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Abstract

The impact of access to information through advdnefrmation and communication technology was sssé in a
study involving the Ground-Based Air Defence Comthdost (GBAD CP). At present the GBAD CP obtains
information about aircraft and their movements Wytddio. In the study, digital data was directprnsmitted to the
GBAD CP. lIts effect on the situation awareness (®AYthe Command Post Officer (CPO) and Detachment
Commander (Det Comd) was investigated. The Dirastsfloning Technique, based on the Situation Avesgn
Global Assessment Technique (Endsley, 1995a), wad to measure the SA of the CPOs and Det ComdB.tis
method, the operators were asked specific questadating to the situation at various times durihg exercise. The
guestions covered three levels of SA, namely pdimeglevel 1), comprehension (level 2) and pragtilevel 3).
The responses were scored against the real siulgia Subject Matter Expert. The result of thedgtprovided
strong evidence that the CPOs’ SA was enhancethdoyligital display in terms of the air war aspe@ise result
also suggested that the Det Comd controlled byCtavith the digital display had higher SA than tbamtrolled by
the CP operating with radios only.

1 Introduction

One of the primary goals of a Network Centric Wegfaapability is the sharing of information betweearious
elements on the battlefield. This is made posdilylextensive networking of elements in the batdespbrought
about by advances in communication and informatmmnology. The sharing of information would thesult in

increased shared situation awareness (SA), whidiarim enables superior decisions to be made. Ulgiyat is

expected that mission effectiveness will be enhadrfédberts, 2002). Although the advantages of neking have
been extolled (Vergun, 2001; Scott and Hughes, paB8re is a paucity of empirical evidence to shmampact
on the Australian Army. The benefit of networkingrelation to GBAD (Ground-Based Air Defence) iamined
in this paper. A study was conducted to investighee effects of digital display on the SA of GBADPO

(Command Post Officer) and the Detachment Commar(@at Comds) under his control.

2 GBADCP

The Air Defence Regiment is responsible for theedeé of a specified asset as stated by the highem@nder’s
intent. Its primary weapons in conducting the adr\are ground-to-air missiles. Weapon detachmentsmanded
by Detachment Commanders, operate the weapons. dreeplaced at strategic locations around the dmsay
defended, with each detachment being responsibilea feector of the air-space. The GBAD CP provides t
Command and Control (C2) function to the weaporad@nents. It is in the CP that early warning anaeot
information about aircraft movements, called traégkseceived by radio. A CP staff plots the traocksa chart. The
information judged to be important is forwardedtie relevant weapons detachments, also by radio.

There is a number of issues in relation to the oekthy which the information is transmitted to thBAD CP.
When there are many aircraft, only the most impuriaformation is passed on, usually this relaesnemy
aircraft. The implication is that the GBAD CP istimade aware of friendly or neutral aircraft in @iespace. This
may potentially result in fratricide. There is alatency in the information. By the time the infation reaches the
GBAD CP and weapon detachments, the aircraft enafio longer at the indicated location. Often traé&rmation
is not updated, and the GBAD CP has to make a teppeaquest for the update. Finally the informatieceived by
the GBAD CP is often incomplete and prone to erfidre direct transmission of digital information afcraft
movements is expected to address the shortcomundjeexl above. An opportunity to collect empirielidence
arose in an exercise involving GBAD.



3 Situation Awareness M easur es

3.1 SA definition

Endsley’s definition of SA (1995a) is used in thedy, “the perception of elements in the environmeithin a
volume of time and space, the comprehension of theaning and projection of their status into teamfuture”.
This definition is used widely by the research camity because it is not restricted to a particadamain. It has
been applied to many areas such as military, aviatir traffic control, driving, nuclear power ptaoperation,
medical emergency. According to the definition, &#sists of three levels. The first level involthe perception
of elements in the environment. Level 2 involves tinderstanding of the significance of these elésnamthe
current context and level 3 is the projection @ thture status of the elements.

