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Abstract

The Soldier Information Requirements Technology Destration (SIREQ TD) project is an experimentation
program to identify technologies that significantlyhance the performance of our future soldierg @rthe study
series involved a 2 x 2 factorial comparison ofltkeaefits of digital maps over paper maps, andifieeof radios vs.
no radios. Thirty-two Canadian regular force infgrgoldiers performed force-on-force tactical aftsanissions in
wooded terrain, with each soldier participatinglhfour test conditions. The radios were configlte operate in 4
subnets: 1 channel for each of the 2 Assault Gr¢dimoldiers on a channel); a Section Commanderédignel;
and an all-users channel. Note that in the no-radiwitions soldiers still operated the press-tk-¢avitch to allow
recording of communications, but the speaker volwas set to zero. All communications were date/tataenped,
identified as to the user and channel, and thecawdis digitally recorded for later analysis ashe hature and
content of the message. The study showed thatugiththe type and function of communication did obange
dramatically across the four test conditions, theas an increased amount of overall communicatibanasoldiers
carried radios compared to when they did not. Othentitative results pertaining to communicatiogigjation
awareness, perceived workload, and team effectbgeare presented, along with subjective measutesieal by
guestionnaires and focus group discussions.

1 Introduction

Many nations around the world are embarking onisplthodernization programs of varying complexity hil
some are seeking to improve basic clothing andpeaent items, many are going down the path of “diigig” their
soldiers — essentially giving them computer tecbgplthat will allow them to “connect” to their coattes, their
chain of command, perhaps remote weapons platfoamd, possibly even the entire digital battle spaidee
capability to collect, send, receive, display, aw on information virtually instantaneously is thesence of
Network Centric Warfare.

Defence R&D Canada has been supporting Canadalgesohodernization effort with a research and deweient
project known as the Soldier Information Requireteeéfechnology Demonstration (SIREQ-TD) project. Hi@
of SIREQ-TD is to define and empirically validateetperformance requirements for the future Sol8istem by
demonstrating capability enhancements in commarmggion, target acquisition and situation awareriesghe
individual Canadian dismounted soldier in 2010-2015

A detailed cognitive task analysis suggested thdiorcommunications and digital map displays wer key areas
of soldier information exchange that could bengifibstantially from technology insertion. In fatte tcognitive task
analysis identified the capabilities to transfeiormation and to communicate between members ismalinted
infantry section as critical requirements for nossisuccess. Accordingly, intra-section communicetiand the
exchange of situation awareness information bedawpdocus areas of the SIREQ_TD project.

Early SIREQ-TD laboratory studies of radio commatiens showed that over 50% of the radio traffithat small
unit level was related to information regarding tbeation of friendly elements. It was postulatedttif a digital



map were used to provide situation awareness, tmerg be an impact on the frequency and contentadior
communications. This paper presents a few of thelt® of a study investigating the interaction wjitdl vs. paper
maps with radio/no-radio communications condition§ield tactical assault missions in wooded tarrdihe study
was a follow-on to a similar stulgonducted in the laboratory in a First Person Gagrenvironment.

2 Methods

2.1 Overview

A nineteen-day field trial was undertaken in a wesb@rea in Ft. Benning, Georgia, over the peric®©2tober —
14 November, 2002 and 2 — 3 March, 2003. Thirty-tegular force Canadian infantry soldiers eachqreréd
eight force-on-force tactical assault missions ooded terrain (two repeats of four experimentdl ¢eaditions).

For any one mission, eight soldier participants kedr together as an organic infantry section cormgiswo
Assault Groups (AGs) that engaged an enemy fordewfsoldiers occupying a defensive position ie Wooded
area. AGs were led by the Section Commander (S@)tas Second-In-Command (2IC). Soldiers used C7Al
personal weapons (firing blank rounds) coupled t8IBILAS laser target engagement system to simulate
weapons effects and record engagements. Enemysfarees dressed in opposing force dress and weredawith

the same weapon system. All enemy force membel@netl a strict engagement script and rules of eagemt.
The four enemy force soldiers were not consider@digipants in the experiment. Human factors (Hasures
included communication measures, status awaremesskload, and teamwork factors. Subjective dataewer
collected via questionnaires and focus groups adtened at the end of each mission, as well akeaehd of the
entire study.

