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FOREWORD

By assessing the human performance aspects of man/weapons systems
i,n f ie ld situations , the Fort Hood Field Unit  of the Army Research In s t i—
tute for the Behavioral and Social Sciences (ARI ) provides evaluation
support to Headquar ters , TRADOC Combined Arms Test Activity ( TCATA) ,
formerly Modern Army Selected Systems Test Evaluation and Review (MASSTER).

This ARI repor t describes research to suppor t MASSTER Tes t FM 265A$ (concer ned with the impact of introducing high mobility vehicles into
the Army inventory) by assessing the huma n factors aspects and driver
training implications associated with several vehicles : M813, M520, M656,,
and Lockheed Twister Dragon Wagon. The data provided input to mobility
programs and were responsive to the objectives of Army Project 2Q763743A775,
“Human Performance in Field Assessment , ”
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V~~~\N i- ACTORS AN t )  T R A I N I N G  IMPLICATI ONS OF’ ADVANCED—CONCEF T L ’AK ~~C \‘F:HICI.E~

INTRODUCTION

T hi s  ARI  re ’~’ort suppot ts MASSTE R Test FM ~f’5A ( “Advanced Concept
i o l e ’ — — C , t  z ~:o ” LA~’\’~ ’ 1 conducted at Fort Hood , Texas during 7 March t o

1 Sept ember  i ’t ’4 .  The spec if ic  purpose of FM 2t~SA was “ to i nves t igate ’
th i ’ i mpact of us ing  5— to 15—ton payload cargo vehicles with advanced
s t , i t u ’— o f — t h e ’ — ,~r t  m o b i l it y  and r ide ’  c h a ra c t e rt s t t c s  in  d i vi s i o n a l ty p e ’
u n i t  s ” aitd t o  “provioc input t o  mobil i ty proq i ant s and s tudies ” ( B e r r y
1-1 5 , p .  1) . In genera l,  FM ~~~~ cons t i t u t ed  part  of an overall  MASSTER
p r o gr a m  t o  eva lua te  h igh  mob i l it y  concepts  and t he’ i nt :-oduct ion of such
vi ii t c i t ’s in t o  the Army t f l V o i i  t o r y

PURPOSE ANt) OBJECTIVES

The purpose of th is  ARI study was to support Test FM 265A in two
i c i t t o  areas : (a) human factors , and (b) training implications . Thus ,

the ARI oh le ’ct ive  was to observe , ana lyze , and repor t human fac to rs
ot  the test vehicles and to detail a ss oc i at ed  implications for

di  l ye’ ! t r a i n i n g .

P ROCEDITRE S

H~~MAN l’ACTO RS

A R t  obtained mos t of the human factors data by means of a question-
na t re’ administt’re’d t o  drivers of the vehicles.  The’ AR T For t Hood F i el d  tY i i t t  prepared and administered the ques t ionnai re ’ . Noise—level  data ,
tio wi ’vt ’r , were collected w i t h  ins t rumenta t ion  operated by the Field In st ru—
m en ta t i on  Itiv is ion of the MASSTER Engineering and Ins t rumen tat ion  Direc—
or , t t  e ’ . Although noise leve ’ l is only one of several human factors con-

‘i i d e ’i t ’d  in this test , i~~ is discussed separa te ly  because of the d i f f e r e n t
measurement approach .

Human factors guestionnaire. A copy of the human factors quest i on—
n,t t re (Carqo Truck Ranking Form) is provided in Appendix A. The question-
isi  tre was completed by 3 drivers who had gained experience wi Ut t h r e ’e’

vehicles : the 5-ton truck ( M 8 1 3 ) ,  the OGER truck (M520) , and the Lockheed
T w is t e r  Dragon Wagon (D W) . However , the f ind ings  seem to apply also to
the’ 5-ton tractor (M818), the GOER Flatbed prototype , and the Dragon
Wagon in the t rac tor  configurat ion, because the driver compartments and
the power u n i t s  in these vehicles are the same or very similar to  those
of the M 813 , M52 0 , and DW.

__________________ _______ ______________ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~==- .



All of the 23 drivers were 5—to n and GOER operators . Seventeen  of
the tx ivers were brought to the fie ld for a period of 4 hours  each to
ex amine  and dr ive  the three types of vehicles . The other e’ d r i v e r s  w e r e
specially c ros s—tra i ned on the Dragon Wagon for  purposes of f i e l d  t e s t in g
is ee DRIVER TRAINING IMPLICATIONS section , below) .