3.2 Method

The method used to measure the SA of the GBAD CB@n(nand Post Officer) and Det Comds was based on
SAGAT (Situation Awareness Global Assessment Tephe)i (Endsley, 1995b). SAGAT was developed for
computer simulation in the aviation domain. Witksttechnique, the players’ SA is measured by rémgithem to
answer SA questions when the simulation is frozegarsdom times. The responses to the questionsoanpared to
the situation in the simulation at the time of ffeeze. This comparison allows for more objectissegsment of SA
compared to self-rating or observer rating of SAeTSA probes include all SA elements relevant todbmain
being studied, although only a randomised subseses during each freeze. The randomisation isssacg so that
the players do not anticipate particular questiamd prepare for them. The questions also covethitee levels of
SA. The implementation of SAGAT on a computer siatiolh is efficient and streamlined. During the freg, the
SA probes appear on the screen and the playerqa®te responses via the computer. For the wpdcted in this
paper, the principles of SAGAT were adhered to,thetimplementation was changed, as explained below

A method to measure SA based on SAGAT, called tinecbQuestioning Technique (DQT), has previoustei
applied in an Army context during a command postreise involving a Brigade Headquarters in a sitedla
environment (French and Hutchinson, 2002) and field exercise with an infantry section (Guille akRdench,
2004). Computer simulation was not used in thesgogses, so the SA questions were administeredyysn and
paper. Photocopies of maps were provided for questthat required the participants to show the tionaof
particular entities on the map. The principle of & of developing a global pool of questions comgrall SA
elements was adhered to. However, instead of smjetite questions randomly, a Subject matter Ex(fekME)
assisted the selection of questions to ensuretliegt were relevant to the situation. In the firsereise with the
Brigade Headquarters, it was found that the freevexe disruptive and time consuming. This was bgseahe
‘players’ had to be taken out of the operation rodm prevent them from referring to the maps anldeot
information in answering the SA questions. In tleeand exercise with the infantry section, it wasided to
administer the questions during natural breakshénGBAD CP study reported in this paper, the SAsgjons were
administered verbally at opportune times.

3.3 Goal-Directed Task Analysis

The SA probes, which cover all aspects of SA, asell on the information requirements for SA inheticular
domain. Goal-Directed Task Analysis (GDTA) was cactéd to find out what SA entails in the GBAD
environment (Endsley, Bolte and Jones, 2003). Ay b expected, the SA elements for the GBAD CPO are
different from those of the Det Comds, due to thififerent functions. The GDTA requires the ideictition of a
hierarchy of major goals and sub-goals for the GBBIPOs and Det Comds. To obtain the informationcstired
interviews were conducted with Army personnel frtime 16th Air Defence Regiment. For each sub-gdsd, t
decisions that have to be made to achieve the sabaye then determined. Subsequent to this, tfogniation
required to make the decisions in accomplishindheab-goal is established. Thus all the boxes shavirigure 1
need to be filled.
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Figure 1. Subgoal-decision-information requiremstnticture

The results of the GDTA show that as part of hspomsibility to fight the air war, the GBAD CPO dseto have
knowledge of the status of the weapon detachmertsriits control and the way the detachments aganised to
respond to enemy activities. He also needs to haeel understanding of the tactical environment wédard to
enemy and friendly forces in both the air and lalodnain. All of these, as well as matters concernaggstics,
personnel in the CP, electromagnetic signaturecantmunication are part of the GBAD CPQO’s SA.

Each Det Comd is concerned with similar issueshas@GPO but at a more limited scale. The main fasube
tactical air environment; avoiding fratricide iseoaf the major goals. The Det Comd has to ensuatetliie system is
ready to respond to enemy activities, particul@lyhe sector assigned to him and the adjacent @iearly he has
to have good knowledge of the status of the weagmh equipment as well as other issues such astisgis
personnel, communication and electromagnetic sigeat

To validate the results of the GDTA for the Det Gtsnand GBAD CPOs, two focus groups discussions welak
During the discussions, each part of the goal siracwas shown and the participants were inviteghrimvide
feedback. Issues were discussed, changes to themaion on the goal hierarchy were made if requuetil a
consensus was achieved.

The SA probes or questions were then developedibasdhe information requirements identified in BBTA.
The pool of questions covered the SA elements @yresentioned. The questions were divided into tategories,
one set contained questions directly relevantécaihwar, the other was concerned with the ottmrds.

3.4 Data Collection

3.4.1 Command Post Officers

During the trial, two GBAD CPs were set up nexe&xh other. Both CPs were equipped with radio conication,
in accordance with the current practice. Howevee of the CPs, the ‘enhanced CP’, was also prowd#ddigital
display. The personnel had been provided withrhi@ihg to use the digital system prior to the exas.

