Devdoping user centered maps and map symbols in mass
casualty incidents- a qualitative interdisciplinary
approach.

Mareike Méahlet, Eva Artingef, Christian Stolci§ Fabian Wucholt Tayfur Coskufy
Yeliz Yildirim -Krannig'

'Fachgebiet Interkulturelle  2Heidelberg Mobil International *Navimatix GmbH
Wirtschaftskommunikation GmbH Moritz-von-Rohr Stral3e 1a
FSU Jena Industriestralle 41 07745Jena
Ernst Abbe Platz 8 69190 Walldorf christian.stolci®@navimatix.de
07743Jena Eva.Artinger@heidelbergiobil.de

mareike.maehler@uwjéna.de
fabian.wucholt@unjena.de

4Fakultat fur Informatik
TU - Minchen
Boltzmannstr. 3
85748 Garching bei Miinchen
coskur@in.tum.de

Abstract: Handing highly dynamic scenarios as they arise in mass casualty
incident (MCI) situations requires lots of information about the situation and an
extremely usable display of IT based supporting systems that can a&ssist i
managing the incident. The rescue workers have to intefattively with 1T
based rescue management support systemBRNIFS) in order to successfully
manage the incident. In this paper we show howlsalts of qualitative culture
studies can provide important insights into the designisglays that are to be
deployed in settings like an MCI. We will show how the software engineering ca
profit from the results of suchsaudyand how the results can be implemented.

1 Introduction

The SpeedUp projeotBMBF)! is focused on Mass Casualtycidents [CIs) in
Germany An important goal of SpeedUis to develop a generic framework for @n
rescue management support systemRMSS)practicable for all forcesf BOS? (the so
called authorities and organizations with safetgsponsibilitiesin Germany we
consideredire brigades, police and emergency medical seryice®lved in handling
the MClscenario.As we already analyzed within the project, the Blase different
organizational structures, tasks, and cultural characteristics, whiettchhe taken into
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consideration in the development of arRRMSS.In previous studies within the project
SpeedUpcultures of theBOS - fire brigadespolice andemergency medicaervices-
were analyzedind described. Basexh the findings of theultural analysis,different
user interfacefor an IT-RMSS were developed. The surfaces were develapearding
to the need®f the organizational culturand theroles ofthe variousmembers of the
BOS in anMClI.

In this way, the ITRMSSprovides allimportantinformation adapted to the needs of the
different members of the BOS he design ofthe separatesurfacesis based on the
observation that theeeds of the BOS differ becauskdifferent organizationatultures
and different problemsolving processeandtasks. Hence it is important to present the
information needed on the surface of arRMSS separately for every BOS.

2 The influenceof culture on usability

The influenceof culture onthe usabilityand the acceptance of technicdévicesis
discussedn a varietyof studies.Banseand HausefBH10] discussthe relationshipof
technology and culture. Thestate that technical systeras manmadeobjects have to
be includedin a certain €ultural) context of use. The influence of culture on the
developmeradl context and the context of ugkays a significant role regarding usability
and the acceptance of technical devi&=,Honold, Yuan[BHYO0O0] also dealwith the
influence of culture onusability and discus$iow an infrastructure for intercultural
usablity can beengineeredThey argue thathe meretransmissiorof the user interface
and the adaptation iormat andcharacteris notsufficient toensure theusability of a
product , True adaption goes much deeper and takes into account differeneresentis
of functionality.” Rather,the usage contextthe infrastructurethe formation of the
respectiveusergroups valuesand aspirationsiave to be taken into accounithin the
adaptationof user interface: It is crucial to develop a deep understandinglofreu
specific requirements andifferences, and to make them expliciftillo [Tr99] also
emphasizegshe importace of cultural features intdhe development procesgdJser
Centered Design emphasizesdigpth knowledge of the endser, their needs aritleir
environment. A key component in understanding these three areas of emighasi
culture.” In a literaturereview relating tocrosscultural Usability Engineering,Honold
[HoOO] states thathe knowledge in thiareais veryheterogeneousghe summarizes the
different fields of intercultural usability engineering: the collectiorudfurally specific
user requiremets, rationalesand culture-specific assessmeiatf operational concepts.
Also Honold [Ho00] emphasizehe impact culture has ithe development and use of
technical systemsThe first culturally appropriateapproaches taiser interface design
wereguidelines These guidelines were usedlie internationatlistribution of industrial
(technical) systems. They point out the fact that during the desapess of user
interfaces, timeand date formats, the use of colors and symbols and the design of icons
hawe to be taken into consideratidfurtherinformation can be founat Nielsen(in:
Brauch & Sarodnick)BS06], who constituted three levelsf crossculturalinfluenceon
the user interfaceOn the one hand, aspects such as language or ratigto be
considered.Furthermore,the user interfaceshould be translatedin a way the user
understands it.
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Though studies on usability asdreadywidely used in thedevelopmentprocessof
technologicaproducs, and the influence of culture on usability was algeexdamined in
a variety of studiessulturestudies especially in the area of BOS, atél singlecases

