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EXECUTIVE SUMAMARY

T1,his document is a :ombined test plan and :est report for the CAMPS test
1-82. The purpose of the CAMPS Test 1-82 was to investigate the mission
planning benefits and the utility of CAMPS, a Computer-aided Mission Planning
System.

There were two facets to the CAMPS Test 1-82. One was the investigation
of the benefit arising from the use of the CAMPS over the current manua-
technique. The other was the collection of data to estimate the utility of
the CAMPS as it is curr.ently configured.

In order to investigate the benefits of the CAMPS to the mission planning
process, tactical flight routes were developed by test participants using both
manual techniques and using the CAMPS. Each of these flight routes was :hen
evaluated using a system called the Experimental ?enetration and Analysis
Support System (EPASS). A probability of survival for each mission was
derived using the probability of sustaining abort level damage provided by the
ZPASS. The difference in the probabilities of survival for missions planned
with the CAMPS and missions planned manually was then computed for each
participant and used as the measure of benefit provided by the CAMPS.

The utility of the CAMP was investigated using the subjective responses
of the test participants on various questionnaires. The results of the
questionnaires were summarized and presented in the appendices.

The key result of the CAMPS Test was that analysis of the resulting
probabilities of survival made it possible to reject the hypothesis that CAMPS
planning is not more effective than manual planning at the following levels of
significance:

To the Target p - .032

Total Mission p - .052

What this and the data imply is that an improvement in the probability of
survival of about 25% can be anticipated when using the CAMPS as compared to
manual methods.

Overall the system was well received by the naval aviators and naval.
flight officers of MAG-13 at El Toro, California. The utility of the system
was rated very high with suggestions for improvement being offered and
detailed in the report.
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. 2ACKTC=

' 3ene ral

The Marine or-s is currently invclved in -he rccuremen- c:f a : e
automated tactical aircraft mission plar _ing aid called A.M.PS 'zm~u-er A-/ed
Mission Planning S.ystem'. :- is thenen-ion of -he Marine Thrrs -o :se -n.s
system for training and exercises Jn :rder -o more clearly define -he
requirements for such a sys-em 4n the :.ee- .ar-e Force 72- : is _ s
end that the -es- 4escribed in :his ccumen- was designed an'; :nuc-te. -
is one in a series ,f evaiuai:i.-n effor s env-_s"_.ned -o :Cnfi4 r-:--cse aspects
of AN'S needed, and redefining t-hose areas recuirng nodif: azicefore
implementation 4n the Marine .orrs.

.2 "escrirtion of AS

CAMS is a microcommuter-based sys-em. "- uses color gra:histecnc:o:.
a terrain elevation data base, and enemy surface-to-ar missile da-a

,currently nclassified, to zresent to the tactical mission clanner a .:.ew to
the enemy SAN threat. This deniction of -he SAIM threat has been modified to
indicate the effects of terrain masking and aircraft al itude cn the
capabilities of the SAMs. To develop a flight plan, the clanner desitna-es an
altitude and is then ;resent:ed a view of the enemy SAMM threa- a: :-a:
altitude. He then ilans a route by specifying -heckmoints -:ha- a!iw h-c
avoid the greatest concentration of enemy threat as :ndicated by the -rr-

boundaries indicating effect of terrain masking) and -he color coding :
areas around the sites.

..;on completion of a route, the OA _ LS comru:ss the coordinates of --e
checkpoints, time checks, and fuel usage data, then orin-ts this route
information in a .neeboard card forma.

Threat capability parameters, aircraft ierformance szecifications, and tne

terrain data base can be varied to sumort opoerations in any scenario.

1.1.3 Previous Tests

Previous tests using the CAIITS/EPASS or earlier versions of the same
system consisted of a manual/automated test conducted under tasking frcm the
Marine Cor-s Operations Analysis grcup C C AG. The purpose of the test "was
to measure the benefit of automation in mission planning, both for aviation
and ground. The results were used for a Cost and Onerational Effec-tiveness
Analysis (COEA) of the Tactical Combat Operations (TCO) System. 7AIPS itself
was not tested, however it was used as a device to simulate an automated aid
to planning. !ts objectives were very similar to Objective I of this tes-
although the testing procedure was radically different.

A first effort at evaluating CAMPS itself was recently conducted at Marine
Aircraft Wing Training Squadron-1 (YAWTS-I at Yuma, Arizona; where dat a was

i-I



w r u - - 3..... .:-e.... - -

The zurtzose 'A'TS 'Test: --. 2 -s to:ov 4 ata a-n assc :-ated =a73.
on the osin n-ing '-ene:::3 and -:-e -.fli :-e :A.'.S "as zurren:>-1

confiurd~against a sjec-:-e -hea .evel. :a a -e used as a b-asis
-'or poLanning off ffuture -:est~s a-4f:rtner. deve lorm ent off A.'S. '-aa i3 meant.
.o be ombined wi-th th-'e test r-esu-ts of fuur estin-g in= order c -ue
.o decisions :onicerning ccuee

To iLnvesti4gate wheth-er a ::-an for: a. -ac-tioa- a-4r s-rtie =ission 4eve-'zoed
using 3AMS resu'ts-.a a higher :roa::. ity of sur-.ra-.-tan o-ne develoted
manu a'17.

* .,.2 3b.,jecti-.e 2

To assess test narticim;ant. attitu;7des regarding -:he =n'-ner off requiJred
al titude slices and the s-necific alt~itudes irefer-red.

T, :b ective34

-o assess -.est arii:n attitudes regarding4 -he onsica a -.ear-ance a
infformatioa c:ontent of -.he ZA4S iisnlay.

To assess -.he user omaiityof the current 2A.23 keboaro nr.

.35 b.ective

To assess -.he ease :of planning vith A.IS.

.36 biective6

To assess the marginal value off addin4-g Eb-erimenta. ?enetration and
Analysis Support Sys-tem SPASS) tyrpe canabi!lities to the :A,,!S.

.3.7 Objective

To assess t-he user's overall omnion off the .ZA.'S/:?PASS system as a
mission planning tool.

1 .3.8 Objecti-,e 3

To com-oile a list off particimant likes and iislices about the 'AM/E'PASS.

1 -2



There were two facets ,-he :A:S nest - re was the ir'es:ga-:
the benefit arising from the use :f -he theS over .he =aa

technique. The other was -he -oo.ec-:.on ,f :a-a to estima-e one u : f
the 2AXPS as it is :urrzn:i.7 onfig-ured.

:n order -.o inves- tga,:e ,:he benefits of -he :A:,7S to the =issi:n :_arn.-nng
orccess, tac-jical flig-,t routes were ieveloped b'z -es-. ar-ioioan-s :sing *cch
manuai tec.h.4ques and :sing :he :AMP S. Zach .: -%ese fl'Rh-: routes was -nen
eva'uated using anc-her =MX.ARCC, Tnc. 9s-stem :ail.ed the Exper-men-a-
Penet-ration and Anas'_s Surnor- ysten EPASS . e.as of he evaiuaI.n

procedure are contained in Anmendix A. A :ro abiity of surr-Val for each
mission was derived using "he :rooazity of sustaining ab-rt level ianaze
nrov'ied by the EPASS. The difference in the nr:obao:i-es ot survivaf
missions olarnned with -he :AY-_S and issions :.ran.ed manually was then
ocmuted for each rartioipant and used as the measure of benefit ;rovlied -y

the :AY._ S.

The utility of the -A.,!PS was investiga-ed using the sub.jec-tve resnonses
of the test mar-ticizants on various o.uesticnnaires. The results of the
questionnaires were summarized and used to meet bjec-ives 2 thrcugh 3.