2.2 Equipment

2.2.1 Communications network

Soldiers used a Kenwood TK-280 radio with multipteanning features that allowed users to scan otwvorks
while sending on a specific network. Four netwoslese defined on the system as follows:

Network #1 = SC and 2IC only

Network #2 = AG 1 members only (i.e., four partaips)
Network #3 = AG 2 members only (i.e., four partaips)
Network #4 = All section members (i.e., all eiglatticipants)

To talk to other members of a network, a partictatected the desired network, depressed the-frdatk (PTT)
button and spoke into the boom microphone integratéo the helmet. A computer-controlled digitatoeding
system tracked and logged all voice radio commuioica during each mission. The server logged tine tisender
identification, and network (thereby identifyingetlisteners), and stored a digital record of thearmmnication in a
WAV file for post-study semantic analysis. The coamications system is depicted graphically in Figuitzelow.

2.2.2 Digital map display

The digital map display components are shown irufeig2. The system comprised a Garmin Global Positgp
System (GPS), a wrist-mounted display, and a fimgeuse, all coupled to a Xybernaut MA-V wearablenpater
that was ultimately connected to a data radio. iBoldosition was determined by the GPS and semt kdobile
Instrumented Vehicle (MIV). Position data from pdrticipants was integrated into a common picture reelayed
back to all soldiers for display as soldier icoms @ map or aerial photograph display of the regidrere the
relevant mission was being conducted. The maps athdapography information as well as real-time ldigpof
one’s own position and that of other section member
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Figure 1: Communications Network

Figure 2: The components of the digital map display system

2.3 Experimental conditions

Two map and two radio test conditions were crosaea 2x2 factorial experimental design as showiT able 1.
Each condition was exercised twice by each of feegtions of soldiers, for a total of eight missiqpes test

condition.

Table 1: Experimental Conditions

No-Radio Radio
PAPER MAP v v
DIGITAL MAP v v




To evaluate the effects of providing a digital nthgplay of friendly force positions, a paper mapiamp (i.e., the
current in-service method) and a digital map opti@ne compared.

a) Paper Map Conditionsthe paper map conditions included a standard mdp tefrain representation to
reflect the current in-service method.
b) Digital Map Conditions:The Xybernaut wearable computer with digital taldésplayed the real-time
locations of each section member overlaid on a ofidbe wooded area.
To evaluate the effects of providing intra-sectiepice communications, two communications optionsrewe
assessed: a no-radio option (i.e., the curreneimice method) and the radio communications LoaalaANetwork
(LAN) configured with four subnets as describedaho

a) No-Radio ConditionsParticipants employed current standard in-sereicmmunications methods; i.e.,
soldiers used hand-signals, and spoke or yellecevdmmands and replies depending on the requitsmen
of the situation. To permit analyses of the freaqqyemature and content of the communication, pisitts
were required to depress their PTT button durinthesice exchange so that the radio recording syste
could log the communication; however, the radicagpee volume was turned off so that no communication
could actually be heard over the radio networkthie case of hand-signals, participants were intduto
depress their PTT and quietly “verbalize” the haighal instruction. The radio networks were moritbr
by experimenters to ensure that only communicatmyging” rather than radio interaction was occogi

b) Radio ConditionsAll four radio communication system subnets wetibzed to provide the participants
with a range of communication network options. Ptim the start of the experiment, participants were
assigned membership to the appropriate radio n&tv@nce the SC and the 2IC each led one of the two
AGs, they had access to three possible networksSédtion Net, SC/2IC Net, and AG Net) while the
remaining riflemen had access to two networks (tA& Net and the larger All Section Net).

2.4 Missions

The missions executed in this experiment providedl-griented team-based scenarios that were camtixt
relevant to small unit infantry operations. Theplexted small unit tactics to emphasize issuesootm| within the
section and within each AG, stealth during the apph, and coordination between AGs during the #sdaach
mission was carefully configured to standardizeekpgerimental mission parameters between conditiwitkin the
context of tactics for wooded operations. The galnapproach and specific phases for each missieroatlined
below.