Approaches that account ftre human factor in technology design comprise classical
usability studies applying quntitative methodfBKMO08] as wel as culture studies based
on qualitative dataCulturestudies however are seldom applied to the design of complex
technological system®ne aim of this paper is to point out how cultural analysis can
contribute to the overall usability of human centetechnological solutionsCultural
analysis as a fieldwork is based for example on free observations,igeiidased and
narrative interviews, as well as document analysis. The data collected &yragwds
should providea basis for the understanding the specificconcepts ofbehavior,
communication and perception tfe cultures which are in the center of the analysis.
Based ora dynamiaunderstanding of culture any kind of technology has to be integrated
into these habits and routine operationsdadrepted and to assure an gffedy use by

the enduser From this point of view, classical methodologiesntérnationalizatiorand
localization of software like it is used by professional software degedaeem to be not
profound enoughCultural analysisas a method of culture scienoet only allows
evaluating the acceptance of a specific solution, but also allows idegtifyieresting
statements of the general acceptance of technical inangah organiational cultures.

As we mentioned befe we developed different user interfaces for theRWMISS
according to the neead the organizational culturand theroles ofthe variousmembers
of the BOS in aMCI. As a specification of our cultural analysis we discovered the
preference of digital mapand icons displayed on the-RMSS.Due to the importance
of culturally appropriateuser interface design, we developed a perceptady in
cooperation with our technical projguartners.Various members of BOS took part in
this study.Based on the mailts of our culture analysis (BO@ct relaied to different
organizationatultureg severakepresentatives of the ma@OSrepresenteth aMCI in
Germanyparticipated in oustudy It was examinedvhich mapsthe differenttypes of
BOS preferon an IFRMSS and whatrepresentatiomon mapsmap symbols otactical
signg theyprefer The mapstudy is described belowhetechnical aspects of the study
weredesigneddy our technical project partners

3 Maps and Maps symbols Perception Study

3.1Sample

The sibjects were acquired withitme project. With thehelp of our application partners
we could get in contact with the BOS$egpresentative®f fire brigades, emergency
medical services and policeWWe acquired the subjects from two different fire brigades
in Stralsund and Munich/Germany, opelice headquarter in Jena/Germany, and two
emergency medical services stations in Jena and Stralsund/Gelmahis way we
could acquirethe subjectsfor our study. 22 Firefighters were involved in the study, as
well as 23 members of emergency medical services and 29 judficers.
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3.2 Structure and Expiration of the Study

All subjects were informed about the project and the aims of the study prior to
participating in the studyEach subjectook partindividually in a separate roonThe
studywas presentedn a laptog(15.6"). If the subjechad any questiong, couldask the
experimenterwho waswith the subject during thetudy.

First, somedemographiaata (sex, organizational affiliatioprofessionakxperiencen

MCI, and probablebostion in a MCI, MCI experiencén exercises and real incidents,
years of service) were queried.

