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this computer system. P da | vaa r(f1e0r9éd ) madded li ners wai maalr gtaimen ,asnot
which the flow of events is affected by and in t ur ppsoianfgf e
si delence, the COA Wargaming wil/| act asbdeni sdaonataodabktt a
ideas and insights.

| mproving COA Wargaming as an educational wargame t oo
effective strategies, suppoadcaissiiomsst raurcd ou mp itroe aemd ayggeememlt
framework to collect decision data for future applications

BACKGROUND

The military has developed methods and techniques to p
prepared for a possible situation of crisis, confl icnt., o]
Wargames are representations of conflict or competitdomn i
the consequenced$ Unf tedoSe adesi, sRO0ROb) .

Wargames are wusually conducted over a map. Counters r
control movement and combat actions. Rul es or umpires adj
military personnel participating in a joint command war gan

Figure 1: Military participate in a wargame at a B

Wargames teach thorough active (Pavek & Starken, 2014)
as a key el emen in the continuous professional deverb 6 p me
military doc i and operationabtlhleoopcgpmepl Epi chkhawmat e

t

t

rine

absence of e -rhaskmearn vacsu lad dreocti sdloanr act eri ze wargames as (¢
The human di mension contributes to u a
[ r

nderstanding the w
unpredictability of human deci sions einforce operadhenal
game.

War games are power ful tools to explore problems where
possible solutions (Bestard, 2016) , and appreciate thg co
wargame focuses on the flow of information and decisions
and Kainikara (2003), for i Gdsdcainsciegn sp oarneg maurte tihmp o ratnaan ty zti
produce real val uedewhenred tc hfoo ccuesséddaenodn scvoenhnse cttos tphleayre rpser f or

Some reasons justify the design of a war game: examine
2016), encourage socialization (Rubel, 2006) and debalpe (\
better strategies, explore alternatives and i mprovedepieece
that wargames could be used in a military planning Qirmace s :
points out that friendly COAs and enemy COAs should be co
and NATO (2019) cal l this activity COA Wargaming. Since
mi sunderstood as being the same subject However, war game
prefer to state that COA Wargaming can apply concepts fron
Pagdd@Devel opments in Business Simulation and Experienti al Learning, Vol ur
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RESEARCH PROBLEM

First, we formulated the research probl em: the Joint |
conduct the COA Wargaming in COA analysis. We need to und
and i mprove COAs to simulate the employment of military fo

The military planning process may be applied in differ
such planning model may include Homel and Security, Poilni ci «
the market, businesses use s<stvreatad g imdest rhioldist aroy dpelvaen noipn gt hiel
(Keller, 2008) ibhues i nesasr st hiotdws a tuisead ei rmal smol isteemy prloanniir
pl anning process Smaynighhbs udwe aak nSeV8GTas(,a | Qpspiog ttumi it mp 8 0 v Eh rCeOait

