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Abstract

Collaboration technologies offer the potential tah@&nce communication effectiveness, shared awaseres

decision quality in command and control (C2) amdliin domains. The purpose of this experimenb isvaluate
the impact of one of these technologies — Insta@sddging (Chat) — on team performance efficieney simulated
human-in-the-loop air defence C2 scenario. An aftle management task required a team of two weagiwactors

(WDs) to communicate with each other, their fightessets, and two refuelling tankers, to coordimdtensive

counter-air, defensive counter-air, and air refogll The study compares the impact of three comoations

conditions (Voice-only, Chat-only, Voice and Chat)der varying levels of workload by manipulating thumber

of enemy targets (4 or 6) present in the battlesmand the number of fighters (4 or 8 ) that the WDs must

manage. Team performance efficiency is assesseirirts of the proportion of friendly assets andneyné¢argets

destroyed, the number of enemy target incursiotsfiiendly airspace and the time required to eliaté the enemy
targets. The results are discussed with respabetefficacy of text—based collaboration technatsdbr supporting
distributed team decision making in future C2 emwinents.

1 Introduction

Air battle management refers to the command andraoC2) of air combat operations, and involve® th
management of assets engaged in strike, interdictmd close support operations, as well as offenand
defensive counter air, air refuelling, and air nfibpimissions. At the operational level this iscamplished in the
Combat Operations Division of an Air and Space @pens Center (AOC), which is responsible for tleation

of the daily Air Tasking Order and the managemédrhe time-sensitive targeting process. At thaitatlevel, air
battle management is handled by weapons diredféBs] distributed throughout the area of operatiores number
of airborne platforms, including the USAF E-3 Airbe Warning and Control System (AWACS) and E-8 tJoin
Surveillance Target Attack Radar (JSTARS), or tI®&NLE-2C Hawkeye and various fixed or mobile surfassets
such as the USN Tactical Air Control Centers (TA@8) USAF Control and Reporting Centers (CRC).

The difference in the missions of these diverstdalcair battle management (TABM) systems is tietheir sensor
capabilities. AWACS and JSTARS, for example, dvkedo provide radar coverage over vast sectionsneiny

territory, and hence are useful for the controtadinter-air, deep strike, or interdiction missioi$ie Hawkeye has
the capability to control similar missions, but hese it is carrier-launched and has limited rahgeadptimized for

counter ship and fleet defence operations. CR@ghe other hand, are land based and tied to shoge land-
based radars, and find their utility in the contblair operations near the forward edge of theldarea, while
TACCs are ship-based and are designed to controparations in the littoral.

! Note that this is not an exhaustive enumeratioractical air battle management platforms. AllfalS armed services have a
range of options for tactical air battle managemend the armed forces of other nations furtheemify the array. See
Williams (1997) and Armistead (2002) for more infation on the airborne platforms.



The multiplicity of TABM assets notwithstanding, VERcross platforms perform similar tasks with simdisplays
and controls. Their primary display is a geospataresentation of the area of operations, owenlgth political

and operational demarcations, terrain data, andslogy representing friendly and enemy assets.s phovides
them with a real-time picture of the dynamic bajtiece, within the limits of sensor coverage andtifieation and
tracking accuracy. Their primary input modalityai&eyboard augmented by some form of pointingagvisually
a trackball. These are used, for example, to deter geometric relationships among the displayeities) such as
bearing and range, to manipulate track informatiand to communicate text or other visual informatio

colleagues on the platform.

The primary task of a WD is the control of air dsseThis includes the vectoring of aircraft toeirtept air and
ground targets, the control of planned strike miss;j the sharing of the tactical picture with otplatforms, and the
coordination of air refuelling and combat searct egscue. It is important to note that this taskdsperformed in
isolation. The WD should be viewed as a membea nimber of teams, or teams of teams. He is a meridre
example, of the weapons team on his platform (kamgple, a cohort of WDs led by a senior directof)the team
comprised by the platform as a whole (for examfiie, AWACS mission crew, which includes the weapand
surveillance teams); of the mission team that ihetuhis platform as well as the assets under higraio(for
example, a strike package with associated refgglipmbat air patrol, and suppression of enemyefience); and
so on. This aspect of the WD’s role is significéicause it stresses the importance of collabordto the
achievement of tactical and operational goals.

