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Towardsrealising Parallelism for Echelons of Command

ABSTRACT

The concept of Parallelism is to be able to ach@mreurrent planning across echelons of
command for a single military operation, thus coesging the planning cycle to create
additional time resource, which is becoming incigglg precious in today’s fast-
changing battlefield. The command teams at theouariechelons are able to plan
collaboratively and in parallel via TeamSight — @tual collaborative environment,
despite being physically separated. This conceptfiedded in an experiment conducted
from 27 Sept — 6 Oct 2005.

In evaluating the feasibility of Parallelism, sealeaspects were considered: operational
tempo, parallel planning process and output, ahteaimg common ground. The findings
from this exploratory study suggest that Parakelsipported by TeamSight is indeed a
viable concept, notwithstanding further refinementtghe process and technology.

Key words: Parallelism, parallel planning, Teamidhs Model, Team Collaborative
Model, Collaboration, TeamSight

INTRODUCTION

The merits of parallel and collaborative planningoas echelons of command have long
been recognized by many armed forces. The abilitcammand teams at various
echelons to plan for a single operation concuryentill invariably compress the planning
cycle, thus creating the increasingly precious ues® of time. The creation of more time
could, at the commander’s discretion, be used fement any of the winning strategies
described by Boyd (1987) — variety, rapidity, hanypoand initiative, all of which are
linked to the notion of competition in time. Thesteategies are effective because they
enable the war-fighter to get inside the adversa@bserve-Orient-Decide-Act (OODA)
Loop such that they can neither appreciate nor wotewhat is really going on.

This paper describes an experiment designed tooexphow the network-enabled
Integrated Knowledge-based Command and Control Z)K@nvironment of the
Singapore Armed Forces (SAF) could be leveragedadbieve Parallelism across
echelons in planning for a single military operatithus creating more time resource for
our war-fighters.

BACKGROUND
Parallel Planning

Parallel planning may be defined as follows (US pr2005):
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Parallel PlanningParallel planning is two or more echelons plannifay the
same operation nearly simultaneously. It is faaigtd by continuous information
sharing by the higher headquarters with subordinatéts concerning future
operations. Parallel planning requires significaimteraction between echelons.
With parallel planning, subordinate units do not itvdor their higher
headquarters to publish an operations order to hetjieir own planning and
orders development process.

Despite the well-articulated vision of parallel phéng, it has only been implemented to a
relatively modest extent in current doctrine. The-Sas well as the US Army prescribe
the issuance of warning orders in order to allolwosdinate units to start planning and
preparing for their operations in parallel befoteyt receive the operations order.
However, this only facilitates parallel planningadimited extent; warning orders guide
subordinate units in their conduct of preliminaamming, but the bulk of deliberate
planning still occurs after the Higher HeadquartéirHHQ) have issued the final
operations orders. Figure 1 illustrates the stasgyéimes at which the final orders are
issued by the various echelons of command, ang lhestament to the largely sequential
nature of current planning norms. The proportiontimie allocated for planning at each
echelon is generalised in Figure 1 as the normesaaicross armed forces; the time
allocated for planning at the Division level gerigréalls between an accepted range of
one-third to one-half of the total time to execantio

Div Planning Bde Planning Bn Planning

Receive orders T~ Receive B Receive T
warning orders warning orders

Issue orders =1~ Receive orders=1= Receive =1

warning orders

Issue orders== Receive orders 4=

Issue ordersT]

\ 4 A 4 A 4

Transition to Execution Phase
Figure 1. Sequential planning norm in current doctrine.

The concept of Parallelism is an effort to move yivam the traditional tenets of what
constitutes a hierarchical command structure, ofclwtihe major ones are described
below.

Physical Co-location for Collaborationt has long been accepted that individuals need
to be physically co-located in order to facilitatellaboration. Currently, the primary
means to support the complex and interactive natdreliscussions is face-to-face
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communication within a physically co-located tedt#®ence, current planning norms do
not call for extensive collaboration between comchggams at various echelons since
they are located physically apart in order to esetr command presence and discharge
their specific command and control responsibilitidewever, with modern technology
offering greater bandwidths for communication aradadthroughput, it is possible for
individuals separated in space to communicate aldborate via these tools as if they
were physically co-located. The concept of CommBodt Anywhere was successfully
demonstrated in a field experiment conducted by 8®F Centre for Military
Experimentation in October 2004 (Cheah et al, 2D0Bathat experiment, an Armoured
Brigade command post was able to plan and condhait bperations with no loss in
sensemaking ability despite being separated odkstance of 10km, demonstrating that
given the right technology, physical co-location looger becomes a prerequisite for
collaboration.

Integrity of Command Team at each Echeldnconventional command structure is
organized hierarchically in order to handle thehhigopmplexity of war-fighting by
delegation of responsibility to sub-commands —gheciple of divide and conquer. This
need for delegation is a function of the complexitythe problem space. It is manifested
in well-defined roles and responsibilities of theronand teams at each echelon, with
little cross-pollination of insights and ideas beém horizontal domains or vertical
command structures. With the advent of networkednmihg tools that facilitate
collaboration between command teams despite thdng kghysically separated, it is
timely to explore a more flexible organizationalusture that spans across echelons to
leverage on the expertise and experiences of wais to augment HHQ in addressing
specific challenges, without detracting from thgimary responsibilities.

Sequential Planningin addition, it is assumed that hierarchical canohteams have to

work in sequence, that is, higher commands caspktes down to ensure higher-order
intent is met by subordinate units. A process gfitogether the decision products of
these hierarchical command teams. Hence, the apesairder developed by a Brigade is
handed to the Battalion HQ, which in turn will déoge their sub-level intent and plans
and so on. However, this process leads to losseitransfer of command intent during
the delivery and receipt of orders, which usuadlgets place in a short amount of time.
While some parallelism is attempted today in orefacilitate early understanding of

and alignment to commander’s intent, the plannirag@ss is still by and large sequential
to ensure that coordination points are properlytdeéh. This could be a result of current
technology not being able to support the high degfecoordination and communication
that needs to occur between command teams in twdery achieve parallel planning.