2.2 FACTORS

The factors and -he levels of each factor in rarentoheses, zocnsidered
the design of the ZA.- S test were:

Planning System CAI _S;Manual)
Order of Tes-ing (.!7anuai,"0AS) $A oS/Manual
Test Partiojoano ('-24
Target (1,21
Level of Threat (zonstant
Aircraft Used ,Constano:
:ntelligence Re4ability 'Constant)

2.2.1 ?lannine System

As Objective I states, the key Point of investigation is the difference
between the ZAINTS, an automated system, and -he manua! system of mission
planning. Therefore, the tyne of planning system used to prepare a f
route was chosen as the dependent variable for Obective I.

2.2.2 Order of Testing

The two levels of this factor, the CAMS/Manual order and the Manual, :AXTS
order, were distributed in the test layout in a balanced manner. This was
accom.plished by having the odd-number par-ticipants use the CAMSianua' order
and the even-number participants use the Manual/CLMPS order. Both orders were
used in an effort to reduce the effect of learning associated with the

2-1
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:onslsrenr :resen:a::in =f.=~ -=sse .n=-atn - r~rr

2.2.3 Test ?r~i:.:ant

The greatest degree of -ar;abi 2:7 Was anzt::;ated a=crg the rest
oarticinants. This was controlled by ha ~ng each :artiz:iam: act as his own
control and by the number of test parttoi-ants used. Table 2-1 shows the
distribution of the 2. test partzicpants amongst the various zombin.ations ,f
factors.

Table T- est lay-ou:

Panning System -- > -S Y-UA

CAMS / M.TUAL / ONUAL / :AMS 7
Crder of Testing -- > AANJAL CAI!-S CA S YMATUAL

4.

Target 12 '2

20 20
2 24 24 21

2 2

Target 11 10 IC
2 ~ ~ ~ -1: 184':

23 22 22 23

2.2.4 Target

Since each test participant planned two flight routes, it was necessary to
have two different targets with different starting points so that each
planning effort might produce a different route. :etails of the targets used
can be found in A~vendix B. The two targets were assigned in a balanced
manner so that a pianning system, order of testing, and target combination
occurred with equal frequency.

2-2



:an efr: " f-c:: som -- e" -.- e :nen4-

variablles; evel -f a * :-e aircra-t an'' ~:er
re iabili-77 were 'nel znsan: zver all i-n~~s. ?r:e -es-, :erfeC7
intelligence was assuned. ?:!e e-a2.3' =n -:ese fazrs anze:-ne
the scenario :on,:aIned = B,:n_- .

2 . 3 YEASU'RES ::-, FR2:C .Cs

2.3.2 :Thective

2 .1122 I P ~a

7he iference 4n :he of ai~~ survit-,a 'be,:ween ~ and nan- a_
,olans) from :he s-a- :f -:he =4ssi:n -= :'-e -arge: .

2.3.2.2 IC? 11 1

Mhe di4±erence 4n -he -fz bazii:' suvvahe start -f :'-e
mission :o -.he end of the mission.

2-3.2 Ob,,ectivte 2

2.3.2.1 A)? 2 a

Test 7oarticizan-: otinioris of -.he nmu number of' 3_i:ue .. :oS
required : o perfor mission plarming.

2 .22 . )? 2b

Ihe "?Ielative Worth" of aJlt4 ude slices as ieteried from test
participant preferences under dimirnisbhin resources.

2.37.3 Objective 3

.2.3.3.1 A) 3 a

Test, ?articijant categorical Judgements of:

-- color
-- :formation conten:
- -lne OertuZrC

-- size
-- scales
-- overall display

2.3.3.2 IND? 3b

Test participant sub~Jective comments on the CAI,_?S display.



Test par.iz-ant rank-ng .: -e zrent c:eeooard :ard a -ronosec

alternative kneeboa_-d oards.

2.31.4.2 MP -Ib

Test narnizian: su ec - ie ommen-s or -he forma- and o-nten the
kmeeboard cards•

2.. Ob.ective P?

Test narticizants ataegorizal 'udgements of overall ease of :Ianning wit-h
the CA.NS .

2.3 .6 CIb3ective 91 M? 6'

2.3.7 Obective - :10? 7)

Test jarc*i:ant categorical 'udgements of the ATS/EPASS system.

2.3.3 Ob.jective 3 (MP 3)

Test participant :omments an the aspects of the systems that they liked

and disliked.

SCENAR:

The sensitivity of the exmeriment to the enemy threat was identified
early. Too weak of a threat would allow anyone using manual or CAMS
procedures to maneuver unscathed. Too heavy of a threat would allow no one to
survive no matter how well the mission was planned. So, selection of a threat
became a critical issue. :t was decided that the scenario and threat
developed for the final exercise at the Weapons Training :nstructor WTQ
Course held at .Mrine Aircraft Wing Training Squadron-I 'M.WTS-i), Yuma,
Arizona, would be used. A detailed summary of -he scenario and threat is
contained in Appendix B.

2.5 TEST ?ARTICTOATS

The 24 test participants for the :AXPS Test 1-82 were drawn from Mrine
Aircraft Group-13 at Marine Corns Air Station, M Toro, California.
Requirements for participation were that the individual be a fixed-wing
aviator or a naval flight officer, currently assigned to flight status, with
experience in planning tactical missions desired. There were no rank
limitations imposed statistics for the population of test participants used
for the test which are given in Table 2-2.
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. RGA.1:A.: .

The administration of -he ]A.'2S Test '-A2 vas organr.zec .c 4n-o ur zhases:
Testing, Evaluation, Ia:a Reduc-.on, and Analysis. Figure 3-" e'-:s :hese
phases, their funccions, and the inputsioupu-s of each.

3.2 t, DUL

3.2.1 Testing Phase

A Test 1 -82 was conduc:ed during -he week of 2-a Aor: 9£2
day of testing was divided into three periods, scheduled as follows:

Period

0"ZC-1 13C
1030- 1.3O
1330- 73 0

Each period consisted of four hours of activity broken lown in t he
following manner:

Activity Ynute

:ntroductory Remarks 0-20
2,ssion Brief 21-30
Planning Period 1 31-90
Planning Period 2 91 -150
Demonstration 151 -180
Debrief 181 -240

An outline of each activity is contained in Appendix C.

There was a one-hour overlap in scheduling between Periods and i, and
Periods I! and !r. This, overlap allowed a more effective use of the CA., S
equipment and thus more observations in a shorter time frame.

Testing began with Period :" on .onday and concluded with Period on
Friday. Table 3-1 contains a detailed schedule of test jarticizant assign-ent

to the test periods.

Table 3-I. Participant Schedule

MIN TUES WED THUPS FR:

3 5 7 9 11 13 15 17 19 21 23
2 4 6 3 10 12 14 16 18 20 22 24

* Due to V7P demonstration, participants durir this zeriod did lot lo -lii'ht

planning, however, they i-..d respond to questionnaires.

3-1
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3.2.2 Evaluation Phase

The flight routes resulting from testing were evaluated on 30 April and 3
May 1982 at COMARCO, Inc., Anaheim, California.

3.2.3 Reduction and Analysis Phases

Data from the CAMPS Test was reduced and analyzed during the period 10-18

May 1982.

3.3 PERSONNEL REQUIREMENTS

Personnel required for the CAMPS Test were all Marine Officers provided
from the Command Systems and Analysis Sections of MCTSSA, except where noted

below.