24.1 General briefing

All participants were briefed on the goals and pcot of the experiment, the general mission stmestuand the
radio and map test conditions. Following this tlvesre instructed in the use, installation, and ojamaof their
SIMLAS equipment and given the opportunity to pigethead-to-head target engagements. Participasms also
trained on the use of the radios and digital mapldiys and given an opportunity to operate and gaperience
with the devices, including interaction with othmembers of their section.

2.4.2 Experimental execution

Following the general briefing and training sessjomissions were carried out in four phases asritbescbelow.
Soldiers executed up to 6 missions each day.

Phase 1: Mission Briefing (10 minfPrior to each mission, the Lead Experimenter bddahe section and
provided them with execution orders, rules of emgagnt, a defined route and entry point for each AG,
and limited information about the enemy at the ofije. Participants were reminded of the
communications/map experimental condition beintptks

Phase 2: Mission Planning (15 mifthe section was given an opportunity to studyniag of the wooded
area. Each SC or 2IC leader then provided guidanagstructions to his AG as required.




Phase 3: Mission Execution (30 mifYnce started, the mission continued until the athje was reached

or 30 minutes had elapsed. Each AG moved tactieeitly stealth along its assigned approach route On
AG was engaged enroute by enemy forces. This sarprigagement forced a delay and required the AG to
coordinate team movement to avoid or dispatch tieeny forces. This delay affected the coordinatiot a
awareness of the two AGs. At this point, the experit controller paused the mission to allow for the
collection of situation awareness data. Followihg mission freeze and data collection, the two AGs
maneuvered to their objective and began a coomtinatsault.

Phase 4: Post-Mission Measurements (15 nfiajlowing each mission, participants completedoatp
mission questionnaire. Individual participant conmtsewere recorded and expanded through interview
techniques. A final focus group discussion was laglithe completion of all missions.

2.5 Enemy

Enemy soldiers were used as a means of delayinglastducting the AGs. Placing enemy in key locatioequired
the two AGs to use communication to coordinaterthmivements and their fire.

2.6 Casualty control

For this experiment there was no casualty conEokemy soldiers were able to shoot at, hit and A@ soldiers
with the SIMLAS laser target system. AG membertetlibefore the status awareness freeze were itestitic lie
on the ground until after the mission freeze whezytwere “regenerated”. Any AG casualties afterfteeze were
not regenerated.

2.7 Dependent measures

A variety of data were collected before, during] after each mission, as well as at the start addéthe
experiment.

2.7.1 During the mission freeze
The following status awareness information wasemtéld during the mission freeze:

a) Awareness of casualties in other AB1ie number of casualties (0 to 4).

b) Awareness of RV timingThe time that soldiers believed they would arav¢éhe RV using a 4-point scale
ranging from very early to very delayed.

c) Prediction of mission completioihe time that soldiers believed they would corgtee mission (5-point
scale ranging from very early to very delayed)afigection casualties (8-point scale ranging frotm 8),
and likelihood of mission success (4-point scatgiiag from very unlikely to very likely).

2.7.2 Throughout each mission

All communications under all conditions were captliusing the computerized voice communicationsroiicg
system. A post-hoc semantic analysis of the coriértich voice message was used to classify thencamgation
according to the following criteria (adapted fromtig®):

a) Type: Messages were first type-classified as a “Trahgfeinformation, a “Request” for information, an
“Order” to perform some task, an “Acknowledgemeat’receipt of any of the three previous types, an
“Informal Order”, “Getting Attention”, or “Repeat btsage”. Other communications such as “Comms
Check”, “Prestle Stuck”, “Requesting the Experinaght “Keystroke”, “Invalid File Type”, or “Purely
Social” communications were classified as “Other”.

b) Function: Each message was then classified by its informatiansfer function. Functions describe the
purpose for transferring the information. Functionkssifications include “Status”, “Location”, “Bk
Assignment”, and “Planning/Problem Solving”.



c)

d)

e)

2.7.3

Enemy / Friendly:For functions involving “Status” or “Location”, ¢hmessage was further classified as
relating to “Enemy” or “Friendly” forces.