In current TABM environments, collaboration is aggaished primarily by means of voice communicatiaith

each WD monitoring and transmitting on multipleicadnd intercom channels. This may not be optifmadyever,
owing to the propensity for communications overl@al the possible reduction in speech intelligipitiue to
ambient platform noise (Bolia, Nelson, Vidulichngison, & Brungart, 2005). The proliferation of labloration
technologies (Nelson, Bolia, Vidulich, & Langhorr204) such as “chat” or instant messaging hasesigd an
alternative to traditional voice communication.

The use of “chat rooms” in lieu of radio or intemcmetworks offers a number of prospective advarstageair battle
managers. First, multiple chat rooms can be maiethsimultaneously and, unlike voice channels,nmtemasked

by speech or environmental noise. Second, theyigea text-based record of the communication ahehannel,
reducing the memory requirements of operators drel requirement to request retransmission of missed
information. Finally, they provide immediate vi$fieedback about the source of the communicatidnichvis often
absent in radio transmission. There are, on therdtand, potential drawbacks to the use of thidatity. One is

the fact that it introduces additional input requients that may detract from the operator’s usselad his hands —
voice communication is typically hands-free, siaciotswitch is used to activate the channel. dther is that the
operator’s visual attention may be diverted from ¢geospatial display, which is his primary meansnafntaining
situation awareness. To date, these possibilig@s not been critically evaluated.

There is a growing literature on the effect of abbration technologies (CT) and computer-mediated
communication (CMC) on team performance. Howevearstnof the research is concerned with comparingiggo
collaborating face-to-face with distributed grougmsnmunicating with computer-mediated collaboratioals. In
addition, many published CT studies (Baltes, DicksSBherman, Bauer, & LaGanke, 2002) focus on basine
applications involving tasks that require a groapatrive at consensus on a decision or to genéiats. These
studies may not generalize well to a C2 environnmenthich the task is to execute a mission. Thepse of the
present investigation is to compare the performaotdeams using radio voice communication with team
employing text messaging as either a primary ompkupentary means of communication in a high-worttloa
military C2 environment.



2 Method
2.1 The DDD Simulator

The Distributed Dynamic Decision-Making (DDD3oftware is a tool for creating human-in-the-lodjstributed,
multi-person simulations. The DDD was employectiteate a set of TABM simulations conveyed to pgodiots
through a tactical display. The tactical displayhieked the movement of entities within the batsigace and
provided information about the entities such asedpéieading, weapons and sensor ranges, fuel, aagons
status.

2.2 The Scenario

The TABM scenario developed for this experimentasistructed around a team of two weapons dire¢Wwiss)
responsible for the coordination of offensive cewsdir, defensive counter-air, and air refuellingemtions by
communicating with each other, their fighter assetsl two refuelling tankers. The scenario wasemesl to WDs
via the DDD tactical display. The tactical displ@presented the area of operations with friendty @memy assets
shown as unique symbols. The display affordedhbtimme picture of the battle space from which Widere able to
monitor and direct simulated air operations.

Figure 1 is an example of the WD'’s tactical displaythe TABM scenario. The red and blue symbolzresent
friendly fighter assets and are labelled with thetfprm type and callsign for each asset. In additthere are two
tankers for aerial refuelling, an air base, and fiofantry units on the ground. The tankers and dhebase can
refuel the fighter assets and restock their weapdnithin the battlespace are Green, Yellow, and RBegagement
zones. These demarcations represent different ipegthareas. The Green zone is the ‘kill zoneg' Yellow zone
represents friendly airspace, and the Red zonesepts the friendly region containing ground assets

Fedririe AMig25-210
| =] N i
P

BANGR-002 s
EoliE
R —
XiR-001
R}\N‘ tﬂf W
‘Shoop( F-11

i{625-205
FdBY-216

=
: 3

1 ¥ Tn00- 041
'l resop-00s A »
e @aﬁwainiD_/
h
5\1

)

> T
({ boby (7 %ﬁ AMiG25-200
» ——A

Figure 1. The WD’s tactical display. The Red and Blue WDe#ssire colour-coded and labelled with a callsign.
The enemy targets, labelled as MiGs, enter thelaiion from the right of the display.

The scenario is a 10-minute simulated counter peration in which enemy targets enter the greere zamd
immediately begin moving towards friendly territoriznemy forces have the ability to attack andrdgsall fighter
assets, tankers, the air base and the infantry.

