nighttime trial for assessing the effects of training . Each
practice trial for driver trainees involved their completion of seven
subtasks , including starting, stopping, vertical wall climb, di tch
crossing, and other cross-country terrain maneuvers on the tank ob-
stacle course. The tank commander/instructor used an inventory that
included a checklist on trainee performance for each critical step in-
volved in the subtasks and a rating scale on each subtask . In addition ,
the TC was required to report in detail on near—misses , personal in-
juries, or incidents of damage to the tanks (critical incidents). See
Appendix A for data form samples.

10
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In the disassembly-assembly f ie ld test , 48 platoons of turret crew
trainees participated . This test was conduc ted with two platoons at a
time in a half-day classroom exercise. Platoons were assigned system-
atically to the three comparison groups . The LADs practice and night-
training/testing trials were preceded by 25 minutes of dark adaptation .
In accordance wi th the usual procedur e followed at For t Knox , the night
trials did not occur during ac tual nigh ttime , but rather in a blacked-
out room in the training facility . Since the performance standard called
for disassembly—assembly and a function check within 4 minutes, the t ime
required to complete the task was recorded for each trainee . If all
trainees had not f inished af te r 10 mi nutes , the exercise was termi nated
to allow the remainder of the class to continue the session.

DRIVE R TRAINING RESULTS

Table 1 shows the mean number of errors in each of the experimen tal
conditions across the three training phases. Inspection of the results
indicates that both the LADs (simulated night) and actual night-trained
groups started with relatively high erro r rates tha t  were reduced by the
final phase. On the other hand , the group not receiving night practice - - -

started at the lowest mean error level and showed no change . I t  could
be arqued that th is  group was so low to beqin wi th tha t  any improvement
would be difficul t to demonstrate. However , the actual night-practice
group also s tar ted low, but did continue to improve across training
phases. One-way analysis of variance of error deltas (difference scores)
was signi f icant at p ~ .01. Newrnan-Keuls multiple range test of the
differences among the ordered groups indicated that the LADs-trained
group showed significantly better reduction in errors than the no-
practice group (p < .05). The night-trained group also showed signifi-
cantly better improvement than the no-practice group. The difference
between the night—training group and the LADs-trained group was not
significant.

Since three dependent measures were used in each of these experi-
ments, thus increasing the probability of a Type I error, a relatively
rigorous a level was adopted, ci = .01, for each analysis of variance
(T.~thle 2). A less stringent a = .05 was used in the Newrran—Keuls
multiple range test applications because it incorporates the number
of comparisons being made with any one measure into the size of the
critical difference required, and was used only after a significant
level (a = .01) was reached on analysis of variance (Brunting & Kintz,
1977).

Estimated omega squared (u
2
) value was .02, whether calculated

between the experimental group and the no—practice group or be tween 2
the no-practice group and the night-trained group. This level of u
indicates a small experimental effect (difference) either way--i.e.,
LADs-trained or night practice (Plu tchik , 1974).

11
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Table! 1

Me .i,n Numntv r of Errors Made’ in Dri vi mi~m M(~0Al Tank

‘15 n aim tug

~FoUp U Step I ~~t e ’1’ 2 Step 3
(day ) (nu I qh t ) change

LADs 160 3.0 2.4 2.0 +1.0

Contro l I 169 1. 1 —— 1 .1 0 .0
(no practice’)

contro l 11 l f l  1. ’~ 1 .j  (1 .0 f O . 7
(n ight  practice)

a
Ob~~~~~~d by su b t ra ct i n g  step errors from those made in  st ep  I .

Table 2

Error Count Differences (A
1 ~

) One -Way ANOVA 

Source ss di MS F p

Between groups 107.6 2 53..’ 5 .51 ‘- .01

Wi thin groups 4294.6 45~ 9.1

Total  4187.0 41,1

Performance ratings showed no sIqnifican t differences among the
groups (on analysis of variance), althou gh the niqht—tra j~~ d group per -
formed best.

critical incidents during e i t h e r  day or n igh t  t r a in i n g  were rela-
tively rare and scattered so that no group incurred more than its share
of tank disabilities. The most cosunon incidents  were thrown tracks ,
getting bogged down in mud , and , occasionally, locked brakes. No near-
misses or personal injuries wore reported during the field test . In
view of rou tine training experience , thi s zero report probably re-
flected the genera l aversion of organizational personne l to report
such incidents.