Noise-level i n s t r u m e n t a t i o n,  Noise levels were measured for the
U i a q on  Wagon, the S—ton (M 8 1 3 ) ,  the GOER ( M 5 2 0 ) ,  and the MbSb cargo
t r u c k , us i ng a sound-level meter placed in the d riv e r  compa r tment cit
e’ ,t~~h of the tested vehicles .  The windows of the vehic les  were open ,
and cargo compa r tments were empty . The vehicles were operated at v a r yin g
speeds , engine RPM , and in various gears on a grave l road . Readings on
the  s o u i i d — l e ’ve’l meter wer e ’ not corrected fo t  ambient noise because the
tests were conducted in  a r e lat i v e l y  qu ie t  e n v i r o n m e n t .

The sound-level meter  provided two measures of sound level in
decibe l s .  The f i r s t  measure indicated unweiqhtvd decibe ls .  The second
measure i ndicated decibels weighted to a t tenua te  lower f requencies,
t lte’re ’l’y approximating mor e closely the loudness se ns i t i v i ty  of the human

e ’,tr . The norma l human ear is s ens i t i ve  to frequencies ranging between
20 to 20,000 Hz; it is most sensitive to frequencies between 500 and
b , 000 Hz .  To correct the sound—level  meter  readings for t h i s  fa c t o r , t h e ’
A—wei gh ted  network , which is most wide ly  used f o i  s imple compar isons  of
s i mi l a r  no t  se’ sources , was appi tt’d (Harr is  * l ’t5 ’  ; Pete rson t. Ci ciss ,

D R I V E R  TRAIN t N ~; IMPL ICATIONS

C r o s s - t r a i n i ng  on Drag~on Wagon. Six drivers of the S-ton and GOER
t rucks  were cross-trained on the Dragon Wagon . They wet-c f i r s t  given
in o r ien ta t ion  concerning controls , s h i f t i n g , instruments , and vehicle
characteristics includ i ng capabilit ies, limitations , and sa fe ty  precau-
t ions for the vehicle. An experienced driver provided by the Dragon Waqon
manufac tu r e r  conducted the or ien ta t ion  and other training .

Dr ive rs  then practiced n ego t iat i n g  various types of terrain. Fir s t ,
the experienced dr iver  drove the vehicle over the te r ra in , showing the
t ra inee  how to s h i f t , accelerate , brake , e t c . ,  and then the trainee
drove with the experienced dr iver  coach ing from the passenger seat.

During subsequent practice , emphasis was placed on learn inq to
“read the terrain ,” I.e., the experienced driver pointed out examp les of
obs tacles , vegetation, and other terrain features which could be negotiated
by the vehicle . He also showed the trainees terrain features which would
be too difficult to attempt. This segment of training also demonstrated
how to take advantage of “targe ts of opportuni ty, ” such as steep h i l l s ,
high steps , and complex curves , for driv ing practice .
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h n k i n q — u ~ s l~ cr etions were a lso  i r ~clu d ~’d as a t oj ic of training .

or t , ic l r  o t t h i  three  i n i t i a l l y  selected driv ers , the t r a i n i n g  P e riod
l i s t e d  ~t i i r o x i m a tely 2 days . For the last three d r i v e r s , the t r a i n in g  was

‘rsle ’nse’d to 1 day and less practice on “targets of ouipor turli ty ” was
al lowed . Less then 1 day of t r a i n i n g  per dr iver  was permitted on the
t r -t c t o r - r r a . l e ’ r r i g s  because those vehicles  used the same d r i v e r  compar t -
ment and powec plan t as the trucks . To familiarize themselves with the
t r a c t o r — t r a i l e r . ’, d r i v e r s  drove? an empty veh ic le  a round  the course once ,
s lowly,  arid then ~ r i c t  i c ed  backing up.

Training_im~dicaiio~~ questionnaire. A copy of the trainin g impli—
t t  io ns questionnaire (Evaluation of Driver Training with High Mobility

T rucks)  is provided in Appendix B. This questionnaire was completed by
the’ s ix  d r i v e r s  who had been cross—tra ined on the Dragon Wagon.

A f t e r  the d x  ivers  had completed their  t r a i n i n g  period and had begun
dr i v i n g  t es t  runs , they answered the ques t ionna i re  on t r a i n in g  impl i ca t ions .
The quest ionna i re f i r s t  asked them to evalua te  and comment on the Dragon
Wagon t r a i n i nq t h e y  had received . Then i t  asked them to indicate  d r i v i ng
s k i T  Is tha t  arc n ec e s sar y  for  the Dragon Wagon or COER bu t  not  the 5—to n ,
and sk i  i T s tha t  ,r r e ’ necessary for  the S—ton but  not the’ Dragon Wagon or
GOER .