Message classification example: while in conta¢hwsin enemy sniper the AG leader may ask: “FirenfTea
Alpha, do you have a fix on the sniper locatiomirgour position?” This message would be classifiscG
“Request” for “Location” of “Enemy” information. Téhreply by Fire Team Alpha, “Sniper observed I 2
story window of brown office building to my frontiyould be classified as a “Transfer” of “Locatioof
“Enemy” information. The SC response, “Fire Teanpl#d, prepare to provide suppressive fire on my
signal”, would be classified as an “Order” for a6k Assignment”; and so on.

Pathways:The four voice communications networks represeirtéatmation transfer pathways between
different roles and groupings within the sectiorsirlg the voice communications LAN software, each
message was logged according to the networks tescearlier.

Anticipation Ratios:The ability of team members to anticipate the infation needs of other members is
an indication of teamwork and coordination. Antatipn ratios provided some insight into this aptition
behaviour by relating the number of informatiomsters to the number of requests (i.e., if trasséxceed
requests then anticipation behaviour exists).

End of each mission

The following data were collected at the end oheméssion:

a)

b)

274

Teamwork Measure®articipants completed a Teamwork Questionnaissess the performance of each
section for a variety of teamwork dimensions (¢&pm communication, anticipation of informatioreds,
coordination, team orientation). Participants ratgimwork on a 7-point Likert scale where 1 repntesd
“Strongly Disagree” and 7 represented “Strongly et

Workload: Participants completed a NASA TLX Questionnairdi¢ating the levels of subjective workload
experienced during the mission. Participants rai@dmeasures of workload: mental demand, physical
demand, temporal demand, task performance, eHaod,frustration. Participants rated the workloadaon
scale where “Low” represented “easy/simple” andgllirepresented “demanding/laborious”.

End of the experiment

After completing all missions participants comptetan Exit Questionnaire on acceptability ratingstfe radio vs.
no-radio and digital map vs. paper map conditidiey were also asked to rate how important theoradd digital
map were throughout different stages of the misskinally, a focus group was held to discuss pipaiats’
opinions and experiences with the following issues:

The benefits and drawbacks of having a digital nhaplay of friendly forces;

The benefits and drawbacks of having radio comnatiuns;

Lessons learned about the use of a radio commiorisahetwork for information transfer;

The opportunities for exchanging information infeliént modalities (e.g., digital map vs. radio)dan
The implications of an information exchange netwonksmall team tactics.

3 Results

3.1 Overview of communications

Table 2 presents the total number of WAV files, tiimal number of transmissions (discrete thouglatisyl the mean
number + standard deviation of transmissions acnaissions for each of the conditions. (Note that M of 8
represents 2 missions by each of 4 sections in efitte test conditions; note also that 1 addition@sion was run
in each of the digital map conditions).



Table 2: WAV files and transmissions

y

Mean £ SD
transmissions
# of WAV # of across
files transmissions missions

Paper/No-Radio 8 916 755 94 +54.4
Paper/Radio 8 1677 1600 200 + 48.6
Digital/No-Radio 9 1088 885 98 +57.9
Digital/Radio 9 1765 1779 198 + 103.7
Total 4 5446 5019

Figure 3 shows the proportions of the total nundfgransmissions in the four conditions. In genesaldiers
communicated approximately two times more oftenmtiey had a radio than when they did not.

Proportion of Total Communication

Paper/No Radio

Figure 3: Percentage breakdown of total communication by condition

Paper/Radio

Digital/No Radio

Digital/Radio

As Figure 3 shows, the Digital/Radio condition 8&%6 of all communication and the Paper/Radio caoibad
32%, compared to 18% for the Digital/No Radio cdiodi and 15% for the Paper/No Radio. Together,rétio
conditions accounted for 67% of the total commutidcatransmissions across the four test conditions.