We defined two research questions from the problem sta

T RQ1 How do the gener al staff conduct COA Wargaming

T RQ2 How should COA Wargaming be structured to enabl

RELATED WORKS
This section presents related works to COA Wargaming.
di scussed in subsequent paragraphs.
TABLE 2
COA Wargaming Related Works
Referengoeal s Findings Limitations
Lowis ahedscri be a saywshhaspgtidatseses the new tibiomi taé d oevemglent ih
Barl ow s(i2n®u0l3a)t|on to condiustaltihee CORe fl ow dqdulnjcedcbinyve ijeawa
War gami ng. insight and under st dinidée ngy staem, rfea
time taken to conduddgcedarhaer iG@GA Warg
Hof manpDiasncduss the integ0®Ohjtéeoni oé¢ daaltuatil orlgidmi tCONAsex Fer im
LehmanpOperati olWalgatbAydgd t o their subjectlive interpifeta
(2007) |simul ati on influence. Many pargmeters arej|not
measurable due to mifssing infolf mat
no@axi stence of quant|lifiable parlame:
LBS Spread COA Warganmiagkbeatdpcacimneeto [Eackiyngxplgp o
Consul fancy War gami ng. So militdeypeni.ismaente] st o
(2011) properly carry out tlhis analysis
Wal den$hirsfcrusses and evaAulibiwdse Itihtey usiemwlifat ojs e anfaibdelaint ye f
(2012) |si mple simulatorsgstoaol trBideélhigt anids ndqwat hpeam&ey i ssu
education how wel |l the simulatlor is integrat
|l earning context.
Hernanglkezvel op a framewdifhketdaperi ment highll’Ligﬂnitteeidfaxp'L@rrim
(2015) |systematically inveatigahesl andaeexecgnheisder ed i t h
wargame to derivegbnewwavadlhaenonisn tHe planning]|pro
establishing wargdgames as a sound
research technique for complex i ssues:s
Hanson|Explores the caus€®AoWawgamgiamgnigs a dbaeckifudg $eghoi
(2016) |failures and propblsazlsnlsmggalsdiiloelfslmbm@xp»@reirmemtollal
successful wargamegrrent doctrine |lagks suffici nt
to design and condudt wargames]| ne
some needs of plannifng staff
Guar da |Estt aabll.i sh t he appTheadi Mol gt of as opglabhiet ed @remenria
(2017) |source simulator |aesmpusiupgoenvioohméngtr, representin
pl anning naval opadaequans|l yhoheudghnami cs that ci‘ara
study of the rel ghavalshopebet wers. I n COA wargaming
pl anning, wargamilsigmulaatdosi ensil abliioshgs a useful bas
decision information.
Hanl ey |SlJwuggest Game Thed€Cyeapipnogacbmputfer pribgclimsgtoupgenr:
(2017) |recurring operatiWaagamiamgaimmngtrategéxpéroirmmemlsnlfe
PageDevel opments in Business Simulation and Experienti al Learning, Vol ur



Mc Conn¢Hxanitnhe t he effecPaofi papémi egepldpgelmdidnly consi-dqer e
al . (20rlogp)eayi ng games odemmpsbwvangd a statiplt ayiahkryigesgisgpniie
performance duringnthea€®® capability to see thé¢mse
War gami ng. context of their opdrational enpvir
addressing threats gdgnd opportunfiti
integrating those dilscoveries cro
war fighting functions
Our i qu ¢sn deetr satland how t HBo&nhowhedige issuffi qOrIny amalbwdéd -
(2019) |codified and flowsodaephgal hmo COIA f orBICOAI MWaa gy aNii Inig
War gami ng. tacit knowledge retdPhanniimg odddtcrei
al so identified.

The LBS Consultancy (2011) gathers good practices for
among the military and often, for this reason, badl yndxec
understand that a decade | ater this situation i sensgtuiildleltirnu
to prepare and conduct COA Wargaming. Military planners
knowl edge, expeoceniceal ahandboomoks. Ouriques et al . (2019
understand how to develop the friendly COAs and enemy COASs
Join Planning Process (Brazil, 2020) , which dates from 2
changes and slightly better explains the COA Wargaming.

Mc Connel | et al . (2018) scrutlnlzpédaytllmg glhimest oof i snipm
during the wargami ng-matkemgofpracmebkit reysudés|$|h(mrwed t hat n
(test group) before the wargaming step improved capaldi | it
opportunities more readily than student ©participants who o

Wal denstr°m (2012) presented a wargame to analyze deci
problems on squaldewvwel . fThhe i §dme o©oompldieeds scenari o drBi gg,
phase, the game allows elaborating friendly COAs and ene
includes COA Wargaming in the planning Neverthel ess, t he
War gami ng.

Guarda et al. (2017) examined the feasibility of a s\
Brazilian Navy Wargame and simulation features have beert
enemy COA Wargaming methods were essenti al tasks (critic
worksheets to record tasks (actions) and decisions.

Wal denstr°m (2012) and Guarda et al . (2017) employed t
Lehmann (2007) simulated the <consequences of COA analyt |
par ameter s, such as expected valruiec ha nsdy svtaermsa.n cko welvhe r§, h atphpe
COMassessment tends to be subjective and many parameters &

Lowi s and Barl ow (2d®I)edempglmuyead i an &gertmprove the (
compared the proposed solution with techniqgues of CA anc:
awareness and reduced the time to conduct the COA War gamin

Hanley Jr (2017) proposes to use Game Theory to descri
i

consequently, the actions of opposing players r epife gperstsi tbl

actions I f the anal ysi s -dfionteunss i com adt rneatterdg yx acmadn praeypd fafcse, tab

payoffs wild.l be difficult to quantify. Hernandez (20b5H) al

warned that | imiting decisions to a finite number of choic
RESEARCH METHOD

The epistemol ogi cal paradigm of Design Science (DS) wa
buil ding knowledge and produces results that are rel &vant
Perjons, 2014). DS comprises the study of the pr ojbelmetort oa
class of problems (Dresch et al , 2015) .