The concept of Parallelism does not seek to abdfishcommand hierarchy; instead, it
aims to challenge these old paradigms structureliniitations in technology that have

long influenced the interaction between echelonscofnmand. With the dawn of

network-enabled warfare and the availability of @used information systems such as
TeamSight within the SAF, we are now poised to piighboundaries of parallel and

collaborative planning across echelons in ordeotopress the planning cycle.
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TEAMSIGHT

The TeamSight environment comprises the Team CpeedtPicture (PowerMap), a

collaborative information archival tool (PowerMindand communication tools like

video-conferencing and text-chat (PowerVC), whiltiwark together to facilitate the co-

ordination and collaboration amongst team membdrstirer physically co-located or
distributed, allowing them to draw on the relevapstem-level knowledge and expand
their individual awareness to support the actisitieat they perform.

PowerMap is a Geographic Information System (Gl&ed collaborative tool that

allows each individual to maintain a workspace licg own situational constructs and
also view his team-mates’ workspaces to understéaadcollaborate on their situational
constructs. Each user is thus able to monitor thening products of his counterparts in
the command team as well as the current statusasfeaver units. Having multiple

workspaces available for viewing by any user of sgstem is also in line with “the

established wisdom that commanders and plannersvisusilize the battle two echelons
down and understand it from the perspective ofcthramander two echelons higher” (de
Czege & Biever, 2001) as well as that of adjaceganizations.

PowerMind is a collaborative information archivalot that allows the capture of a
snapshot during planning and subsequent annotdijonvarious members of the
command team to document the rationale or assungptlehind the plans. One
advantage of PowerMind is that it reduces the nieaxkplicitly present and disseminate
information during scheduled meetings, as each igsable to pull information from the
system even before the conference. Such an envenanatso allows the command team
to quickly fuse their individual pieces of inforn@at to generate second-order inference
or to obtain a common value for existing informafithus giving rise to “collaboratively
generated information” based on information elemegither actively shared via
PowerVC (text-chat or video conferencing), or siynpllaced on the network for retrieval
when necessary (Kingston & Martell, 2004).

Figure 2 shows the various components of TeamSidinth work together to provide
command teams at various echelons with the opptytdior continuous information
sharing and significant interaction in order tdytrachieve Parallelism.

R » v G
Power Map
Figure 2. TeamSight comprising PowerMap, PowerMind, and PowerVC.
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TWO MODELSOF PARALLELISM

There are two models of parallel planning that t8AF Centre for Military
Experimentation (SCME) has developed. These twoptementary experimental models
are each based on the TeamSight concept as wétleaknowledge Battle Procedure
(KBP).

Team Insight M odel

The Team Insight Model (TIM) prescribes an impletaéion of the concept of
Parallelism given TeamSight. TIM was jointly devyato by the Singapore and Sweden
Armed Forces; it was developed as a theoreticaleinbdsed on Thunholm’s Planning
Under Time Pressure (PUT) model (2003) and incatesr SCME’s research into
generating team insights within a command team doasetechniques that stem from
Finke’s (1995) dichotomous classification of comgamt versus divergent ideation. The
TIM-inspired Knowledge Battle Procedure (KBP) wasaessfully demonstrated at the
Brigade-Battalion level during a joint SAF-SwWAF expment conducted in Singapore in
March 2005 (Cheah et al, 2005b).

Figure 3 shows a diagrammatic representation ofTiM model of parallel planning
across echelons. In TIM, although the subordinaiésware privy to the HHQ planning
process via TeamSight, there is no formal partt@peaacross echelons. It is believed that
the insights into the HHQ planning process will \pde the subordinate units with
sufficient information for them to start their ptang process even before orders are
formally issued, thus allowing them to completenpiiag in a shorter amount of time.

Div Planning Bde Planning Bn Planning
Receive orders T~ Receive T Receive
warning orders warning orders
Issue orders =1~ Receive orders—1~ Receive -1

warning orders

Issue orders == Receive orders ==

Issue orders™T

\ 4 Y A 4

Transition to Execution Phase

Figure 3. TIM model of Parallelism across echelons of command.
Team Collaborative M odel

The Team Collaborative Model (TCM) is an extensainthe TIM and considers the
interaction between various echelons of commandl haw best to harness the
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multiplicative effect of having a command team aegted with its subordinate units in
order to conduct parallel planning for a singleragien such that the lower echelon may
complete planning at about the same time as theehigchelon. The motivation for doing
S0 is to compress the overall planning cycle ireotd create for our forces a competitive
advantage in the time dimension, as well as tolifats a richness of ideas shared
between the echelons. Another advantage of the T@lel over TIM is that it does not
require the lower echelon command team to be wgrkier a long period, first gaining
insights into the higher echelon planning procesd aubsequently developing their
plans. Instead, the command teams at both echelorisconcurrently in analyzing their
mission and developing their products such thas ihot as drawn out a process and
taxing on the lower echelon command teams which nmatybe structured to work in
shifts.

TCM-KBP was developed because it was found thatDhasion (Div) and Brigade
(Bde) levels had some common ground in terms ofrptey. However, TCM-KBP could
potentially also be extended to the higher and toeehelons of command. Figure 4
shows a diagrammatic representation of parallel @ithborative planning between a
Div HQ and its subordinate Bdes such that they detegheir plans at the same time.

Div Planning Bde Planning Bn Planning

Receive orders™] Receive orders™] Receive

warning orders

Parallel and
Collaborative

Planning .
Receive

warningrqrders
Issue orders == Issue orders == l Receivlrders-_

Issue orders =~

\4 A 4 A4

Transition to Execution Phase

Figure 4. TCM model of Parallelism between Division and Brigadelev

The TCM model brings with it the possible advanttiup a greater degree of alignment
of command intent (explicit and implicit) betweerhelons would arise as a result of the
collaborative parallel planning process insteadhobugh the issue of operation orders
from HHQ to Lower HQ (LHQ). The underlying assunagtiis that there is some transfer
loss during the short verbal exchange of operatiomiers and clarification between
echelons that could perhaps be mitigated throughctbllaborative parallel planning
process. This experiment sets out to explore ifoalibate units do indeed achieve a
better understanding of command intent given TCM, iithey are able to develop plans
in the absence of firm operations orders from HHQ.
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Pigeau and McCann (2000) put forth a model of comimmtent as comprising an
explicit intent along with all its associated cotatmns latent within the explicit aim. The
explicit directive is but the visible apex of th@ant hierarchy, built upon a large set of
personal, military, and cultural expectations whiangely remain uncommunicated,
partly for reasons of expediency. Alignment of implintent between echelons is just as
critical as achieving good understanding of explicient, as it not only influences the
interpretation of explicit command intent in penvasand subtle ways, but also serves as
a fallback to guide subordinate units’ actions $tiqlans fail.

