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FORE~~)RD

As the equipment used by the armed forc es becomes z~~re complex ,
it places an increasingly greater demand on the individual soldier.
To avoid overloading the mental and physical capabilities of the
soldier , it is important to analyze new weapons systems to determine
how the man-machine interfaces of such weapons can best be designed
for  opt imal ut i l iza t ion  by the human operator . Moreover , the impact
of new systems on t raining requirements must be assessed . To this
end , this h uman factors evaluation of the Tactical Fire Direction Sys-
tem (TACF IRE) for the field artillery was conducted in conjunction
with TPICFIRE OT 056. This research was done in response to a Human
Resources Need sponsored by the TRADOC Combined Arms Test Activity
(TCATA). This report supplements the TCATA TACF IRE OT 056 test report.

The entire project is responsive to special requirements of the
‘ f f i c e of the Deputy Chief of Staff for persoruiel and to Army Project
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TACFIRE OT 056 HUMAN FACTORS EVALUATION

BRI EF

Requirement:

F-- This research was conducted as a human factors evaluation of the
Tactical Fire Direction System (TACFIRS) comeand and control system
for the field artillery . This report supplements the ?CATA OT 056
test report. It provides ~ human factors evaluation of equipment ,
tasks and operating procedures . tr&ining, and personnel selection
requirements.

Procedure:

A variety of techniques were used in this human factors evalua—
t i on . ~uesttOn1Iaires were developed and administered ; these addressed
specific human factors issues. These questionnaires were supplemented
by interviews and by pertinent data from TCATA questionnaires and data
collection forms. Performance assessments were also obtained for in—

~iiv~ duai operators at the Artillery Control Console and on the Digital
Message Device. Personnel records and formal course grades were used
to analyze personnel selection requirements.

FLnd1~ gs:

The b at t a  ion S-280 shelter is regarded as unacceptable by bat-
talion Fire Direction Center personnel.  The maJor probiem areas are
the shortage of space w i t h i n  the she l te r ,  the configuration of equip-
ment w ith in  th i s  Limited space , the quality of the air , and the noise
level. Noise levels are in excess of MIL-STD— 1474A .

wi th the exception of the )t g it a l  Message Device and the Digita l
Plotte r Map , the re is widespread acceptance of individual TACPIRE
øquipments.

Although operators ma in ta in  t h a t  their tasks , on the average , are
easy , the consensus of operator s is that TACFIRE tr aining must be con-
ducted frequently if skil ls  are to be maintained . Estimates of time
required to train averaged about 2 days a week at the computer Fire
Direction Center and Variable Forma t Me ssage Entry Device sites and
1 day a week at Digital Message Device sites. Moreover , indications
are that  more emphasis needs to be placed on maintenance training .

L ~~~~~~~~~~~~~ - - - -_ ~:_~~~ - :



Operators who use the standard (QWERTY) keyboard should know
how to type . The Army Classification Battery appears to provide a
cost-effective means of selecting individuals for TACFIRE schooling.

Utilization of Findings :

The findings of this report will serve as the human factors input
to TCATA and OTEA for their evalustion of the TACFIRE system. These
f indings will  also be sent to the Army Field Artillery School ( USAFAS)
for their impact on training and personnel selection requirements.
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356 HUMAN FACTORS EVALUATION

INTRODUCTION

The Tact ical  F i re  Direction System (TA~~~IP.E) was deve loped to
automate the con~ and and control function for the field artillery .

~~ e system ccr . s i st s  of computers , which are located at the division
artillery (D~vArty) and battalion fire direction centers, and various
remote terminals , which the S3s, FSOs, FOe , FSE , and f i r i n g  batteries —

use to interface with the computers.

The DivArty Fire Direction Center (FDC) is housed in two S-280
;~ e ter~~. Battalion FDCs are housed in one S—283 shelter. Key equip—

~~nt within the FDCs are the Artiller’: Control Console (ACC) . the

~~ectroni: Line Prir.ter EL’) • the Di~ ital Plotter Mai (DPM), and the

~entr~~l Zo~~ unxca tions Unit tOCU). Ke-: ~ersonne1 are the Fire Direc—

~i.n Officer (FDO), the A r t il l e r y  Control Console Operator ACOO~~, and
~~~~~~ TAC?IRE Equipment Specialist , who ~s usually responsible for  oper-
~ttir.q the CCV .

The S3s , FSCs, and FSE use the variable format message entry de-
v~ . e .TME)t , a remote terminal , to i nt e r f a c e  with the  TACFIRE system .

~~ s use tne ii~~ita1 massage ievice to i n t e r f a c e  with TACFIRE. The
.T~tED and the D~~ are two-way devices , whereas the Battery Display
Th~ t , used at t.’~e f~~r i n o  batteries , c~n on ly receive massages .

BJECTr Zs

The Human ~
‘
~ctors ~va1u~~t~~~n was under taken in ~or.- unct1on with

TACFI RE ~r 3S’~ for the fo l lowing  objectives :

1. To assess playe r evaluations of key TACFIRE equipments.

2 .  To assess player evaluat ions of tasks and operating
procedures.

3. To evaluate the training of selected personnel and to esti-
mate future t r a in ing  requirements.

4.  To provide an in i ti a l  assessment of personnel selection
requirements.

1

- ~~- ---- -
-
~~~~~~~~~~~~~~~~~~~

-
~~~~~~~~~ —~~~~~~~~~ --~~

—‘--
~~~

. .—- - —--
~~~~

-— - .-
-----



METHOD

~uest ionnaj r es  and Interviews

The primary assessment tool was the questionnaire . Question-
naires were designed to assess each of the four areas of analysis.
Questionnaires came from two sources , TRA000 Combined Arms Test Ac-
tivity (TCATA) and the Army Research Institute for the Behavioral and
Social Sciences (ARI) . The TCATA quest ionnaires were developed to
address specific data requirements as r equired by the Test Design Plan.
The ARI questionnaires (see Appendix A) were developed to address spe-
cific human factors issues. The following questionnaires were designed :
Personnel Data Form ; Operator ’s Questionnaire ; Workload ; Team Perform-
ance; Safety uestionnaire; Shelter Environment ~~estionnaire ; and
questionnaires on toe Ar t i l l e ry  Control Console. Di gital Plotter Map
(DPM ). Electronic ~ine Printer (ELP) , Comunications Control Unit

~CCV ) ,  .‘ariable Format Message Entry Device (VFMED), and Digital Mes-

~aqe Device (DMD). These questionnaires were then assembled into

~‘ues t ior tna ire  packets. The Fire Direct ion Center ( FDC ) packets in-
cluded .i~~~. .~uest ionnaires except the VFMED and DM1) questionnaires.
The FDC :a c k e ts  were administered to FOC personnel at both the bat-
t i ’.. i-~n and Divkrty FDCs. The VFMED packets consisted of the Personnel
Dat i  Form , and t~ e Operator , Safety , ‘/FMED, and ELP quest ionnaires.
.TMED packets were administered to player personnel at VFMED sites--
the Fire Support Element, the FSOs, and the Operations and Intelli-
;ence Eleme ’~ts . The DMD packets consisted of the same forms as the
VFMED packets , except the DMD questionnaire was substituted for the
vTMED qu e s t i on n a ir e  and the E~ P qu es t ionna i re  was not included . The
14D r ackets were adini ”~~stered to Forward 3bserver Te ams , Target Acqui—
s~ t1on r~’rsonre1 , and the Air  observers . In short , the questionnaires
f o r  s p e c i f i c  equipments were ~dminxs tered  to appropr iate individuals .

The qu es t ionna i res  were tabulated to present the data in the most
meanir~-~ful way.  Data were considered ~y both individual posit ions and
~~~~~~ but the most meaningful way to present the data , with one ex-
cept ion , was by the p.~es tionnai re  packets--FDC , VT~~ED , and DM1) . The
exception was the Shelter Env ironment  ~‘uestionnaire , which was consid-
ered at DivArty and battalion levels separate ly .  The different equip-
mant  conf igura t~ on~ at the two levels had pronounced implications.

The questionnaire data were supplemen ted with interviews. Inter-
views were -:°nducted when necessary to cl a r i f y  amb iguities in question-
naire responses or to resolve issues. Interviews were also conducted
when small  sas~~le size precluded meaningfu l  quant i f ica t ion  of question-
na i r e  resul ts .

Indiv idual  Operator Performance Assessments. Two forma l assess-
ments  were taken of individual operator prof ic iency. One assessment .
conducted by the New Equipment Tra~ n ing  Team from USAFAS , was t aken
a f t e r  operators had completed the i n i t i a l  DI~~ ‘ ra in ing  course. Opera—
tors were required to process five miss ions  typ ica l ly  encountered by

2
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forward observers . The criterion was the length of time it took to
process the five missions correctly . This assessment provided an
estimate of the individua l operator ’s proficiency after completion
of initia l training.

The second assessment 1 was a formal experunent , also conducted
with toe assistance f the New Equipment Training Team , which examined
t.~e proficiency of FDC personnel at the ACC as a f’cnction of training
time on the system. This assessment was taken in mid—November 1977.
Operators were required to process 1-s requirements conr~only encountered
at the ACC. All requirements were scored for accuracy? and eight of
the requirements .~ere timed .

Ancillary Sources of Assessment. )ther ~1at.s sources were used
to supplement the human factors analysis. ~bservations from dat-i col—
lector/contr3llers were included when p er t i nen t .  On si te  observations
were made of operations and maintenance -iction s. An audiologist from
the Hearinc Conservaticn Section ~ the Health and Environment Activity,
u.s. Army ned~ca~ department activity ~ME2~ AC), ~rov~ .i~ d an assessment
-of potential s stem hear~ n-o hazards (set. Append x B). In short , any
ro.evan t ~ita were cons~ dered.