Design Science Research (DSR) was the strategy we used
DSR to operationalize the research when the goal is to d
research to design and evalwuate artifacts that make ochanc
(Dresch et al , 2015) . DRS steps include identifyingntdhe
evaluating the artifacts.

The data collection provided the requir emeetnhtosd faoprp rtohaec

Page8Devel opments in Business Simulation and Experienti al Learning, Vol ur



single method was insufficient to answer the research qu
source We esxepdricch eédc fnoorwl eddein military doctrines of ot |
documents that we examined and cited in this work are unc
(Johannesson & Perjons,t &dilt4) kinrokeh edlgsez i 4 e amched iftary off
conduct COA Wargamings, especially in their educational ac

Next, we gathered and analyzed the data to design the
met hod for qualitative data analysis. We designed a metho
the COA Wargaming structure. Data analysis all owed ubsotut o
COA Wargaming. Proposed artifacts suggest hypothesesfdbout
after a few cycles of data collection and anal ysi segelrnt se aic
military planning and wargaming.

The following subsections describe the activities that
document s, directly observing COA Wargamings in two tgrain
military officers who participated in these exercises. Th
War gami ng.

Military Doctrines

Our research to grasp COA Wargaming began scrutinizin
(2016) had examined. Although Hanson pointed out the |I|I,imit
we found that they have more information than the Bramil.]
ot her countries, we first analyzed the doctrine from NAT
Ki ngdom, Ger many, and France assumed this same process.
Australia, (2019), which is not a member of NATO. Tabl e 3

TABLE 3

Military Planning Doctrines

Titl e Source
Air Force DoctO-Oper ubonsaanpgnPBanedn@t at es
Command and Contr ol 0f30)Joint| AUni Deéer d¢taves (JP 3
Joint Pl &@nning (JP 5 United $tates
Marine Corps Pl annlOng Procesp UMCWPd5§t at es
Navy Planning-l1Rrocess (NWP 5 United $tates
Al'lied Joint Doctrine #f005r) thp PINAAMOI ng Operations
Joint Military Appreciation ProsAestsr dIAiD&EP 5. 0. 1)

All doctrines analyzed COA Wargaming from a systemic p
has inputsroscse¢eepss)sudnd outputs. However, each ar medchHorc
one defines some methods according to the needs of the op
friendly COAs and the enemy COAs el aborated in the prev
Neverthel ess, military planners only use the most i kely
pl anning Ot her possible&Gi nputentwquWwind tkd ShatesmmaZodé) ,
analysis (United States, 2020b), a map of the operational

The COA Wargaming ctivity is performed in the COA an:
according toosthgeudammanc(eUmited St at es, 2013) to identify
consequences of the planned acti en)s d(iWniidteesd C3Aa t\Veasr,g a2néi 1ndg) .
for the war game, conduct the war game, evaluate the resul
doctrines define two steps in wargaming: prepare andt erond
explain the COA Wargaming process.

( COA Wargaming )

( Prepare for the ) (Conduct the Wargame) ( Evaluate the Results ) ( Prepare Products )
Wargame