Pigeau and McCann also describe the mechanismshimhwmplicit and explicit intent
may be shared between two individuals: 1) extezatibn (an individual making explicit
his own implicit intent); 2) dialogue (communicati®f explicit intent between two
individuals); 3) internalization (an individual mal implicit someone else’s explicit
intent); 4) socialization (an individual's implicibtent shaping someone else’s implicit
intent). The challenge in implementing the conagfplParallelism is to trigger increased
externalization of implicit intent, as well as toeate opportunities for extended dialogue
between echelons to share explicit intent suchahaammon understanding is achieved
through the planning process. TCM-KBP identifieg fttritical junctures of Mission
Analysis and Wargaming as periods with an expettgth volume of collaborative
activity, during which interventions will be intraded to incorporate these mechanisms
of achieving common ground.

In essence, TCM-KBP aims to help us break mindbetiswere structured by limitations

in current technology and archaic ideas. It isrttzalel of a network of command teams,
centered on the idea of Parallelism whereby theiphelechelons truly plan in parallel

and in collaboration. TCM-KBP is effectively suppet by the TeamSight environment,
which allows concurrent planning at the differecbeons by facilitating the vertical and
lateral exchange of data, insights and ideas, gumthcommanders would not be fixated
on one particular mental model.

THE EXPERIMENT

The TIM and TCM models were tested in conjunctiathva Division and Brigade level
Command Post exercise conducted with SAF officemn fthe Singapore Command and
Staff College (SCSC) from 27 Sept — 6 Oct, 2005.

Participants

The participants were SAF officers who had just plated a course to prepare them for
command positions. A total of 128 participants weireded into two groups, with each

group participating in one experimental run. Witleach group, the participants were
assigned to staff the key roles within a Divisio@ K23 participants), two subordinate

Brigades (each with 11 participants), and a NaeakTGroup (3 participants). The rest of
the participants were assigned the role of observdre participants’ mean age was 34.9
years (min = 30, max = 39, SD = 1.7). The partiotpaon average reported 14.7 years in
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service (min = 10, max = 20, SD = 2.0), but onlyr8gorted an average of 3.8 years of
experience in Division or Brigade level planningrfrs 1, max = 10, SD = 2.5).

The bearing of this group of participants on theesiment is that they are less

entrenched in current SAF planning doctrine, thossgply more open to new ideas
regarding the TIM or TCM model of parallel plannirigowever, that the participants

were role-playing the various appointments forghepose of the experiment and the fact
that only 34 of them reported some experience piginning at the Division and Brigade

levels indicate that there will be some artifidialin the experiment setup. A conscious
effort was made to mitigate as much artificialitg possible by assigning roles to
participants that closely match their vocation kel of experience.

Design

This experiment was designed to explore the effetfECM-KBP in comparison with
TIM-KBP with regard to operational tempo, the phaigblanning process and output, and
achieving common ground. Specifically, the hypoéisegre as follows:

(a) TCM-KBP augmented with TeamSight would facilitatgrglelism across echelons,
thereby compressing the planning cycle and inongagperational tempo.

(b) TCM-KBP augmented with TeamSight would result ingeeater amount of
collaborative communication in the form of idea lescge.

(c) TCM-KBP compared with TIM-KBP would result in nos®in plan quality.

(d) TCM-KBP compared with TIM-KBP would result in a gtter level of shared mental
models.

The measurements taken on these main dependeablesrare described in detail in the
section on measures. Some background and confaumdnmbles were also included in
the design, and the measurements taken on thesalsarelescribed in the section on
measures.

The study design included a formal training sessiorthe TeamSight tools and scenario
training on the new KBP (TIM or TCM) followed byedlexperimental run proper over a
period of four days for each group of participanthis design allows comparison
between TIM and TCM but does not include any forowhparison between TIM/TCM
and the current SAF Battle Procedure. Prior to #xiperiment, the participants had
already gone through at least four modules of esescwith the current SAF Battle
Procedure, therefore any comparisons made to the Baitle Procedure are based on
participants and observers’ prior experience.

Scenario
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The scenario was painted as a Div tasked to re@m@®LDLAND (fictitious) from
enemy forces and restore the territorial integoityGOLDLAND. The Div’s role was to
capture a sector of GOLDLAND in an effort to cutf dhe enemy’s line of
communications. The Div was given three Bdes uhgercommand, of which only two
were staffed to be played. The Div and Bdes hadetelop their respective plans based
on the Joint Command HQ Orders.

Task

The participants role-played the key appointmenithi the Div and Bde command
teams. The task was to follow the KBP assignechemt (either TIM-KBP or TCM-
KBP), and to utilise the TeamSight suite of toasconduct planning at their respective
echelons. The Higher HQ (Joint Command HQ) was-ptdged by the Scenario High
Control comprising three Directing Staff from SCSC.

M easur es

The variables were measured using a battery ofreds@rotocols and questionnaires.
The observers comprised both military personn&elksas civilians from SCME.

Background variablesBefore the start of the experimental run proplee, participants
answered a questionnaire on general backgroundréacthey were asked to provide
information regarding their rank, age, sex, voagtigears in service, and years of
experience with planning at the Division or Brigaeeel.

Confounding variablesTwo major confounding variables were measurednduthe
experiment. The first was the realism of the sdenahll participants and military
observers answered questions after the experimamaltegarding the degree to which
they thought the scenario was realistic in termshefstory, the amount of information
provided, and the amount of time given for plannifigese aspects of the scenario were
judged on a six-point Likert scale ranging from Iggs than satisfactory through (6) more
than satisfactory. The other confounding variabdes wystem failure. All participants and
military observers were also asked at the end oh eaxperimental run if they had
experienced or observed any problems with the systduring the run. If so, they were
asked to briefly describe the problem. A third canfding variable inherent in the
experiment design is that the group of participatdss not remain constant across the
experimental runs.