RESULTS

Flaye r Evaluations of E~~ i~i’nents and Sheiters

LivArty S-~ s Shelters. Because of the small sample sire (N — 4)
the responses f D~ vArty FtC :~~rsonne i’n ‘-he DivAr t.’ Shel te r  Environ-
ment �.1est~~sr~ni1re ar’~ not summartzed ~n ti.buli~r form. The responses

~rovided were ;ene rallv positive . No neoat~~ve responses were given

~~~~~ “inacceptable” ~r “.ery Vnacceptable ”). ‘sorderline” re sponses ,
however , were niven ~~ several ~t~ms; ‘-nese items were numbers 3 (ten—
per~ ture :ontrol system , s -re r s ~- se) . 4 (a .r quality, two responses)
5 (workspace , cr c  response ) , ‘~ stora~ e space , two responses) • 7 (work—
in~~ surface , ne response), (noise level , three responses), ii (chairs ,

~ne response) , and l. (working conditicri- , one resPon3e).

ne Fire Direction Officer (P00) expressed iissatisfact~on with
the j~~ysical layout of equipments within the shelter and offered the
following suggestions: ,a) PoSition the ACC so that the FDO can stand
n the Left of the ACC-D. With this arrangement , the P00 can operate
tne cwitch ~ an,!l assembly during ~-cak periods while the ACCO operates
the keyboard. b) Position RCMUs so that they can be operated at the

1;riffi th, D. . ~~jree of Training and Artillery Contro l Console Opera—
‘-or (ACCD) Proficienc .~~ ARI Research Problem Review 79—3 , February
1 ‘7 ~~.
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ACC wxt~.out stiniing up. (c) Position DPM controls so that they can
be operated without walking across the shelter.

otoer respondents suggested toat  the shelter environment should
have a tenperature control system and t:iat the equipment should be less
bulky .

Batta lion S-l~8O Shelter. Table 1 summarizes results of the Bat-
talion Sheiter Environment Que itionna~ re. In contrast to those for
the DivA .rty FD~ shelters , evaluat ions of the battalion FDC shelters
were decideIly negative . The primary problem of the battalion shelter
is space: 62% of the respondents regarded the workspace in the shelter
as clearly unaosc~:table , whereas only d% regarded the workspace as ac-
cepta.ble (see item 5). Similarly, the stcr age space provided was rated
as acceptable by only 33% )f the respondents (see item 6). Item 7 in—
fl-cited that only 52% of the respondents regarded toe working surface
as accentable. The shcrta:e of space was :urthe r complicated by toe
configuration of the equipments within toe available space. ~~o sug—

~est~ or.s were offered for movino the CC’C. One suggestion was to move
toe ~CL next t o  the ACC (to the left of the ACOL). The reason for this
-~cc ;~ st ~on is i~~;oussed order  tean perf-orn~ nce. Basically, this ar—
rirOemert w’~uli allow toe CC~iC 301 the ACC: to rel p each other more
reiiily. The -other su;cestion w~ s to interonance the COt with toe
DPM. The rat~ ona:e for tois arrangement was to permit the OCtO ;reater
access to  the ut:3 i -je of ‘-he shelter to :hecs comeunications lines ,
eneratcr , ‘to. Otoer suggestions for solving the space problem in—

c’.u-Ied p icinc the FOC ~n~ o a ir~ e van or placino the FDC and the

~‘M~~ ~:to two 5-ton shelters. The space problem is seen as
cr~ tica1 by most FDC personnel. -One respondent said that having more
space wouli sol’.”~ 4 %  of the problems in the FDC . This problem ad—
:ersely affects both operational performance and mai.,tenance. More-
ver , susta ining operations is iifficult when maintenance is being
performed in the battalion shelter.

After the problem of space, the next most ser ious human factors
problem is noise evel. The auoiologist ’s report (see Appendix B)
indicated that the noise level exceeded M I L - S T D — 1 4 7 4 A .  This noise
prohl. ’n is aogravated f .irtoer by the digital and voice traffic in the
shelters. Moreover, niy 37% of the respondents regarded the noise
leve l in the shelter as accet -toble .  The impact of the noise level was
so great tha t  fewer than half  the respondents thought spoken conmnini-
:ations within the shelter were easy to understand.

A third human factors problem within the shelter is air quality.
)~ly 41% of the resp nd,-’r.ts regarded the quality of air as acceptable.

~ae source of tots problem was the ELF , which emitted an unpleasant odor
when c opying . C~ -~arette ~~oking inside the shelter f- irthcr aqqravated
toe a~ r quality . Finally, there were several incidents in which per-
sonnel became ;jck in the shelter. Under certain conditions, carbon

4
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Table 1

Summary of Responses for the Shelter Environment

~ .iestionnaire (Battalion)

. Overa~~~, the shelter environment was (N - 5)

A B C 0 E
Ve ry Very

~onfortabLe Comfortable Borderline Uncomfortable Uncomfortable
36% 20% 24%

2. ~ .nic.tl .’, the temperature ~n the shelter was ~~ — 2 5 )

A B C 0 E
Muon Much

Too Hot Too Hot About Richt Too Cold T:
4% 12% 56% 24% 4%

3. Toe tempera ore c -nt r~ l system in the shelter was N — 24)

A B E
Very

Aoo , ta. le Acce~ tabje ~~r~ er ~ne 
tnacceptable nac.~eptatle

1 2 %  4 2 %  ~ - a  7% 4 %

4. The ~~~~~ of toe air was (N — 4)

A B C E
Ve ry

Acce~-tab le  Acceptable Border line  Unacceptable Unacceptable
3 3% 2 -?% 12% 17%

5. The ~~ rkspace provided in the she l te r  was (N - 24)

A B C E
Very

Acceptable Acceptable Border l ine Unacceptable Unacceptable
8% 2~~% 29% 3 3%

5
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Table 1 (Continued )

~~~. The storage space provided was (N - . 4 )

A B C 0 E
Very Very

Accept  .aL It’ Acceptable Border l ine  Unacceptable Unacceptable
33% 2 1 %  29% 17%

-
. The working surface was N • 2 3 )

A B C 0 E
Very .‘ery

A-~c e n t a L i e  Ac- :eptab l tr Bord er l ine ’  Unacceptable  Unacceptable
13% 17%

-i~ 70e leyp i f illumination in toe shelter wa~ (N — 4)

A B C E
Ver’; Very

Acceptable Acceptable Borderline Unacceptable Unacceptable
~ 1% 46 % 4% )%

~~. The noise leve l toe shelter was ~ •

A B C 0 E
Ve ry

Accept ab le Ac:eptab1’~ Borde rl i ne  Unacceptable  Unacceptab le
4% 3 3% .~5% ~‘S% 12%

1’ . 3~~ ken co~~~in1cat ions w i t h i n  the shel ter  ~~ re (N — 24)

A B 2 0 E
Very Easy Easy Oifficult Very Difficult

to to to to
Understand Understand Borderline Understand Understand

46% 37% 25% 0%

6
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Table 1 (Continued)

11 . The chairs were (N - 23)

A B C 0 E
‘.‘ery Very

Comfortable  Comfor table  Border l ine  Uncomfortable Uncomfortable
3 % ~8% 17% 4% 0%

12. Working con dit ions inside the shelter were (N • 2 4 )

A B C 0 E
‘.‘ery  Very

Acceptab le  Acceptable B or d e r l i n e  Unacceptable Unacceptable
33% 4 ” % 17% 4%

1). Workin~ conditions inside and ut:.~ de the shelter were (N • 23)

A B 2’ 0 E
Very

Safe .afe Border l~~oe Danqerc u~ Oanqerous
3% ~3 3 %  1’ % 4% 7%

7
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monoxide apparently was drawn in through the air conditioner . This
prob lem is reported in detail elsewhere. ”

The most serious safety consideration also concerned the quality
of air  in the shel ter .  Respondents complained that the air condi-
tioner drew in exhaust f umes from the t ruck.  The obvious solution to
th is  problem ~~ u1.d be to reposition the truck ’s exhaust ; however , the
problem appears to be more complicated . A number of FDC personnel
became sick in the shelter prior to OT III  test ing , and these inci-
dents led to the detailed study by the Health and Environment Act iv i ty,
USA MEDDAC.

Several .other safety  problems were mentioned. The ladder on the
S-280 shelter has steep steps and no handrail. Conditions are especial-
ly treacherous at n ig ht  or dur ing  inclement weather .  Incidents of
persons f a l l i n g  o f f  the l adder were  reported during the test . A re-
lated concern was expressed regarding the support arms on the rear
dock. Some respondents thought that the metal support arms were too
l~~jhtwe~ ght ~weak ) to support people s tanding on toe rear dock. Some
respondents thought that th. weight  distr ibution in the shelter caused
the vehicle to lean to the l e f t , increasing the r isk that the v&aicle
might  toci’le over.  I t  was also suggested that s a f e t y  chains be at-
tached to the a i r  conditioning unit to anchor the u n i t  dur ing  travel
over rough te r ra in .

Ar t i l l e ry  Control Console (ACC). A b r ie f  study of the responses
to the ACC questionnaire (see Table 2 ) indicated f u l l  acceptance of
the ACC—-the overall  acceptance rate  for  the ACO is 100% (see item 1).
Item ) (troublesh ooting) is the only item for which the acceptance
rate falls below ‘2% . Because the operators receive a l~ nited amount
of ~~ thtenance training , there is some question regarding the extent
to which this problem is one -of maintainability 1es~ gr~ or one of train-
ing deficiency .

Other cc~ m~ents regarding the ACC are related to the problems of
space and equipment :onf~ guration w i t hin  ‘- he battalion shelter. For
example , the FDO has difficulty viewing the receive display and the
compose/edit display. As a result, the P00 must either put his com-
plete faith in the ACCO or rely upon ELP printouts. The latter option
can result in confusion because the messages on the receive display
can lag several minutes behind the current output on the ELP.

:Dig ital Plotter Map 10PM). Table 3 indicates that the DPM was
evaluated more negatively than most other TACFIRE equipments that were
ind iv idua l ly  evaluated . Item 1 indicates that the overall acceptance
rate  of the DPM was less than 70% . Coments regard ing the DPM

‘Results of an Thvestiqat ion : Possible Toxic Gas Exposure in a Coqn-
put.r Shelter (TACF IRE) . Health and Environment Act ivi ty , USA MEDDAC ,
23 February 1978.