12 
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An ARI obse rver/da t~i ~-oe> rd I nia t or made hourly i -heck on sky and
visibility conditions d u r i ng  the pr act  ice  and t e s t  s~’~;s i ons . This  was
to determine’ whether d r i v i ng  w i t h  the ’  LADs w~es pract I ca l  under a l l  t vpe~
of weather conditions. During the ’ period of data collect lo in , 10 Ap r i l
through 11 July 1978 , trainees experienced d~ev~; tha t were overcast ,

and ra iu iy  in va ry ing  degrees. Even in the wors t  (~t these vi s i —

b iljtv conditions , the LADs were used e f f e c t i ve ly , thouqh the day t ime
v i s i b i l i t y  range was reiluct’d with LADs as migh t be ex pe c t e d  on a com-
parable overcas t or hazy n i g h t .

M219 DISASSEMRLY-ASSEMBIX TRAINING RESULTS

On the disassemb1’~ —assembly task the trainees generally performed
more slowl y and commit ted  more errors on the last (criterion) night—
time t r i a l  versus the f i rst  dayt ime t r i a l .  There fore , d i f f e rence sco res
were ge n e r a l l y  negative , presumabl y because of the more d i f f i c u l t  ex er —

4 cIsc’ w i t h  blackou t condi t ions.  The error score d i f f e rence s  favored the
exper imenta l  ( LADs—trained)  group, but  d i f fer e n c e s  among the groups were r

not s i g n i f i c a n t  (on a n a l ys i s  of var iance , p ‘ .0 1 ) .  See Table 3.

Table ~ F -4
Mean Numbe r of Errors  Made in M11 3 Disassembly-Assembly

Training phase

Group n Step 1 Step 2 Step 3 A 1 3a

(day) ( n i g h t )  change

LADs 129 .29 .50 .31 — .02

Control I 181 .37 — —  .54 — .17
(no practi~ ..,

contro l I I  120 .15 .25 .23 — .08
(nigh t practice)

Note. One—way ANOVA F’ not s i g n i f i c a n t .

a
~~qative A values indicate more errors, generally, on step 3 (night)

as compared with step 1 (day).

13
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Ratings of each trainee ’s performance were obtained , in addition
to error and time measures. Since the re were not enough ins t ruc to r s  to
attend to each indiv idual , trainees were instructed to score one another
on the correct performance of the five critical steps involved in the
task and also provide an overall performance evaluation of a 9—point
scale tha t ranged in value from 1 (ex t remely  poor) to 9 ( ou t s t a n d i n g) .
To prevent collusion , half the trainees were rotated to different
classroom position after each trial so that no two t rainees were per-
unitted to score one another. Performance ratings differences also
favored the LADS group over the no—practice group, but differences
among groups were not statistically significant. See Table 4.

Table 4

Mean Performance Ratings on M2l9 Disassembly-Assembly

Training phase

Group n Step 1 Step 2 Step 3 A 13a
(day) ( n i g h t )  change

LADs 129 6 .4  5.1 5.1 +0 .8

Control I 181 6.6 — — 5 .0  +1. 6

(no practice)

Control II 120 6.7  5 .7  6.1 +0.6
(night  practice)

No te . One-way ANOVA F not s i gn i f i can t .

apositive A values indicate lower ra t ings , generally , on step 3 (nigh t)
as compared with step 1 (day).

Table 5 gives the mean times required to perform the disassembly-
assembly task in each training condition across the various phases of - .

the field test. Inspection of the results indicates that, on the aver-
age , from 143 to 199 seconds were required to perform the task in day—
light , and more than twic e that  amount of time was needed during the
night  trials.  

- -
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Table  5

Mean Time (St-~-ien~1~; ) for Disassembly—
Assi-mh I y 0 M_ ’ 1’-) M a c h i  negun

Training phabe

11 S tep  1 S t e p  I Step  ~
(day ) (night) change

LADs 129 1b7 3 10 204 —1 17

Cent  rd I 101 ~~~ — —  310 — I l l
(no practice )

Contro l I I  120 143 37~) 3e7 — 2 2 3
(n i gh t  p r a ct i c e )

ivo .~ valut -s m ica tt- mean times were generally longer on steP 3
(niqht) as compared w i t h  step 1 (day)  .