Dependent variablesA description of how each of the dependent véemlare measured
is given below:

(a) Operational tempo — Operational tempo was meashbyedaving the Div and Bde
Signal Officers record the start and end time ahestep of the KBP. Observers were
also tasked to note down interesting emergent befsawor good practices regarding
the use of technology that contributed to an oVerampression of the planning
cycle.

10
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(b) Parallel planning process — The parallel plannirag@ss was measured and analyzed
across several dimensions.

1. Communication profile The communication profile was measured by the Key
Appointment Holders (KAH) and observers giving djsative rating of the (i)
number of ideas exchanged, (ii) quality of ideashexged, (iii) level of ideation
by each KAH, (iv) quantity of information sharedj) (predominant mode of
information sharing (passive — with little commuation overhead incurred vs.
active — with much communication overhead), (vginency of use of TeamSight
tools (PowerMap, PowerMind, PowerVC — voice, Power¥ text). Each item
was judged on a six-point Likert scale. This quesiaire was answered during
time outs called after each period of Mission Asayand Wargaming and was to
be related to the high activity period just coneldd

2. Workload Participants’ workload was measured along sixmelgs (mental
demand, physical demand, temporal demand, efferfppnance, and frustration
level) as prescribed by the established NASA-TLXaitHand Staveland, 1988).
Each KAH was required to complete a NASA-TLX sunadyring the time out
after each period of Mission Analysis and Wargamiogorovide a subjective
self-report of workload.

3. Team performance Team performance was measured across ten elements
(aligned, led, stretched, balanced, empoweredctefee focused, harmonious,
adaptive, informed) as set out by the Star Perfogmiieam Model (Robinson,
2002). However, in our administration of the sunayteam performance, we
exercised some liberty in modifying the format bé tquestionnaire. Our survey
of team performance consisted of three (insteatieprescribed ten) statements
related to each element of team performance, easthon a six-point Likert scale
ranging from (1) rarely or never through (6) vergdguently or always. A sample
statement is “The team is aligned internally inmerof having a common
mindset.” All the participants and observers weeguired to complete the
guestionnaire on overall team performance at tideoéeach experimental run.

4. ObservationsIn addition to the quantitative data collectetdservers were also
given observation protocols to document the padicis’ performance according
to the prescribed TIM/TCM KBP. The observation téaibg detailed the expected
processes and activities of each step of the KBfe. dbservers were tasked to
briefly describe how each step was conducted, argpecially note if there were
any deviations from the process description, ancetord the rationale for any
deviations observed.

(c) Parallel planning output — The output from paratliieinning was measured along the
single dimension of plan quality. A detailed qualdf plan checklist provided by
SCSC served as a guide in the development of tlestgpnnaire. The checklist was
divided into two categories: fundamental principles war and attack/advance

11
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(concentration of force, surprise, etc), and tac{mommand and control, maneuver
and fires, etc). Each SCSC Directing Staff compledae questionnaire for each of
the Div and Bde plans developed in each experirhemta They were asked to assess
the quality of the plan developed on a six-poirkdti scale ranging from (1) lower

quality than normal through (6) higher quality th@rmal.

(d) Achieving common ground — The degree of common mlcachieved amongst staff
at the Div and Bde levels was measured based anuhderstanding of command
intent. During each time out following Div Missigxnalysis/Wargaming during TIM
and collective Mission Analysis/Wargaming during MiCeach KAH articulatedn
their own wordsDiv Commander’s intent (goals, end state), andhtrrtelaborated
regarding the supporting activities and limitatiod$is probe did not assume to
capture the respondent’'s complete understandingoaofmand intent, but instead
aimed to elicit what each KAH felt were the salipoints about the command intent.
A team of three SCME staff assessed the level mincon ground by comparing the
text responses from the KAHs against the Div Conaeds articulation of his intent.
In scoring the responses, the SCME staff distitleel themes and sub-goals behind
each response, as well as enumerated the actimigedgioned. We were especially
keen to look out for thematic differences, or ewverances, in the articulation of
command intent despite some similarity in actigit,eentioned.

Procedure

Preparations. A preparatory session for the participants inctudeaining on the
TeamSight suite of tools as well as an applied @tesbased training session on the TIM
or TCM KBP. Figure 5 shows the physical layout ld various command teams within
SCME. The Div Command Post (CP) was dispersed doapto its operational clusters
(Intelligence cell, Operations cell, Fire Supposllc etc.) such that all intra-CP
communication had to be channeled through the TegmmSystem. The two Bde CPs
were each co-located around an info-wall comprisimtiple screens that offered a large
display of PowerMind, PowerMap, and PowerVC. Thiesge display screens were in
addition to the computer terminals that each Bd# stas allocated.

set “I] @ Level 2 :
|
scME BattleLab| [—3—] !

| Office Area
—— [ —
1: Sig Offr; Comd; 2IC; COS

Div HQ setup in BattleLab: N —
Div HQ

2: Dy G2; Dy G2; G2; Dy G2

3: Dy G3; Dy G3; G3; Dy G3

4: Hd MCM; Dy MCM; ADA; Hd DTACP

5: Hd FS/T; Dy FS/T; Hd DCSSC; Dy GUAG G4 | . Toilet

6: Naval Component tairway | Office Stairway]|
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CPOF (@Z} @@ I][I[ cartab Lo o cror
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1: Bde2IC; Comd; Sig Offr
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Figure5. Layout of Div and Bde command teams during the experiment
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Data collection Before each experimental run commenced, theqizatits were asked
to complete a questionnaire (Q1) that sought ttegainformation on the background
variables. Once the experimental run commencedpliBervers were asked to document
the process on line according to an observer pobt@1). The Div and Bde Signal
Officers were also tasked to record the start anttitene of each step of the KBP. Each
experimental run also had several critical perioflkigh activity identified. These were
the Mission Analysis and Wargaming sessions (fistducted at Div level followed by
Bde level for TIM; jointly conducted by Div and Bder TCM). After each of these
periods of high activity, a time out was called fbe KAHs to complete questionnaires
regarding the communication profile (Q2A), their rkload (Q2B), and their
understanding of the Div Commander’s intent (Q2&) observers were also required to
fill in Q2A to give their assessment of the comnuaiion that took place over the period
of high activity. Logs of the communication duritigese periods (VOIP, text chat) as
well as periodic screen captures of the KAH’s cotaptierminals were also recorded.
Following the completion of the planning phase,tla#l participants and observers were
required to answer a final questionnaire that #&elic their feedback regarding the
TIM/TCM planning process, the scenario, system, anerall team performance (Q3).
Finally, the SCSC Directing Staff were also reqdite complete a plan quality checklist
for each of the Div and Bde plans produced. All eucal rating in each of the
guestionnaires was done on a classical six-pokgrLscale.