8
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Table 2

Sumeary of Responses to the Artillery Control
Console Questionnaire

1. The overall performance of the ACC was (N — 27)

A B C 0 E
Very Very

Acceptable Acceptable Borderline Unacceptable Unacceptable
33% 70% 3% 0% 0%

2. The design of the keyboard -on the ACC was (N - 27)

A B C 0 E
‘.~ery Very

Acceptable Acceptable Borderline Unacceptable Unacceptable
22% 78% 0% 3% 0%

3. The design of the controls on the ACC was (N • 27)

A B 2’ 0 E
Very Ve ry

Acceptable Acceptable Borderline Unacceptable Unacceptable
11% 89% -3% 0% 0%

4. The design of the receive display editor was (N — 27)

A B C 0 E
Very Very

Acceptable cceptable Borderl ine Unacceptable Unacceptable
18% 

- 
74% 4% 4% 0%

5. The design of the compose/edit display editor was (N - 27)

A B C 0 E
Very Very

Acceptable Acceptable Borderline Unacceptable Unacceptable
18% 70% 7% 4% 0%

9
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Table 2 (Continued)

6. The design of the ACC for ease of message composition was (N — 27)

A B C D E
Very Very

Acceptable Acceptable Borderline Unacceptable Unacceptable
22% 70% 7% 0% 0%

7. The design of the ACC for ease of message correction was (N • 26)

A B C 0 E
Very Very

Acceptable Acceptable Borderline Unacceptable Unacceptable
15% ‘3% 8% 4% 0%

The design of the ACC for ease of reviewing messages was (N — 27)

A B C 0 E
Very Very

Acceptable Acceptable Borderline Unacceptable Unacceptable
22% 4% )% 4% 0%

) .  Troubleshooting the ACC was (N • 25)

A B C E
Very Very

Acceptable Accepta±le Borderline Unacceptable Unacceptable
52% 28% 4%

10 
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Table 3

Sl~~nary of Responses for the Digital Plotter
Map Questionnaire

1. Overall , the performance of the DPM was (N • 28)

A B C 0 E
Very Very

Acceptable Acceptable Borderline Unacceptable Unacceptable
7% 61% 28% 4% 0%

2. The design of the controls on the DPM was (N — 28)

A B C 0 E
Very Very

Acceptable Acceptable Borde r l ine  Unacceptable Unacceptable
7% 86% 7% 0% 0%

3. The DPM was (N a 28)

A B C 0 E
Highly  Highly
Legible Legible Borderline I l legible Illegible

11% 54% 36% 1% 3%

4. Troubleshooting the DPM was (N • 26)

A B 0 0 E
Very Very
Easy Easy Borderline D i f f i c u l t  D i f f i c u l t

38% 31% 23% 0%

11 1
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indicated dissatisfaction with the amount of time it took to make plots
and with the travel locks on the DPM. As one respondent put it , “Re-
position the two trevel locks on the DPM to facilitate installation!
r~~~ val by someone other than a 90—pound woman with size 4 hands.

”

Item 3 indicates that fewer than 70% of the respondents regarded
the DPM as legible. Some respondents thought the printing was too
large . One respondent remarked that when there was more than one tin i t
in the same grid square, it was impossible to read the printing be-
ca us e it overprinted itself. Coements a lso indicated that  the pen
tended to dry up quickly.

Th. biggest problem regarding the DPM concerns maintenance. Item 4
in Table 3 shows that 46% of the respondents regarded troubleshooting
as easy or very easy. Th is result is probably attributable t~ both the
:na1.ntainabxlity design of the equipment and to a deficiency in main-
tenance training . A related problem is that when the DPM was pulled

~ut t -~ perform maintenance , operations within the battalion P0(7 were
greatly hampered.

~1ectronic Line Printer ~EL~’). Table 4 reveals a qer~~r-i l accep-
tan~- e of the ELP. However . ‘-ic of the f:ve tees indicate poesible
problem areas . Item 3 shows a less that % acceptance rate regard-
ing the design of the EL? f-or ease of  reviewing messages. Some respon—
lents complained of having to ~~vance t:e rape r to read the printouts.

A second possible problem concerns maintenance ( see item 5 ) .  As
with other equipment, the extent to which this problem is one of main-
tainability design or one of operator maintenance training remains to
be deter-mined.

-ther comeents regarding ‘-he E.L~’ inc luded the following : “The
smell and iust ~re very ~f~~ n i - .’e and dangerous to humans .” “Tc’p
was permanently removed and stored . The cover ~ oul - i  often hang up
paper. ” Automatic ~.a ;-’er advance worked infrequently. ” - . . . )aemed
too easily. ” “The ELP is too noisy. ”

Var iable Format Messa ge Entry pevice ( VFMED ). ‘lable S s”~~~arizes
resp onses to the VTMW questionnaire . These resu l t s  indicate that
the .ir ~~~ is generally acceptable to its users. Although operators
regard ed the VTMED as acceptable , they suggested several improvements.

Some operators said the keyboart ’ s positioning was too high.
V’FMED operators frequently unscrewed the keyboard , let it hang down.
and propped it against a CVC helmet or some other convenient prop.
This arrangement allowed the operator to lay the message to be typed
above the keyboard and also facilitated typing on the keyboard. To
rec t i fy  this situat ion , some operators suggested either an adjustable
stool or an adjustable keyboard .

12
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Table 4

Suemary of Responses to the Electronic Line
Printer Questionnaire

1. Overall , the performance of the EL? was (N • 65)

A B C 0 E
Very Very

Acceptable Acceptable Borderline Unacceptable Unacceptable
17% 65% 15% 3% 0%

2. The design of the controls on the EL.P was (N • 65)

A B C 0 E
Very Very

Acceptable Acceptable Bordet line Unacceptable Unaccept able
28% 1% 1% 3% 0%

3. The design of the EL? for ease of reviewing messages was (N • 65)

A B C 0 E
Very

Acceptable Acceptable Bordet line Unacceptable Unacceptable
20% 48% ~1% 6% 5%

4. The ELP printouts were (N • 65)

A B C 0 E
Hi~ nly Highly
Legible Legible Borderline Illegible Illeqthle

2 3% 68% 12% 3% 0%

5. Troubleshooting the ELP was (N • 64) -

A B C I) E
Ve ry Ve ry
Easy Easy Borderline Difficul t Difficult
8% 58% 22% 11% 1%
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Table 5

Suemary of Responses to the VFMED Questionnaire

1. ~2os~par~d to the transmission of messages using a radio , the entry
and transmission of messages with the VFMED was (N • 38)

A B C 0 E
Much Setter Better The Same Worse Much Worse

34% 45% 8% 13% 0%

2. As my mean s of interfacing with the TACFIRE system , the VFMED
was (N • 37)

A B C 0 E
Very Very

Acceptable Acceptable Border line Unacceptable Unacceptable
41% 57% 3% 3% 0%

3. The design of the keyboard on the VTMED was (N • 38)

A B C 0 E
Ver/ Very

Acceptable Acceptable Border line Unacceptable Unacceptable
32% 47% 13% 7% 0%

4. The design of the display on the VFMED was (N • 37)

P. B C 0
Ve ry Very

Acceptable Acceptable Borderline Unaccep table Unacceptable
32% 57% 5% 5% 0%

5. The design of the controls on the VF?’~ D was (N — 37)

A B C 0 E
Ve ry Very

Acceptable Acceptable Borderline Unacceptable Unac ceptable
32% 59% 8% 3% 0%
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Table S (Continued)

0. Troubleshoot ing the VFMED was (N • 36)

A B C 0 E
Very Very
Easy Easy Borderli ne Diffi cult Difficult

3% 47% 36% 14% 0%

“ . The design of the VFMED for ease of message composition was
(N — 37)

A B C 0 E
Very Very

Acceptable Acceptable Borde~ 1ine Unacceptable Unacceptable
19% 65% 13% 3% 0%

~~~. The design of the ‘.TMED for ease of message correction was (N — 37)

A B C 0 E
Very Very

Acceptable Acceptable Borderline Unacceptable Unacceptable
30% 6 7%  3% 0% 0%

-). The design of the ‘.rFMED for ease ~f reviewing messaqes was (N • 37)

A B C 0 E
‘.‘ery Very

Acceptable Acceptable Border 1 inc Unacceptable Unacceptable

15
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Mother suggestion was to provide the VFMED with a smaller ver-
sion of the matrix the ACC has for frequently used formats. Currently
the VFMED operator must request formats from the FOC computer. How-
ever , the frequent delays keep the operator from accomplishing his
task and also frustrate him. These delays prove particularly dele-
terious to fire planning. In short , some capacity for obtaining fre-

~uently used formats is highly desirable .

Troubleshooting is the biggest source of difficulty for the VF!.~ D
operator; only 50% of the operators regarded troubleshooting as easy
or very easy (see item 6). Because maintenance training provided to
VF~~D operators is m.inimal, and because little or no maintenance equip-
ment is available at VFMED sites , it cannot be determined from availa-
ble data whether the problem is due to maintainability design, lack of
training , r lack of maintenance equipment.

The primary safety concern at the VFMED site was the VF~~D key-
board . When the keyboard was mounted in the M577, personnel complained
of hitting their heads on the corner of the keyboard . Suggested im-
provements were to round of f  the edges and to make the keyboard f1~ s-
with the machine. One person suggested moving the VFMED to the front
of the cargo area.

Coemuru.cations Control Unit (CCtJ ). Table 6 provides a susmary of
the respomse5 to the Co u.nicati.ons Control Unit (CCU) questionnaire .
cn the whole , this equipment is rated as acceptable. Only item 3
(troubleshooting) revealed an acceptance rate of less than 70% . Again,

~nterpretation depends on the extent o which the problem is due to
meintainabilit’.’ design or operator maintenance traininq .

One suggestion offered for rnproving the CCU was to add the capac-
ity to vary the ~~~~~~ of indiv idual nets . When monitoring nets , the
operator must increase the volume to hear the weaker signals. When a
strong station transmits, however, the louder volume hurts the ears.

Digital Message Device (DM0 ). Table 7 shows responses for the
DM0 ~uestionnaire. A rev iew of these results yields somewha t equivo-
cal impressions. Although a ma~ ority of the resp ondents (58% ) regarded
the DM0 to be an improvement over the current means of transmission
( see item 1) ,  only o3 % of the responden ts regarded the DM0 as an ac-
ceptable means of interfac ing with  the TACFIRE system (see item 2)
Mu ch of the overall dissatisfaction is probably attributable to prob-
lems in coemunicatlons and in coemunications training .

The most frequen t1~ stated complaint regarding the DiW--its
noise--was apparently in part a training problem . The DM0 cables were
connected improperly, which meant that to send a clear digital signal
the volume had to be turn ed up so hiqh that the noise was psychologi-
cally uncomfortable. Noise levels for the DM0 are presented in Ap-
pendix B. The problem of aural nondetectability should be investigated.

16
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Table 6

~unsnary of Responses to the Central Coemunicatjons
Unit Questionnaire

1. O~,erail , the performance of the CCU was (N — .~8)

A B C D E
Very Very

Acceptable Acceptable Borderline Unacceptable Unacceptable
3%

~~~. The design ~f t~ie :antrols on the -3CT was (N  — 28)

A B C 3 E
Ve ry  Very

Acceptable Ac~ e~-t.ih e B.~r~ er m e  Vnacceptable Unacceptable
~ :% ~, l %  11% _•

%

3. Troubleqnootin~ the CCV wa4 (N •

A B C 0 E

A. :e;~~~b~ e Ac -~ep t a t l e  Bc r -ierl  inc ?n~icc~ ptab1e Vnacceptab le
‘4% .~3% 4% 0%
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Table 7

Su~~azy of Responses for the 3i-~ital Message
Device Questionnaire

Jon~ .ire-’~ to the transmission of messages using a r~~iio , the entry
and tr sns~ ission of messages wmth .~ 3M~ wao (N — 77)