Since the  acceptable s tandard for  both day and n i g h t  pe r formance is
the same —— 140  seconds——a large  port ion of the t r a inees  appa r e n t l y  did
not reach t h i s  leve l by the end of the p rac t ice  sessions. The resu l t s
i n d i c a te  t h a t  the LADs—tra ined group performe d the bes t  o v e r a l l .  In
fact , t r a i ne es  in th is  group outperformed t h e i r  counterpar ts  in the
n i g h t —  and no—nigh t —pract ice  cond i t i ons  by 83 and 1 3e.~ seconds , respe c-
t i ve ly .  The t ime  d i f f e r e n c es  be t ween groups were s i g n i f i can t  as indi-
cated by a n aly s i s  of v a r ian c e . Set - Table c’ .

Tabl e 6

Time (Seconds) Used in Disassembly -Assembly  of MI l  ~) Machinequ n
One-Way ANOVA

Source 55 df MS F p

Between groups 1.01 x 106 
2 5.05 x l0~ ~~~~ < .01

W i t h i n  groups 1.12 x 106 427 2 .63 x i0 1

Total  1.23 x 106 
4 10

15
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Newman-Keuls multiple range test of the differences among ordered
groups indicated that the LADs-trained group had significantly better L

time performances than the no-practice group. The LADs-trained , group
also performed significantly better than the night-trained group
(p - .05). The night-trained group was not s ign if i can t ly better than — 

-

the no—practice control group on time score changes.

2 .Estimated omega squared (w ) for the difference between the LADs
group and the no-practice control group was .23 , indicating only about
41% overlap between the experimental and control groups . The w 2 for 

- 
f;.

the difference between the experimental and the night-trained control
group was .18, indicating about 47% overlap . These differences are
relatively large (Plutchik , 1974).

The differential performances also were apparent in the relative
number of trainees who failed to complete the task within the 10—minute
limit. Table 7 shows, in each training condition, the number of trainees
who exceeded the 10—minute limit. These results further support the
finding that the LADs-trained group performed as well as the night-
practice group, and the no-practice group did worst.

Table 7

Number of Trainees Failing To Complete
Disassembly-Assembly Task

Training phase

Group Step 1 Step 2 Step 3 A13a
(day ) (night) change

LADs 0 1 2 —2

Control I 2 —— 41 39
(no practice)

Control II 0 11 9 9
(night practice)

aObtained by subtracting the step 3 number from that of step 1.