Personnel requirements were as follows:

a. Test Design and Preparation 3

b. Test Supervision and Data Management 2

c. Test Participants (MAG-13 El Toro) 24

d. Data Evaluation and Analysis 2

3.4 MATERIAL REQUIREMENTS

3.4.1 Testing Phase

3.4.1.1 Facilities

The following spaces were provided by MAG-13 for the test:

Testing Office

Briefing Room
CAMPS Planning Room
Manual Planning Room

3.4.1.2 Hardware

The hardware used for the test was the Convergent Technology suite of

equipment being used for the CAMPS. Figure 3-2 shows the hardware used for
the test.

3.4.1 .3 Software

The software for the test was Version 4.2 of CAMPS as provided by COMARCO,
Inc.

3.4.1.4 Data Base

There were three data bases used for the CAMPS Test 1-82.
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:h-ret Parameter. _?I-% irme-er ; ztn-se-sa i.c
unclassifies_ lata base D-f air lefe nse wearcrn system parameters ievelorned by

22MAR0.'o remain xuic'assifi-eb thzaraim ters are Set to nrcv:4e a neasure -_f

wearons zainabilities relative to the other 'geqcor sv tems. AcnencixD
con .ans the naraneters and t'neir values for th .arious a'-- lefense weancons
lurrently in the 7A-PS.

Aircraft Performance. -his lata base was uiseC to Comnute th
rer'mance of the aircraft luri-ng ::ts m4 ss4ion. The -_rcraft u1sed was the %-
ainn2 the iata containea _n tne ia~a b-ase was eredfrom aul
fir :mat aircraft.

3as.

3t . 7 sting Phasef

Teast Suoervision and Data Yanagement ?erscrnne!

Test sape riisory and data management personnel received one iay of
hands-on training with the CA,-S at 20A2,inc. This training wa-s on"~

the week prior to the test. 'n additionl, a renresentative o-f 20MA00 nc.
was Drsn urnaletn to provide a.sistance as reiuired.



s t2 >s Ba r- za nts

a ch test -ja-i 4:ant was g4:ven a brie on.csra-:n :f -:-e -.as4-z
canabilittes of the -A'.!P 4ur'ing !he 'ntroduc-or-y rem1ar'ks. 7hey tr en c~e

a detailed exp1anatti". and. handas-on~ sessizn for -b-Cse functions Spec If4-Call;
required for the ,A':S panmng peri:-d. las:-, a detail.ed br-;af anA
demonstrat-ion of al'. -:e A MS oarabilities as w;el- as selected 7EPAS
functions was -oresen-ted to eac- nair of test narticimants.

3.5.2 -Evaluation ?hase

:n order to evaluate the flight routes develozed iuri ng tsig ~
MCTSSA officers received ap-nroxinately eight hours of trainirng and handns- on
experience in using the ZASS at CAR2
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-.2 'ATA SCURCES

Data was collected for evaluation and analysis 4n suntort, of the tes-
objectives. Data was collected from the test part'.iijants by a combinatior.
flight route summary sheets, written responses to questionrinares, and ora.
comments.

4.2 OBJECTIVE 1

4.2.1 A)P I a

4.2.1.1 Data Collection

The raw data for this .'MP "was collected using the keeboard card oroduced
by the CA-S and by a Manual Flight Route form. Copies of both are oon-ained
in Appendix E.

4.2.1 .2 Data Evaluation

All flight routes developed during the testing phase were then entered
into the EPASS terminal and evaluated against the threat devised for the
scenario. For each route, the EPASS simulated engagements by enemy air
defenses along the route. For each engagement, the enemy site firing, the
time of the engagement and the probability of sustaining abort 1evel damage,
?(d), were then recorded on a Route Evaluation Data ollection and Reduci-..on
Form (Appendix E). :n addition, the time-on-target (TOT) was noted and
recorded.

4.2.1 .3 Data Reduction

For each engagement along a route planned by a Participant (there may have
been none), the probability of survival, ?(s), for that engagement, was
computed as

?(s) - 1-P(d)

using the P(d) for the engagement. The resulting P(s) for each engagement *as
then recorded in column 5 of the Route Evaluation Data Collection Form.

Finally, the probability of surviving to the target, ? (s), was computed by
multiplying together the .(s) for all engagements with an engagement -ime
equal to or earlier than the TOT. This p(s) was then recorded at the bot-:om
of the collection form. At the end of th4 evaluation rhase, the P,(s)'s of
all participants were consolidated on the Objective I (.P !a) Dati Summary
Sheet and used as data for the analysis phase of Objective I.

4.2.2 LVP lb

The data management for MOlP lb was the same as for MCP la except the ?Is
for all engagements were multiplied together to get a ?(s) for the mission,
P,(s) •



4.3 Bj~ZC=17

4.3.1.1 Data "cllect -'

The data for this .'-tP consisted of the nuber of slices circled or. -he
Altitude Slice uesticnnaire (Anendix -) as being the minimum number of"

slices required to do mission planning effective..

4.3.1 .2 Data Reduction

'For_ .each -eat tar- i::4pant, -a -al!ly zons's-Jng of his circled par- ici; ant
number we.g., as entered on the ata a Sheet Apvendlx or e

number of alt-i-ude sli*es indicated. Ftoay, the to-al number of -alles
eacha number of slices was recorded.

1 .'3.2 TP 2b

.3.2 i Data Collecion

Iata collection for XVP 2b consisted of -he listing, by the test
particivant, of those altitudes he would choose if a specified number of
altitude slices were available to him. These altitudes were listed for an
availability of 3 through 10 altitude slices on the Altitude Slice
,uestionnaire (Appendix B)

4.3.2.2 Relative Wor-th

The relative worth measure (w), as defined for this test, is based on -he
premise that selection of an item, when the number of possible selections is
small, implies that a higher value is :laced on that item than selection in
the case where a greater number of selections is possible. For example, if
you only get three wishes, then each wdish chosen would presumably have a
greater value to you than if you had ten or twenty wishes available.

To compute the relative worth measure, we have a number of different
possible levels of selections available and a list of items to fill the
selections at each level. This allows us to then assign a series of weights
to each item based on the different selection levels it was assigned to.
These weights consist of the inverse of the selection level for each
assignment of an item. If an item is listed as one of three possible
selections at level three, each item would get a weight of one-third assigned
for that particular level.

As an example, let's assume there are four levels of selection available:
1, 2, 3, and 4. Each level is addressed separately and items A, B, C, and D
are listed to fill the available selection slots at each level. One possible
allocation looks like this:
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A 3

The rel.-.,e worth, w, for each i-.-s wcui be r^mnu- ed as f: Iiws:

w4 .33 .25 -58

As :an be seen. 7he weigh- f:r an :-em increases as =d seec-:r. ner
iiminishea resources increases.

.3 .2.3 :a-a Reduct':.n

sing h ecie 2 P2b? ) a a Reduc-zn Form .cr-aine d n .e'n
a re".a-ive wor'h was zomzu-e for each aaud listed a -es-

oaz-zi:pant. These values were :hen conslc_4a.ed and grouped around index
a.i.-.udes as follows:

Listed _ltitudes .ndex A.!-itudes

.50-249 200
25C-319 3CC
35C- 49 1.CC
9,O-'49 5Cc

750-1 ,249 ,Cc
1,250-1,749 1, 5o
1,750-2,-99 2,10CO
2,500-3,499 ","CC
3,500-4, 499 4,CC
4, 500-7, 499 5,00

7,500-12,499 10,00
12,500 or more 15,000.

To arrive at a total relative worth, W, for an altit'ude, the highes:
individual relative worth value in the grouping range for an altitude was
recorded on -he Objective 2 (.OVP 2b) Data Consolidation Form "Anendix Z' and
summed over all participants. This total relative worth, W, was -hen used -o
rank the altit t.es during analysis.