Based on the resultsf cultureanalysiswithin the projectwe created a map studg a
simulation which consists of fiveifferent maptypeslayers (digital road magigital
orthographic mp, digital hybrid map, digital topographic magigital black and white
map)with information concerning site/infrastructure and two differeptesentations of
the rescue foes on the map (tactical symbols, map symbdlke task was to select a
map viev and a representation of the rescue forces. The simulated situation was
described asraMCI on a highway in an unfamiliar place. Furthermore, the tesbpers
was informed that several BGBe already on &. As a support for the participant, it
receiveda digital map which representélde actuhover-all situation. The participant
couldadjust the map until it displaydHe information clear enough to him. After setting
the map the test person was asked to fulfil the second task. The secomchsatk
edimate the number of rescue forces presented on the selected mapTiewmap
studywas based on 2 hypotheses:

1. Knowledge and preference of tactical graphics decreases in positions lower
than officerin-charge/squad leader.
2. In unfamiliar areas detailed maps are preferred.

The registration of the demographic data and the preferences of the ndapsps
symbols took place in an automatically generated excel sheet.

The simulatedituationwas described as follows

»Imagine you are a [position of the subject in a M@l MCI. It is acity / highway
situationin anunfamiliar place Therearealready variougorcesof police fire brigades
and emergencynedical servicesn site. The vehicles located on site are all filled by
default. To support youwork, you receive digitalmapon a portableevice thashows
youthe positions of théorcesalreadylocatedon site.You canadjust the mam the way
that itis clearand understandable fgou. Please select ttaptimaldisplay- variant”

The fores on the different mapso@d mapprthographiomap hybrid maptopographic,
black and white mgpwere presented in the form of tactical symbols, and thethé
form of pictogramsThe tactical symbols were presented in black and whitéhisis
the nmost familiar type of representatiofor the rescue workers and this is the way
tactical symbols are used in training$e pictograms and tactical symbols represented
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the position of rescue forces of fire brigades, police and emergendyainsetvices and
certain operational vehicles.

Figure 1: &kample Option digital road map anthp symbols

o= ! = iy

Figure 2: kample Option digital road map atattical symbols

3.3 Findings
Based on thé&wo hypotheses the following findings were discovered:

Hypothesis 1: Knowledge and preference of tactical graphics decreases in positions
lower than officefin-charge/squad leader.

Police:69% were mlice officersthat helda position belowthe MCI team leadetevel.
60% of these subjects preferretap symbolon a mapThis could be an indication that
knowledge and preference of tactical graphics decreases in positiongHawexfficer
in-charge/sgad leader.

Fire Brigades55% of thefire-fightershelda position belowthe MCI team leadelevel.
45% of these subjects preferrg@ictogramson a map This could be an indication that
knowledge and preference of tactical graphics decreases in pokitimrsthan officer
in-charge/squad leader.

EmergencyMedical Services74% of therepresentativesf the medical servicelseld a
position belowthe MCI team leadelevel. 70% of these subjectsreferredpictogramson
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a map This could be an indication thinowledge and preference of tactical graphics
decreases in positions lower than offiaeicharge/squad leader.

Despite the training of rescue forces lower than offinesharge/squad leadés not
focused on tactical sings and they mostly do not use them in their dailtiopsy 40%
of the police officers, 55% of the fire fighters and 30% of the Emeygdfedical
Services personnel preferred tactical sings on a map. This could be an indicattitwe
forces truly know tacticadignsor maythink they needto know them.

Hypothesis 2: In unfamiliar areas detailed maps are preferred.