RESULTS
Manipulation check

Descriptive statistics for the three scenario ssalvariables (realism of scenario, realistic
amount of information provided, and realistic amooh time provided for planning)
indicated that both participants and observers dothre scenario to be satisfactorily
realistic in these important aspects (mean betw68-4.31 on a six-point scale; SD
between 0.90-1.16).

Concerning the other confounding variable of systaiare, 81% (TIM) vs 64% (TCM)
of respondents reported some problems encountdtiedhe system. The primary system
failure reported by the TIM respondents were badtiwand latency related issues that
hampered the use of PowerVC. The severe lag iNtiié channeled all communications
during Div Mission Analysis through text chat irste The Div Comd then decided to
gather his staff around a large digital displagdéaduct Div Wargaming. The Bdes were
still able to receive audio and video feed of th@ug discussion in addition to
PowerMap, so this change in configuration shoultlhave any significant effect on the
experiment results. The problem with PowerVC wdsgexbbefore the TCM run, and this
greatly reduced the number of bandwidth and lateetated reports of system failure.
The primary system failure reported by the TCM wmegfents were minor software
instability incidents which the engineers were ahbberesolve fairly quickly upon

13
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detection, and the relevant systems were restanedse with no major implications to
the experimental run.

Operational tempo

The time taken for each step of the KBP was tradkethe Div and Bde Signal Officers.
The total time taken for Div and Bde planning dgrthe TIM run was 20 hours, rather
than 26 hours prescribed by the process. The saungme may be attributed to various
factors. Firstly, the Brigades took the initiatieebegin their prelim planning and mission
analysis even while the Division was developingrtians, based on the insights they
had obtained from the Division mission analysiscpss. The participants at the Bde
level reported that they were able to select tbeircept of operations and even conduct
some contingency planning during Division wargamingen the Division plan had
become clearer. As such, the Brigades were aldewelop their plans within 1.5 hours
of receiving their operations orders and were seanly to begin wargaming their plans
with the Division. Secondly, it should be statedaasaveat that some of the savings in
time were due to the fact that that some steph@KiBP were glossed over because the
Joint Command HQ and the Battalions were not phjlgicole-played by the experiment
participants. Also, not all the support plans wdexeloped in full because of the lean
staffing of the Div and Bde command teams, althotlgh major support plans were
completed, including the Fire Support, Intelliger®epport, Air Defence, Air Support,
Naval Task Force, Engineers, Logistics and Comnaiiminos. There are other smaller
support plans such as manpower and medical tha mardeveloped, but they would be
inconsequential to the timings.

The total time taken for the collaborative Div d@de planning during the TCM run was
15.25 hours, rather than the 20 hours prescribetidoprocess. The step that deviated the
most from the expected duration was the joint wanigg of Div and Bde plans. A total
of 5 hours were prescribed for this step, but theigipants finished this step in an hour
with all the major support plans completed as & Th\.

Paralld planning process

The parallel planning process was characterizedngaloseveral dimensions:
communication profile, participant workload, andrteperformance. These aspects were
measured via numerical ratings obtained from padid and observer questionnaires. In
addition, the observers provided a source of anatdiata that further elucidated the
interesting developments in the process.

Communication ProfileThe communication patterns of the team collectedng the
periods of high activity (Mission Analysis and Wanging) help elucidate the profile of
the planning process. Communication transactionse weoadly classified into the
categories of information sharing or idea excharige KAHs and observers rated the
number of ideas exchanged as well as quantityfofnmation shared during each period
of Mission Analysis (MA) and Wargaming (WG) as stdctory, with mean ratings
falling between 2.88-3.86 for exchange of ideas &2d-3.58 for information sharing, on
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a six-point scale. The ratings were not signifigadifferent across the different periods
of high activity, except for a greater number adad exchange reported during collective
WG (TCM) compared to Div WG (TIM) (p = 0.007). Coramication for the purpose of
idea exchange was further analyzed by role. Figucharts the relative amount of ideas
contributed by each of the Key Appointment Holddtsing Div MA and WG (TIM)
compared to the collective MA and WG (TCM). Whaistsiking is the large degree of
similarity of the four profiles. Notably, only th&de2 Commander contributed
significantly more ideas during the collective MAdBWG (TCM) than during the Div
MA and WG (TIM) (p = 0.019, p = 0.004 respectivelyfhis quantitative data
corroborates with the observations made duringectille MA and WG under TCM. The
observers noted that there was little evidenceodilsoration taking place within staff
functions across echelons, with the exception ef ititelligence cells (G2/S2) which
were collaborating asynchronously over text chabsMof the collaboration across
echelons that took place did so only during schestiuldeoconference sessions with only
the key Div and Bde staff (hamely Div Comd, 2IC, @2, G3, Hd FS/T, Bdel Comd,
and Bde2 Comd) actively participating.

Idea Exchange (TIM vs TCM)
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Figure 6. Idea Exchange by Role (Div MA/WG (TIM) vs collective MG (TCM)).

Workload The workload of the KAHs over each of the high\aty periods was assessed
by having the KAHs complete a subjective self-rqutiri six aspects of workload (mental,
physical, temporal, effort, performance, frustratievel) as prescribed by NASA-TLX
(Hart and Staveland, 1988). Figures 7(a) & (b) stimsvaverage workload as reported by
the Div and Bde staff during TIM and TCM respeciyveAs expected, during TIM, the
workload of Div staff was significantly higher th#imat of Bde staff during Div MA (p =
0.018). The workload difference narrowed during G as the Bdes began their prelim
planning and informal mission analysis while thev Oirmed up their plans. The
difference in workload reported by the Div and Baff during Bde MA and Div-Bde
WG during TIM was not statistically significant. @hmeasurement of workload during
TCM also yielded expected results. There was nbsstally significant difference in
workload reported by the Div and Bde during thdemive MA and WG as staff at both
echelons were engaged in similar planning actwititbeit at different resolutions at the
same time.
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Workload Index (TIM) Workload Index (TCM)
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Figure 7. Subjective self-rating of workload (out of 100) dur{ay TIM and(b) TCM.