4.4 OBJECTIVE 3

4.4.1 2CP 3a

4.4.1 .1 Data Coll'ection

Data collection for this '.CP was conducted using -he categorical judgments
on the CAMPS Display Evaluation form contained in Aziendix E.
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res~cnses :n '-e-a

a'!a :ollect~onf-, tP,' :Cs4s!ed of the waan.-s

sub.'ectite zc~men':s z-e Jisplay made -- -,'-e~ :4iV:'ay -7
:zAz~cendAx T

-1-4.2 .2 a -a ? e u n

-f ::BJ-a 3cof '-7-s-

:ata Zollection

Data collection f'or -h4 '-1P :!Orsi;s-ed of te f::uzr a ternate '=eebcar-_
zards "Az-endix inrnkdt order of preference by' each tas :7r crn

* ..2ata Reduc-tion

The a-.a f..-NP la -was reduced by record~.zg, for each zar-4c'-an:
ranki~ng assigned to -.he 'Icneebcard card a2termaiives . '-he :ata Reducti.mr
for Cb-4ec-.ve -1 ",IP 4.a') was used f:o :s :.ur-ose and can be --c:unc-
Appendix 'i.

. .5 .2 1 ata .ollection

ata collection for A-fP -b :consisted of the wrtzen _comments of -he test
participants concerning the formaz and content of -.he :neeboard card

alternativtes Drovided to them. These comment.s were made on the :-=eeboard
cards themselves .

4.5 .2.2 2ata Reducti on

Data reduction foi- this Y.P was limited to the consolidation 3f t.he test
participant coments.



,a,:a ec >-

,a-: -i :!:? zs:s' d ,f"- :ane o7:z

,:es: a ::n as :n~ :-e e .zase : ?ann:neg irnir'~

.2 ata Reduct4n

The -4aa reduct4_ f.: nst f~ 7- -e-r-- :es,:
:a~:::n~res-oonses :r. --e '-~:e 2 a-.a --,ar-r -he sn

:a:a :ollec:±'on foec :'; s vas accn.p-se a sing -:-a _'A',7 7FAZ3
:amnarison form :on ainea k-.nend:.x E. -..razacs;re asked cc-i-t_

nC noint s be -wee-_ eac- -.a ir ,fsys iem ---I - 'gura 4-ns : is ced cn r.e zr- ac-asec--
on tine value of 7he sys:am -o -he nssi:z panzing -.rness- Tor exam::_e,
you w~ere c:omparing vytm A an , n ons-idered them cea a" uae then
they would each be assigned 5C ::ns . :i 3 -was consiaered ex,:reme!7 .,auaC_"-
and A of '-i4ttle or no ,ra-ue i-n ,czarl.soz, thean they would be =arked as

A 0 3 ~

4.7.2 DIata ?.educticn

T:he iata f'or this TP was recorded on -,he Cb.'ective (P Data
Reduction :o ontained in- A~vendix E. This data was -- en reduced b
asing the 2'onstant Sum ZMethod of 3cal'ng. :_etails of the Cons':ant Sum metocd
are contained in Annendix F

1. OB.-ECTIIS 7 '2.oIC 7)

..8.1 Data collection

Data Col-lection for Db. ective - consisted of the categorica. .udgmen-t of
the test partioipant s as i-ndic-ated on the ;enera- Evaluation form :Ontained
Avendix Z.

4.8.2 Data Reduct ion

The data reduction for MCP 7 consisted of recording the test :narticiza.:
responses on the Data Summary Sheet for o"bJective 7 ',.P 7) using a t.ally of
the circled -narticizant number.



Da-a fo~n:r z? S sis-ed ,f -he -wri,:an crn, - -- o -as,:
ccne~n -he--:.ke and 4:s.l-'es abc:-:e 7--h- ese

comments -were made z-r. -..e 3eneril. ._va...a-ion form o-le

,1. a.2 Data Reduc, i_;:

_ata reduction for thi~s '.,ective consisted of the z:cnso'_i4at'i3n :as-
,onticimant co~ents .:=der -,he liked and diiked z:ategories.

,.~ ATA S-uC2:Tq:

Surnmaies :) '-te redced iata f:): eac- "IC? are tcrtn-ained 'n3



:ATA ANAIYS:I

5.1 OBJECTIVE I

The TVPs for Tbjective 1, as specified 'n taragraph 2.7 , ere analyzed
using the same method of analysis.

.1 . !Method of Analysis

Since each test nart-icinant develoed fligh- n-ans using 7A._ S and manual
methods, the resul'ing orobabilities of sutrtval, ?(S, could be organzed
into matched-oairs of data for each test :ariici:an'. This made the da-a

ideally suited to analysis by the Wil.toxon -!a-!ched-Fairs Signed-Raks Test
see Siegel, " cnnarame-ric Statistics," ,cGraw-Til '956'.

The Wilcoxon Signed-Ranks Test focuses on the difference between -he data
elements of each matched-pair. t: zonsiiers the magnitude of the difference
as well as the direction, thus giving more weight to data pairs which exhJbi-
larger differences than to those exhibiting smaller differences. Details of
the nethod can be found in Appendix H.

5.' .2 Assumptions

The Wilcoxon %ktched-?airs Signed-Ranks Test is a nonparametric -echnique
and thus attributes no specific distribution to the data. The assummteoa for
the Signed-Ranks Test are that the differences being analyzed form a random
sample from a distribution which is continuous and symmetric.

5.1.3 Hyotheses

The null hypothesis for each XP of this objective is:

CAMS planning is not more

effective than manual planning.

The corresponding alternative hypothesis is:

CAMPS planning is more effective

than manual planning.

5.1.4 :nterpretation of Results

After the Signed-Ranks Test was applied to XVP la and mOP 1b, a p-value
for each null hypothesis resulted. A p-value, or significance level, is a
statement of the probability that, if the null hypothesis is rejected, you are
in fact rejecting the true case.

Since null hypotheses are formulated for rejection and thus the implicit
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acceptance of -he _-er.a-ive 4-o'heses, it is lesi:re4 to r.ee' :-he null
hny-o thesis.

:t is common that a null hy'noThesis is not rejected unless The ::-value Ir
the hypothesis is less than some probabilit7 prescribed as accenrab-'e risk :f
rejecting a true case. This level of rsk is denoted as < > and ty ioallv 'as
values of .05 or .1.

5.2 OBJECTIVE 2

5.2.1 VP 2a

The opinions of the test participants regarding the minimum number of
altitude slices required were analyzed using the mode of the data to select
the number of slices most preferred. In addition, the arithmetic mean and
standard deviation for the data were computed.

5.2.2 11P 2b

The analysis of the relative worth measure for this .P consisted of
ranking the altitudes by relative worth from highest to lowest.

5.3 OBJECTIVE 3

5.3.1 .VP 3a

Analysis of the categorical judgments for this .P consisted of comzuting
the percentage of test participants judging a display characteristic in each
category.

5.3.2 VP 3b

The comments of the test participants were summarized and are included
without further analysis.

5.4 OBJECTIVE 4

5.4.1.1 M'thod of Analysis

Although subjective in nature, the rankings of the kneeboard cards by the
test participants for MOP 4a, were analyzed by constructing an interval scale
based on the ordinal rankings of the four alternative kneeboard cazds rlenn
?. Lindsay, "On Constructing Interval Scales from Ordinal Judgments", Naval
Postgraduate School, 1977, unpublished).

As a check on the agreement of the rankings by the test participants, the
Kendall coefficient of concordance was calculated. It indicates whether the
judges applied essentially the same standard in ranking the various
alternatives.