RESUL TS

HUMAN FACTO RS

~~~est i on n a ir e . The h uma n t ac to r s  quest ionnaire  required each
d r i v e r  to rank the three ’ vehic les  on 36 d i f f e r e nt  human factors i tems .
The average (mean) ranks given to the vehicles on each task are shown in
the first three columns of Table 1.

The responses given to each i tem were analyzed by using the Friedman
analysis of variance with ranks (Siegel, 1956) to determine if the d r i v e ’x s
as a group tended to rank one vehicle over another on that. task . The
null hypothesis, tested at the .05 level, was that the mean ranks given
to the vehicles were equal. For each item where the null hypothesis was
rejected, multiple compar’.sons of all pairs of vehicles were performed--
again , using the .05 level—-to determine specifically which vehicles were
preferred over which other vehicles. The results of those analyses are I:
presented as a set of “der ived ranks ” for each human factors item.

The derived ranks are given in the last three columns of Table 1,
They represent the rank order of the observed means in the first three
columns , tak ing in to accoun t the statistical signif icance of the differences
among the observed means. For example , for item 1 the three mean ranks
were all significantly different from one another. Therefore, the most
preferred vehicle (the 5—ton , with mean rank of 1.2) was ranked “1, ” the

3
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Tabl e 1

MEAN OBSERVED RANKS AND STATISTICALLY DERIVED RANKS
FOR HUMAN FACTORS ITEMS

Mean Observed Rank Derived Rank
Human Factors Item a

OW 5-ton GOER OW 5-ton GOER

Driver Compartment

• Ease of entertng/-
leaving (23) 2.0 1.2 2.8 2 1 3

• Freedom from sharp
corners , knobs , levers
(23) 1.5 1.9 2.5 1.5 1.5 3

• Support and comfort
of seats (23) 1.4 2,5 2.1 1 2,5 2.5

• Head room (23) 1.6 2.3 2.1 1 2.5 2.5

• Leg room (23) 2.1 2,0 1.9 2 2 2

• Hip/shoulder room (23) 1.7 2.1 2.2 2 2 2

• Driving position (23) 1,6 2.3 2.1 1 2.5 2.5

Vis ibility

• To front (23) 1.5 2.4 2.1 1 2.5 2.5

• To sides (23) 1.8 2,1 2.1 2 2 2

• To rear (22) 1.7 2.4 1.9 1.5 3 1.5

• Freedom from glare (22) 1 ,4 2.2 2.4 1 2.5 2,5

Readability of Instruments

• Speed (22) 1.4 2.2 2.4 1 2.5 2.5

• Temperature (22) 1.6 2.1 2.3 1 2,5 2.5

4 
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Table 1 (cont)

Mean Observed Rank Derived Rank
Human Factors Item ~

OW 5-ton GOER DW 5-ton GOER

• O il pressure (22) 1 .7 2.2 2.1 2 2 2

• Air pressure (21) 1 .7 2.1 2,2 2 2 2

Con trols

• Position/size of brake
peda l (21) 1,5 2.4 2.1 1 2.5 2.5

• Position/ size of clutch
pedal (data unavailable) - - - - -

• Pos ition/size of
steer ing wheel (22) 1.7 2,0 2,3 2 2 2

• Location of gear
shift lever (21 ) l. S 2.1 2.1 2 2 2

• Locat ion of all-wheel-
drive lever (22) 1 .7 2.5 1.8 1.5 3 1.5

• Eas e of engaging/disen-
gaging all wheel drive
( 2 2 )  2 .0 2.3 1.7 1. 5 3 1.5

Steering . braking , shifting

• Ease of steering on
road (19) 1.8 1,7 2.5 1 .5 1 .5 3

• Ease of steering across
country (19) 1.6 2.0 2.4 1 2,5 2.5

• Ease of controll ing in
reverse (17) 1.8 1.9 2.3 2 2 2

• Ease of turn ing wheel
when stopped or at
very slow speed (19) 1 .9 1.9 2.2 2 2

S
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Ta b le 1 (con t )

Mean Observed Rank Derived Rank
Human Factors Item a

OW 5—ton GOER OW 5-to n COER

• Ability to feel road (19) 2.1 1.6 2.3 2.5 1 2.5

• Freedom from steering
wheel vibration (19) 1.6 2.3 2.1 1 2.5 2.5

• Di rectional stability when
braking (19) 1 .5 2.3 2.2 1 2.5 2.5

• Brake pedal effort (19) 1 .7 2.5 1.8 1 .5 3 1 .5

• Ab 11~ ty to stop quick (18) 1.8 2.4 1.8 1 .5 3 1.5

• Ease of shifting (18) 1.7 2.5 1.8 1 .5 3 1 ,5

• Adequacy of transmission /-
gear ratios (responsive-
ness , smoothness of
shifts , amount of shifting
required) (18) 1.5 2.2 2.3 1 2.5 2.5

Ride

• Smoothness on road (22) 1.4 2.0 2.6 1 2 3

• Smoo thness across country
--smooth terra in (21) 1.3 2.1 2.6 1 2 3

• ~~ c~~n’~s s across countr y
-- r r ugh ~erra 1n (22) 1.3 2.1 2.6 1 2 3

-. 
Sustained operation

• Pr,-~~~’ r r d  ~‘e hfc1e for
s~ t~~i ned o pera tions (4
~c~ r c or more) (21) 1.4 1 .9 2.7 1 2 3

Note. Smaller numerical values indicate more preferred ; larger , l ess