Figure 3: COA Wargaming st@ps from Joint Pl a

The fiimatmPdteepmr e f oriptrheep aWeersgarmee st aff for the war gam

PagetDevel opments in Business Simulation and Experiential Learning, Vol ur
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Scenario and situation briefing
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Figure 4: COA Wargaming move interaction, adapt
I n Bvheel uati oat ep, ReBel tesmmander and staff improve frier
they wil/| compare the advantages and disadvantages of COA
COA based on staff assessments. The doctrines also pohat
and weaknesses (advantages and disadvantages); i dentiinfgyi n
ri sks. Ot her possible outputs include candidate tar det s,
conclusions ,aNATOpdaotedbprpssumptions (United States, 2014)
to ensure that the entire staff understands the relevant p
FinalPyepahe sRreogpd uccotmspr i ses the creation of new artifac
( ( Steps )\
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L (most dangerous aCtiqn_S ] ¢ COA variants « support
:_; and most Ilkely) (pOSItlonlng, + decision points decision
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@ actions * risk analysis + control measures
..g— « evaluation criteria « COA’s feaSIbIIIty of risks
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Figure 5: COA Wargaming conceptual framewo
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In all Joint Commands, both friendly (Blue) and enemy
physical and | ogistical model s that evaluate the C@Aanfdeas
makes conclusions to improve the COA. Therefore, staff C .
actions; anticipate, postpone, include or excludenefdaeei 9
di scard the COA.

The second COA Wargaming was a Navy exercise with the
operation. The control activities include maneuvering na\
operational area. The instructors divided officers iimteo
occurred during a short training coudesxepertth esceedaogeaer, ridnnlei n
defining their roles in the Task Forces.

We observed the COA Wargaming in two Task Forces, whi
rooms We called the Task Forces TF1 and TF2. A membecrh of
room Both staffs conducted the wargames using the same dy

TF1 and TF2 chose to conduct the COA Wargaming on the
each turn But TF1 chose two moves in each turn and TF2
presentation. (tThthd sarsrlanmdgeemnenmnstplafysfriendly (Bl ue) and enem
intend to surround and intercept the Red units.

I nstructor & cdeadiisciiaenesd tToa-1lprepare the wargame because
enemy force. Thus, t hat dynamic would compromise the edu
COAs, the actions of thée deéwiesitemsn, and the commander

&

¢ ¥
Vs
o = =
‘ el
=

= B

&

O]

(@]

(L]

[o]

Figure 6: Snapshot of a COA Wargaming move in a

Table 5 summarizes the different dynamics of the COA \
two Task Forces during the two training exercises.

TABLE 5
COA Wargamings in the training exercises
Staff S{ruMetuhed Moves lnitijative