Details of these methods are contained in Annendix H.
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54.-1 .2 Assumr-tions

he assumn ions made -o zonst-c- a in-erva-.l sca-e from ordinal
,udgmen-s are:

a. A judge cannot direc-17 express -is feelings abou- -he scale v7ae of
an alternative, but is able to rank -he alternatives 4n accordance wi-.h hi-s
feelings.

b. The feelings of the population of judges are a normally distributed
random variable.

c. The variance in the feelings of the judges is the same for all
alt.ernatives .

d. The correlation coefficient for feelings between any rair of
alternatives is the same.

in order to compute Kendall's coefficient of concordance, the only
assumption required is the independence between rankings.

5.4-.1.3 :ntermretation of .Results

The intermretation that can be made of an interval scale is best explained
by an example. If four instances of some property being measured are deno-.ed
by the letters S, F, 3, and H (for this 3TP the property being measured is
user comnatibility" and the instances are the four kneeboard card

alternatives) then an interval measurement of the degree of the proper-ty
possessed by the instances might be represented as follows:

--- I-- _f T_

F H -

On such a scale, the base or zero zoint as well as the units of measure
are entirely arbitrary. It could be concluded that Z and H possess more of
the property than G and F, that there appears to be little difference between
E and H as compared with the difference between S and F, etc. -.f the
intervals between all instances were approximately equal, then very litt
information is provided, :n such a case, since the units are arbitrary, t:he
intervals could represent large but equal differences or small but equal
differences.

A high or significant Kendall coefficient of concordance may be
interpreted as meaning that the test participants applied essentially the same
standard in ranking the kneeboard card alternatives. Though this does not
assure that the ranking is correct (it may be influenced by external factors;,
it does give confidence in the ranking under the conditions of the test.

5.4.2 XP 4b

The comments of the test participants regarding the keneeboard card were
summarized and are included without further analysis.
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.' BJECT17 5

The method of analyzing e 3-:egroa- ofmens f:he ease of :l-anning
of the 'A.vYS was -o com-iuts -he oercen-age of tes-t =ar:i--,pan-a j'Idging a
characteristic ;n each ca-egory.

5.6 OBJECTIVE 6

The scaled ranking of the different systems :esu.iJng from data reduc-cn
was used without further analysis.

5.7 OBJECTIVE 7

The categorical judgment of the test narticipants as -"'o :her overall
opinion of the CAINS/TPASS were analyzed by zomputing -he percentage of
Darticipants judging -he system to be in each caregory.

5.8 OBJECTIVE 3

The comments of the participants regarding their .ikes and dislikes about
the system were sumarized and are discussed in Section 6, .esults.
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RESULTs

To investigate whether a olan for a tac:4ia' aJr str-ke
mission developed using AM S resul:s in a higher
probability of survival than one developed manua2ly.

in order to meet Objective 1, the difference in the probabilities of
survival for a mission jlanned with CA.?S and a manual mission was used to
test the hypothesis that A.HS planning is not more effective than manua-
planning. TIhe hypothesis was tested for 0wo :arts of the mission: to -he
target and for the entire mission.

6.1.1 Results

From the analysis for Objective T, it was possible to reject thehypothesis that CAMS planning is not more effective than manual pWa nn "

the following levels of significance:

To the target o- .32
Total Mission - .052

6.1 .2 Discussion

The hypotheses for Objective I were designed to test for a iifference
between CAMS and manual systems of planning. The results above -ell us -hat
there is a statistically significant difference between CAIMPS and manual
planning methods. That is, CAMPS planning provides a better probability of
survival than manual planning. The hypotheses do not tell us, however, how
much better.

We can get some insight into the magnitude of the difference by looking at
the means of the probabilities of survival for each method. Table 6-1
contains the mean values and differences of the ?(s) for the conditions of the
test. if we consider the differences as improvement and compare them to their
respec.tive manual P(s), we get a percentage of improvement for both measures
of performance:

to the target, 26%
and for the mission 2.0

The probabilities of survival and their differences shown in Table 6-1 -an
be viewed from a different perspective. For example, if 100 aircraft were to
fly missions planned manually and 100 aircraft were to fly missions planned
with the CAMPS, the values in Table 6-1 tell us that it could be expected that
19 more aircraft would make it to the target and !6 more aircraft would return
from the mission when using the CAMS than when planning is done manually.
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Table 6-'. *.ean ?rzbab iities 1 4u -: a

2A.MvS nual : fference

To :arget .922 .'3, .1S8

.ission .324 .661 •63

6.2 OBJECTI'E 2

To assess test participant attitudes regarding the number
of required altitude slices and the specific altitudes
preferred.

For this objective, test participant opinions were used -o assess -he

number of altitudes required and the relative worth of various aititudes.

6.2.1 Results

Table 6-2 contains the percentage of test participants selecting the
various altitude slice availabilities. Statistics for this data are:

!ode = 5

Arithmetic M.ean a 5.9
Standard Deviation - 1.66

Table 6-3 contains the index altitudes ranked according to their relative
worth as computed during data reduction.

Table 6-2. Minimum Number of Altitude Slices Required

iumber of Percent
.Slices Selecting

3 0
4 16

5 37
6 21
- 10
8 5
9 5

10 5
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Table 6-3. Rankirng cf Al-.i'udes by Relative Wor'th

Ranking index Al-i-ude Rela-ive Worth

1 500 31 .534

2 ',C00 292 '-
3 100 25.365
4. 200 21 .856

5 300 10.412
6 5,000 9.434

10,000 9.189
5 1, 500 5.989

9 15,000 5.5'2
10 3,CCO 4.--9
11 2,000 4.29
12 400 4.04
13 4,000 .558

6.2.2 Discussion

T"he results obtained for the minimum number of altitude slices tell us

that at least 4 are required and probably no more than T would be necessary.

As to what these 4 to 7 altitudes might be, we look to a plot )f the

relative worths of the altitudes by rank (Figure 6-1). This plot reveals two

clusters of the data. This would indicate that the 4 highest ranking

altitudes

500
I ,OO

100
200

might be selected with some confidence over those of the lower group. the
ranking of altitudes within a cluster, especially the lower one, should be

considered more variable and subject to interpretation.
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Figtre 6-1. Plot of Relative Worth of :ndex Altitudes by Rank
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To assess test :artic-:an-: at:4--ues regarding e -,,s .

appearance and infoma:--ion zor.:en of -- e iA: display.

6.3-1 Results

The results for this objective are summmarized in Table 6-4 and in
Appendix 3 7Test Participant :omenzs - Objective 3 i-P 3b)].

Table 6-4. A:.MS :isplay Categorical Judgments
'responding)

Property Poor Znly Fair Good Rxcellent

Color 3 50 42

:nformation
Content 4 38 58

Line Textures 13 58 29

Screen Size 4 21 67 3

Map Scales 4 58 38

Overall 60 40

6.3.2 Discussion

Key aspects of the CAMPS display that several test participants wanted
changed were:

1) screen size (wanted it larger),

2) ability to change altitude display during planning of a mission,

3) computer response too slow.

Other comments are provided in Appendix G without further discussion.

6.4 OBJECTIVE 4

To assess the user compatibility of the current CAMPS
kneeboard card.

6.4.1 Results

The analysis of the rankings of the kmeeboard card alternatives resulted

in the following scale values:
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A- erna:,e Scale Val.ue

Kendall's Coeffiient of Concordance resu..ed :"e rejec::n a: hn .
level of the hypothesis -ha: the judges used different :rieron -o rant :-e
xneeboard card alternatives.

Comments on the various zharac:er-s:-.cs of the zards are ron:ainec I=
Appendix G Test ?ar:iziran: 2omments - )bjecive - -.'? b

•. .2 Discussion.

Arranging -he alternati'es on a scala 'n accordance w4:h :he- r resu tan:
scale value, 4. can be seen that -. here seems -o be littl 1f- ce be:ween
alternatives C and D and -hat alternative A, -he :urren- kneeboar : :ard, is
least nreferred of all.