pre ferre d.

~ Numbers in parentheses indicate number of drivers who ranked all vehicles
on the it em.

6
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least preferred (th e GOER , with mean rank of 2.8) was ranked “3 ,” and the
Dragon Wagon , which fell between the others , was ranked “ 2.” Where the
mean ranks between two vehicles were not significantly different , they
were assigned the same derived rank . For example , in item 2 , the mean
ranks for the Dragon Wagon and the 5—ton were both significantly greater
than the mean rank for the GOER, but not significantly different from each
other . Consequently , the GOER was ranked “3 ,” and ranks “1” and “2” were
split between the Dragon Wagon and the GOER by assigning them each a
derived rank of 1.5. Where no significant differences occurred among the
three mean ranks for an item , the derived rank is “2” for all three
vehicles (obtained by spl i t t ing “1, ” “2 , ” and “3” evenly among the three
vehicles).

The group of drivers ranked the Dragon Wagon as number one , over
both the other vehicles , on 16 of 35 items . The M813 5-ton was ranked
number one , over the other two vehicles , on two items : “ease of entering
and leaving cab” and “ability to feel road .” The Dragon Wagon and the M8l3
were both ranked number one , over the GOER, on two items : “freedom from
sharp corners , knobs, and levers in cab” and “ease of steering on road.”
On six items the Dragon Wagon and the GOER were both ranked number one ,
over the M813. Ori nine items the drivers felt there were no significant
differences among any of the vehicles.

Noise levels. The two sets of noise—level measures (unweighted
and weighted decibels) are shown in Table 2. In all cases when the
gear, speed , and RPM were similar , the noise level in the Dragon Wagon
was lower than in the other three vehicles. The M8l3, the GOER, and
the M656 were more similar in noise level , with the M8l3 having slightly
higher noise levels at the lower speeds and a lower noise level at the
highest speeds. ALthough these differences in noise do not appear great
in absolute terms, decibels are measured on a logarithmic scale , and a
10 dB increase on the scale represents a tenfold increase in intensity
of the sound stimulus , To give the reader a better understanding of the
noise levels experienced in these vehicles , Figure 1 shows selected
reference noise sources.

DRIVER TRAINING IMPLICATIONS

The findings from the training implications questionnaire are
summarized below .

Driver evaluation of provided trai~4~s. Four or more of the six
drivers who were cross-trained on the Dragon Wagon fel t  that the moderate
amount of training received was suf f ic ien t  in the following areas : hill
-limbing , cross ing vertical obstacles , cross—country driving, crossing
ai tches , back ing up, transmission characteristics, use of driver controls ,
re.’ding driver instruments , and safety precautions .

7
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Table 2

NOISE LEVELS IN DRIVERS’ COMPARTMENTS OF TEST VEHICLES

Gear Speed (MPH) RPM Decibels Decibel s (A-we ighted)

Lockheed Twister Dragon Wagon 
S

Low Range

1 5 1500 98 88
1 5 2000 105 93
1 5 3000 108 97
2 5 2500 108 94
2 5 3000 110 96

3—4 15 3000 111 96
3-6 15 3000 111 97

High Range

1 8 3000 109 .6
• 3-6 40 3000 112 98

5-ton Truck (14813)

1 5 2000 109 100
2 11 2000 111 100
5 47 2000 114 101

GOER Truck (14520) 
____________

1 4 1500 109 95
‘l 8 2000 109 98
1 10 2300 112 100
2 10 1500 111 96
2 16 2000 110 98
2 19 2500 113 100
5 17 1500 111 98
6 29 2000 110 105
6 33 2500 116 105
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Ta ble 2 (Cont ’d)

Gear Speed (MPH) RPM Decibels [~ecibe1 s (A-weighted)

Cargo 5-ton Truck (14656) 
_____

Low Ran ge

1-2 7 1500 108 95
1-2 10 2000 112 101
1— 2 13 2500 111 94
1— 2 15 2800 1 1? 105

Hig h Ran ge
3_4 14 1500 112 98
3-4 18 2000 116 102
3-4 24 2600 113 106
3—6 50 2800 115 106

De~ the1.~

1 30

Jet take off

120

Riveting machine

110

Pneumatic hammer

‘100

Bo il er room —

90

— Pneumatic drill

Ins i de sports car

FIgure 1. Examp l es of sounds on A-weighted decibel scale. Extracted
from McCormick (1970) and Tr’emal ne (1969).