A B C 3 E
Mu cn Better Better The Same Worse Much Worse

5% 26% 13%

2. As t:-.e IThr’warc~ :~:server s neans of interfacin~ w~~t:i the TACFIRE
syst~n , t:-e :-~D ~~~~~~ • ‘3)

A B C

\::e~ t , t b : —  \::. ; t~~~1e Borden m e  n.~o ;ep t a~~~e r~i -~~eptable
5- ’% : 3 %  11% 3%

3. The ,~es ~f the 
‘
~e’:ooar~ o~ UMD was •

A a -: 0
Very V e r y

.~~~~em table :e~ table ~.cr ~er ~~e U~ ac~ ept.ib1e “flaccer~ ii Ic
3%

4 .  The ie n.~ n ~f t:’~e J m ~~~
’
~.a- .- ~~~~. t~~e 3~’C’ was ~; • ~6)

A B C 0 U
Ver~

A c e  t~w Ic Ac ’ - ~tc :e Borderline Unacceptable Unacceptable
1 2 %  -

~~~ 3%

5. The :tesm~n of the controls on the DM0 was (N — 76)

B C 0 t
Vary Very

Acceptable 7c:e~-~~~~ie Border l ine  Unacceptable Unacceptable
13% 1%

18

____



I

Table 7 (Continued )

6. Battery replacement was (N = 77)

A B C 0 E
Very

Easy Easy Borderline Difficult Difficult
18% 41% l-D~~ 4%

Tro leshootinq t he  DM0 was (U — 7 )

A B C 3
Very Very

Easy Borderline Diffioult Difficult
IJ% 51% 1)% l~~% 1%

-
~~. The 1esm- ;r~ -of t:~e :~ .o f’r ease ~‘f message -:o~pcsmtion was N — 7 3 )

A B C 3 E
Very

Accept~thle A- ’~ ’~~table Borderline ‘ r .acceptable Unacceptable
21% 5~ % .~i% 3% 3%

~~. The d e s m :n  of toe  DM0 f or  ease f message :orr.~ct1on was ~N — 7~~ )

A C 0
Ve n’:

A~ce:tab ,.’ Accø::tabI.~ Border I.ne “n~~~~~~~ Dle raco.’~’ta~ 1e
1 %  3% 3%

I~~. The desi n :f the DM0 fon ease of rcvmewinq n~ssaqes was
• ‘P6 )

A B C D E
;ery Very

Acceptable Acceptable Borderl.mne Unacceptable Unacceptable
30% 63% 4% 1% 1%
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Table 7 (Continued )

11. The ~esi n of the DM0 for night operation was ¼ N  — 75)

A B C U E
Very

Ac~~eit.ib .e Acceptable Borderline Unacceptable Unacceptable
51% _‘

% 1% ‘3%

I.’. The ~c’,m;o of t~ e D~.D for acknowledging ACK/NAJ( was ~N — 76)

-\ B C 0 E
VerY

A~- ’ .~: a~~~~e A c : e~~taX’ e S~-r~ erl~~.e Unacceptable Unacceptable
2 4 5  7 % 3%
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A ~eo o’,~~ ~ roblem concerned the power source : Respondents m di-
cated t:’~t~’ rae ~a t t e i i e s  were snort-lived and hard to replace . How-
ever , w o . ~~ re .o~ ents ~~e~t ax. external power sour-:e , they complained

m:~~ c.~il~~s were to -  s~~or r . It was suggested that a flap be placed
on rae DM0 ase so that  the battery could be changed without removing
the unit from tne case . Respondents also mentioned ~roblems in having
tae batteries re-:aar~ eJ.

Res~onden ts  co~~ner.ted that i t  was difficult to enter messages
with the DM0 wh i le in a moving vehicle. Operators usually preferred
t o  send message s by voice when in a moving veh ic le .

r.dividuals who could type often cotmziented that the alphabetical
arrangement of the keyboard caused ~iffi oulty and that the standard

~WERTY lrrangemant would facilitate message processm:~~ . Additional
:o~~ ents were roar it was  t m f f i : o l t  to see the display in sunlight
and tha t  toe DM0 was too bulky.

Concern remains regarding the use - of  the DM0 by air observers.

~‘ne air observe r claimed t h a t the “message—received” sound emitted by
the DM0 cannot be heard in a helicopter. Consequently this air ob-
server kept hms head down so he could monitor the messaqe light. When
he did r~~ms , however , ae expermenced vertigo and air sickness . He
also 3a1i that ne coulj  not n a v iz a t e  when he was usin g the DM0.

Player Evaluations ~f Tasks. ~~~ratir.g Procedures, and
)rgan i:at ion

Batta r~ and DivArty  F:re Direction Centers. Most personnel
at the battalion and DivArty FOCs perceived the i r  task s as being easy.
The fou lowir.~ responses were received for “ Th rae average the tasks
requ ir ed of me -on operatir.q the Z’ACF RE equipment were.”

A B C U E N
Very Border- .‘ery
Easy Easy 1~ ne D i f f i c u l t  D i f f i c u l t

-1% 11% —
‘ 0% 28

Mainten ance troubleshooting and coemunications were the two tasks
that caused personnel the most d i f f i c u l t y .  Other dm f f i cu lt i e s  inc luded
“getting set up after a move,” “remembering formats ,” “fire rIanning
and ATI f iles ,” “peak period FM processing. ”

When asked which tasks should be modified and how they should be
modified , respondents suggested equipment modifications (e.g., crank-
up antennas , more compact , lighter weight equipe~ nt) and shelter recon-
figurations (e.1., moving the MTS to the rear of the shelter , moving
the CC’J next to the ?~CC) rather than task modifications. Task modifi-
cations that were mentioned included the following : “Simplify FM,”
“Au tomatically enter AUF in an !~TO ,” “RF AF s fr om observer radars should
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automatically be accepted by the computer,” and “MOl should not be
sent repeatedly to subscr ibers who have already acknowledged the
message.”

Similarly , when asked for suggestions to improve their perform-
ance as operators , respondents made a number of suggestions about the
r econfigu ra tton/redes ign of the shel ter .  Suggestions that  did not
f a l l  into this category included the fo l lowing : “Teach me to type” ;
“Provide a system addition which would allow the FDO to get an i~~~ di-
ate mission status, e.g., a bottom on the &CC which would print active
m.i.ssion target numbers on the ELP” ; “Al low FDO to edit a FM by target
n umbe r or grid to show its status”; “Get messages that wi l l  mak e me
think instead of 3ust automatically knowing what to do” ; “Have some
sort of test on equipment operations against other battalions every
two months or so.”

Operators were also asked to e~ tinate the percentage of time
technical man ual s or other reference materials had to be consulted .
Median estimates by operator position were 23% for the ACCO, 15% for
the FIX), and 10% for the CCUO. Maintenance was one of the most com-
~tn tasks mentioned by all positions for which TMs and reference ma-
terials were used . Other tasks included the following : legal entries
-‘r required entries on formats , NNFP , FM and SYS programs , different
key functions of CC~2 or the numbers of subscribers per net , and Survey
and ~TI.

FOC personne l  were also asked about their respective workloads.
When asked to estimate the percentage of tune that their workloads
became so heavy that  t he i r  performance su f fe red , median estimates were
l’.5~ (FDO), 10% (AC C~7), and 10% (CCUO) . When asked when their work-

~.oads become overly heavy , c~~mlents were : “When there wag ~ loss of
:omewu.cations or ~~en communications were pOor” ; “During peak scenar io
periods” (DivArty); “During heavy volumes of fire missions when there
were system breakdowns” ; “When there were numerous voice missions” ;
When physically fatigued at the end of shifts after sleep had been

interrupted by a move”: “When FSOs were firep lanning in conJunction
with other activiti es ” ; and “During CONOPs.”

Ft)C personnel were also asked to estimate the percentage of time
that their workloads were so l ight that they could have helped othe r
members of the crew; median estimates were 20% (FDO) , 30% (ACCO), and
25% (CCUO). When asked for specific t imes when they could have helped
)t her team mmnbers , respo nses were : “Wh en comunications were good ” ;
“When the mission was reinforcing ” (S battalion) ; “During the early
morning hours” ; “Wh en there were less than 30 missions per hour ” ;
“During normal operations the FDO can operate the ACC” (coiim*ent made
by A CCO ) .

With respect to operator workload , FOC personnel were asked to
provide rec~~~endations for redistributing the workload to achieve
more efficiency. Since these rec~~~endations tended to entai l  equip-
ment modif ica t ion  (moat c~~~~ n1y they were some variant of “give us
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more space”), t-.hey will be discussed with the Team Performance
re s u 1 t s.

On the Team Performance Questionnaire , FDC personnel were asked ,
“What modifications, if any , in the design of the equipment would im-
prove the teamwork of the crew?” The most c~~~ ion response here was
‘-;ive us more space .” Although several solutions were offered , they
took two basic forms . C~ne solution was to place the bat tal ion FDC in
a large van . A -5econd solution was to provide another 5-ton truck and
either to distribute the FDC between the two shelters as at DivArty
or to use the second 5-ton truck to house the O&I VFMED as well as
nonessential equipment from the FDC . Var iants  of this latter solution
were ei t .~~r to provide an additional DPM to O&I or to remove the DPM
f r o m  the FDC and place it w i t h  the O&I VFMED.

There were also suggestions to reconfigure the equipment. One
suggest.on was to move the CCIO next to the ACCO . This arrangement
would allow the two operators to help each other more readily (in  the
battalion shelters , these two operators have their backs to each
othe r) . At DivArty ,  one FDO suggested that the ACC be positioned so
that the FDC could be -~r~ the ACCO ’ s l e f t .  This arrangement would al-
~ow the FDO to assist  the ACCO much as the CCJC would be able to as-
sist the ~CCD at battalion .

Other suqgested modifications included the following : “Provide
more legroom ~or t he A~CO , ” “Repl ace the P00 ’ s fold ing chair wi th  a
;maller stool and backrest ,” “Permanently mount crank up 292 antenna , ”
“Place a permanentl ’i  mounted ramp on the back of the TACF IRE van , ”
“Make the equipment less b u l k y , ” “Place a protector around the AC
main power swit cr ~ to  prevent the power from being turned of f  acci-
de n t a l l y , ” “Move the P2 and CED scopes on the ACC so that  they are
more v is ib le  to the FD0.”

FDC personne l  were a lso  requested to suggest any modifications
~n operating procedures for improving the teamwork of the crew. Some
of these recome%endations were the same as those provided above ; e.g.,
reconfigure the equipment so tha t the CCUC and ACCO will be able to
assist each other more readily. Other reconinendationg entailed modi-