The observers noted that the Div and Bde staff wertteable to monitor the multiple
channels of communication effectively, such thamsoof the plans posted on
PowerMind and several questions posed via text tdrgiely went unnoticed. The
participants were in fact briefed during the tragmsession that they should work in pairs
such that one person could focus on planning amatier could be dedicated to monitor
the development of plans by others, and also marniagecommunication channels.
However, this was not observed to have taken placgely because the lean staffing of
the Div and Bdes for this experiment necessitated each staff had to be actively
engaged in developing the plans, leaving little rétige bandwidth to monitor the
multiple channels of communication.

Team performancelhe overall assessment of team performance bydhigcipants as
well as observers yielded the following results éosix-point scale): TIM overall mean =
4.41, SD = 0.83; TCM overall mean = 4.40, SD = 0A&® item-total correlation was also
calculated for each of the 30 questions to proadendication of the contribution that
each question had to the overall team performamtexi The range of correlation indices
(spearman’s rho) fell between 0.593-0.889 for TINd &@.539-0.860 for TCM. These
correlation values indicate that the questionsraasonably well correlated. The means
of the ten elements of team performance as ratgghlicipants and observers fell within
the range of 4.13-4.64 for TIM and 4.09-4.68 for MCThere were no significant
differences between participant and observer ratifog both runs, nor was there a
significant difference in team performance betw@é&d and TCM. It is interesting to
note that within each set of data, the elementeaidinformedranked the lowest, while
the elements of beingmpoweredand harmoniousranked at the top of the list. The
poorly ranked team behavior of being informed byhiihe TIM and TCM participants
and observers corroborated with the observation tid all the plans posted on
PowerMind were accessed by staff members otherttieoriginator of the plans. There
are perhaps at least two contributing factors ashyp this was so. Firstly, it was noted
that the posting of plans on PowerMind did not canchother staff members’ attention.
It would be useful to develop an alert system witRowerMind to allow a user to alert
other stakeholders that a plan had been postedie@Czmly, it may be useful to have an
acknowledgement system such that a user couldnnfoe originator of the plan that his
plan had been looked at. Secondly, it was obsetlat there would need to be a
commonly understood method of indexing plans sunt every staff member would
know exactly where to go to find the specific pthat he was looking for.
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Observations In addition to the quantitative data, the observgrovided a source of
anecdotal data that further elucidated the intergsdevelopments in TIM/TCM-KBP.
The anecdotal observations made about the procdasgsly corroborate with the
guantitative data collected. The following are sdaag observations, in addition to those
already mentioned:

(a) During the TIM run, the Bde Comd and key staffdistd in to the Div mission
analysis and took the initiative to start their ogrelim planning and mission analysis
even while the Div was developing their plans. Hegrethe Bde staff reported some
frustration experienced when they had to revisinsosteps because they were
developing their plans based on evolving HHQ plans.

(b) During the TIM run, it was observed that the flofimmsights was not just from the
Div to the subordinate Bdes. The Div also gleamaiights from listening in on the
Bde wargaming process. The Div Comd picked up orers¢ points for further
coordination and directed the G3 to work thesewatlt the respective Bde S3 before
the final wargaming of Div and Bde plans. Howeveryas also noted that the Div
Comd would need to delegate responsibility to ta$f $o monitor the various Bdes’
wargaming process should they take place simultasigo

(c) The Div Comd during the TIM run recognized that esthled briefs could be
compressed if all his staff members were cons@astabout sharing their annotated
plans on PowerMind. He directed his staff to upltaar plans, as well as to look at
the products of other functional cells before eaohference. The conference was
reserved for presentation of only the salient moinf each plan, and for any
clarification sought by other staff members.

(d) During the TCM run, it was observed that the ergsthierarchical and centralized C2
structure continued to drive and shape the pasditg) behavior. Despite the
collaborative tools that were in place, there wasidy low level of collaboration
across the various dimensions: within functionalugps (Div-Bde), across functional
groups, as well as inter Bde.

(e) There was some diversity in the exchange of idessdnduring the TCM run, but the
observers generally felt that the options raisedewmt fully deliberated before the
team converged on a solution. This could perhap$dmuse SAF training and
doctrine tend to gear the staff members’ thinkiogidrds a small set of possible
solutions. The Div Comd acknowledged, however, thamight be useful to have
someone take on the role of guarding the team grawitating towards groupthink.

() The TeamSight suite of tools were observed to plegtaff members at both the Div
and Bde levels with access to a greater level toh8on awareness, but achieving
shared understanding depended on how clearly tmenemder was able to articulate
his intent as well as the underlying assumptions.

Parallél planning output
Plan quality Each of the Div and Bde plans developed using-KIBf and TCM-KBP

were rated by SCSC Directing Staff against a QualitPlan checklist of considerations
under two categories: fundamental principles of arat attack/advance (concentration of
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force, surprise, etc), and tactics (command andralhmaneuver and fires, etc). Table 1
shows the Directing Staff's ratings of the variddiv and Bde plans developed under
TIM-KBP and TCM-KBP. There were no significant @fénces in quality of plans
produced under TIM-KBP as compared to TCM-KBP. Tigares indicate that the
Directing Staff were quite satisfied with the plagm®duced, with all the mean ratings
falling between 4.26 - 4.64 on a six-point scatewas also observed that both plans
developed were largely similar in its approach sciteme of maneuver.