During the study, which lasted for four days, tlesearcher was assisted by an SME, an Army Major hatb
extensive experience in the Air Defence Regimeractite runs for data collection were made in ttst flay and a
half. The data collection process began by the $MtEming the CPO that he was required to answeg8éstions.
The researcher read out a question from the lisiclhwhad been previously agreed upon by the SME. TRO
answered the question, which was immediately scbyethe SME on a scale from 0 to 10 and recorded pre-
prepared scoring sheet. The correct answers fel [E\SA questions were obtained by the SME fromdiugtal



display. A total of six questions, two for each #&4&el, was asked. The verbal interactions weredapea voice
recorder. Immediately after completing the SA pngbwith one CP, the researcher and SME went totiher CP,
where the questioning process was repeated. Attempte made to ask the same six questions, althihigylvas
not always possible. No particular order was apiliequestioning the two CPOs.

The air war questions were asked when air raide waking place. The operational tempo was highthadrerbal
method for data collection minimised the time regdiby the CPOs in answering the questions. Italss decided

to allow the CPOs to look at the track informatwhile responding to the SA probes, by means ofdigéal
display in the enhanced CP and the manually haagvrdrchart in the non-enhanced CP. It would havenbee
unreasonable to expect the CPOs to commit to meibtye aircraft movements information. As thedstwas
part of a larger exercise, the activities were ‘frozen’ during the data collection and the sitoatkept evolving.
This was another reason for ensuring that the $hipg was fast and streamlined. The issue of patietisruption

to the CPOs did not occur with the non air war tjoas, which were asked during quieter times. Dyitime study
nine sets of air war questions and three sets mfairowar questions were administered to the CPQisa enhanced
and non-enhanced CP.

3.4.2 Detachment Commanders

It proved much more difficult to collect SA dataifn the Det Comds. The main reason was that theg dispersed
and located several kilometres away from the CRstriRtions on movements imposed by the exercisgenita
difficult to reach them. It was not possible to awlister the SA probes to a Det Comd under the obwifrone of
the CPs and then immediately repeat the proceds amibther Det Comd under the control of the othEr @
addition the SME could not verify whether the le¢ebA question was answered correctly becausecheadihave
the record of the events taking place. There wk@ @ther issues such as equipment malfunctioncaadging of
personnel on different shifts. Under these diffiailcumstances, five sets of questions were adteiréd to the Det
Comds under the control of the two CPs.

4 Results

The voice records containing the data were chetkethsure that the details corresponded with tligemrrecords
in terms of the time of the data collection, whitRO was being probed, whether or not the assignofahte SA
level was correct. Any discrepancy was resolvethiast point. It was found that the data collectiaogess took
between two and three minutes.

Table 1 shows the SA scores for the CPOs in thara#d and non-enhanced CP, and for the Det Conubis time
control of those CPs. Table 2 shows the SA scanethé CPOs for the three levels of SA for thevadr questions.

Table 1. SA score for the CPOs and Det Comds.

SA SCORE*
CP with Digital Display CP without Digital Display
M ean Standard Total M ean Standard Total
deviation number of deviation number of
guestions questions
CPO - air war 9.5 1.2 51 35 3.8 51
aspects
CPO - non air 8.6 2.6 18 8.6 2.1 18
war aspects
Det Comd 8.2 2.0 28 6.0 3.9 19

*The maximum score is 10.




Table 2. CPOs’ score for the three levels of SAhemair war aspects.

SA SCORE*
CPO — air war, CP with Digital Display CP without Digital Display
aspects M ean Standard Total M ean Standard Total number
deviation number of deviation of questions
questions

Level 1 SA 9.7 11 22 25 3.3 23

Level 2 SA 9.2 15 20 4.4 4.3 19

Level 3 SA 9.8 0.7 9 4.3 3.8 9

*The maximum score is 10.

The frequency distribution of the scores was skewamd did not conform to a normal distribution. lasvalso not
possible to transform the data to a normal distigiouby conventional methods. Accordingly, the Wikon Rank
Sum test, also known as the Mann Whitney test vgasdl.uThis is the non-parametric equivalent of titlependent
samples t-test.

It was found that significant differences exist foe CPOs’ SA scores for air war aspects betwesethanced and
non-enhanced CP.

» overall SA score (z=-7.400, p=0.000)
» level 1 SA score (z=-5.531, p=0.000)
» level 2 SA score (z=-3.582, p=0.000)
» level 3 SA score (z=-3.272, p=0.001)

There was no significant difference in the CPOs’s8Ares for non air war aspects between the entdargenon-
enhanced CP (z=-0.176, p=0.862).