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At least t h r e e  of the six  d r i v e r s  i ndi cat ed  that  addi t ional  traininq
would have been helpful in: crossin’5J water (fordinq) , high-speed travel ,
crossing thickly wooded areas , vehicle limitations , and operator main-
tenance.

None of the six drivers indicated that they had received too much
or unnecessary t r a in ing  in any of the areas .

Comparison of necessary dr iv ing  ski l ls .  Drivers who had dr iven
-
j the three vehicles were asked to indicate driver skills and knowledge

that were necessary for  the Dragon Wagon or GOER but not the 5-ton
truck and vice versa. Their comments are synthesized under four  headi i i~ s:

I .  Transmission and s h i f t i n g: (a)  With the 5-ton truck the dr iver
mus t know when and how to use the clutch and gears to operate the vehicle
efficiently over complex and changing terrain and to prevent engine RPM
from f a l l i ng  too low . Especially important  is the knowledge of when to
dow n&üf t  and the ab i l i ty  to do so smoothly . Alsc , knowing when and how
to use the transfer to change from one range of gear levels to the other
is important. (b) The Dragon Wagon has an automatic transmission, and
the GOER a semiautomatic transmission; thus use of the clutch is elimi-
nated , and use of the gearshift is reduced . Drivers , however , must be
well familiarized with the automatic transmissions and how the gear
-, ot t i n q  and the t r ans fe r  should be used in d i ff e r e n t  types of t e r ra i n
in order to operate the vehicle e f f e c t i v e l y .  To prevent s t a l l i n g  in the
GOER , knowing when and how to downshift is important.

2. Steering : (a)  The 5-ton truck is more d i f f i c u l t  to handle on
wet roads than the Dragon Wagon . (b) Both the Dragon Wagon and the C,OER
have some steering problems. The GOER was particularly difficult to
steer over rough terrain; additional training is needed in such condition~:.
The Dragon Wagon has very sensitive steering and the driver must become
accustomed to that characteristic in order to prevent oversteering.

~
. Read i ng the route : (a )  For all three vehicles it is impor tan t

that  the d’ ver be able to read the specified route but not for the same
reasons . With the 5-ton truck the driver must be aware of holes , bumps ,
and other sources of roughness because this vehicle wi l l  produce a rough
ride unless it is traveling slowly . The GOER must take holes and bumps
even more slowly than the 5—ton , and the driver must also be aware of
the width of the route because the vehicle is extra wide . (b) The driver
has a slightly different problem with the Dragon Wagon. He must learn
to maintain faster speeds on routes where he would ordinarily slow down
w i t h  the other two vehicles. If he does not mainta in  faster  speeds ,
the vehicle will not be used as effectively as it could be.

4. Vehicle capabilities: (a)  Both the Dragon Wayon and the GOER
have important capabilities--for example , the GOER’s ability to cross
mud and the Drago n Wago n ’s abili ty to climb steep h i l l s  and smooth the
ride across rough terrain. Familiarization with all the capabilities of

10
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I

tci~ 0 the you i c i t  i s des i ab 1 e Jui i rig r a i i i i  rig . Ii ktw i :;t’ • the 1 imi t a—
ons ot each v t ’h i c l t  should  be th o r  o uqh ly  cov or  id during i i  a i n i r i g  . (b

It akt’ , o ’vt. ri 1 weeks o t Jr v i  is~ t i me to corn,. thoroughly fami liar wit Ii
ho 1)~ , ; ‘ii Wdqon . The i n I t  i al t e n d t  ncy  1 t ‘ t rt ’a t the Dragon Wagon I ike

in ’ ot i i t r cargo v,.’i’iclc ot simila r s1~~t ;  consequently, its cal abl i r t ion
a n t  is  t fully un i d unti l time arid tx I t r it ci build ii i - the dr i  Vt ’ I ‘ S Ci i i —

ii i t n ~- t to the ~s t i n l t  whi r, in w ill u t  t he  v t ’ i i i c 1 t -~ i i i ~ ’r r a t e ly

CON~’1 US IONS

Ri nu  I t from the human I ac tot : ;  quest ionina 1 re i iid i cat e that when
conn~srrei l , the Dragon Wagon is clearly su~ t’r r o t  t o  the 5—ton MHl 3 and the
( i n : R  M .’It . Ou t  of ~~~ items on which  there were statisticall y significant
