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Abstract

In order to handle disasters, save human lives,raddce damages, it is
essential to have quick response times, good aoligion and coordina-
tion among the parties involved, as well as advaneehniques, resources,
and infrastructure. The current response to disésinefficient and some-

times poorly organized. Various studies, reseadnty analyses have
helped clarify needs, understand failures, and avgptechnology and or-
ganizational procedures. One of the major bottlemecsentioned in many
reports is communication between different paitieslved in managing a
disaster. The lack of a good overview of the lanaiof teams, personnel,
and facilities or insufficient information aboutetitasks needing to be
completed may lead to misunderstanding and erkdasty command and

control systems have been developed to aid thesideeinaking process,
but these systems generally require well-trainedgrenel. This chapter
discusses a series of usability investigations detag on a new type of
hardware called a ‘tangible table’ for sharing mfiation and decision-
making during emergency responses. The tangible wifers a simple

user interface that can be manipulated with hunragefs. The interface is
intuitive and easy to understand and use. Thistehgpesents the tech-
nology and discusses the interface and the usabddts that have been
carried out with different groups of users. Theuhssof these tests show
convincingly that the system is highly appropri&te a broad group of

non-technical users.

14.1 Introduction

The threat of natural and man-made disasters ldthguakes, plane
crashes, or terrorist attacks is ever-present msouiety. Past investiga-
tions have clearly shown that the number of natisdsters, as well as the
victims  and economic losses they cause, is rising
(http://lwww.orchestra.org). This requires improvensein disaster prepar-
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edness, disaster mitigation, and organization ehster responses. The
emergency response process remains inefficiensameitimes weakly or-
ganized (Kevany 2005, Kevany 2008, Winter et aD32®latanova et al.
2005, Zlatanova et al. 2007). Over the past fewsygaany studies, inves-
tigations, and analyses have been performed tdifgemoblem areas and
suggest solutions. For example, studies in the étlethds have revealed
that the major technology challenges in a respamaave collaboration
and sharing of information (van Borkulo et al. 20@8othe et al. 2008):

Insufficient collaboration between the parties inedl;

Limited real-time information about the disastée sand

Insufficient standardization of data, protocols amdlvices for sharing

information

Currently, there is no system of hardware and swftvthat can provide
the most appropriate data to the people who nedcdhnical support of
the decision-making process is especially criti¢ed. will be discussed
later, the decision-making process may involveaatirange of users with
limited technical experience, but most systemsiregexperts to manipu-
late them.

Various possibilities can be investigated to enbkaand improve the
collaboration and decision-making process. In thigpter, we present and
evaluate a new type of hardware called the Mul&UBangible Tabletop
Interface  (MUTI). MUTI involves much more than tdusensitive
screens or whiteboards shaped like tables. For geartouch screens rec-
ognize only single touches and therefore multipdersi cannot interact
with the system at the same time.

Several different MUTI systems are currently auadgaon the market.
Two of them seem to be most promising for emergeasgonse purposes,
as Section 3 will discuss in more detail: the Diach@ouch Table (DTT),
developed by  Mitsubishi Electric  Research Laborasor
(http://www.merl.com/projects/DiamondTough/and the Surface, devel-
oped by Microsoftlfttp://www.microsoft.com/surface/index.himl

The DTT has already been tested in numerous stedgsining digital
table systems. The DTT is a front-projecting talbleis means that the im-
age is displayed with a projector hanging abovettide (Fig. 1). The
touch signal is recognized with an array of antsrerabedded in the touch
surface. Each antenna transmits a unique signathvig received by only
one user receiver. Each receiver is connected @outer capacitively,
through the user's chair. When a user touchestutface, antennas near
the touch point transmit a signal through the sdeody into the receiver.
This technology allows for multiple touches by agbé user and distin-
guishes between simultaneous inputs from multipbrsl
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Fig. 1: General set-up of a top-table multi-user tangibteriface

Microsoft recently introduced the Surface. The Scefis based on the
principle of frustrated total internal reflection
(http://www.billbuxton.co,/multitouchoverview.htil Infrared LEDs are
placed along the edges of a transparent acrylfaceirThe infrared light is
beamed inside the acrylic and reflects internaflg. soon as a finger
touches the surface, the internal reflection ofitifiared (IR) light is inter-
rupted. Using an IR-sensitive camera, the lighbb@re translated into po-
sitions on the screen. In contrast to the DTT, $higem does not ‘remem-
ber what is drawn by whom.

This next section of chapter concentrates on thetionality that MUTI
offers and evaluates it against the tasks needednf@emergency disaster
management centre. Tests to examine the abilipTof to aid the deci-
sion-making process in an emergency command analotaentre in the
Netherlands are discussed in detail.

14.2 Task technology fit for collaborative work

Analysis of collaborative activities shows that pleocollaborating over a
tabletop use specific activities to communicate stndcture their activities
(Tang 1991). An analysis of these collaborativevéis provides guide-



266 Harmen Hofstra, Henk Scholten, Sisi Zlatenand Alessandra Scotta

lines for developing tabletop technology. Theseadglimes may be (Scott
et al. 2003):
natural interpersonal interaction,
- transition between activities, or
- transition between personal and group work.