6.5 OBJECTIVE 5

To assess the ease of planning with CA.TS.

:n order to accomplish this objective, the test par-tiCian:s -were asked to
rate the CAINTS in four areas of planning and then rate i: overall. The five
statements are shown in Figure 6-2.

I. Rate how easy it was for you to get information you needed from
the system.

2. Rate how easy it 4was for you to use the information provided by
the system to plan your mission.

3. Rate how easy to understaand and execute, were the procedures for
using the system.

4. Rate how well the system provided the level of detail of
information you reauired.

5. Considering your responses to the above, rate the overall ease of
planning a tacitcal air strike flight plan with the CAW S.

Figure 6-2. Ease of Planning Categorical Judgment Statements

The results for this objective, the percentage of test participants responding
to the five statements in each category, are shown in Table 6-5 by statement
number.
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2 -: 25 ""

8

Overall 38

To assess the marginal value of add.ng Exrtme.... _I

Penetration and Analysis Suppot System EPAS3" y e
-aabili ies to -he :AS.

This objective was met by having the test nar:.c::ants tomoare -he ,ar:"us

systems (i.e., CAMPS, CA S/-PASS,' EPASS) to each other in regard to -heir

value to the mission planning process.

6.6.1 Results

The results for :his objective were the scale values shown below for each

of the systems.

CA3TS/ ,PASS 2.,6
CAMPS 1 .C5
EPASS .41L

6.6.2 Discussion

'What the results above tell us is that, in the otinion of the test

participants, CAMS has twice the value of EPASS in mission planning but that
CAIS with EPASS would have twice the value of CA ?S alone. Thus the marg-_nal
value of adding EPASS to CA S is as great as the value of ZAMYS alone.

6.7 OBJECTIVE 7

To assess the user' s overall opinion of the CA TS/PASS
system as a mission planning tool.

In order to achieve this objective, test participants were asked -to
respond to the following:

What was your overall impression of a CAMYS/2?ASS type of system
as a tool for :.ission planning?

Poor (unimpressed)

Fair
Good

Excellent ,ery impressed)
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I . ffectiveness

3ased on the results 0: his !es- and the oZrevocus test that used A =-.
the conclusion :an be drawn :ha: :he 4A.S is a valuable mission -,a nz a::.
:t should be poin-ed out however, tha- the results of both of tnese tests

depended upon the level of threat and -he :erfect :ntelligence assumt::s.
The fact that zany nar-ioioan-s achieved nrcbabilities zZf surrval of with
both methods of i1 anninJg also reduced our abilit -- o discrim::a:e ret-een -he

systems with accuracy. These diitatnins to not lessen zonfilence i_ -
results but reduce the abilit7 to generalize -he resul-s : otrher -treat an'
inelligence reiblz ees

The value of an automated system -would vary as the threat iarte.s. --hat
is, when there is li!ttle or no threat, there would be 1l--te or no ::;c" 'eor_.

^_ o
in missions planned with either system. As the in-ensty of the threat
increases, it 4ould be ex-nected that the value of the CAINTS would increase
until a zoat is reached where the threat is so dense :ha: missions planned
with perfect knowledge, whatever its source, would be flown at extremey n:gn
risk.

The sensitivity of the effecti':eness of the CAIS to ohanges in the i
of threat and intelligence reliability is unknown. This does not-4 dimiansn -the
potential value of the CIAS to the mission :ianner, but only our ab'_ii-y --o
predict its effectiveness.

2.2 U2Lit

On the whole, the vast majority of the test zarticiants fel-- the L--S
would be invaluable to them. They felt that it provtided them w-t too s no-
currently available to them and that these tools were easy to use and ap.y.

Their indications of deficiencies and suggestions for improvements are
detailed in Section 6 ',RESULTS) and in Apnendix 1. From these, it can be
concluded that the CAMPS is on the right track. :t provides a needed
capability :o the mission planner and is easy to use.

7.2 ?LECC2MA:CNS

As with most tests or exmeriments, more questicns result than are
answered. The CAMPS Test '-2 is no exception.

The key questions to be answered in the future are:

W"at is the sensitivity of ZAMS performance to different levels of enemy

threat?

2. How will real intelligence 'i.e., reabilities less than !CCV affect the
performance and uof the AVS.

A .... y o :he ~w2$
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"r RCUE "EVAAT::N RCCE:URES

A.1 :NTRODUCT.

:n order to compare the flight rout:es prepared by participants using A.S
and manual planning methods, " he routes were entered into a 33MARCO, 'nc.,
system called EPASS (Experimental Penetration Aalsis Sup por- Systeml. .he
EPASS simulates the flying of a mission through a specified threat over
specified terrain. Among its outputs is a probability that a particular

engagement of a surface-to-air missile (SAX) vill inflict abort-level damage
to the aircraft fly-ng the mission. The next paragraph outiines the
procedures used to evaluate the flight routes using the EPASS.

A.2 VALUAT ON PIROCEDURE

A. Log-on to COMARCO, ihc. EPASS Program

3. Designate for scenario

1. Terrain
2. Air Defenses
3. Aircraft

C. For each flight route

I. Set uD a Data Collection and Reduction Form
a. Filling in Particinant Number
b. Circle method of planning.

2. Enter all turnpoints/checkoints of route in sequence by entering:

a. Coordinates
b. Altitude

c. Speed

3. Evaluate route by using EPASS simulation.

4. Display engagement list.

5. Record following data on Collection and Reduction For.

a. Sites firing (column 2)
b. Time of engagement (column 3)
c. Probability of damage, P(d) for each firing (column 5)*
d. Time on target (T OT)

NOTE: Column I of the :ata Collection and Reduction Form is not used.

A-i



APPEN-_DIX 3

SC ENAR:D

B.1 NTRODUCTICN

The scenario for the CAMS Test 1-82 was very imited but specifically
designed to provide an environment and situation to test the particular A S
capabilities in question.

Particinants were not asked to develop complete f.ight plans in tha- -hey
had no fuel or time calculations to consider. They only had to develoc the
route itself. :n order to structure the test environment, the planning
constraints described below were developed.

3.2 DESCRIPT:ON

The situation used for this test was based on a scenario used at :he ',r-
course held at MAWTS-1, Yuma, Arizona.

3.2.1 Planning Region

The region made available to the participants for planning is shown below:

330 0-
32 0I32

TGT Z

32 °  n 2 co

0

115 1140 1130 1120

B.2.2 Missions

There were two missions planned by each participant. Each mission
consisted of a designated start point and a target. The participanc was
"placed" in the air at the start point and required to develop a route to .he
target and back to the start point. The two missions are described below:

B-I



STAK ?02' : 3'::i~ ,2OOT:C

TARGET: 32 31 1301 .
112055'45" W

MISSION #2

START POINT: 3205 N 10,0CO FT T L

114 045. W

TARGET: 32'13 ' N, 0 ,
1,12 51 W

3.2.3 Profile Constraints

In order to simulate the effects of fuel and range limitations tha- wouli
normally apply to mission planning, partici-ants were required to adhere -c
the certain mission profile constrain-s.

Altitudes and the distance that could be flown at an altitude were :i:ted
so that the entire mission could not be flown at any one altitude because 3f
fuel limitations. The limitations on altitude, speed, and distance are show.n
below.

Altitude (ft) Maximum Cumulative Distance 3round
at or below Altitude (NM) Sneed ,Kls)

10,000 ML 300 420
1,000 AGL 150 480

500 AGL 60 4O
100 AGL 30 540

For example, if 30 N! are flown at 100 ft AGL, then only 30 NM oculi be f2.own
at 500 ft AGL.