Police:83% policeofficers preferred digital road @rthographianaps which are more
detailed to them than the black and white, digital topographic or hybrid Miaisscould
be an indication that detailed maps are preferred in unfamiliar. areas

Fire Brigades:91% of thefire-fighters preferred digital road oorthographicmaps
which are more detailed to them than the black and white, digital tq@ogrer hybrid
maps. This could be an indication that detailed maps are preferuedamiliar areas

EmergencyMedical Services83% of therepresentatives of themergencymedical
servicespreferred digital road oorthographicmaps which are more detailed to them
than the black and white, digital topographic or hybrid maps. This could leligation
that detailed maps are preferred in unfamiliar areas

A majority ofthe BOS - membersurveyedoreferreddetailed mapsand map symbolas
arepresentationn the useinterfaceof an IT"RMSS. Despitave did not consider rescue
forces higherthan the rescue forces “on sitefithin our hypothesed we found an
interestingadditional result: five out of nine surveyed police officers which hedd th
position “police commanda preferred pictograms instead of tactical symb&e team
leadersmight not necessarily always pretactical signsBased on our findings (user
specific requirementgegarding preferred map types and preferred map symbots)
project partner was abte implement certain map types into theRMSS. Also based
on our findings our project partnerslevelopeda set of map symbols which are
presented below.

4 EmergencyMap Symbols

The mapstudyresult indicateshat the preference for tactical signs on a map decreases
in positions lower than officen-charge /squad leader both for fire brigades as well as
for the medical servicelherefore we developed a set of synsbwithin theSpeedUp
project together with people working in the rescue service asasvail the fire brigade
field. Thesenew symbolsare different to thefficial set of tactical sign§ka03. We
designed first those symbols which had the highest relevancy for ouctpfofaising on

the emergency medical service. These were represerstdtiv patients, medical service
personnel as well as for the emergency vehicles.



4.1 Requirements

Several challenges for map symbols in crisis management are gtbbyfiRobinson et.
al. [Ro10]. Some of them are in common with the requirements wéfidérin close
collaboration with theTUM Feuerwehr, a fire brigade from Munich/Germaid) The
symbols should have a high visulitinctnessHowever this is challenging as the more
visual features the symbols have in common, the harder it is to idemifgarrect
symbol [Tr86]. (2) Our map study showed that some probleswirowith the
comprehension of the tactical sig@ur aim is that the newly designegmbols need to
be intuitively understood without reading the definition of the symbolsT{@symbok
should “popout’ against thanap backgroundTo ensure this one has to consider, that
the map background can be bright or dark acain haveseveral colors, can beery
detailed orcan be iruniform color.In any case the symbols must segregate fraurgt.

(4) Thesymbok shouldpoint toan exact location. (5) The symbols should be visible on
different devices (PDA, TabletPC, Multitouch Table), which haveouarresolutions.
(6) The devices are used also outdoors. Yet, a bright lightning condifioanices the
display readability negatively, so we have to assure that it is s still potsildlentify

the symbols on the map.

4.2 Realization

In several iterations with feedback from the emergency professimealevelopedhe
following representations fo patients, emergency medical personnel as well as
emergency vehicles (see Figute All symbols have a pin shapwhere each head
represerg a different person ovehicles. Theofficial tactical signsdo not cover albf

our case [Ka03. For example theofficial set does not differentiate between the
different triage categories. Only one patient symbol exiSisr RFID based triage
system makes the triaggformationdigitally available tothe emergency personat the
incident Ne10]. Therefore all symbotsed to havéhe various triage categoeiecoded.
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Features of the symbol set

Our symbols have the following feature€l) In order to reach a higkevel of
distinctnesswithin the item setwe use different basic shapes for different symbol
categories (patient, EMS personnel, and vehiclegisman found that the human visual
system responds more towards simple propesigh as orientation, celoor curvature
[Tr8€]. Also in the Homeland Security map standard (ANSI -2086 INCITS) the
frame shape was used to represent the symbol categorization [Rol@)r case,
persons are represented through a roundish shape, while vehicles havee a mor
rectangular shape. Within the category of persons we distinguishedretwwo
subcategories- patients and emergency personnel. The subcategory patients are
represented through a circular shape. Whereas the emergency personstd obmso

parts- a shape for the head and a shape for the body. (2) Taking simple properties such
as abstract simple shapes for the symbols makes the symbols easigéngmigh by the
humanvisual system [Tr86]. Howevgethe more a pictorial symbabrresponds witlthe

real world the easier it is tanderstandhe symbol [CI89]. Our symbols are not as
abstract as the tactical signs autlitionallywe limited the details as far as possilte.