16

~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~ _ _ _ _ _



—~ -~~-——— -- ---- - - - ——-—— —--— —--
~~~~~~~~~

—--- - - -

Discussion

The dens i ty  5 LADs used in armor training can be expec t ed  t o  ~e-
duce luminances  to mesopic v is ion  levels on most days , as i l l u s t r at ed
by the arrows in Figu re 4.  On r e l a t i v e l y  clear days , driver trainees
were able to discr iminate  some inst rument  figures  as wel l  .i~; to ols;er ’ve
t e r r a in , personnel , and other tanks i n  the su r r o u n d i ng s , u sing  a com-
b i n a t i o n  of cone and rod v i s ion . Howeve r , cone v i s i o n  acu i ty  through
the LADs was not adequate for  target  acqui s it  ion , s~ q h t i r r q , or t r a c k i ng
on main  gun optical  s i g h t s .  Since the LADs do permi t rod vis ion , a 20 —
to ~0 — m i n u t e  dark adapta t ion  per iod  is  esse n t ia l  pr ior  to any pra( t i cal - 

-use of the LADs . In the armor tra Ining experiments reported here, ol 1
trainees in the ex }\~r imenta l  group adapted to the dark for a m i n i m u m  of
25 minute s prior  to each exercise w i t h  the device .

100.0(X ) -

-UPPER LIMIT OF VISUAL TO LERANCE
K).000 —~ RESH SNOW 0II CLEAR OAY

~ 1.000 - - AV(RAG( EARTH Ott CLEAR DAY co~r v,siott r
W ONLY A

100- - AVERAGE EARTH ON CLOUDY DAY _____

- WHITE PAPER IN GOOD READING LIGHT10-
z -~~~

- — w~iut PAPER $ FT FROM STO CANDLEz —
I-

0_ I  ROD $~ CONE

~~
‘ 001— - SNOW IN FULL NOON VISION p

~ 0001- - AVERAGE EARTH IN FIJLL MOON 
— 

- 
-

~ 00001 - ‘ SNOW iN STARLI6H T ‘~ - 
-5

P01. VIS ION’
•GRASS IN STARLtGH1’ - 

- ONlY 
- 

-
000001 ~~~~~~~~ 

-‘

000000$ - 

~‘ABSOI~UTE THRESHOLD OF SEEING ~~~- -- -.-. ~ -- . .  

Figure 4. lO~~ reductions in briqhtnesses resultinq from use of
the LADs , (a) on a clear day , and (b) on a cloudy day .
(Adaptation of Figure 3—8 from Van Cott & Kinkade , 1012 .)

Li~~~~~~~~~ 
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Resul t s  from this pair  of experiments and review of previous re-
search on the LAD concept indicate a broad range of potential m i l it a r y
training applications for the LADs. Different filter densities may is-

more appropriate for different tt-aininq requirements . Field e x $ s - r i c T i c e ,
while consistently favorable to the training effectiveness of the LAD,

has also consis tent ly  questioned the chassis and f i l ter  design . A smal l
human factors desiqn e f f o r t  is war r an ted  to develop a more rugged and
compatible military training design .

J
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APPENDIX A

ADVANCED DRIVING COURSE “A’ INSTRUCTOR DATA FORM
Gp _Day

LAD (day)
Advanced Driving Course “A” Ni htInstructor Data Form — 

g

Driver SSN_ - 

-

1. Subtask: Before Operations Date _________ Time________

Does the driver . . . Yes No

a. check the engine oil? 0 0
b. check the transmission oil? 0 0
c. depress the brake pedal before attempting ~- -

4 to start the engine? 0 0
d. check the gauges? 0 0

Performance Rating
1 2 3 4 S 6 7 8 9

Extremely Poor Average Above Outstanding
Poor Average

2. Subtask: Starting the Vehicle Date_________ Time_________

Does the driver . . . Yes No

a. fasten the seat belt? 0 0
b . move the shift lever to “S”? (P ’s 0 0
c. switch down the main engine fuel switch ? 0 0
d. fast idle the engine at approximately

1000 rpms for $ minutes to warm-up the
engine before moving out? 0 0 I -

Performance Rating
1 2 3 4 S 6 7 8 9

Extremely Poor ‘ Average - Above Outstanding
Poor Average - :

3. Subtask: Climb Vertical Wall Date — Time_________

Does the driver . . . Yes No

a. approach the wall at 900? 0 0
b. slow down sufficiently on approach to

the wall? 0
c. place the shift lever in “I. ”? 0 0
d. release the accelerator as the tank

pitches forward ? 0 0
Perfor mance Rating

1 2 3 4 5 . 6 7 8 9
Extri~ely Poor Averag e Above Outstanding

Poor Average

ATZ&-TC-TM 2323 
__________________________

1 Mar 71 .- .-‘——-— a— —
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4. Sub ta sk : Descend Vertical Wa ll Date________ Time________

Does the driver . - . Yes No
a. approac h the drop at 900? 0 0b. alert the crew of the drop? 0 0
c. place the shift lever in “L”? 0 0d. deceler ate sufficiently as th e vehicle

approach es the drop? 0 0
Perfor mance Rating 

LI1 2 3 4 5 6 7 8 9Extremely Poor Average Above OutstandingPoor Average

S. Subtask: Ditch Crossing Date
________ Time

________

Does the driver - . . Yes No
a. alert th e crew to the di~ ch crossing ? 0 0b. approach the ditch at 90 ? 0 0c. deceler ate before entering the ditch? 0 0d. accelera te properly to climb out? 0 0

Perfor mance Rating
1 2 3 4 5 6 7 8 9Extremely Poor Average Above OutstandingPoor Average

6. Subtask: Uphill Climb Date
__________ 

Time
________

Does the driver . . . Yes No
a. put the shift lever in “L”? 0 0
b. pursue a straight course? 0 0
c. keep climbing speed constant? 0 - 

-d. make any turns in the climb? 0
Performance Rating

1 2 3 4 5 6 7 8 9Extremely Poor Average Above OutstandingPoor Average

22

I ----——__-- - -  - - - - 
.- _ ;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
,-

—