2 (See http://lwww.aptima.com/hsi_products_asim.php)



Each fighter begins the scenario with weapons messuadequate to complete two attacks on hostigeets and
with a randomly assigned quantity of fuel. The WH¥sk is to choose appropriate asset-target pairgigen the
available resources for each asset, communicat@gbet-target pairing decisions to friendly fightessets, and
prioritize and coordinate weapons resupply andabegfuelling with the tankers.

The two WDs manage separate assets and geographie af responsibility (AOR). There are two prészm
AORs, a northern and a southern “lane,” and thiiisidn was indicated on the tactical display bgadid black
horizontal line. Assets are colour-coded such that WD responsible for the northern lane (the “REB”)

controlled red assets, while the WD responsibletfa southern lane (the “Blue WD”) controlled blassets.
Although each WD's fighters operate primarily withhis or her AOR, fighter assets were able to cOR

boundaries if necessary to provide assistance gggng a target for which the other WD’s assetsihadfficient
resources.

The WDs’ primary duties include relaying tacticafarmation to their assets, directing assets tergept hostile
targets, and coordinating aerial refuelling betwassets and tankers. To do this effectively, WDstroanderstand
the capabilities and limitations of their operadbrenvironment. Within the simulation, three classé friendly
fighter assets and two classes of hostile targete wmployed. Fighters have different fuel capegitind therefore
different ranges. All assets have weaponry adedoatevo attacks before they must be resuppliecerintargets
were differentiated by their on-screen represemtatind their speed of movement. The majority ohgn&argets in
each scenario were represented by a yellow, indétie’ These targets, identified as “MiGs,” weréggsitly slower
than WD fighter assets and could be pursued aretcepted from behind. The second type of enemyetarg
identified as “Su27s,” were represented by a rederted “V.” Such targets were slightly faster thatD fighter
assets, rendering pursuit ineffectual, and theeefequired frontal interception by fighter ass&ach time a MiG
was intercepted and destroyed, a new one would &meairspace to replace it from the right sidehaf display.
Thus, the number of targets present throughoutsstewas deliberately controlled.

The WDs in this scenario are members of multipente. The WDs communicate directives to friendlyetss
through Strike Operators (Red Strike and Blue 8jrind a Tanker Operator. The two Strike Operatlang the role
of multiple fighter pilots and manoeuvre assetsti@DDD interface as directed by their WD. The RearOperator
manoeuvres the two tankers (an Air Force Tankerahgvy Tanker) to refuel and resupply assets @stéid by
the WDs. In this experiment, Strike and Tanker @fes were highly practiced confederates trainegkfmertise in
the role of fighter and tanker crews. As such, rthm@rformance is related to, but is not the focfisteam
performance in this experiment. Instead, the pynfiacus is the WDs’ task performance.

The team in this scenario included five individudked WD, Blue WD, Red Strike, Blue Strike and tenker
Operator. The two WDs have all decision making oesfbility and direct and manage all air combatrapens,
coordinate the team, and act on information glednaah their tactical display and from communicatiaith the
other operators. The Tanker Operator and Strike@pes, on the other hand, execute directives fiteerM/Ds and
also provide the WDs with status updates on thesiets, such as fuel and weapons levels.

The WDs' tactical displays provide a global pictafethe battle space, including all allied and epemntities. The
Strike Operators are able to see all friendly aigmund assets, but see enemy aircraft only whey ¢come within
the limited range of their platform’s sensors. Thhesy have limited awareness of the tactical pectamd must rely
on the WDs to vector them to targets.

The experiment took place in a 9.75 m x 6.5 m reath two WDs on one side of the room and the experital
confederates on the other side, facing the oppabiection. Each team member had two 17-inch dhatel
displays. The left display contained radio corgtrahd several chat rooms. The right was used septehe DDD
tactical display. WDs were not afforded direct cohbf the DDD. Rather, they used it to monitor thettle and
then used the communications software to issuetdies to the Strike and Tanker Operators. The&k&@perators
used the DDD interface to operate the strike ags®eidankers and to retrieve information aboutrthssets. Radios
were operated with a footswitch for confederates, with a mouse for WDs. Participants wore headebughout
the experiment and white-noise was generated itathat approximately 75 dBA during all trials. Therpose of
the white-noise was to simulate the noise of an A¥®Aor JSTARS platform, and to prevent participdris
communicating with each other except by the meansiged.