3.2 Type of Communication

Figure 4 shows the raw frequencies of the varigpes of communication as a function of conditioheTgraph
indicates that every type of communication was nicrguent when radios were available compared tchawing
radios. Clearly, Transfers and Orders were the mhastinant types of communication.
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Figure 4: Frequency of type of communication by condition

Since the number of transmissions differed conaldgr between conditions, the type of communicatiess
expressed as a percentage of all the communicattbin that condition, and these results are showfigure 5.
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Figure5: Percentage of type of communication by condition

While Transfers and Orders are still dominants iinteresting to note the decrease in the percertb@rders and
the strong increase in the percentage of Acknovdedimts given when radios were available (compareket no-

radio conditions). Also, having digital maps avhita resulted in a slight decrease in the percentage
communications devoted to Transfers of informatipresumably because some of that information wasemted

on the digital map displays. The relatively higbportion of Requests for information during coraitiPaper/Radio
supports the notion that soldiers want to haveustatformation, it is not available on a paper mapt a radio

makes it easy to request such information. Ovetadl biggest differences in the types of commuiocatvere more

the result of the introduction of a radio and nae¢ do the provision of a digital map.



3.3 Function of Communication

Figure 6 shows the frequency of the functional regwof the communications by condition. When soligarry
radios, they communicate their status and locddomore frequently than when they do not haveasudi
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O Digital/No Radio
500 ODigital/Radio
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Figure 6: Frequency of function of communication by condition

Figure 7 presents the function data as a percemthtfee total communication in each test condititirillustrates
that transmissions regarding location and statug #® two most common function-related communicesi There
were only small differences between the four tesditions for Status and Location functional nasure
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Figure 7: Percentage of function of communication by condition

3.4 Friendly/Enemy references

Figure 8 presents the proportion of friendly/eneefgrences across the four test conditions. Agenipus studies,
information about friendly forces is important wdiers. In this study there were no differencesveen conditions
as a function of maps or communications capability.



80%

70%-

60% -

50%-

40%

30%-

References by Condition

20%-

Proportion of Friendly/Enemy

10%-

0%-

Friendly

OPaper/No Radio
B Paper/Radio
ODigital/No Radio
ODigital/Radio

Enemy
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3.5 Network usage/pathways of communication

The four different radio networks allowed soldigrdifferent roles to choose the network over whilcy would
communicate with others. Table 3 shows the numbeadio transmissions over each of the four network

Table 3: Transmissions by network

Figure 9 shows the network usage as a percentageaafmmunications and indicates that the All 88cMembers
net was the most frequently used radio networkctommunication. This finding was different than tfiatind in
Adams, Tack, and Sartdnivhere section members used the AG networks maea dian the all members net and
the private leaders net. This could be due to wdiffetest environments, and it might be more effitito have all
members connected when performing tactical assaisitions in the field as opposed to working in estHPerson

Undefined

Network | Composition (# speaking members] # Transmissions
#
1 SC and 2IC (2) 246
2 SC’s Assault Group (4) 1008
3 21C’s Assault Group (4) 550
4 All Section Members (8) 3215
Total 5019

Gaming laboratory environment.



70%-

60%

50%-

40%-

30%-

20%-

10%-

Proportion of Communication by
Network

0%+
Network 1 - SC and 2IC Network 2 - SC's AG Network 3 - 2IC's AG Network 4 - All section members
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3.6 Anticipation ratios

In this study soldiers anticipated the informatigreds of other members of the section in all testitions. In the
Paper/No-Radio condition there was a fairly higlicymation ratio of 6.6 compared to the Paper/Rantindition of
3.3. For the Paper/No-Radio condition, the reldyiveigh anticipation ratio may represent a procatiiorm of
redundancy, perhaps representing an effort to cosgte for perceived weaknesses with a digital nmapradio.
The digital map conditions showed only a small gfeaim anticipation ratio when soldiers had a raimpared to
when they did not.

3.7 Subjective measures

The subjective measures collected in this studyevearalyzed statistically and a brief summary ohigicant or
interesting results is presented below.

3.7.1 Satus awareness measures
Soldier rated their awareness of other casualtggsfieantly higher in the paper map missions tharthe digital

map missions. There were no significant differenéer awareness of RV timing or mission completione
between conditions.

3.7.2 Teamwork

Teamwork ratings were relatively high (5.2 to 5/ @ scale of 1 to 7) across all conditions, butehgere no
significant differences between conditions.

3.7.3 Workload

In general, perceived workload was rated relatively in all conditions (an average of about 6 ofit18), but
soldiers did indicate significantly lower workloadmissions with a digital map than in missionshnat paper map.
There were no other significant main effects oelattions.