f~ cations in the T0&E ; e. -~ . ,  providing two extra 5—ton drivers and at
least one generator mechanic or providing enough personnel to operate
three 8—hou r sh i f t s  a day .

It was also suggested that smokirv be forbidden in the shelter
and t h a t  a cover be provided over the Power Converter Group toggle
switches to prevent the switches  f rom being accidentally turned o f f .

Finally , it should be noted that 12-hour shif t s  are regarded as
excessive by most FOC personnel.  The combined problems of crowding ,
noise, and air qual i ty  within the shelter , together with the cognitive
demands of their jobs , tak e their to l l .  Subjective coirunents indicated
that performance deteriorates well before a 12—hour shift is over . It
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would be useful  to assess exper imentally the decline of operator
performance as a function of time on task .

VFMED Sites. Personne l who interfaced with TACFIRE at the VFMED
tended to regard their tasks as easy. The following responses were
received for “On the average the tasks required of me in operating the
TACFIRE equipment were . ”

A B C D E N
Very Border- Very
Easy Easy line Difficult Difficult
8% 68% 24% 0% 0% 37

Personnel were asked to list the tasks which caused them the most
difficulty. The most co~ non response was f i r e  planning; the problem
seemed ~-o be the time it took to get information back f rom the com-
puter .  The delays frustrated the operators. One estimate was that
f~ r e planning had to be done 2 to 3 hours ahead of schedule to assure
its completion in time . Mother respondent complained of having to
take the grids from the ELP pr intout  and locate them on the map. Other
problems included getting a~~unition updates and troubleshooting.

Personnel were asked which tasks should be modified and how they
should be modified. The major suggestions were to modify the fire
planning programs and to provide the VFMED with a limited capability
for generating its own forma ts .

Personnel we re asked for suggestions for improving their perform-
ance as operators. One of the moat c~~~ on responses was to learn how
to type. )ther coasnon responses included the following: “Put the key-
board in a more accessible space ” (see the VFMED equ ipment eva lua t ion) ,
“Design the map board so it can be put in a convenient place to work
wi th  the  ‘.T~tED , ” “Al ways have an assistant at the VFM~~ for reading
EL.P output ,” “More training .” “Tr a in the operators in the entire scope
of functions ,” “Place some sort of stand or clipboard at the VFMED for
keeping note s. ”

Personnel were asked to estimate the percentage of time they
n eeded to consult technical manuals or other reference materials to
p er fo rm  the i r  jobs . The median estimate was 17 .5%.  The following
tasks were listed as the most frequent reasons for consulting refer-
ence material : message formats , legal entries , moemonics , and tin-
familiar tasks .

DM1) Sites. The following responses were received for “On the
average the tasks req uired of me in operating the TACFIRE equipment
were .”

A B C D E N
Very Border- Very
Easy Easy line Difficult Difficult

38% 51% 10% 0% 0% 76
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The ove rwhelming major i ty  of the respondents regarded their
ta sks , on the whole , to be easy. When asked to l ist  the tasks which
ca~.,sed them the most difficulty , the following problems were cited :
coue~unications , authentication, illumination missions , putting the
external power cable to the moun t of the M1S1A1 power system , regis-
trations and special missions , and troubleshooting.

Respondents were asked to list the tasks that should be modified
and to suggest how they should be modified ; one suggestion was to
modify illumination missions by allowing the PU to call in the il-
lumination portion by voice and the gr id portion via the DM0 . Other
reconsnendations were for more and better t ra in ing  and for better
equipment.

Miscellaneous suggestions for improving their performance as
operators included the following: “Provide a course to instruct DM0
operators in mainten ance , troubleshooting, operation , and in the per—
formance of all types of missions wi th  the D.M.D” ; “Provide a second
net for digital traffic ” : “Train in r ea l i s t i c  sett ings” ; “Provide
~n~ truct~~ n in battalion shelter operations ” ; “Provide add itional de-
tailed information on operator ’ s main tenance, ”

When personnel were asked to estimate the percentage of time they
needed to consult  technical manuals  or other reference mater ia l s  to
perform their 3obs , the median estimate was 13% . The manuals were
consulted most f r equen t l y  fo r  t roubleshoot ing and the looking up of

~s~emonics.

The resu l t s  f the t ra in ing  eva lua t ion  are presented in two parts.
The f i r s t  set of results represents the only  ind iv idua l  performance
assessments  taken of the p layer  personnel in Cl’ 05.~. The second set
- f  r e su lt s  we re sub)ect~ ’:e assessments of TACFIRE tra in ing and of the
t r ain i n g  r equired to maintain TACFIRE operator sk~ 11s.

Performance Assessments. Only two performance assessments were
taken of individua l operator proficiency. One assessment was taken
of FDC personnel at the ACC in mid-November , 6 weeks af t e r  the second
Pire Support Course had graduated from USAFAS. The other assessmen t
was of ~M0 ope rators after they had completed their in i t ia l  course of -‘

instruction .

The detai led results  of ACCO performance are presented in r i f f i t h,
197) . To sussnarize , the mean percentage errors were 14.93% for the
JUflC Fire Support Course and 12. 1% for the Septembe r Fire Support Course.
This d i f f e r ence  was not significant statistically (~ • . 0 5) .  Of the
ei-~ht processi.nq requ irements timed , only one resulted in a statisti-
cally si g ni f i ca nt  d i f f e r e n c e , and this d i f fe rence  was in favor of the

25

-- -~~~~~~~~~~~~~~~~~-- -~~~~-~~~~ -“~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~ - - - - - - ~~~~~~~~~~~~~~~~ - - -~~

September class. As nearly as could be ascertained , the two classes
were essentially equ ivalent with respect to abil i t y  ( e . g . ,  the course
performance of the two groups did not d~~ fer statistically, and ap-
proximately the same proportion of each class ~-ou ld t y p e ) .  - iven
tnese conditions , the basic ~onc1usion of the stud -i was tna t  indj—
vidua l operator ~roficiency levels o f f  by the t ime operators have
rece ived 1C weeks of hands—on t r a in i r . o i~~- w u-~q f or na~ course train-
ing . This conclusion was restrt:te~ t o  individual  operator profic iency
in t his  s tudy ,  however , It  iS  not necessar ily the case that team per—
formanc’• ir.uer operational conditions had also leveled off,

DM0 operators had take a performance test fo l lowing their m i —
t~~5i :ourse of i n st r - ~c - i ~~n .  Of t :,e in d iv idu a l s  who took the course ,
4 ~ % )  f a i ei tne ~n~~~:a t.~s .  ~~ ne ’ eer , of the se ind iv idua l s  were
retes’ .d . and 1~ passed . The s:- re ; of i:~dividuals who passed and for
whom scores were :orrec~~~- recorded were surs~ar~ zed. The mean t ime
:or ;orrec~~1y j - r~ ce s s i n ~ f i r e  ~u s i n was ~~~~ 4 seconds (N 154 ,
3E~ • ~ .fl . The average e f~~ r ~r - ~~~~~~~ ar.: r.e mission was
I n i n~.te , 46 seconds. Note t ha t  tn ’~ ~ML :~~ur se is intended only to
~-r 3v id e  tne operator wi th  an ~~~~~~~ ~~ rking  know ledge of toe device .
Add i t i r~a1 p r i~~t~~~e is necessary f~~r the operator to become prof ic ient.

Subject~ ve Evaluation s. TCATA ~ueat ionnai r es  provided assess-
ments of T .CF:RE OT 056 t rain ing . Sunm~aries -: f these questionnaires
are provided in the T(’~ report.  Accordin g to the ARI questionnaires
regarding operator mance and equ ipment evaluation , operators
felt they needed ~ninq on how to maintain and troubleshoot

~neir equipme:

ARI ~uest~~~.. ~.res also addressed the issue of future training
needs . ~pec~~f~ caily, operators were asked to estimate ( a )  how f re—
~p~e n t l .  toey needed to train to maintain proficiency with TACFIRE

;u~~-ment and (b )  how many days of t raining per year they needed to
ma inta in prof~~~iency with TACFIRE equipment. Answers (in percent )
to toe first ~ueItion are .umearized below , by operator group.

)perator A B C D E
group Daily Weekly Monthly Semi-annually Annually N

FIX 14 64 18 0 3 28
VFI~~~ 5 60 34 0 0 38

5 43 45 4 3 76

There is a s t rong consensus that training must be conducted fre-
qu en t ly  t maintain proficiency. A majority of FIX and VFMED personnel
thinJi tha t training must be conducted on a weekly  basis , and 48% of DM1)
operators think that training should be conducted on a daily or weekly
basis.
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The second question concerned the total number of days training
per year needed to maintain operator ski l ls .  Again , t~ie results were
analyzed by operator position . Twenty—six FIX personnel estimated
the amount of t r a in ing  r equired to maintain their proficiency. The
est imates  ranged from 1 day a year to 365 days a year,  wi th  the median
response being 135 days a year . Estimates provided by 37 personnel
at VFMED sites ranged fro m 12 days a year to 300 days a year , with the
median response of 90 days a yeaz . Seventy-four DM0 operators pro-
vided estimates rang ing from 2 days a year to 365 days a year , with
a median of 51 days a year .

In sunmiary , operators think that  a considerable amount of train-
ing at frequent  intervals  is required , or operator profic iency will
suffer.

1 $~

~iven the small number of personilel involved in an operationa l
test , only a preli minary assessment could be made of personnel selec-
tion requirements. Two sets of analyses are offered here ; one is
concerned with aptitude , the other with acquired skill. A series of