2.3 Procedure

Prior to the experiment, all participants (WDs) gdeted a 3-hour training session in which they weaimed on the
scenario, the radio software, the chat softward,eaght 10-minute practice trials. The trainer imfied participants
that the purpose of the study was to evaluate lsam$ used communication technology to work togethdrthat
they would be playing a computer game that requieagnwork to meet the game’s objectives. In addjtWDs

were trained on and practiced communications bydeit both voice and text communications. Breviining was

critical to minimize irrelevant, unnecessarily I&mg or confusing verbal or text statements. This wko done to
simulate structured military commutation.

Participants were also trained on the specific athjes and rules of the mission, displayed in Tabl®bjectives
are listed in the order of priority as presentegddicipants. Participants were instructed thatghrformance of the
team would be measured for each trial based onvielithey met their objectives and followed theesul

Table 1. Mission objectives and rules and their link tgpeledent measures.

Mission Objectives Dependent Measures

Destroy as many hostile aircraft as quickly as Percentage of Targets Intercepted

possible. *  Average Time to Intercept

5 Do not allow hostile aircraft to enter friend | Percentade of Yellow Zone Incursions
territory (Yellow and Red Zones). 9 '
Protect the Air Base and the infantry from enemy

3. attack.

. Percentage of High Value Asset Losses
4. Protect the Air Force and Navy Tankers from
enemy attack.

Percentage of Fighter Assets Losses due to:
a. enemy attack
b. out of fuel

Keep as many fighters airborne for as long
possible

Mission rules Dependent Measures

Navy fighters (the F-18s) must be refuelled at
1 Navy Tanker. Air force fighters (F-15s & F-16 - Percentage of Refuelling Errors
must be refuelled at the Air Force Tanker.
Do not refuel at the Base unless an airborne

refuelling is not possible. Percentage of Assets refuelled at the base

One to two days after training was completed, WBtsirned for the experimental session. In this sesHiey

completed one practice trial to re-acclimate thenmhie task and then completed twelve 10-minute rx@atal

trials. After each trial, participants completedaral subjective instruments designed to assasma other things,
situation awareness and perceived workload. Ppatits were given one 10-minute rest period uponptetion of

half of the trials. All major simulation events gg.the occurrence and outcome of attacks, refigelivents, etc.)
were recorded in data logs for later analysis.dditon, video, audio, and chat communications wex®rded for
each team member.

2.4 Experimental Design

Three levels of communications (Voice-only, Chalypioice & Chat), two levels of fighter assetsq#8 fighters),
and two levels of enemy targets (4 or 6 targetsemein the battle space) were combined factorigllding a 3 x
2 x 2 within-subjects design. In the Voice & Chatamunication condition, all members of the teamengiven the
option to use Voice, Chat, or some combinationhef two to communicate with their team. The variatio the



number of assets and targets provided two differgatkload manipulations. The presentation orderths
conditions was counterbalanced across trials.

2.5 Participants

Six teams of two individuals were paid to parti¢t@pas WDs in the experiment. Overall there werae® and 6
women between the ages of 20 and 25 (Median =THgre was one all-men team, one all-women team,4and
teams comprised of one man and one woman. Allgiatits reported normal or corrected-to-normalovish both
eyes. Nine of the participants were undergraduateetsity students and three were graduate stud@mly one
participant had military experience (8 months ia Army).

Two teams of three confederates were also paidticipate in the experiment. The confederates \wagkly
trained individuals whose responsibilities wereitéd to the control of friendly assets as diredigdhe WDs.
They were not thus the focus of study. Each comfgdéeam was comprised of a red and a blue sipkeator and
a tanker operator. The confederates received dewans of training on the operation of assets aed t
communication protocol prior to the experiment.

3 Results

A Communication x Assets x Targets within-subjeBldOVA was conducted for each of the performance
measures listed in Table 1. When appropriate, Tekd$D procedure was used for post-hoc multiple garnsons.
Due to space limitations, analyses of subjectivasuees, communications patterns, and refuellingremwill be
reported elsewhere (Knott, Bolia, Nelson, & GalsB06).