Total Round Trip Distance for a route had to be 3C NM or less.

B.2.4 Threat

Enemy SAM sites used for the test were also based on the WT Scenar:o.

The type and location of the si-es are listed below:

SURFACE-TO-A2 MISSILE THREAT

TYPE LOCATION

SA3 32 39 00 N
112 36 00 "4

SAA 32 24 18 N
112 19 40 W
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5A4 32 55 35 '1
112 42 35 W

SA4 32 50 CO N
112 4 3 ')0 'W

SA6 32 07 27 .7
112 45 48 W

SA6 32 16 11 N
112 44 11 W

SA6 32 14 32 N
112 56 41 V

SA6 32 40 00 N
112 34 00 W

SA6 32 SO CO N
113 14 00 W

SA6 32 36 20 N
113 06 00 W

SAS 32 49 06 N
112 54 41 W

SA8 32 41 02 N
112 37 36 W

SAS* 32 52 30 .
112 41 00

SA8* 32 24 30 N
113 00 00 'i

SA9 32 39 00 N
112 35 59 W

SA9 32 35 30 N
113 05 30 W

SA9 32 36 24 N
113 05 12 W

ZSU 23/4 32 46 57 N
112 51 58 W

ZSU 23/4 32 48 24 N
112 52 32 W

ZSU 23/4 32 40 "0
112 37 00 w
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ZSU 23

c0 w

ZStJ 23/4 323 2
13 0'5 12 W

:Su 23/a 32 35 30 N
III ^m T0 W

S-60 (57=m) 312 319 5;9 "T
112 36 59 W

*These sites were added to the sites listed in -,he 'W: scenar--z.

3-A



TEST ?ER:D :U .... I

C.1 OUTLINE

I. "elcome Aboard & _ntroduction

A. INTRODUCTIONS

B. ".kRPOSES -- The purposes of this test are two-fold:

(1) To see if an automated system such as this will aid -n the flight
planning of tactical missions.

(2) To expose as many aviators as possible to the system and make
them aware of the potential capabilities.

Right now, no aviators are involved in its acquisition. We want to
find out if the aviation community has a need for a system like this and if so
get them involved in its acquisition by generating a ground swell of opinion
from the FMF and thus encouraging the designation of an aviation sponsor at
H Mr.

C. BACKGROUND

What is CAMS? (Show display slices)
Who developed it? Sterling Engineering Division COMARCC, :nc.
'When we get USIC system A how many.

This system is on loan from COMARCO to the U.S. Navy who in turn has loaned it
to the USM for use at WTI 1-82 and for this test.

D. ' iHAT YOU'LL BE DOING

MISSION BRIEFING

FLIGHT ROUTE PLANING

CAMPS

MANUAL

DEMONSTRATION (CAMPS/EPASS)

DEBRIEF

II. MISSION BRIEFING

Situation and Mission

General Orientation
Overall Mission

c-I



Enemy Threa. 3-2'

Mission Parmeters and Aircraft yTze

Target Assignnents

III. PLANNING

Period 1.

Period 2.

IV. CAMPS/EPASS . ATON

V. DEBRIEF

Questionnaires

Comments

C.2 SCHEDULE

TEST ?ER!OD

Welcome & Mission Brief 0730 1030 1330

Planning Period 1 0800 1100 1-O0

Planning Period 2 0900 1200 1500

Demonstration 1000 1 300 1600

Debrief 1030 1-330 1630

End 1130 1430 1730

C -2
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DATA CCLc:NAD?~Lc:N?CRYS

Page

OBJECTIVE I

CAM S Kneeboard Card ..................................... :-

Manual Flight Route Form .................................

Route evaluation Data coilection I Reduction For= ........ E - ,

Objective I (.'10P la) Data Summary Sheet .................. -6

OBJECTIVE 2

Altitude Slice Questionnaire ............................. :-7

Objective 2 (MOP 2a) Data Summary Sheet .................. :-a

Objective 2 (%*P 2b) Data Reduction Form ................. E-9

Objective 2 (MCP 2b) Data Consolidation Form .............

OBJECTIVE 3

CAMPS Display Evaluation ................................. E...5 ,

Objective 3 (1OP 3a) Data Summary Sheet .................. :.-12

OBJECTIVE 4

Kneeboard Cards (A through D) ............................. .-

Objective 4 (.OP 4a) Data Reduction Sheet . . .

OBJECTIVE 5

Ease of Planning Questionnaire ........................... E-.. 8

Objective 5 (.mP 5) Data Sumary Sheet .....................-..5-q
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SA~,", P.SS m~arison ................................... .-- 2

Objective 6 ".N1P 6' ata Reducin Frm .................. E-2'

OBJECTIVE 7

General Evaluation ....................................... -2

Objective 7 \'(P 7) Data Sumary Sheet. .................... ...--

OBJECTIVE 8

General E-valuation ...................................... -
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:AM.PS DSI?.AY V AN

rndicate your ocinion as :o :ne adeauac', .f :4-e /ar~ous eemen-.s :r :e

CAMPS disclay by olacing an "C' on the aocr'riate ine.

Arsa 7erw14 b c i~ e ZCC< :a___

rnfar-ation CCnzant

Line rlextureas

-creen Size

Ma Scales

Overall, how do you
rate the 'CAM~PS displav?--

Otter coriments abouz :.ne display/nac setuo?
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What was your overa"1 imwrSif ~a~' ~ :v y~ ~a

a tool o'r mission l anrin

Poor(un sse)_

Fai r_.,.

Sx eent( very

Wihat did you lfke .os: about S'eCMS~~S y~~~

'Atdid you dislike about Zh CZl P/ L* ys~
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D OJS.A.T. SU... ....: .. . .. ~ L2

Reference: 3lenn T. Lindsa7, "Scaling wi.th the 7onssant zum :hod", "aval
Postgraduate School, 1 980 .

The Constant Sum method was used for bjective 6 to scale 'he nropert7

"value to the mission planning process" and locate the instances: A.S,
CA S/EPASS, snd EPASS, on the resulting scale. This method recuires that the

participants agree upon an origin for this scale and this "ill be assumed.
The method will result in a ratio scale. The followi-ng Orocedures sdarite
from the reference were used.

STEP I Each test participant's Point assignments recorded on the 7
comparison form were transferred to the 

Ibjective g 'TP 5' ata

Reduction o Anendix E) as follows. The point assignments
corresponding to the circled numbers below were recorded in the
corresponding column for the test particizant on the Data educ-!ion
?orm.

CAIAS CAYS/:!P4SS
EPASS CAYPS

CAMPS/EPASS TPASS

STEP 2 Compute the mean of each column of the Data Reduction Form.

STEP 3 Record the means (labeled(-') from the Data Reduction 7om into

the corresponding cells of the following array. The means become the
elements aij of the matrix A.

1 2 3

CAMP S CAMPS / EPASS
EPASS

C

I =Ts 50

- ~ :HATRIX

2 .50

EPASS £0

$ 09



STEP 4 Zom.ute a matrix Vf, with elements

a.

J aji

STEP 5 Compute scale values S,, where

1/3
S . p1 j p3

are the geometric column means.

F-2



APENDIX C

DATA SUZ10R:ES

? age

OBJECTIVE 1

MP la -- To the Target ................................... 3-2
MOP lb -- For the Mission ................................ 1-3

OBJECTIVE 2

.P 2a -- Number of Altitude Slices .......................
XOP 2b -- Relative Worths of Altitudes

Listed Altitudes ..............................
Index Altitudes ...............................

OBJECTIVE 3

MOP 3a -- Display Characteristics ......................... -a
MP 3b -- Consolidated Comments on the CA4MS Display ...