analyses was done regarding the relationship between the aptitude area
scores on the Army Class if ication Battery and success in formal TACFIRE
training at Fort Sill , Okia. The second set of analyses was done on
the relationship between typing skill and performance on the ACC .

Aptitude Area Scores and Success in Formal TACFIRE Training.
Personnel record s were obta ined for  31 enlisted men who had success-
f u l l y  completed ‘~it her the Fire Support Course or the Fire Support
Coordination Course and for 18 enlisted men who had failed one of
these courses. The mean s for each of these two groups for each of
the aptit’ Ic areas and the associated stat ist ics are presented in
Table ). With the exception of the OF comparison , all  t values were
si gn i f i c a n t  at leas t at the .05 level of confidence . The statistic

provides an estimate of the magnitude of the effect; i.e., the
greater the value , the greater the effect. On the basis of the ob-
tained values, the SC and CO aptitude areas would seem to provide the
best predictors for succeeding in TACFIRZ schooling. However, given
the small sample size , the reliability of these estimates is low .
Additional study is required to establish a more reliable ordering .

An est imate of the potential utility of using aptitude area
scores can be obtained by examining the obta~ red f a i lu re  rates as a
function of aptitude scores for the six areas which had the largest
~2 values. For individuals  wi th  SC scores below 110 , the f a i l u r e
rate was 64% . However , for individuals wi th  SC scores 110 or above ,
the f a i l u r e  rate was 25% .  For the CO aptitude area , the fa i lu re
rate was 90% for individuals with aptitude scores below 110 versus
21% for indiv iduals with CO scores of 110 or above . The values for
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Table 8

Comparison on Aptitude Areas of Personnel Who Successfully
Completed or Failed For mal TA~~ IRZ Training

Aptitude Test Magnitud~2area Passed Failed statistic a estimate (~

117 104 t (47 ) .3.42 .179

114 104 t (47 ) .3.09 .148

116 105 t (47) 3.62 .198

CL l 1 3  101 t ( 4 7 ) _3.28 .202

115 103 t (47)—3. 70 .205

SC 115 100 t (l,)~~3.53 .283

CO 122 1.04 t ( 3 7 ) 3 .93 .270

FA 11.9 107 t ( ...)~~3.04 .221

117 107 t
(28) 

1.51 ——
ST 117 106 t (.,7)—2.51 .154

~4ote. 3T • General Technica l. SC - Surveillance and Comunications
- General Maintenance CC) • Combat

EL. - Electronics Repair FA — Field Artillery
CL • Clerical OF - Operational Food- M chanical Maintenance ST - Skilled Technical

degree s of freedom v ary as a function of the availability of m di—
vidual aptitude area scores.
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FA are 73% versus 32%; for EL, 58% versus 2 3 % ;  and for  -3T , 65% versus
2 3 % .  These values are based only on enlisted personnel (ACB scores
are not kept for officers) and are therefore conservative estimates.
For example , if o f f i c e r s , a l l  of whom have GT scores of at least 110 ,
were to be included in the GT estimate provided above , the percentage
of failures for 110 and above would drop below 10% . No off icers fa i led
to complete forma l course training.

To summarize, failure rates can be drastically reduced by using
a classification criterion from the ACB.

Typing A b il it y  and ACCO Performance. A n umber of people had ob-
served that the a b i l i t y  to type f a c i l i t a t e d  operator performance at
the ACC . The v a l id i t y  of these observations was assessed by analyzing
operational perfor mance on the ACCO examinat ion (see section on Train-
ing) . Personnel were classified into two groups on the basis of the i r
ab i l it y  to t ype . Indiv iduals  who could type avera c ed 0~ seconds per
::r-ocessing requirement, whereas indiv~~dua1s who could not type averaged

~~l seconds . TOiS d fference was statistic~all y significant , t~~ 7)
3 . 2 7 , p .31. Moreover , the relative magnitude of the effect was
lar .;e , 2 •

A1thou~ n the effect of typinc abi ity on processing t ime was sig—
n~ fioar.t, the effect of typing ability - n  r :rocessano accuracy  was not :
t ( 1 7 ~~ • 1.14 , . 10 .  T:~us . typ~ ng ao i1 it ~ enhances the speed at
wh~~±. messages are yrocessed at toe ACC. but has no significant effect

~n the accuracy of the messages processed. :t is reasonable to assu me
t h at  a similar re la t ionsh ip  would be :b~ ained at the .T~~O.

CONCLIS:CNS

The suo ect ive  assessment by tie ‘r 356 p l aye r s  indicated that
the b at t a l i on  S-280 shelter is unacceptable. The najor shortcomings
are reported as unacceptable workspace and storace space . This space
shortage is thought to adversely a f fec t  operations inside the shelter
and the performance of maintenance.  There is also dissatisfaction
with the way equipeents are configured. In addition , the noise level
within the shelter is not regarded as acceptable by a ma3ority of the
respondents. Furthermore , there are indications that the noise level
in ter feres  with spoken coimnunication s within the shelter , and it is
likely tha t the noise level contr ibutes to operator fatigue . Noise
levels exceeded standard . in MIL-STD-l474A (see Appendix B ) .

Air qu a l i t y  w i th in  the shelter is questionable. Less than half
the respondents regarded the air quality as acceptable , and , prior to

~~ ill, personnel became ill within the shelter.
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F~~.al .v , t.~e dock of th~ sielter and the ladder constitute po-
teo:~ al safety ~~zards. Tht O’ M~~~n Factors Subtest

3 indicated
that tne ~a:ta.~.o Jr. s:Ae1ter was ur.satisfactorv , ~~c CT replicates
t~~os :ooc~c~c. If an\too:~c , tnt p roblems ~f the ~ at t a l oo n  shelter
are ~.oten s~ foe -d on an operational envoronment .

- The ~v~%rty soe t~ rs ~p~ earec be satisfactory ; however, the
lozute~ number of person.-~el onvo ve d at ovAz-ty recp.ire tha t 0300ius ior .s
reoard inc tne ~ivA.rty cnnfiqur~ toon be taken witn caution . Noise
.eve s exceeded L~~~~~— 4 ” 4~ . (see ~ppendix B). The two shelter con-
f~~curatoor.s lid oct appear to o n n o o o t  the adequate supervision of
CovArty FDC operations. The sugge..tions offered for reconfiguring
equ ipments at both ~ivArty and ~atts1ooo should be given serious
:~ fl$ .Ier ato or..

~x:ept f r  the ~~~ and toe CPM , the overall acceptance rates for
equipment surveyed exceeded 7- % . A conmon complaint concerned the

on troubleshootinc and maoot3iniri~ the DPM. Indeed , co~mon
problems ~:r all  TACFIRE equipments are t rouoleshoot~ nq and maintenance .

ncst cases , shortcomings in both maintainabi lity  desoco and in main—
ter.aoce t~ aioooc controrute ~o toos problem . On tOe whole, however ,
toere  -~oiespre ad acceptance of individual TACFIR.E equipments . Never-
t oele s s , the suggestions ~ffered for equipment modification ~oould be
o~cns~ de r el .

Regardless of the ir position , TACY:P.Z personnel perceive their
tasks , ~n the average , as easy. Most suggestions regard inc improve-

on operating procedures at toe bat t a l ion  Fire Direction Center
conce rned the ~‘roz~ien of equipment : on fo c u r a t o o n  ~discussed above) .
The suggestoms f-r ~mrrovino ‘~ eratonq procedures are :~oscussed on
tOe “Resul ts” 3ecto on and s~ ou.1d be considered .

A.l tnough they perceive theor tasks as easy, operators still think
toat frequent (weekly) training is needed to maintain proficiency. An
experimental assessment of operator skill loss rates should be con-
1u cted . The ‘~inds and amount of traininc that are required to main-
ta i n TACFIRE 3~ oll3 should be considered . The impact of training
;nortfalls or. TACTIRE system performance could be devastating. It
os likely that a var iety of t rainin g approaches wi l l  be necessary to
eliminate this problem.

The analyses of personnel selection requirements led to two basic
conclusions. Operators who use the QWERTY keyboard should know how
to type , and the Army Classification Battery has potential as a cost—
effec t ive  se lectio n device for for ma l T?~CFIRZ schoolinq . Persons who
can type show s ign i f i can t ly  greater facil i ty at the keyboard . The

3AR 1 report submitted to C .S. ARZITE, White  Sands Missile Range , N. M ex. ,
19 October ~377 .
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analysis of ACB scores indicated that by using various aptitude areas ,
failure rates at school could be greatly reduced .
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APPE N D I X  A

A RI  TACF IRE QuESTIONNAIRES

T A C E I R E  ~1UMAN FACTORS E V A L J A T : D N

I.~’4 STR UCT IONS

This ~uest~onna1 re is part of the Human aCtOrS evaluation the
A r’iiy Research Institute is conduct ing of tr~e ‘A CF. PE sistem . Your
input to this evaluation will be inv aluable in assist ing ~is in making
reconnendations to improve the TACFIRE system . ~‘en ou lti p le choice
responses are provided mark the alternat ive mat is closest to your
opi n ion . ~nen a written answer is requested be as detai~ed as y’)uli .~e in your response. Additiona l pape r .‘vi l l be supplied if neces-
sary . These data are to be used ‘or researcn purposes on i , . Strict
confidentiality wil l be rnai nta in ed .

~ou snoul d be able to answer me ‘ollowin g luestionn aires on the

~asi s of your experience w it ’ i  TA CF RE. Shoulc iou be unabl e to
answe!~ certa in item s . please so indicate . 1ou need on li fi l l out the
complet e beading on the firs t ~ue stionn cire . 2lease provid e at least
your last name on eac h ques tionnaire , riowever , so the data can be
ool ~ated s~c~ ld be ~uest ionn aire packet oecome separated .

~-ou “ia~ ~et3cr~ th is sheet. Any co~rients you wi sn to ct.)nvey
te leoh on i calh and or anonymous li should be addressed to Jr . riffith ,
522-~~Ct , 1316 .

33

-- —- ~~~~~~ -~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ —- 0



-~--— - .
~~~~— - -.- . . -

~~~~
-
~~~~~~~~