There was a significant difference in the Det Con®Is scores under the control of the enhanced GRpeoed to
that under the non-enhanced CP, but only at the @»fidence level (z=-1.688, p=0.091)

5 Discussion

The results of the study show that for the air agpects, the CPO with the digital display had nmhigher SA than
the CPO without the display, not only for the oWle®A, but also for each of the three SA levelsisTis not
surprising, considering that the digital displapyded the CPO in the enhanced CP with a more cataind up-
to-date information.

As has been mentioned before, the CPO without idigatidisplay relied on information being provideg radio.

Quite often the information was incomplete and mmate. For each track, ideally the informationigal should
include such details as the identification (enefrigndly or unknown), the type of aircraft, positiodirection of
flight, altitude. If one part of the information waot provided, the CPO did not have a completeiggcin the non-
enhanced CP, when asked about the details of mydartaircraft in a zone, say the 50 km zone, @O often
could not answer the question because he did net tie information or the information was obsolételeed the
CPO often had to make repeated requests for a taat&te with little success. In contrast, the CHD the digital

display had the complete up-to-date informatiorfiramt of him, and was able to answer level 1 SAgtioas by
looking at the display. The difference resultedha large differentiation in level 1 SA score betwahe CPOs in
the two different CPs.

It is apparent that the difference between the @Rs in level 2 SA (comprehension) score and lev&8A3
(prediction) score was not as pronounced as thdéedel 1 SA. This was because the two CPs recaivfedmation
other than that provided by radio or through thgitdi display. There was a daily brief provided tmg higher
commander that included information on enemy atiwi In addition, as the exercise progressed etlhvegre
patterns of behaviour by friendly and enemy aitctéfat helped the CPO in the non-enhanced CP in his



understanding of the events. This assisted himakenthreat assessments and predict what the fyiemdl enemy
aircraft would do.

For the non air war aspects, the CPO from the es@dthi€P obtained comparable SA score as the CPOtitem
non-enhanced CP. Again this was as expected. Eondh air war aspects, the two CPs received the $aiafs.
The air war related information provided by theiwdilgdisplay was irrelevant in this case. Howevbhe comparable
scores from the two CPs indicated that there waspmarent difference in the skill levels of the GP@ the
enhanced and non-enhanced CPs. This counteredghment that the CPO in the enhanced CP might hade
higher abilities than his counterpart in the nohamrced CP which might have been the reason fohititeer SA
scores for the air war aspects.

Although the analysis showed that there was a faigmit difference between the SA score of the Dein@ under
the enhanced CP, compared to that under the nameahCP, the result should be interpreted withieaufhe
difficulties in collecting the data and the lackrifour in the data collection were mentioned earli

The verbal method of collecting the SA data wasimappropriate in the GBAD environment, considerihagt from
time to time the CPOs and Det Comds had to prosidheief to their commander and answered the comaerand
questions. Unlike the computer simulation for whiBAGAT was originally developed, where the operatais
totally focused on the task during the scenarie,@Os worked in a frenzied environment. Many maitequired
their attention during the day. Thus the data ctibe process that took two to three minutes eaule did not
appear to faze or interrupt them unduly.

Strong team interactions were observed in the GEX3. The staff communicated freely with each othighn no

apparent restrictions imposed by ranks. The inftionaprovided by the radio, irrespective of its @@y or

completeness, was heard by everyone in the CPThi#.and the verbal exchanges allowed the stafiienCP to
gain and maintain SA to some degree. The provisfatigital information restricts the number of pémwho have
ready access to that information and may inadviéyteaduce team SA. This is an issue that has tadszessed in
NCW capability.

6 Concluding Remarks

The DQT was successful in providing empirical datt showed the SA of the CPO in the enhanced GPhigher
than that in the non-enhanced CP for air war aspéictvas also shown that the SA of the Det Commideu the
control of the enhanced CP was higher than thagutie control of the non-enhanced CP.

The advantages of networking in NCW capability haeen extensively extolled. However, many humartofac
issues need to be addressed to ensure that tremsgsipports the humans in the warfighting actisiti€hese
include such matters as battlespace informatioplals data fusion; automation and decision supggstems;
training; co-located and distributed teamwork, tepenformance, team SA, shared SA, shared mentaklsiod
collaboration within and between teams; cultural arganisational issues. As part of the researdeavour, there
is an urgent need to develop metrics for sharedsBAred decision making and performance. Theseasgslist in
conferring rigour in NCW experimentation.
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