Div Bde 1 Bde 2

Fundamentals Mean = 4.39 Mean = 4.29 Mean = 4.47

TIM SD=0.11 SD=0.22 SD =0.07
Tactics Mean = 4.48 Mean = 4.26 Mean = 4.28

SD =0.05 SD =0.52 SD =0.61

Fundamentals Mean = 4.36 Mean = 4.35 Mean = 4.44

TCM SD=0.21 SD =0.28 SD =0.22
Tactics Mean =4.61 Mean = 4.46 Mean = 4.64

SD =0.19 SD =0.09 SD =0.17

Table 1. Directing Staff rating of Div and Bde plans (on st scale).
Achieving common ground

The degree of common ground achieved amongst atdfie Div and Bde levels was
measured based on their articulationtheir own wordsof Div Commander’s intent
following the critical periods of Mission Analysend Wargaming. Table 2 shows the
results of the analysis of common understandingéen Div and Bde staff members:

% reported % reported > % reported <
same sub- 50% of 50% of
Phase in KBP Themes % respondents goals activities activities
Reclaim o o (10 16% (2% did
Div Mission GOLDLAND 76.5% 70% re 802”/;(504/‘:)m not articulate
Analysis Destroy / Isolate o P f any related
enemy 23.5% of 4) activities)
TIM i
G OLFE)eLCA?\'I’S 93.8% 100% (6%
Div Wargaming ISolate 87.5% reported 4 out 0%
6.2% of 4)
GOLDLAND
Reclaim 88.3% 5.9% (5.9%
Collective GOLDLAND ' 88.2% (11.8% did not
Mission Analvsis 88.2% reported 4 out | articulate any
4 Destroy enemy 11.7% of 4) related
activities)
Tem Reclaim 92.9% 7.14%
Collective GOLDLAND ' 85.7% (21.4% (7.14% did
Wargamin Isolat 85.7% reported 4 out | not articulate
g 9 B ﬁﬁ as 7.1% of 4) any related
eachnea activities)

Table 2. Degree of common ground between Div and Bde staff member

Each of these surveys returned between 14-17 nyfahinesponses. The void or
meaningless responses (e.g. “no change in Commandérnt”) were not taken into
consideration in computing the statistics.

The statistics on the thematic similarities in commah intent articulated by the key staff at
the Div and Bdes provide some insights regarding degree of common ground

18



DRAFT

achieved by the team. In both experimental rures pégrcentage of KAHs who articulate
Div Commander’s intent with a similar theme (ReelasOLDLAND) increases as the
KBP progressed from Mission Analysis to Wargamiagwould be expected. However,
it is noteworthy that a larger degree of commonugtbamong Div and Bde staff was
achieved following collective Mission Analysis dugi TCM as compared to Div Mission
Analysis during TIM. This is reflected by the highmercentages of staff who articulated
command intent using a similar theme as well asthe approaches (sub-goals)
mentioned.

In the scoring of activities in support of Div Corander’s intent as articulated by the
Div and Bde staff, it was noted that some respotsderho had a different thematic

emphasis in their articulation of command intentl monetheless listed a number of
supporting activities in line with those listed the Div Commander. In addition, it was

noted that there were several activities mentidnedeveral respondents that had in fact
been omitted by the Div Commander.

DISCUSSION OF FINDINGS

This experiment set out to explore the effects GMFKBP in comparison with TIM-
KBP with regard to operational tempo, the paralielnning process and output, and
achieving common ground. We will discuss our ihigapectations regarding each of
these aspects in turn, in the light of the findifrgsn this study:

(@) TCM-KBP augmented with TeamSight would facilitate parallelism across
echelons, thereby compressing the planning cycle and increasing operational
tempo.

The timings recorded for completion of each of éxperimental runs indicate that both
TIM-KBP and TCM-KBP can indeed compress the plagnaycle. The timesaving
measures that were observed in both runs couldtbeuted to both the processes and
technology put in place for this experiment, aslvasl the initiative displayed by the
experiment participants. During the TIM run, theeBdook the initiative to begin their
planning process even while the Div was developigr plans, based on the insights
they had obtained from the Div mission analysiscpss. This behavior was also
observed in the joint SAF-SWAF experiment (Cheahle2005b) and perhaps validates
the parallel-planning concept, as it shows thaegigufficient information and insights
into the HHQ planning process, it is natural foe thHQ to get a headstart on their
planning process. The Div also adopted a HHQ petsgeand developed a culture to
ensure that they provided sufficient informationtite Bdes during mission analysis for
them to start planning in parallel. This was evidehen the Div Comd made constant
checks with the subordinate Bde Comds over thercloa that they were in a position to
start their planning process.

In addition to the parallelism in processes acead®lons, there were also some savings
in time when the staff members were conscientidagiasharing their annotated plans
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on PowerMind as well as referring to the productsother functional cells before
scheduled briefs. This practice facilitated a reiducin the time required for each staff
conference as each KAH only had to highlight thieesa points of his plan and clarify
any queries raised by other staff members instdagomg through the motion of
presenting his plan in detalil.

(b) TCM-KBP augmented with TeamSight would result in a greater amount of
collabor ative communication in the form of idea exchange.

The TCM run did not in fact see a marked increasehe amount of collaborative
communication (idea exchange) taking place betveetelons. Idea generation is in part
related to the individual’'s experience, the cultunegposed by operating within a
hierarchy of command, as well as the complexitysen¢éed by the scenario. The
relatively small problem space of the scenario usethe experiment perhaps did not
require too much idea exchange as it was rathar eethe onset what each Bde was
supposed to do. Despite these possible confourfdotgrs, the findings from this study
have nonetheless elucidated some aspects in wihiohgsr interventions could be
developed to generate more collaboration in fuexgeriments.

Structure Despite the TIM-KBP and TCM-KBP formulated prito this experiment,
there was some initial learning on the part of plaeticipants regarding the details of
each, largely because not enough time was giveraiio them on the respective KBP.
The participants understood the general intentroefAilM and TCM, but they did not
have time to work out their own collaboration stues and processes. In the absence of
clearly understood processes for collaboration betwthe Div and Bde staff, the existing
hierarchical and centralized C2 structure continteedrive and shape the participants’
behavior, including with whom and when to collalieraAs noted above, much of the
collaboration took place only during scheduled winference sessions, mainly
involving the key appointment holders. The Intadlige Sector seemed to be the only
staff function to engage in collaborative discussicacross echelons prior to the
scheduled briefings although we expected the @tadf functions to do the same. Again,
this could largely be a training issue that cowgdrésolved fairly easily over time. Future
experiments would need to have in plaee,priori, more defined processes for
collaboration.