JC1 decisiorp poi nAct iRPenacti on Red

JC?2 decisionf Paiti®smacitGoonmnt er alctBlowme

jCc3 phasi nlgAct iRemacitGouwnnt efé c|t iRerd ¢r
Bl ue

JC4 phasinlg ActiRemacitGoount er alctBlowe

TF1 decisiof poi nActiRemaction Bl ue

TF2 decisi0|11 PAaciti®smacitGoounnt er alct Blowe
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2 %%?g; ~ P time to start
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-] + Wargame to record and evaluation —
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© EE Preparation
g e Finished
=
g EE N\ V N i N
5w List Critica e
3 i fn'er?jﬁ rE:eOAs y - > Llﬂf:;::sdly
ge y Decision Points
°§ J \. J " J
T
- W
£3 List enemy
g.;. — forces
2 most dangerous -
5§ and most likely
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)
Start new ”
r COA Wargame
| —
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E the number
5 cftum:or Have the
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o E L Wargaming
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8 ended
wargame starting
@ date and time
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! Evaluate COA
—
nfeacibe COA Wargame Suspended
Figure 9: ConduwcrtocWasrsgame sub
Redhas the initiative to take action in all turns. rBillhet he
chosen side starts the move interactions, taking tdts Thes
move interaction usually comprises three moves. &Buetf ftelte i ok
An officer is responsible to record actions, concltosio
carry out this task I n addition, during the interaocedi on:
adjudicates the (combat) actions between the opposimgtdiede
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friendly side (Blue Team) since their interest is intasse
criticize or praise the staff's decisions, or poliungtd eoluitn efsl
Figure 10Mewe wk n ttshegarcotci eosnss. The paorceesaef i shitshesunbove i n
operations officers (Blue Team) and intelligence officers
w= ( "
58 Analyze
g - : |
=E ] Decisions
Ez —
5 ( B
E w| Adjudicate
£ i Actions 2
=
8 —
E Defi hich X
vy erine whnic! -
P ,| Coordinate |
T side initiates . >
T actions Actions » + A’O
2 5 l J A Turn ended
9
-
iE E _ l \,'u'm_:c-;e.?tf“ - l
e |53 S ve
3 E v blue Undertake e
= |22 - —» (Counter) ¢ —p —
; 2 (Re)Action /
o
(=] red T Has the turn
ended?
E'E Undertake
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- Re)Action
=3
5
-
5 L Record Data )
£E and Results
3 |
Figure 10: Movepriloncteesrsacti ons sub
I n pubcEersad uat &€ hRe Cwimna,nder and Stéafdon dleuwsciihd nesst tph awars
points, actions, criticadatoevehise abhri watgamaddCOAsk Bhnadal
ensure that they recorded all/l rel evant data and t hatl)4t he
Figure 11 ophowsestshi s sub
I n thepkasPrsespwlr e Ptrafdfucbsesi |l d products the staff buil d
resul ts The products includ the synchronization matri x,
process.
COA Wargaming Conceptual Mo d e |
We designed the conceptual model using a class diagra
conduct COA Wargaming. The concepts and el ements of warga
define the main elements that a wargame design must consid
Wade (2018) defined four critical el ements that mu st
obj ecpliawsr, scamaldij adi cak e sPeetrrheat (old90) had previously de
desipd¢myer, scenari o, obj exrntanvael.sy,sTihsaid & ss e Wan adlasme ntmo dgeu isd
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g Begin Step . Are there End Step
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Support Decision Mode
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FigurePi2pare Procestss sub
(2004) , Mason (2012), and Pavek and Starken (20h4Y).as\Wetuhce |
cul amegevi rammewvhti ch t he gamaudin&elsleepyl aaclgs @r ddiedfaitpegdd ray , whi ¢
pl ayceornst rahdlksesr,v€asfrey Jr, (2019) suggests that thBl pein
tedmriendled iecdaenmy SMhdid e ) caomndtir ol | ers and anal ysts).

The UK Ministry of Defense (2dmak)i ngn dgeroxctesrskes waardg apnoe
war gamesplaaryee dtRheei $ heys malkae ,r athlee e c reexapteer,t étehgee s har e during t
| essons llenarandedi t i on, the UK Ministry of Def ense obg=xcrtiilve
scenari o, setdt idegji sploaygee seé anwtl iad risoarho dmvealrsy aomeeuw | esi,mepr ocedur
process, data, ,exppo@awmdhygsper sonnel

The model represents the COA Wargaming as an activity
exercise has a name and a mission statement and i s cdimesat
geographical area (or in a cyber domain). Il nstructdoetrns iamtc
(planning) groups. Hence, in the same exercise, the @rourg
di fferent strategies to face the situation (Wade,r l0df8)ead
staff member atnhdmeebfthbadestwwar gadet e

The main entries of COA Wargaming are the friendly COA
Il ists in the previous step of the planning processalThenrnt
to the war game, commonl y tiheye ddenfeisn e hoeryl yc othved deemre mmyo s@ O Alsa n
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l'ikely to happen. Each COA is wargamed against each enemy
COAs contain phases, decision points, and actions Enemy (
Before conducting a wargame, the commander and the chi

of moves for each turn. The method definesctbeemember ( pha:
points, or actions) or segments of the operationaln@amdaso
on) between friendly and enemy forces. I'n each turnfjocehe
contains units whose actions represent these inter aachtrieoan,s .
that is, the positions of the units are also recortdeeidmaiyn
increase counter requirements and rules complexity (Sabin,
This work focuses on the educational purpose of COA Wa
which result in the conduction method, the number ¢fdammnve
criteria, and especially the actions that the unitsrpdrfo
their staff carry out an analysis to criticize staff's dec
Military doctrines suggest methods to record the COA \
devel oping a provenance model t further record not only
motivation from which those decisions were made. The ©pro
anal ysi s, enabling thmali dgcimr deagtaudy dfhatheéd ade @i siperci al ;
Al t hough we have designed the model for educational pu

in the Exercise class to indicate whether it is a.training
Figure 13: COA Wargaming Conceptual Mo del

The classes in the conceptual model reflect the main
Ministry of Defense (20slcrenabhNee cctammerded sernseyn tisd e nTthilefays ¢tahidf tal
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