3.1 Percentage of Targets Intercepted

Main effects were obtained for Assefs((L, 5) = 14.19p <.05) and Communicatior-((2, 10) = 12.86p < .05).
When teams had more assets available, the pereecofamyailable targets intercepted was higher (M93% &
73.1%, for 4 and 8 assets, respectively). Interglst the Voice & Chat communication condition uéed in a
higher percentage of intercepts than either the&/@nly or the Chat-Only conditions. The differetetween the
Voice-Only and the Chat-Only conditions was nondigant (Table 2).

Table 2. Percentage of targets intercepted as a funcficoramunications modality.

Communication Mean Std Error
Voice & Chat 74.0% 1.3%
Voice 71.0% 1.0%
Chat 68.5% 1.3%

3.2 Average Time to Intercept

The average time to intercept a target was defamthe time elapsed between the appearance ofjet farthe
scenario and its prosecution by a fighter assetatmage, targets were intercepted more quicklywieams had
more assetd{= 152.9 andM =140.3 seconds for 4 and 8 assets, respectielid), 5) = 31.66p < .05, and when
there were fewer target§, (1, 5) = 10.18,p <.05. The interaction of Targets with Communicatiwas also
significant,F (2, 10) = 4.23p < .05. Figure 2 suggests that there were no éifiegs in performance as a function of
communication in the 6 targets condition, but th@cé & Chat condition resulted in faster interceptsnpared to
the Chat-Only and Voice-Only conditions with 4-tetg)
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Figure 2. Average intercept time as a function of commutiices modality and the number of targets in the
scenario.

3.3 Percentage of Yellow Zone Incursions

This measure is the percentage of targets that rfrowe the Green to the Yellow Zone before beingiiogpted.
There were main effects for Targefs(1, 5) = 11.02p < .05, and Communication conditios(2, 10) = 6.03p <
.05, and a significant interaction for Assets xdeds,F (1, 5) = 55.68p < .05. In addition, there was a significant
three-way interaction between Assets, Targets,GordmunicationfF (2,10) = 7.70p < 0.05. Means and standard
errors for each condition are plotted in Figure The figure suggests that the interaction of Assats
Communication differs across Target conditionsc8iwe are primarily interested in the effects ahownication,
the simple 2-way interactions of Communication xséts were compared separately for 4-targets arugéts
conditions with a Scheffé adjustment for post hestihg. This analysis revealed that the simpleraatéon of
Communication and Assets was significant for 4¢tsg- (2,10) = 8.48p < .025, but was not significant for 6-
targets. Multiple comparison analyses indicatexd, tfor 4-targets, there was no difference in penmce between
4 or 8-assets per trial for the Voice & Chat or &60nly conditions. However, there was a signiftadifference
between 4 or 8-assets for Chat communication, 84tlssets resulting in poorer performance overaflidple main
effect analysis of Assets was also performed séglsurfor the 4-targets and 6-targets conditionsignificant main
affect for Assets was obtained for the 6-targetddions, such that 8-assets resulted in betteropmdnce on
average, compared to 4-assdis(l, 5) = 24.48p < .025. There was no main effect of Assets in 4kharget
conditions. These analyses suggest that the migateff communication on this measure was due piiynto the
8-asset, 4-target, chat condition which resulteganticularly poor performance compared to the othéarget
conditions. Also of interest is the finding thatvireg more assets improved performance for 6-tardets had no
effect for 4-targets.
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Figure 3. The three-way interaction of Communication, Asseid Targets for the percent of yellow zone
incursions.

3.4 Percentage of Fighter Asset Losses

Two analyses were conducted to explore the effethe experimental manipulations on fighter asestés. The
first is the percentage of asset losses to enetagkatThere were no significant effects for assaess to enemy
attack. The second measure is the percentage ltefigsset losses due to fuel depletion. This measan be
considered a measure of the WD’s effectivenessiimg of planning, coordinating, and prioritizinguedling
operations. There were significant effects for Asde (1, 5) = 35.24p < .05, and Communicatiof, (2, 10) = 7.21,

p < .05 for assets lost due to fuel depletion. Akseses were, on average, less than one fightdaripk (M = 6.9%)
when the team had 4 assets to manage, while teedogere approximately 1 in 5 when the team hass8ta to
manage ! = 20.8%). The main effect of communication indézhthat Chat-Only lead to higher losses than Voice-
Only. There was no difference between Voice & Girat the other communication conditions.