Mindset It was observed that during the collective Missinalysis conducted by the
Div during TCM, the participation by the Bde stafhs minimal. The Bde staff only
started to be more actively involved when the Daswonceptualizing its plan. While the
TCM-KBP prescribed that the key Bde staff shouldeyseraged upon as an extension of
the Div HQ during Mission Analysis, it was obseriedt this change in mindset did not
take place during the TCM run. The Bde staff appearot to recognize their level of
stake when the Div was analyzing its mission. Reshaore time and training would
need to be allocated to influence a change in minad participants in similar
experiments in the future. Once the Bde staff beenselves as primary stakeholders in
the Div plans, it is expected that they would dodleate more actively at the Div level till
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the Div concept of operation reaches a certainl le’enaturity before proceeding with
fleshing out the details of the Bde level plans.

Technology It was noted that the technology had room forroupment in terms of
facilitating a higher level of information sharintpat would in turn lead to more
collaboration. The passive posting of plans on RMired did not command other staff
members’ attention as they did not know how th@glaere indexed or where to look for
the files. PowerMind should be structured in a Emmanner to PowerMap for ease of
collaboration and access to the information, extegutit is based on a non-GIS platform
to facilitate collaboration on text, tables, chatsl graphs. In addition, it would also be
useful to develop features that would provide usetis virtual presence awareness, that
is, an awareness of the actions of other usersyapaint in time such that a user would
be able to tell who was looking at his plans. Itsvedso raised during the After Action
Review that technology could perhaps also haveratpalay in encouraging a greater
level of idea exchange, in particular, in provideghannel for staff to voice dissent. One
suggestion was to set up a message board, or daohm®, whereby any staff could post
his differing views under the veil of anonymity. i$hwould perhaps address the
unwillingness of most people to be seen to be tieeraising objections and impeding the
progress of the team. Another suggestion was tmmwvalny staff member to set up
separate chat rooms with a small audience to alaw to seek feedback on his
dissenting views before formally raising it to tkemmander. While these various
technological aids could feature in future expentseto test if they would in fact
increase the level of idea exchange, it has todbednthat they would likely succeed only
if a greater amount of time was permitted for tlenping process. The staff members are
likely to focus on their primary roles and tasksufbjected to time pressure, rather than
voice dissenting views or even provide feedbackrtg dissenting views raised by any
members of the command team.

(c) TCM-KBP compared with TIM-KBP would result in nolossin plan quality.

The findings from this study indicate that the plaproduced by both groups of
participants under the TIM-KBP and TCM-KBP did ribffer significantly in terms of
the overall quality as determined by subject magbgperts, as well as in the general
approach and scheme of maneuver adopted. As atcéava@ould be noted that the final
plan is but one output of a planning process. Iddéemay be meaningless to rate one
plan as better than another plan if they both seit@gainst the enemy. Perhaps a more
telling measure of a planning process is how thgihbuthe plan is worked out — that is,
how robust is the plan in the face of contingerzi€his aspect of plan quality was not
measured in this study because the focus was smtetire planning phase. However, it
would be instructive to consider this measure aihpduality in future experiments by
testing out the plans developed in a two-sided @@t play.
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(d) TCM-KBP compared with TIM-KBP would result in a greater level of shared
mental models.

The results from this study do in fact suggest thaarger degree of common ground
among Div and Bde staff was achieved following edilve Mission Analysis during
TCM as compared to Div Mission Analysis during TIVhis is reflected by the higher
percentages of staff who articulated command intisimg a similar theme as well as in
the approaches (sub-goals) mentioned. One plausshlgon why this is so is that the
Brigades knew from the onset that they would noisseed with any Orders from the
Div HQ, and that they would need to complete tipéns at about the same time as the
Div. This could have resulted in the Brigade bemgre engaged in the Div HQ
discussions early on in order to quickly achievaretd mental models with the Div. On
the other hand, TIM-KBP makes allowance for somehef Bde staff who may have
missed the Div Mission Analysis process to evemjualign themselves with the HHQ
Command Intent through the Orders issued at a ktegge in the planning process.
Another point of interest in the analysis of contgtesurveys was that some respondents
who had a different thematic emphasis in theircatétion of command intent had
nonetheless listed a number of supporting acts/itieline with those listed by the Div
Commander. It would be interesting to conduct éoWlon experiment to include two-
sided execution play, in order to explore the dffeof a team with a common
understanding of the activities to be undertakem with variations in the understanding
of command intent. In addition, it was noted thatthe survey responses, there were
several activities mentioned by several respondiatishad in fact been omitted by the
Div Commander. This perhaps points to a need tindurimprove the administration of
the survey, in particular, to prime the experimpatticipants to be more thorough in
completing the survey.

CONCLUSION

This experiment had set out to explore the possitnf exploiting technology and battle
procedure techniques towards achieving true péiestiebetween two echelons of
command. TIM-KBP and TCM-KBP were developed to guithe experiment

participants in their planning processes and corspas were made with regard to
operational tempo, the parallel planning process antput, and achieving common
ground. On the whole, the findings from this stuilgicate that both the TIM and TCM
modes of planning between the Div and Bde levelg beaachieved with overall savings
in time and no degradation in plan quality. In &ddi, the TCM mode of planning also
appeared to give rise to a higher degree of comomaterstanding of command intent
among Div and Bde staff.

The success of this initial experiment raises aleviset of other questions. Under what
conditions does TIM or TCM become a preferred mofdpglanning over the other? How
may TIM and TCM co-exist and be employed in a can@ntary manner across a span
of command, as well as across echelons of comm#fid# are the limits of TIM and
TCM in terms of their scalability, taking into coderation the cognitive and
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technological constraints? These are questions shauld be explored in future

experiments, as they have bearing on how TIM and/Te@uld be employed as set
pieces that contribute towards building adaptivec@and teams within the SAF, capable
of exercising C2 options to gain a competitive adage for our war-fighters in the time

domain.

In the conduct of follow-on experiments of TIM an@M, it would be desirable that the
participants should ideally be operational Div a@8de command teams with a fair
amount of experience with planning at this leveattsthat they would be able to more
fully leverage on the infrastructure (processes ysiems) put in place to conduct a rich
collaborative planning session, supplemented by éxperiences. The teams should also
be put through the execution phase of their plansrder to test the robustness of the
plans developed in the face of contingencies. The®v-on experiments would more
fully flesh out the implementation details of bdtie TIM and the TCM concepts of
Parallelism that this exploratory study has shownindeed viable, notwithstanding
further refinements to the process and technology.
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