d ii t i l  t’nlc& n , the Dragon Wagon ~as ranked above the o ther  two vehicle ; on
1. items and tied for first Ilace on 8 of the remaining 10 items. In
on t r an t  , t h e  5 — t o n  and GOE R were approxinn.r t i 1 y equa l . The 5 — t o n  was

r a n k e d  highe r than the i;OEk on 8 of the 2t items ; the GOER was ranked

• h i q h e r  t han  the 5—ton t~ t i m , .’:; . They were t i e d  on 12 of the 26 i tems.

l i i  t erms of noise levels , the Dragon Wagon was again superior t o
t h e  other vehicles t est ed—-S- ton  M8l3 , GOER M520 , and M656 cargo t ruck .
1 ) i t t t r t n c e s  i n  perceived loudness result inq  from the d i f f e r e n c e s  in
it s  rh ’ l levels art ’ larger  than might be inferred from an initial examina-

( i o u  of the data. As a poin t  of reference , Tremaine ( 1969) reported that
.r d.’c t t , i s v  in n o i se  level from 100 dB to 95 dB produced a 35 percent
i t c n t ine  in loudness , and a decrease from 100 dB to 90 dB produced a 56

}t rci ’r; t decrease  in loudness. Thus , it can be reasoned that the d i f fe rences
i n  n ;oO ;e  level between the Dragon Wagon and the other three vehicles wil l
ito n o t  icisibic to dr ivers  and passengers .

According t o  the unweighted decibel readings , all of the vehicles’
; , t l , ; e  levels are below tire threshold of pain , but several border on the

t h n ,bo ld  of d i scomfor t .  The threshold of discomfort is the minimum
c r i u t ’  of sound pressure of a given frequency that will cause discomfort
t o  a l i~~t , . ’ n i e t 50 percent of the time (Tremaine , 1969). A similar definition
,r t j i r t ’ : .  to the threshold of pain. At the frequencies involved here , the
• ii - . m t o n t  threshold begins at about 118 dB , and pain begins at about
1.i~ dB . Because the actua l noise levels in these vehicles will vary around
the recordt’&l readings , i t  can be expected that at times the noise levels
in the GOER , the M656, and perhaps even the M8l3 will cross the discom-
t o r t  threshold when these vehicles are operated at  higher  speeds .

One important  question regarding noise levels is whether extended
t ’xr osurt ’ is likely to produce permanent hearing loss. This question
cannot  be answered on the basis of the limi ted data collected in this
t i n t , but a warn ing  can be raised . According to Peterson and Gross (1967),
“An A-weighted sound level about 90 dB indicated that  the noise may be
unsafe  for eve ryday exposure , at least for  some people, and further mea-
surements are then necessary to determine if noise  reduct ion or ear
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protection is necessary ” to prevent permanent hearing loss. As shown in
Table 2 , nearly all the A-weighted readings were over 90 dB. Further
investigation of the noise levels experienced in these vehicles is there-
fore des irable , particularly for the M813 because it is already widely
used by Army drivers who do not wear ear protect ion . Ear protection
is currently required for drivers and passengers of the GOER.

Ei n ,e ll y , only one vehicle of each type was tested for noise level .
Wh ether  the  pa r t i cu l a r  vehicles are typica l ~t f  a l l  vehicles w i t h i n  each
t y ~~ t is unk nown. Consequently,  these resu l t s  should not be viewed as
conclusiv e’, but should be cross—val ida ted  w i t h  add i t i ona l  vehicles .

Because only six drivers were involved in driver training, the
ti :nlr nqs regarding training implications may not be conclusive . However ,
t h e ’  six drivers were experienced drivers , having driven trucks and tractor-
trailers for lengths of time ranging frr .’n 9 months to 8 years.

With respect to training , the following implications should be
considered in any driver training program for the Dragon Wagon or GOER:
(a) All 14 topics listed earlier in the section headed “Driver evaluation
of provided training” should be included in a training program . In
particular, the topics that deal with capabilities and/or limitations of - •

the vehicles should be stressed . (b) In training drivers on the Dragon
Wagon or GOER, a course that gradually increased difficulty of terrain ¼