-- -- 
~~~~
- —.-

DATA REQUIRED BY THE PRIVACY ACT OF 1974
3 ( ~ C $52.,

~ L~~ OC P O~~M ~~~~~~~~~~~~~ O M€C~~~vI

A~. T.~OM~T’V

10 USC Sec 4503
2 ~~ IP4Ct~ At. P u~~PO U~ Si

The data collected with the attached form are to be used to research purposes
onl y.

3 ~ ou T i N E  uSU

This is a collection form developed by the U.S. Army Research Institute for the
Behaviora l and Social Sciences pursuant to its research mission as prescribed In
AR 70-1. When i dentifier (name or Social Security Number) are requested they
are to be used for admin istrative and statistical contro l purposes only. Full
confide ntiality of the responses will be maintained in the processing of these
data.

4 ~~A P d O A~~O~~~ O~ V O L L1NTA~~ V oI5C LO$U~~l AND I P P E C T  ON INO IV ID4JAL NO T PmOVIOINO INPO~~MATI ON

Your participation in this research is strict l y voluntary . Individua ls are
encouraged to provide complete and accurate information in the Interests of the
research , but there will be no effect on ind ividuals for not providing all or
any part of the Information. This notice may be detached from the rest of the
form and retained by the individua l if so desired .

- 

— 

FORM Pr$,.cy Ad Si.i.,m ’t ~~ $~~ ~J
0* F0vM 431S—R. I Msy lB
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PERSONNEL DATA FORM

1 . Name: 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Last First MI

* 2 S SAN : / / / ~I / I~/ I l / I  3. Rank: 
_ _ _ _

4. MOS: 
____________________ 

5. Test Position : 
__________________

6. Weeks Experience In Test Position: 
______________

7. Did you receive TACFIRE training at Fort Sill?

Yes 
______ 

No 
______

If yes” , when was this training completed? _______________________

8. Hei ght: 
______________ 

9. Wei ght: 
___________

Ft - Inches lbs

10. Date of Birth 
__________________  

11 . Length of Service
Yrs - Months

12. Indicate whether you are ri ght handed or left handed .

left 
______ 

ri ght 
-

13. Can you type? Yes 
_____ 

No 
_____

If “yes ,” how many words per minute can you type? 
________

wpm

14 . PrIor to your experience with TACFIRE , did you have any background or
experience wi th  computers?

Yes 
______ 

No 
______

If “yes ’ , what was the nature of this experience?

You are not required to supply this i tem of information

35
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15. List your military job experience.

16. List your milit ary school experience.

36 
-



~

17. List your civilian job experience.

18. CIvilian education? 
________ 

yrs .

List your civilian educationa l experience.
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NAM E : ________________________ RAN K :  
_____________________

TACFIRE DUTY POSITION : 
_______________ 

UNIT: 
_______________

OPERATOR’S QUESTIONNAIRE

1. How frequently do you have to train to maintain your proficiency
with your TACFIRE equipment? (Provide your best estimate.)

A B C 0 E

Daily Weekl y Monthly Semi-Annually Annually

2. How many days per year of train ing do you require to maintain
your proficiency with your TACFIRE equipment? (Provide your best
estimate.

______ 
days year

3. ApproxImately what percentage of the time did the technical manuals
or other reference materials have to be consulted to perform your
job?

_______ 
percent

4. For which tasks did the technical manuals or other reference
materials have to be consulted most frequentl y?

38
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5. On the average the tasks required of me in operating the
TACFIRE equ i pment were:

A B C 0 E
Very Easy Easy Borderl i ne Di fficult Very Difficult

6. Wh ich tasks caused you the most difficulty?

7. Which tasks should be modified and how should they be modified?

39
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8. Use the space below to provide any suggest ions you might have
for improving your performance as an operator.
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Name: 
___________________________________ Rank : 

___________

Duty Position : ____________________________ Un it: 
____________

SAFETY QUESTIONNAIRE

1 . Use the space below to describe any hazards or potential hazardsyou noticed wi th respect to the TACFIRE equipment.

2. Use the space below to provide any suggestions you might have formaking the TACFIRE system safer to operate and maint ain.

41

I



_ _ _ _ _ _ _ _ _ _ _  --. - -- --- - -  — -.,- ~~~- 

Name: 
______________________________ Rank: 

________________

TAC FI RE Duty Position : 
______________  

kilt : 
________________

TEAM PERFORMANCE

1. Wha t modifications , if any, in the design of the equipment would
i~~~rove the teanwork of the crew?

42
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2. What modifications, If any, in the operating procedures would
improve the teanwork of the crew?

43



3. Please provide any other comnents or suggestions concerning
equipment design or operating procecka res .
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Name: _______________________________ Rank : 
________________

TACFIRE Duty Pos ition: 
_______________ 

Unit: 
________________

F WORKLOAD

1. What percentage of the time did your workload become so heavy that,
in your opinion , your performance suffered? 

______ 
S

When, speci ’lcally, did your workload become overly heavy?

45
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2. What percentage of the time was your workload so light that you
could have provided assistance to another member of the crew? ______S

When, specifically, would you have been able to assist other team
members?

46 
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3. Use the space below to provide any recomendations you might have
redistributing the workload to achieve more efficiency.

47

L ~~~ - - - -  -~~~~~~ —-~
_
- - -.—- --- - - —  -



7 
- 

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- 

- 

- 
Name: _______________________________ Rank: 

_________________

TACFIRE Duty Position : 
______________ 

Unit: 
________________

SHELTER ENVIRONMENT QUESTIONNAIRE

1. Overall , the shelter environment was:

A B C D E

Very Very
Comfortable Comfortable Borderline Uncomfortable Uncomfortable

2. Typically, the temperature in the shelter was :

A B C D E

~tich Too About Too Much
Too Hot Hot Right Cold Too Cold

3. The te~ erature control system In the shelter was :

A B C D E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

4. The quality of the air was:

A B C 0 E

Very Very
Acceptable Acceptable Borderl ine Unacceptable Unacceptable

5. The work space provided in the shelter was :

A B C 0 E

Very Very
Acceptab le Acceptab le Borderline Unacceptable Unacceptable

6. The storage space provided w45:

A B C 0 E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable
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7. The working surface was:

A B C D E
Very Very

Acceptable Acceptable Borderl ine Unacceptable Unacceptable

8. The level of Illiziination in the shelter was :

A B C D E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

9. The noise level in the shel ter was:

A B C 0 E
Very Very

Acc eptable Acc eptable Borderline Unacceptable Unacceptable

10. Spoken coninunications wi thin the shelter were:

A B C 0 E

Very Very
Easy Easy Difficult tilfficult
to to to to

Unders tand Understand Borderline Understand Understand

11. The chairs were :

A B C D E

Very Very
Comfortable Comfortable Borderline Uncomfortable Uncomfortable

12. Working conditions inside the shelter were:

A B C D

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

49
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13. Working conditions Inside and outside the shel ter were :
A B C D E

Very VerySafe Safe Borderl ine Dangero us Dangerou s

Use the space below to provide comments about your answers to theabove Items as wel l as to provide any suggestions you might have forImproving Conditions within the shelter.
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Name: ______________________________ Rank : 
________________

TACFIRE Duty Position: 
______________ 

Unit: 
________________

ARTILLERY CONTROL CONSOLE (ACC )

1. The overall perform ance of the ACC was:

A B C D E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

2. The design of the keyboard on the ACC was:

A B C D E

Very Very
Acceptable Acceptable Borderl ine Unacceptable Unacceptable

3. The design of the controls on the ACC was :

A B C D E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptab le

4. The design of the receive display editor was :

A B C D E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

5. The design of the compose/edit display editor was:

A B C D E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

6. The design of the ACC for ease of message composition was:

A B C D E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable
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7. The design of the ACC for ease of message correction was:

A B C 0 E
Very Very

Acceptable Acceptable Borderline Unacceptable Unacceptable

8. The design of the ACC for ease of reviewing messages was:
A B C 0 E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

9. TroubleshootIng the ACC was:

A B C D E -

Very Very
Easy Easy Borderline Difficult Difficult

Use the space below (and the back, If necessary ) to di scuss any
problems you had with the ACC and to provide any suggestions you might
have for improving the ACC.
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Name: ______________________________ Rank: 
________________

TACFIRE Duty Position : 
______________ Unit: 

________________

CENTRAL COI44JNICATIONS UNIT ( CCU)

1. Overall , the performance of the CCU was:

A B C 0 E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

2. The design of the controls on the CCU was:

A B C 0 E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

3. Troubleshooting the CCJJ was:

A B C C E

Very
Very Easy Easy Borderline Diffi cult Difficult

Use the space below (and the back , If necessary) to discuss any
problems you might have had wi th the CCU , and to provide any suggestions
you might have for improving the CCU.
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Name: _____________________________ Rank: 
_______________

TACFIRE Duty Position: 
______________ Unit: 

________________

DIGITAL PLOTTER MAP (DPN)

1. Overall , the performance of the DPM was :

A B C 0 E
Very VeryAcceptable Acceptable Borderline Unacceptable Unacceptable

2. The design of the controls on the DPM was:
A B C C E

Very VeryAcceptable Acceptable Borderline Unacceptable Unacceptable

3. The DPM was:

A B C 0 E
Highly Highly
Legible Legible Borderline Illegible Illegible

4. Troubleshooting the DPM was:

A B C D E

VeryVery Easy Easy Borderline Difficult Difficult

Use the space below (and the back , If necessary) to di scuss anyproblems you m ight have had wi th the DPN, and to provide any suggestionsyou might have for Improving the DPM.
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Name: 
____________________________  

Rank: 
_______________

TACF IRE Duty Position : 
______________ 

Unit: 
________________

ELECTRONIC LINE PRINTER (ELP)

1. Overall , the performance of the ELP was:

A B C D E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

2. The design of the controls on the ELP was:

A B C C E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

3. The design of the ELP for ease of reviewing messages was:

A B C C E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

4. The ELP printouts were:

A B C C E

Highly Highly
Legible Legible Borderline Illegible Illegible

5. TroubleshootIng the ELP was:

A B C D E

Very
Very Easy Easy Borderline Difficul t Difficult

Use the space below (and the back , if necessary) to discuss any
problems you might have had wi th the ELP, and to provide any suggestions
you might have for improving the ELP.
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Name: 
— Rank: 

_______________

TACFIRE Duty Position : 
_______________ Unit: 

_________________

VARIABLE FO~’1AT MESSAGE ENTRY DEVICE (VFNED)

1. Compared to the transmission of messages using a radio, the entryand transmission of messages with the VFMED was:

A B C 0 E
Much MuchBetter Better The Sane Worse Worse

2. As my means of interfacing with the TACFIRE system , the VFMED was:

A 8 C C E
Very VeryAcceptable Acceptable Borderline Unacceptable Unacceptable

3. The design of the keyboard on the VFMED was:

A B C D E
Very VeryAcceptable Acceptable Borderline Unacceptable Unacceptable

4. The design of the display on the VFMED was :

A B C D E
Very VeryAcceptable Acceptable Borderline Unacceptable Unacceptable

5. The design of the controls on the VFMED was:

A B C D E
Very Very

Acceptable Accep table Border) inc Unacceptable Unacceptable

6. Troubleshooting the VFMED was:

A B C D E
Very Very
Easy Easy Borderline Difficult Difficul t
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7. The design of the VFMED for ease of message composition was:

A B C D E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

8. The design of the VF~ED for ease of message correction was:

A B C D

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

9. The design of the VF!~ED for ease of reviewing messages was:

A B C D E
Very Very

Acceptable Acceptable Borderline Unacceptable Unacceptable

Use the space below (and the back , if necessary) to discuss problems
you had wi th the VFMED and to provide any suggestions you might have for
Improving the VFI4ED.
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Name : ______________________________ Rank: 
________________

TACFIRE Duty Position: 
______________ 

Unit: 
________________

DIGITAL MESSAGE DEVICE ( DMD)

1. Compared to the transmission of messages using a radio, the entry
and transmission of messages with a DMD was:

A B C D E

Much Much
Better Better The Same Worse Wors e

2. As the Forward Observer ’s means of Interfaci ng with the TACFIRE
system, the DMD was:

A B C C E

Very Very
Acceptable Acceptable Borderline Unacceptable Uracceptable

3. The design of the Keyboard on the DM) was:

A B C C E

Very Very
Acceptable Acceptable Borderl i ne Unacceptable Unacceptable

4. The design of the display on the Df’V was:

A B C C E

Very Very
Acceptable Acceptable Borderl i ne Unacceptable Unacceptable

5. The design of the controls on the DMD was:

A B C C E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

6. Battery replacement was:

A B C 0 E

Very Very
Easy Easy Borderline Difficult Difficult
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7. Troubleshooting the DM0 was :

A B C D E
Very Very
Easy Easy Borderline Difficult Di fficul t

8. The design of the DM0 for ease of message composition was:

A B C D E
Very Very

Acceptable Acceptable Borderl ine Unacceptable Unacceptable

9. The des ign of the DM0 for ease of message correc tion was :

A B C C E
Very Very

Acceptable Acceptable Borderl ine Unacceptable Unacceptable

10. The design of the DM0 for ease of reviewing messages was :

A B C D E

Very Very
Acceptable Acceptable Borderline Unacceptable Unacceptable

11. The design of the DM0 for night operation was :

A B C C E
Very Very

Acceptable Acceptable Borderline Unacceptable Unacceptable

12. The design of the DM0 for acknowledging ACK/NAK was:

A B C 0 E

Very Very
Acceptable Acceptable BorderlIne Unacceptable Unacceptable
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Use the space below (and the back , if necessary) to discuss any problems
you might have had wi th the DM0 and to provide any suggestions you might 

-have for improving the DM0.
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Noise Level Survey
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..... DEPARTMENT OF THE ARMY
7 NIADOUAITtRS mu coi~s AND FORT $000

FO~ Y $000 . TCZAS 75 $44

AFZF-DMA-HE 21 March 1.978

SULJECT : Resul ts of ~ N o i s e  Level Survey in TACF I RE

1. References :

a.  AR 4 0— 5 , 25 Sep ‘
~~~~.