~~~~

- .  -
~~~~~



Subtask: Stopping the Vehicle Date_________ Time________

Does the driver . . . Yes No -

a. apply the brakes evenly when coming
toaha l t? 0 0

b . place the shift lever in “P’ , after
stopping? 0

c. lock the brakes ? U 0
d. idle the engine up to approximately 1000 rpms

and hold for 2 to 5 minutes before pushing I
up the “Main Engine Fuel” switch? 0 0

Performance Rating
2 3 4 5 6 7 8 9

Extremely Poor Average Above Outstanding
Poor Average

I-

Please note below any occurrence not covered ear l ier incl uding damage to: 
‘
~~:

persons , property , near-misses , safety violation s, serious errors , etc.
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APPENDI X B

CRITICAL INCIDENT INTERVIEW

Was the tank you used the exercise disabled or inoperative
for any time? NO_______ YES

_______ If yes , complet e Section A.

J 1. Tank number , Desi gn Gp______ Step
_ _ _ _ _ _  H

2. In what way was the tank disabled or inoperative?

_ _ _ _ _  
threw track

_ _ _ _ _  
stuck

_ _ _ _ _  
other , please specify________________________________________

3. Date/time of occurrence______________________

4. Recovery.

a. Was a VTR 88 required to recover the tank? NO_____ YES_____

b . How many people were involved in the recovery of the tank? _____Men

c. How many hours were spent in recovery of the tank? ____Hrs

5. Repair.

a. Was there any damage to equipment? NO_____ YES_____

b. What was damaged?______________________________________

c. How many people were involved in the repair? Men

d. How many hours were spent in the repair? _____Hrs

e. What do you estimate to be the cost to repair or replace the
damaged equipment?_____________

6. Availability.

What was the total amount of time that the tank was unavailable for I -

training? 
_ _ _ _

Days (or) _____Hrs .

I
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jj7 Was any person injured during the exercise? NO_ 
____ 

YES
________

If yes , complete section B.

1. Tank number
________ 

Design GP 
— 

Step
________

2. How did injury occur?

3. Date/time of occurrence

4. Describe the kind (nature) of injury._____________________________

5. Estimate severity.

a. Slight , minor , no medical assistance required 
_________

b. Moderate , requiring medical help________

c. Severe, possibly crippling___________

d. Very severe, near fatal or fatal________

Did you experience a “near miss” during the exercise?

NO_________ YES_________ If yes, complete section C.

1. Tank number_________ Design Gp_______ Step_______

2. Describe the incident______________________________________________ fS
3. Date/time of occurrence

4. What was- the potential damage or injury?___________________________
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AP I’I’NP IX C

W1~.AT1LU~. A1-~l) ~LaRAIN CO>~i)~TIO~ S

~
‘ ~.T__________________ COMPA:~,Y ___________________

i~:. 
SKY V I S I B I L I T Y  ~~~~~ ~~~~~~~~~~ \~ :~~- ‘;

‘~-1
1~ 0O

1400 (
1600

2000

2 200

2400

SKY CODE V I S I B I L I T Y  COE~E

CB - Clear , very bright moonlight EC - Ex ccp t iona l ly  clc~ar , not less t~~ :; ~~~ - 
-

C - Clear , less than 10% covered VC — Very clear , not less than .73
S - Scattered, 10-50% covered C - Cle ar , not less than .53
B - Broken, 60-90% covered Ut - Ligh t ha ze , not less than .21
0 - Overcast, over 90% covered H - Ha ze, less than .21

D - Drizzle
R - R a i n
H - Hail
S-Snow

Note any unusual weather or terrain conditions, e.g. very heavy rain, dense
fog, mud or snow on surface.

ATU-TC-TM 2340
1 Mar 78 ,., 
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Gp _Day

APPENDIX D _LAD(day)

Night
M219 7.62mm COAXIAL HACHIN EGUN 

—

Dis assembly /Assembly
Instructor Data Form

Trainee Last Four SSN:______________ Date

DISASSEMBLY
Yes No

Does the tra inee . . .
1. Pull back on the charger handle while depress the buffer
support lever to remove barrel extension from the receiver?

2. Slide the breech block 2/3 of way across barrel extension
and li ft out to remove the breech block from the barrel
extension?

I— -

ASSEMBLY

3. Place the retaining ring on the support block after 1 i  EJmount ing the charger handle?

4. Push the buffer support lever down to level with the F
bottom of the receiver in inserting the barrel extension into
the receiver?

S. Quickly and correctly align and connect the barrel I 

- -

jacket and the receiver?

Disassembly and Assembly overall Performance Rating

Extremely - Poor Average Above Outstanding
Poor Average

Total elapsed t ime for clearing weapon , disassembly, assembly , and
performance function check.

- 
- 

_________PUn. 
- sec.

ATZK—TC—TBA 
1 Mar 78 

2324 
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