3.8 Exit questionnaire results

At the end of the experiment participants complateriexit questionnaire and participated in a fogumip. They
were asked to comment specifically on the mainystadtors of communication with and without radiaad paper
vs. digital maps. They were also asked to proviglgegal feelings regarding radios and digital majpe results are
presented below.

3.8.1 Radiovs. no-radio

Information transferAll 10 criteria related to information transfelhawed statistically significant advantages of
having radios vs. not having radios for communarati

Coordination and awareness within and between ldggawips All 9 criteria related to coordination and awages
showed statistically significant benefits of havihaglio communications.

Overall acceptance of radio vs. no-radi@ldiers were overwhelmingly in favour of havirgglio communications.

3.8.2 Paper vs. digital map

Participants were asked to rate factors relatindotation awareness (self, other members of thein &G,

members of the other AG), coordination within th& Acoordination of AG movement, coordination of AiG,

coordination of AG action, issuing/receiving ordegesignating targets, sharing information), andrdmation
between AGs (coordination of section movementsrdioation of section fire, coordinate of sectiortiaas,

sharing information, ability to maintain missiomtgo, ability to meet mission timings, anticipatithg action of the
other AG). For all factors, the digital map washsignificantly better than the paper map.

3.8.3 General fedlingsregarding radios and digital maps

Participants were asked to compare the benefitekeofwo technologies in 13 areas related to missapabilities;
the radio was rated significantly more importararttihe digital map in 11 areas (awareness of théestuation,
coordination within the section, teamwork, issuiaggéiving orders, passing information, requestim@rimation,
tempo of mission, ability to maintain stealth, #@pito adapt to changes in mission, minimizing edses, and
overall mission success), with no significant difiece in the remaining areas (awareness of friefollges,
achieving mission timings). The digital map wasnsae more important that the radio for pre-misdidefing, but
the radio was more of an asset during approadhetolbjective, assault on the objective, and codatitin after the
mission.

4 Conclusions

Overall, when investigating the type and functidnvoice communication within a dismounted infansgction
engaged in a wooded area assault with or witheati® and/or digital map, the results showed vittie Idifference
across the four test conditions. Furthermore, thdirigs in the current study reflect, to a larggyrée, similar
findings in the previous studieé * For example, when soldiers carried radios, thexee fewer orders than when
they did not carry a radio. The introduction ofigitél map did not appear to alter the kind of commication that
soldiers used.

In both exit questionnaires and focus groups, giggnts were highly favourable about the provisidra digital
map and radio communications. Radios were seeighifisantly enhance information transfer and caoation
within and between AGs. Digital maps were rateaigsificantly enhancing location awareness and dioation
within and between AGs. However, in general, havdngadio was seen as being more important thamyaavi
digital map for most mission capabilities, incluglineing aware of the battle situation, coordinatiiigp the section,
adapting to unexpected changes, and for minimizawpalties. In fact, radios were rated very impurtar overall
mission success, whereas digital maps were ratbd smmewhat less important. Additional ratingsufieg on the
utility of digital maps and radio during missiongses showed that digital maps have the most utiiliting the pre-
mission briefing phase, presumably for planning sménable plotting out mission routes. Howevediaa were
seen as more important than digital maps for amhtiog and assaulting the objective, as well asnduthe
consolidation phase of a mission.



5 References

Adams, B., Tack, D., Sartori, J. Evaluation of thgimaps and radio communication in dismounted nitnfa
operations. DRDC Toronto Contractor Report CR2025;§2005).

Entin, E.B., Entin, E.E., MacMillan, J., Serfaty, Btructuring and training high reliability teamg4J.S. Army
Research Institute Technical Report-599, (1993).

Adams, B., Tack, D., Sartori, J. Evaluation of tmdommunication in dismounted infantry sections.IIRT oronto
Contractor Report CR2005-012, (2005).

Adams, B., Tack, D., Thomson, M.H. Field evaluatioh radio communication network configurations in
dismounted infantry operations. DRDC Toronto CartoaReport CR2005-019, (2005).

This paper was first presented at the SPIE DefandeSecurity Symposium in Orlando, Florida, 17-2%iA2006,
and published as manuscript 6249-26 in the conferenoceedings.