b .  TB MED 25 1 , 7 Mar 7 2 .

c . MIL—STD 14” .~—A , 1 Mar 73.

2. Background.

a. A request  f o r  a noise level survey was received by 1LT Pengel lv ,
Hear ing  Conserva t ion  O f f i c e r , H e a l t h  and Environment Activit y , ~TS Darneli
Army Hosp i t a l  t r a m  Doug las G r i f f i t h , Ph .  D . ,  Army Research Institu te ,
Ft. Hood Field t~nit. Dr. ri ffi th received numerous complaints from
personne l work ing  in TACFIRE s h e l t e r s .  The subj ect ive remarks included
c o m p l a i n t s  of d i f f i c u lt y  w i th  conversation and h igh  noise levels .

b. TACFIRE shelters are mounted on 812 series trucks (5 ten).
Power for electron ic equipment is provided by 15KW generators which are
positioned to meet t a c t i c a l  needs. The d i s tance  of the generators from
the shel ters  can vary from 10 to 50 meters. The power source for  the
Bat ta l ion  shel ter  was comercia l AC current and three l 5K1~ generators
for the Divisiona l Shelters.

c. The survey of t he  B a t t a l i o n  she l t e r  was conduc t ed on 7 Feb 78
at the ARTADS site , Ft. Hood . Measurements of the Div i s iona l  she l te rs
was conducted on 22 Feb 78 in a tactical configuration near Engineer
Lake , F t .  Hood , ~X .
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TABLE I

Test Condit ions Bat ta l ion  Shelter

1. Air conditioner on low evaporator speed , all  equipment operating
with ELP printing and DPM plotting .

2~~ Air conditioner on high evaporator fan speed , equipment operating
as per •i above .

3. Equipment as per ~ l , heater on hi gh evaporator speed .

~~~. Equipment  as per #1 , heater on low evaporator speed .

NOISE LEVELS AT ARTILLERY CONTROL CONSOLE

Amb ient Leve l ~5 dB (A )

Test Condit ion 1 2 3 4

Operator ’s Position 70 74 74 65 d B ( A )
Octave Sand
125 Hz 72 74 73 72 dB
250 Hz 66 79 78 65
500 Hz 63 72 73 62

1000 Hz 67 67 65 61
2000 Hz 60 62 64 58
4000 Hz 66 61 61 58
8000 Hz .

~~~~ 51 55

NOISE LEV ELS AT COMMVN ICA TIONS CONTROL UNI T

Amb ient Level ‘,S dB (A )

Test Condition 1 2 3 4

Operator ’s Position 73 74 76 65 dB (A)
Octave Band

125 Hz 73 78 76 70 dB
250 Hz 70 80 80 66
500 Hz 65 76 73 67

1000 Hz 59 66 68 58
2000 Hz 66 64 64 59
4000 Hz 57 59 61 57
8000 H z 45 56 63 43

63
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TABLE II

Test Condit ions Display Shelter

1.. Air cond itioner on low evaporator speed , all equipment operating
w i t h  ELP print ing and DPM p lot t ing .

2. Air conditioner on high evaporator speed , equipment operating as
per ~1.

3. Equi pment as per ~‘l , heater on high evaporator speed.

4. Equi pment as per ~l , heater on low evapor ator speed.

DIV ARTY SHELTERS

Disp l ay  She l t e r

Artiller y Control Console (ACC)

Ambien t Level ~5 dB(A)

Test Conditio n 1 2 3 4

Operator ’s Position 2 76 80 67 dB(A)
Octave Band
125 Hz 73 75 79 66 4E
250 Hz 68 80 80 64
500 Hz ~2 73 77 63

1000 Hz o6 69 76 70
2000 Hz 63 73  58
4000 Hz 64 64 68 55
8000 Hz 53 58 65 47
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TABL.E III

Test Conditions Computer Shelter

1. Air conditioner on low evaporator fan , CCV
operating .

2. Air conditioner on high speed evaporator fan , on equipment
as per ff 1.

3. Heater on low evaporator fan speed , equipment as per #1.

Heater on high evaporator f an  speed , equipment as per #1 .

Computer Shelter

Comunications Control Console (CC1 )

Ambient Level 66 d B (A )

Test Condition 1 2 3 3

Operator ’s Position 73 7 7 63 79 dB (A)
Octave Band

125  Hz 73 79 61 80 dB
250 Hz 72 74 62
500 Hz 69 72 62 76

1000 Hz 87 72 58 76
2000 Hz 62 63 59 65
4000 Hz 54 59 4 5  60
8000 Hz 52 54 31 56
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TABLE IV

Test Conditi ons C ounte r f i re  Van

1. Air cond itioner on low evaporator speed , VFMED operating .

2 .  Air c on d i t i o n e r  on h igh  evaporator f an  speed , equipment as perff 1 .

3. Equipment as per 41 , heater on high fan speed .

. Equipmen t on 41, heater on low fan speed .

Counterf ire Van

Va riable Format Me ssage Entry Dev ice (VFMED )

Ambient Leve l 63 dB(A )

Test Condition 1 2 3 4

Operator ’s Poøition 72 77  76 67 dB (A)
Octave Sand

125 Hz 56 54 56 58 dB
250 Hz 63 65 61 61
500 Hz 64 68 63 63

1000 Hz 68 71 70 68
2000 Hz 71 75 73 71
4000 Hz 65 63 64 61
8000 Hz 61 59 57 54
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TABLE V

Test Conditions Digit al Message Device (DMD)

The DMD was connected to .a RT 524 /VR I C f ie ld radio mounted on a
truc k , 1/4 ton , 4’x4 ’ M1S1.AZ (jeep) . The DMD was connected to the
radio by the retransmit jack. Measurements were made with the speaker
o f f  (using only the handset) and speak er on. Volum e was set at
one—third .  This voluas was described by CW2 Lloyd , TACFIRE Mainte nance
Technician , Headquarters , Divisionil Artillery 1st Cay , as a setting
typical of those used under tactical field conditions .

Sound level measurements were obtained in a flat open grass—
covered field with no structure s closer than 200 feet. Wind speed
was 5 mph and a three inch wi nd screen was uaed . The test was
conducted on 31 Mar ch 1978 at 0600 hours.

Diiital Mes sage Devi~~

Amb ient Noise Level 54 dB (A)

Hand Set - 1/3 volume

Distance f r om Noise Source —I—l /. 2 ~ Meters

A weig hting - 70 “ ~~~~

63 Hz ~
.. 51 .-

~ JB
125 Hz 56 53
250 Hz 58 53
500 Hz 63 ~~~~ 5)

1000 Hz “ .
2000 Hz 0
4000 Hz 59 65 5 3
8000 Hz 5.. 58

Speaker — 1/3 volume

Ambient Noise Level 54 dS(A)

Distance from Noise Source— I-i 4 2 6 10 Meters

A weight ing 79 76 69 55 dI(A)
63 Hz 54 51 48 69 dB
125 Hz 60 54 53 54
250 H z 62 59 56 51
500 Hz 69 63 61 53

1000 Hz 74 68 67 54
2000 Hz 79 75 70 58
4000 Hz 72 71 63 53
8000 Hz 66 65 62 55
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CONCLUSIONS

1. The primary sources of noise within the TACF IRE shelters are the
Heater/Air  Conditioner , Digital  Plot ter  Map, and Electronic Line
Pr inter.

2. The noise levels obtained in this survey do not pose a hazard
to hearing .

3. Noise levels obtained within the Battalion Shelter exceed
MIL Sin l474A , category F from 5— 9dB at the ACC and CCU operator ’s
position . 1

4. Noise levels obtained within the Divisional Computer Shelter exceed
MIt STD 1474A , category F from 8—15dB at the CCL’ operator ’s position .
Levels obtained with the heater on low evaporator fan speed are within
acceptable limits.

5. Noise levels obtained within the Counterfire Van exceed MIL Sin
1474A f rom 6 to 12 d8. Levels obtained with the heater on low
evaporator fan speed are within acceptable limits.

6. Noise levels which exceed levels for category F also exceed
alternate PSIL—4 criteria. (Preferred Speech Interference Level
PSIL— 4, is the arithmetic mean of th. octave band frequencies of
500 , 1000 , 2000, and 4000 Hz.

7. Standards for aural non—detectability were not specified by the
procuring a c t i v i t y .  Octave band levels obtained fro m the Digital
Message Device exceeded levels for aural non -detectability for
30 meters for the handset and 200 meters for the speaker. Deter-
mination of non—detectability for distances greater than 200 meters
was not possible due to the ambient noise level.

I~1oise levels observed to exceed category F and PSIL—4 criteria will
reduce speed intelligibility and interfere with telephone comeunication.
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RECOI’Q4ENDATIONS

1. The Air Conditioner/Heater , Digital Plotter Map, and Electronic Line
Printer  appear to be the prim ary sources of noise within the TACF IR.E
system . Consideration should be given to modification or replacement
of this equipment to reduce noise levels.

2. A requirement for non—detectability should be specified for the
Digital Message Device.

3. The Digital Message Device should be re—evaluated after non—
detectability standards are estab lished at a location with a lower
Ambient Noise Level.

MICHAEL PENCELLY 
~~1LT , MSC

Audio log ist

Approved

7~~~4~A.RTHL R R .  MORTON , JR.
LTC , MC
Chief , Health & Environment Activ ity
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ig~tal Plotter Map
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