could be set up to give trainees a variety of experiences with the vehicles.
• Various types of terrain and obstacles should be incorporated to take

the vehicles close to the limits of their capabilities . Starting with
the easy terrain , a driver could work up to the most difficult terrain ,
thereby buildi ng the knowledge and confidence necessary to operate the
vehicle appropriately . Cc) The Dragon Wagon has an automatic transmis-
sion and the GOER has a semiautomatic transmission which makes the task of
learning how and when to shift gears less complex. However, this aspect

• of driving should still be emphasized , because considerable shif ting of
gears is required in order to use the vehicles most efficiently over
changing terrain. Cd) Because of the more sensitive steering of the
Dragon Wagon and the GOER, drivers should be allowed to familiarize
themselves with the steering at slow speeds and on level terrain before
attempting more difficult routes. The GOER may also require additional
practice over rough terrain because of the difficulty of steering in
such conditions .

12
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Appendix A

HUMA N FACTORS QUESTIONNAIRE

Form So was used to elicit dri vers ’ judgments concerning human
factors characteristics of the vehicles . Ha lf the drivers received
the form as shown here whi le the other half received a form with the
order of vehicles reversed . While the M656 truck is shown on this
form , that column was not used because the truck had not yet arrived
for testing when the rankings were recorded,

A-l
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FORM 5a SAMPLE

CARGO TRUCK RANKING FORM

NAME GRADE SSAN ___________________________

MOS POSITION IN UNIT AS SI GNED _

DRIVIN G EXPERIENCE 5-TON TRUCK AND UP: VEHICLE MONTHS DRIVEN

INSTRUCTIONS: You are participating in a field test to eval uate high
mobility cargo vehicl es . As part of that evaluation your opinions about
the vehicl es are needed . Please rank the vehicles below on each of the
characteristics listed . Give a rank of a 1 to the vehicle you think is
best , a rank of 2 to the second best vehicle and continu e assigning ranks
until you have put a number on the line for each vehicle you have driven .
If you have not driven one of the vehicl es , put an X through its name
at the top of the page.

VEHICLES

Dragon
VEHICLE Wagon 5-ton GOER M656
CHARACTERISTIC Truck Truck Truck Truck

DRIVER COMPARTMENT :

1. Ease of entering and leaving cab. 
_____ _____ _____ _____

2. Freedom from sharp corners ,
knobs , levers In the cab. 

_____ _____ _____ _____

3. Support and comfort of seats . 
_____ _____ _____ _____

4. Head room In the cab, 
— _____ _____ ____

5. Leg room In the cab. 
_____ _____ _____ _____

6. Hip and shoulder room In the cab. 
_____ _____ _____ _____

7. DrIving position. 
_____ _____ _____ _____

A-2
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FORM 5a (cont)

VEHICLES

Dragon
VEHICLE Wagon S-ton GOER M656
CHARA CTERI STIC Truc k Truck Truc k Truck

VISIBILITY :

8. Visibility to front. 
_____ _____ _____ _____

9. Freedom from g lare . 
_____ _____ _____ _____

10. VisIbility to rear. 
_____ _____ _____ _____

11. VIsibi lity to sides . 
_____ _____ ____ _____

INSTRUMENTS :

‘12. ReadabilIty of instruments :

a. Speed 
______ ______ ______ ______

b. Temperature 
_____ _____ _____ _____

C. Oil pressure 
_____ _____ _____ _____

d. Air pressure 
_____ _____ _____ _____

CONTROLS:

13. Position and size of brake pedal . 
- ____ _____ _____

14.’ Position and size of clutch pedal. - _____ _____ _____

15. Position and size of steering
wheel . 

_____ _____ _____ _____

16. Location of gear shift level . _____ _____ _____ 

-•

17. LocatIon of all wheel drive
lever . _____ _____ _____ _____

18. Ease of engaging and disengaging
all wheel drive. _____ _____ _____ _____

A-3
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FORM 5a (cont)

VEHICLES

Dragon
VEHICLE Wagon 5-ton GOER M656
CHA RA CT E R I S T I C  Truc k T ruck  Truc k Truck

STEERING , BRAKING & SHIFTING:

19. Ease of steering on the road. 
_____ _____ _____ _____

20. Ease of steering across country . 
_____ _____ _____ _____

21. Ease of controlling in reverse. 