Table 3. Percentage of fighter assets lost due to fudktiep as a function of communications modality.

Communication Mean Std Error
Voice 8.8% 2.2%
Voice & Chat 13.9% 3.2%
Chat 19.0% 3.2%

3.5 Percentage of HighValue Assets Losses

The ‘high-value’ assets in this scenario are the tankers, the four infantry units, and the airebasThe only
significant source of variance disclosed by thdymmmwas an Assets x Targets interactiérfl, 5) = 7.50p < .05,
displayed in Figure 4. Team performance signifisewbrsened as the number of targets increased-&sset trials,
while there was no performance decrement betweean@-4-targets during the 8-assets trials. As teasets
increased, WDs were able to protect high-valuetasaere effectively in the high target condition.
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Figure 4. Average high-value asset losses as a functidineoiumber of assets and the number of targetsin t
scenario.



3.6 Composite Team Performance Score

A composite score was calculated as a measureeshlbteam performance on the task. The compos@resvas
calculated as 100 minus the average of the follgwliependent measures: 1) Percentage of Yellow Fangsions;
2) Percentage of high value Asset Losses; andr8eRiage of Fighter Asset Losses due to fuel diepleThis
resulted in composite team performance on a soae ® to 100. A score of 100 indicated optimal team
performance in accordance with the mission objestilMlean composite scores for each communicatiodittion
are displayed in Table 4. An analysis of the teammosite scores revealed a main effect for comnatioic
modality,F(2, 10) = 13.59p < .05. The post-hoc analysis indicated that thecmof the effect was relatively low
team performance scores for the chat conditionspened to either the voice-only or combined voice almat
conditions (Table 4). An interaction between thenbers of Assets and Targets was also obtaif@d,5) = 38.14,
p < .05, as depicted in Figure 5. Post-hoc compasisevealed that team performance was highestdndgsets and
4 targets in the scenario and lowest when there werssets to pair with 6 targets. Increasing timeber of targets
from 4 to 6 did not effect performance when thertded 8 assets as evident in the figure.

Table 4. Mean team performance score as a function of camation modality.

Communication Mean Std Error
Voice 82.36 1.68
Chat & Voice 79.33 1.96
Chat 73.82 2.21

Team Task Performance

100 -
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40
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Average Team Performance Score

4 Assets 8 Assets
Targets

Figure 5. Team composite score as a function of the nurobassets and the number of targets in the scenario

4 Discussion

The results of this investigation suggest a peréorce decrement associated with communication cesdrio chat.
Teams performed less effectively in the chat-omdgdition compared to the Voice & Chat conditionofiigh not
less effective than Voice alone) in terms of thecpetage of targets intercepted, and the average t intercept
targets, albeit only in the 4-target condition foe latter measure. The percentage of asset laksego fuel
depletion is of particular interest because oftthee-critical nature of aerial refuelling. On thiseasure, the Chat-
Only condition resulted in more than double theportion of losses than the Voice-Only conditiont Ihue
observed difference between Chat-Only and Voice&tGvas not reliable. While it is somewhat suipgsthat
there were no significant differences between wWee \toice conditions on target intercepts and timetercept, the
failure to find differences may have been due tosimall sample size.



The differences between the Voice-Only and the ¥@cChat conditions were not as clear. The combifvamice

& Chat) condition yielded a significant advantagenpared to Voice-Only on the percentage of targeéscepted
and the average time to intercept targets in thergets condition. However, there was no differebegveen the
two conditions on asset losses due to fuel deple@me possible explanation for these findings tmayarticipants’
overall preference for voice communication in theidé & Chat condition. The primary purpose of tbandition

was to allow team members, including the confedstab flexibly communicate by voice, chat, or bdiks such,
participants were not required to use chat durimgsé trials, and it is possible that chat was usdatively

infrequently. If so, then the Voice & Chat conditishould be viewed as primarily a voice conditiathwehat as an
additional, secondary means of communication. Agleta analysis of the communication data will beassary to
characterize the differences in team communicabiehaviour between two voice conditions. Although ath

measures of team performance revealed differenetgelbn the Voice-Only and Voice & Chat conditiotise

difference in the percentage of targets interceptedides evidence that chat may have in some ctspeovided
an advantage when used as a communication chauwdary to voice.