a future studywe will test, if themeaning of the symbois easier to find out than the
tactical signs. (3) In ordeo make surethat thesymbols segregafeom bright as well as

dark ground, the have two features. The first feature is that the head of the pin is
surrounded by a black line. This makes itiMis when it is positioned against a bright

@i@@%
TRE

Figure3: Symbols on map (a) and for overview omwhite background (b)irst row: fve patient
symbols for the five different triage categorieecond rowmedcal technicianunit, emergency
doctor medical incident officer, ambulance incident officethird row: advanced life support
vehicle, emergency doctor vehiciecident command past

background. The second feature ensures the visibility against a d&ddawd. The
filling of the symbol is either bright (leading emergency doctor, emergency jlactibr

not thenwe added a white border, skee example patient symbols. (4) In order to show
the exact location, we use point symbols. Pins point to the location wheperun or
vehicle is positioned. In order to find the end of the pin faster, a shisdadded to the
pin. The crossing of thehadow and the pin’s needle marks the exact location. (5) We
tested the icons on different devices (POAbletPC, Multitouch &ble) with different
resolutions in order to ensure that all of them are useful on diffdesftes. (6) As the
devices wherehie map is showareused outdoors we optimized the agt® so that they



are as siple as possible to distinguisth.is especially important to identify the cols

of the patients as the basic shape is the same for each patient category. Thifeonly

in the colar of the head of the pin. Several tests were done under bright sunlight
conditions and with various devices in order to find the besurolor the symbolsin

a future evaluation we would like to test semantic features and how geayriiols

can be detected on different maps. We also will design a symbol set, ighiséble by
colour blind people.

5 Map types and Architecture

As one of the main components of theRMSS a module to display the actual MCI
situation using digital maps sHdube developedh the context oSpeedUpIn addition

to the newly developedicon set mentioned in the previous chaptea complete
visualization of the complex MCI location requires the map datavhich theactual
damagesituationrepresented by the inecan be projectedBased on the results of the
map study presented in chapter 2, a requirements analysis had been ezbriduct
determine the functional, conceptual and structural requirements guettps of a map
component to display the current stioa in case of an MCI.

5.1. Map types

Digital maps are already used in various areas, providing a variety lafadigps. In the
domain of rescue management, especially in Mi@, use of digital maps represents a
great benefit in the presentation of tberrent MCI situation. For the most accurate
presentation of theurrentsituation in addition to the widely used digital road maps or
satellite photos, further geographic data is needed. Due to the higlofl@lestraction
and the reduced information content, the standard mapdemdy representedbut do
not provide the necessary information accuracy and density of the daotageri
needed by the rescue forces. Therefore, it is necessary to proeidetypes of maps
with different information content and accuracy. The following typesmafps are
determined as interesting rfahe domain of rescue management regarding their
information content:

e Digital road maps are designed to represent the road network as accurately as
possible, with the surrounding landscape presented with little infamma
content. Digital road maps arbet basis of any vehicle navigation and allow
route planning as well as geocoding

e Aerial/Satellite photos and orthographic mapsallow looking at the real
landscape from a bird's eye view. They are small, photographic images of
landscape and are taken from airplanes using special cameras or satellites
straight down or up at a slight angle.

% Process of finding associateggographicoordinates from other geographic data, such as streesadsler
zip codes
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¢ Digital terrain models describe the relief of the earth's surface by a regular or
irregular point grid, where for each grid point the location and heigtriown.

o Digital topographic maps offer through their precise and detailed
representation of the earth's surface a wide range of applications. atitorm
content, reliability and the geodetic accuracy make it a valuable resource for
scientific and technical planningsks.

e Cadastral mapsinclude all parcels, land rights and buildings of a place, so that
the geometric location of all parcels and their boundaries, parcel names,
buildings and uses are shown.

e Hybrid maps are a combination of two or more map types anelirth
information content. Thus, it is for example possible to project the roa et
map onto a satellite map to increase the perception of the environment.