_____ _____ ____ ____

22. Ease of turning wheel when
stopped or at very slow speed . 

_____ _____ _____ _____

23. Ability to feel the road . 
_____ _____ ____ ____

24. Freedom from steering wheel
vibration. 

_____ _____ -~~~~~~~~~~~

25. Directiona l stability when
braking. 

_____ ____ - _____

26. Brake pedal effort required . 
_____ _____ _____ _____

27. Ability to make quick stops . 
_____ _____ _____

28. Ease of shifting gears . 
_____ _____ _____ _____

29. Adequacy of transmission/gear
ratios (responsiveness, smoothness
of shifts , amount of shifting
required). 

_____ _____ _____ _____

RIDE :

30. Smoothness of ride on road. 
_____ _____ _____

31. Smoothness of ride across
country.

a. Smooth terrain 
_____ _____ _____ _____

b. Rough terrain 
_____ _____ _____ _____

OVERALL :
32. Preferred vehicle for sustained

operations (4 hrs or more). 
_____ _____ _____ _____

A-4
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Appendix B

TRAINING IMPLICATIONS QUESTIONNAIRE

Form 6a was used to elicit drivers ’ judgments about driver
training implications regarding the vehicles . Question 2 was not
used because cross-training on the GOER did not occur.

B-l
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FORM 6a SAMPLE

EVALUATION OF DRIVER TRAINING
WITH HIGH MOBILITY TRUCKS

(Structured Interview )

INSTRUCTION S: Please answer the following questions about the training you
have received on the hi gh mobility trucks .

‘1 . In what areas of driver trainin g with the Dragon Wagon Truck should you
have had a differen t amount of instruction and practice before the test
began? Check the appropriate block for each topic of training listed.

Needed Needed Amount Needed
Much More A Litt le i f Tra i n i ng Less

TOPIC OF TRAINING Training More Training About Ri ght Training

Hil l climbing C 1 [3  2 2  [ 2
Crossing vertical obstacles C 2 C 3 C 2 C 2
Crossing water (fording) C 3 [ 3  C 2 C 3 L

Crossin g ditches C 3 C 3 C T  C 3

Back i ng up [ 2  [3  [3  [ 2
Hi gh speed travel C [3  C C C C
Transmission characteristics C 2 [3  [3  C C
Driver controls C 2 C I C 3 [ 3
Driver instruments [2 [3 C I C 3

Vehicle l imi tations [3 [3 [2 [3

Operator maintenance C 3 C C C 2 C C

Safety precautions C C C 3 C 3 C 1
Other. (Specify) C 2 C 3 C 2 C C

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
[3  [3  C C  [ 3

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~3 [ C  C C  C C

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
[ C  C J  C C  C ]

_ _ _ _ _ _ _ _ _ _ _ _  
C ]  C ]  C ]  [ 3

B— 2
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FORM 6a (cont)

2. In w hat areas of driver training with the GOER Truck should you have
had a different amount of’ instruction and practic e before the test began?
Chec k the appropriate block for each area of training listed .

Needed Needed Amoun t Needed
• Muc h More A Littl e of Training Less

TOPIC OF TRAINING Train ing More Training About Ri gh t Trai n ing

Hill climbing C 3 C C C I [C

Crossing vertical obstacles C C 3 [ 3 C I
Crossing water (fording) [C C C [C [ ]

Crossing ditches C 3 C 3 [ 3 [ C
Backing up [3 [C C C C 2
Hi gh speed travel [i~ C C C C [3
Transm ission characteristics C 3 C C C 3 C C
Driver controls [ 3 [ 3  [ 1 [ 3

Dr i ve r Ins t ru m en ts C C fl C C C C
Veh icle limitations [ J C 3 C C [J

Operator maintenance [2 C 3 [ 3 C C
Safety precau tions C 3 [ C [ C C 2

Other. (Specify) [C C ~ [C C C

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
C C  [3  [ 3  C C

_ _ _ _ _ _ _ _ _ _ _  
C ]  C ]  C ]  C ]

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
C C  C C  [ C  C C

_ _ _ _ _ _ _ _ _ _ _  
[C CC [3 [3

~. Wha t drivtnq skiMs are necessary for dr iv ing the Dragon Wagon Truck
that  are not necessary for the s—ton truck?

B-3



FORM 6a (cont)

4. What driving skill s are necessary for driving the 5—ton truck thatare not necessary for driving the Dragon Wagon truck?

5. What driving skills are necessary for driving the GOER Truck thatare not necessary for driving the 5—ton truck?

6. What driving skills are necessary for driving the 5—ton truck thatare not necessary for driving the GOER Truck?

84
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