The finding that chat employed as the sole comnatiin modality engenders a performance decremer in
TABM task is consistent with the existing body dkdature on CT and CMC. For example, Bordia (1997)
conducted a review of 18 studies comparing texebasommunication with face-to-face (FTF) verbal
communication on group performance for decision ingaland idea generation tasks. This review suggbsts
while the quality of decisions did not differ beeve CMC and FTF communication groups, text messaGixig
groups took longer to complete tasks (Hiltz, Jolnn&aT uroff, 1986; Weisband, 1992; Reid, Ball, Morl& Evens
1997; Siegel, Dubrovsky, Kiesler, & McGuire, 1988pordia concluded that this effect is primarily ectinical
limitation associated with text messaging. It take®er to type and read massages than to spedistard Thus, if
task time is not limited, the effectiveness of C FTF groups is not different. In a more recemhgarison of
FTF and CMC groups, Baltes et al. (2002) conclut the use of CMC is associated with decreasedpgro
effectiveness, increased time to decision, andedsed individual satisfaction. However, similaBrdia (1997),
Baltes et al. (2002) hypothesized that CMC groupslme as effective as FTF groups when task timetiéimited.
The TABM scenario in the present study is both camization-intensive and time-limited. WDs must dipisend
messages, either by voice or text, to coordinate@efience and refuelling efficiently. If chat dosst support the
rapid communication afforded by speech, thenrigé&sonable to expect that performance on timesatitasks, such
as aerial refuelling, would be degraded as a result

While speed of communication is one possible exatlan for the observed performance differences eetwthe
two modalities, there are other factors that mestdnsidered. First, the monitoring of chat roomsstimes visual
resources that might otherwise be directed towaedsituation display. It is possible that monitgrthe chat rooms
may have disrupted WDs’ sampling of the tacticaliaion, reducing his awareness. Second, text entghat
required the strike and tanker operators to také@ thands off the mouse, which was their primanguincontrol
device, and may have prevented them from perforntihegr primary “flight” tasks as efficiently. Thirdthe
abbreviated text participants were instructed ® ingthis study may have caused additional “traimsiadelays” as
they formatted outgoing messages and interpretedniing ones. Although the use of abbreviations ugeq
common for text messaging, it is not clear thattthéing provided in the present study was su#fitifor WDs to
reach expertise in their use. Finally, text messgdg a relatively impoverished communication cledniacking the
paralinguistic and social cues often present indnuroice communication. Future studies will needddress these
guestions for TABM scenarios. For example, method®duce communication delays imposed by typingdbe
explored using abbreviations and semi-automatedsag@sy; such an approach may be plausible withihli
structured communication environments such as TABM.

Overall, this study does not suggest any disadgenta using chat as a secondary means of commiamicatis is
important because in many military environmentgtdl used as a supplementary means of commumnicatfese
results are also interesting when compared to tbés2ummings (2004), who required operators to towrand
retarget cruise missiles while monitoring chat ageondary task. Cummings found that chat degrpdethry task
performance, and posited that this result was dwpérators’ distraction from the primary task lmatc The present
study, on the other hand, evaluated the role of whan communication is part of WDs’ primary taskther than a
secondary event. The results of this experimeritétd that chat, as an additional communicatiorsoél, did not
negatively impact performance, and in the caséneftarget intercept measures, provided a slighamstdge over
voice alone.



The present research represents one of the fewieal@tudies to examine synchronous text messaginat) as a
means of both primary and secondary communicatioaddition, the majority of CT or CMC research quares
text communication with FTF communication. Withirdestributed C2 domain it is more appropriate tonpare
chat with voice communication via radio transmissid@his is an important distinction, given that rineare
numerous problems with mediated voice communicatisnch as poor voice quality and added cognitereahds
associated with managing and monitoring multiptigahannels.

The use of chat as a communication tool is likelyp¢écome more pervasive in the coming years wiibih civilian
and military organizations. It is therefore impattdo understand both the benefits and the detetereffects of
chat on the C2 process. Future studies will neexkpdore the performance decrements observed &(daj., speed
of communication, diverted attention, etc.) andegate suggestions to ameliorate those effectantély, the goal
is to understand the interplay between chat aneratbllaboration technologies, including communaaby voice,
text, video, and imagery, to promote communicaedfiectiveness, shared awareness, and decisiontyqiralC2
domains.
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