¢ 3D mapscan be viewed as a composition of digital terrain models and satellite
images and enabléting the map, which enables a 3D effect. This also makes it
possible to integrate 3D models of buildings to the map which increases th
perception and the information detail of such buildings.

e Service network mapscontain information about the infrasttuce such as
electric and telephone cables, water and gas lines.

\-Irt_.‘#l: b o . ; & o i g __:.

Figure 4:Cadastral map, topographic map, orthographic map, teradte!

5.2 Architecture of the map component

As a result of theconductedrequirements analysissome functional andstructural
requirementshave been determined, which the magmponent andts architecture
should satisfyThe so determined functional requirements are:

e Support for different matypes and maprovider
e Consistent use of the same data set (situation data)
e Transparent user interaction with the map component

The implementation othese functional goals requires a flexible and dynamic structure
of the component, which supports the integration of different maps tgpel their
different structural and functionatharacteristis. Therefore, the most important
structural property for the implementation of the component is:
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e Uniform interface definitions, which must be implemented by thréeoua map
components to simplify an extension with newngmnents

To meet the functional and structural requirements, the structure obn@ooent was

implemented using the combination of two patterns of software engigethanstrategy
pattern [Ga84] and the facade pattern [Ga84], which together provideetessary

flexibility while reducing complexity. By applying the strategy patt the desired
interchangeability through general interface definitions of the diftemap modules can
be achieved while the facade pattern encapsulates the access tmplexdanctions of

each map module, thus reducing their complexity and increasing doapéing. Figure

5 shows the structure of the joined pattern

‘ Client '_'{ Context ‘
<<gbstract>>
| Strategy/ Fossade |

| concresieg s |}

Figure 5 Structure of the joined pattern

Each map module corresponds therefore to a concrete implementation aifsthact
class Srategy and its defined suimodules. Through the realization of the strategy
pattern and its clearly defined interfaces, each existing map module capléeed at

run time by another, whereby the user can transparently switch betweeaghgpes.

In doing so it does not matter which underlying technology the map modskou
whether the maps are rendered locally or accessed via a web service from the Internet.
In addition to the realization of the user requirements, the compa@snimplemented

in a wayto support the developer during development through a well structuredsgnd ea
to understand architecture. For this reason, the presentedustrirctthis chapter was
separated from the real functional implementatibthe IT-RMSS map module, which
usesthe specified structure, and realized as a structural component. This ratructu
component basically corresponds to a definition of different interfiorethe various
sub-components which together constitute the total structure of the omaponent. The
implementation therefore consists in a framework or guideline thabteaised to easily
and quickly implement a dynamic map component.
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6 Conclusion, Outlook and Future Work

An IT-RMSS should suppo# faster reproduction of esite information management
through various terminal equipments, shorter information accesss.timnd the
improvement of shared assessment of theasdn for operation forces. AIT-RMSS
needs to support the responsible force in organizing the supply and &distéaldition

to the exchange of operation forces. Therefarepverviewmust provide clear and good
visible information of available operation resources, forces and theusding
infrastructure.The useitinterface of an ITRMSS needs to be designed to be user
friendly, so that operatiorofces do not have extra burdelmsthis paper we have argued
that major incidents like MClIs ask for an effective interactid rescue workers with
their IT supporting systemdlVe alsosketched how cultural studies can be used to
idertify the basic requirements for the development of technologidaticos. We
described how the results of culture analysis can be used to focus the design o
emergency communication management systems on the user requiréiigmtthis
method we hopéo bring the technical solutions closer to the visual habits and needs of
the rescue workerfrom different organizationsand with that an enhanced use of
necessary IT technology in MCWe showed how the software engineering can profit
from the results of .ich a study and how the results can be enhanced during the
developmental process by the engineers and finally be implemé&mtedemonstrative
purpose of the functionality and to be able to verify the requirementseamainds of the

map component, a firénplementation was created. As part of theRWSS, the map
component was already used in several practical examinations in the cdntbgt o
SpeedUpproject.
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