OBJECTIVE 4

XP 4a -- Kneeboard Card Rankings ........................ 1-1
MOP 4b -- Consolidated Comments on the Kneeboard Cards ....

DBJECTIVE 5

MOP 5 - Ease of Use ..................................... 7-C_1

OBJECTIVE 6

M)P 6 - CAMPS/EPASS Comparison ..........................

OBJECTIVE 7

MOP 7 - Overall Impression of CAMPS/EPASS .................-

OBJECTIVE 3

MP 8 -- Consolidated Commerts on CAMS/EPASS System. .......- =

0-1
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Note: :f more than one cartici-pant made a 2cmment, .he ='-er is Lncca-:ed
in parentheses following the comment.

. The display is an ef ective aid

2. Would like to have the cursor stay visible and be able to move
real- time.

3. The dislay should be iarger.

4. Display fuel, distance, etc., for a candidate zoint.

Be able to change altitude slice display whhile planning initial route.

6. Have display change automatically when altitude is changed.

7. Display leg altitudes on route.

9. Labeling cluttered screening, may be related to size.

9. Need a color legend.

10. Use letters for check-points vice numbers.

. Need terrain/map features to aid in orientation. (1)

Note: The system has the ability to add many features. his capability was
used only to a very limited extent for the test. -ncreasing displayed
features also increases clutter.

12. Course line too broad or blocks too big to distinguish their
intersection.

13. Would like to have point location of threats without coverage.

14. Be able to shift threat scales more easily.

15. Be able to print route on a map.

16. Yake encyclopedic information on aircraft characteristics, weapons,
maneuvers to degrade/defeat weapons, etc., available in the system.
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-1C= T -1 P -1b

CON:S" ,ATD .... S " :-E KNEE-Bc,.0R CARK-S

Note: f more than one zarticicant made a :cmmen:, --e number is ind_:a-ed
in parentheses following -he comment.

I. Spread the information out.

2. Put only 6-7 points per card. (2)

3. rnclude True Course and Magnetic Course for the A-6. ,

T. Need larger print.

. Delete NAVA= information since not available in combat.

6. Use MSL only.

7. Show speed changes only.

8. Space horizoatally more.

9. Like actual fuel notation column.

10. Don't need ETA/ATA or actual fuel column. (4)

11. Use ML far altitudes above 1000 ft. and AGL for altitudes below ',-CC ft.

12. Use only one altitude entry, AGL or TL, not both.

13. Like the bingo fuel entry. (8)

14. Want checkpoint plain language identifier.

15. Reverse ETE and cumulative times.

16. A-4 pilots don't need .meeboard cards. Information must be transferred
to map-. Therefore, format isn't critical. (2)

17. %t card information on heads-up display ('HUD)

18. Like highlighting of various items of information. (3

19. Don't need magnetic variation. (5)

20. Need magnetic variation.

21. Want true air speed instead of ground speed. '2 T



- - -. ', (

HJi

~ ~ ~)

,, _

G-12



3 0 1
'. 7a

'/ 0 775wo rQ0

'77 .1

010 -:r j ,

/3 7.

,',I a qc i" ,7 3 . 'a? 73 g -"
S 303Q _ __ _ _ _ _

; G-13

( I - -3|II



p,--

m 
i

..

G. 

, 

I



OBJECT:V- 3 ,? 5 ,

CONSOLIDAE COMEENTS DN :A.,S,'EPASS SYSTEM

Note: ff more than one aarticipant made a comment, the number is indicated
ia parentheses following the comment.

LIKES

I. Saving of manual calculations. (5)

2. Interpretation of terrain effects.

3. Mission information printout. (3)

4. Threat display at the different altitudes. (14)

5. Target area display.

6. Ability to test alternative ECM4 options on EPASS. (2)

7. Flexibility of the system while planning. (2)

S. Easy to operate. (2)

9. EPASS probability charts.

10. EPASS threat breakdown by site.

DISLIKES

1. Sensitivity to intelligence spoilage. (6)

2. Unknown terrain accuracy. (Unverified)

3. Slow response of system. (4)

4. System too bulky/.

5. Doesn't display major terrain. ESee note for Comment 11, Objective 3
(MP 3b)]

6. Concern about raggedness.

7. Screen too small. rSee Comment 3, Objective 3 (:MP 3h)J

8. Not available at squadrons. (3)

9. 'Would not be responsive enough for 'AS on-call missions since the threat
changes so -fast.

10. Didn't like touch panel menu.

11. Lack of correlation between iispiay and map.



12. Dialiked the :imitati= of only one :and4date no--nt at a "=e.

13. Wanted to be able to change altitude slice display while planning route.

[See Comments 5 and 6 of Objective 3 .MP 3b) (2)

14. Felt there was some confusion in operating system.

,-1



Tab1 -- Wilcozon M.atched-?airs Signed-?anks Tes:

Tab 2 -- Interval Scales from Ordinal Judgments

Tab 3 -- Kendall's Coefficient of Concordance



Sumary of the Procedure

For each test -p r c4 pant eterine the signed 1-f f ere. ce. e n

the probability of sur.ival for CAMS, ? ?,s), and the probabi-itv 

survival for manual missions, ? 2s).

2. Rank the differences -ithout regard to the s4.. Smallest difference is

ranked first, largest is ranked :ast.

3. Replace the signs.

4. Compute T - sum of the positive ranks.

5. Deterize N - number of differences, fi, not eaual to zero.

. Jse T and .7 for table look-up of significance 'eve!.

Table Reference: DIXON-ASSEY, :ntroduction to Statistical Anal7sis,

,.Graw-Hill. P. 543 Table A-19.

Tab I to

Anpendix "

1.-2



TAZ 2 -o AP'EN IX

1 Test zarticinant ordinal resnonses are 4aiedinto an f4. array where
-U

each element, is the number o tart4ic i:ants vho ranked a erna::e

above alternative i, i.e.,

j A

A fAC AD

3 f -- fBC 3DfBA 3C-

f,
CA C3

DDA DB DC

2. A D., array is constricted where

fij

-ij j

Diagonal elements of the pij array are set to 0.5.

3. A Zi, array is then commuted where each Z., element is "he standard norma:

oercentile corresponding to the p... For .02 > pj 4 .98, the Z., cell is

left empty.

4. if the Zj array contains no empty cells, then the column averages can be

used as scale values, Si, for the alternatives.

D
S. Z Z , j A,,C

5. If the Zij array has empty cells, then a least squares method must be used

for columns with empty cells. For complete columns, the column average may be

used as the scale value. For those columns with empty cells, a set of linear

equations of the form,

ab 2 to

Appendix H



. i . -

must be writ-en where i denoes -he se f e .. s :z Z -he

array. Substitute the sca-e vaIues for -:he :zmp1e=e zoans and o.'re he 3e'

of simultaneous equations to obain -he remaizing scale values.

Tab 2 to
Appendix H
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TA3 3-o Ao?::

:(EENIALL 3 ZI' CSor:C

Su1-ar7 of ?rocedure

. The columns of the Objective - ..P a/ a:a Summary Sheet were su-ned

yield the values 3., for -A,3,C,2.

2. Compute 3, i'nere

3 2

3. Calculate the sum of squared deviations.

.-)2

4. Calculate

K - k2 A\.) - 2580

12

where k number of judges - 24

1.1 number of alternatives ranked - 4

5. Compute the Kendall Coefficient, W

s s

. For small samples, N < 7, the Kendall coefficient is tested for

significance as follows:

If the observed s is equal to or greater than tha- shown in Table R of

Siegel, then the hypothesis of independent rankings may be rejected at the

particular level of significance.

Tab 3 to
Appendix H

A-Sj