It is also important to know for which collaborajitasks and users the
tabletop configuration is best suited. This is ezlthetask-technology fit
of a system. Task-technology fit theories are cgancy theories that ar-
gue that the use of a technology may result iretsffit outcomes depend-
ing upon its configuration and the task for whichsiused (Dennis et al.
2001). Research on the subject of task-technolidgrfco-located group
systems is limited. Nevertheless, several theat@exist for distributed
systems. In this chapter, the definitions of Zigamsl Buckland (1998) will
be discussed with respect to the MUTI. In genehed,task-technology fit
consists of three stepslassifying collaborative task€lassifying MUTI
technologiesandfitting the MUTI technologyo the defined tasks.

14.2.1 Task classification

Tasks can be classified in different ways. CampfEN88) proposed a

framework based on the importance of task compleRihy objective task

characteristic that implies an increase in infoioratoad, information di-

versity, or rate of information change can be abex@d to contribute to

this complexity. Campbell defines four basic ch#edstics that meet
these requirements. With the presence of eachesktbharacteristics, the
level of complexity increases:

- The presence ahultiple potential paths to arrive at a desired esidte
increases the information load and thus the contglekhis is true only
when one or few of all possible paths lead to ttegreed goal.

Multiple OutcomesWhen the number of desired outcomes increases,
the complexity increases. Each possible outcomainesyattention. For
each possible outcome, a different so-called ‘imfmiion processing
stream’ is required. Thus, complexity increase$lie number of pos-
sible outcomes.

Conflicting interdependence among patttscurs when achieving one
desired outcome conflicts with achieving anothesirdel outcome. This
increases complexity. Campbell (1988) illustrates type of task with
the choice between quality and quantity.

Uncertain or Probabilistic Linkagednformation processing (and thus
complexity) increases when it is uncertain whether chosen solution
will lead to the desired and expected outcome.
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These characteristics can be used to classifyifferaht tasks into five
groups:simple problem decision judgment,andfuzzytasks. Simple tasks
contain none of the complexity characteristics fied above. Simple
tasks have a sole desired outcome, a sole solstioeme, and no conflict-
ing interdependence or outcome uncertainty. Proltéesks involve a mul-
tiplicity of paths leading to a well-specified, desl outcome. These tasks
are labelled problem tasks because they involvirfqnthe best way to
achieve the outcome. Decision tasks emphasize rigposdiscovering an
outcome that optimally achieves multiple desiredi-states. Judgment
tasks rely on information sources. The judgmeri iasolves (1) deter-
mining which pieces of information are importan2) (weighing these
pieces against one another appropriately, andd@jpming the weighted
information to arrive at an overall judgment. Fuzagks have both multi-
ple desired end-states and multiple ways of atigimiach of the desired
outcomes.

14.2.2 Technology classification

Zigurs and Buckland (1998) define Group Supportté&ws technology as
‘a set of communication, structuring, and informatprocessing tools that
are designed to work together to support the actishmpent of group
tasks.” Most classification schemes for group supgygstems describe the
technology in terms of dimensions, i@mmunication suppqgrprocess
structuring supportandinformation processing suppor€ommunication
support is any aspect of the technology that suppenhances, or defines
the capability of group members to communicate wabh other. Process
structuring is any aspect of the technology thaipsuts, enhances, or de-
fines the process by which groups interact. Infaiomaprocessing is the
capability to gather, share, aggregate, structoregvaluate information,
including specialized templates such as stakehotohedysis of multi-
attribute utility analysis.

Technologies can be classified based on how mughgtpport each of
these three dimensions. Nevertheless, this framedoes not provide a
clear method for defining what tools are necessargupport the three di-
mensions. Recent research on group task usaleliisesents group tasks
as low-level actions that a group must carry oubrider to accomplish a
task in a collaborative fashion (Gutwin and Greeg#002). These low-
level actions are called thmeechanics of collaboratioand cover two gen-
eral types of activities: communication and cooatitn. The mechanics
of collaboration are the small-scale actions artdriactions that group
members must carry out in order to accomplishlat¢aBaboratively.



268 Harmen Hofstra, Henk Scholten, Sisi Zlatenand Alessandra Scotta

These two categories have been added to the frathgwesented by
Zigurs and Buckland (1998). Since the mechaniosotidboration are in-
dependent of the technology and tasks, the framewdl be suitable for
distributed group support systems as well as felocated technologies
like MUTI technology. The third dimension, infornmat processing, does
not apply to the low-level actions in the framewofkGutwin and Green-
berg (2000); rather, it depends specifically ondbmain in which the sys-
tem will be used. Tasks that rely on informationgassing must be sup-
ported with software. Examples of information psgiag in the domain of
disaster management include calculating the timartive at a certain
place, showing information for inhabitants in afeefed area, and show-
ing the locations of field actors.

14.2.3 Mechanics of collaboration

The mechanics of collaboration can be further diesdrby differentiating

between explicit communication and consequentiairoanication (Baker

et al. 2001). Explicit (intentional) communicatigmthat which is planned,
such as ‘conversation’ and ‘gestures,’ or ‘writtgmmmunication,’ ‘deictic

references,” and ‘manifesting actions’ (Pinelleaét2003). Verbal com-
munication (conversation) serves the communicagimeess in two ways.
First, people explicitly talk to each other to t#lem what they are doing.
Second, people can pick up commentary that is tiotesily produced

alongside their actions, called verbal shadowingt{@ and Greenberg
2002). Gestures are frequently used in communicatia are important in
communicating messages to others. Examples in@od#ing at specific

objects or using hand gestures to clarify a messaliten communica-

tion can be used to communicate with someone whotigpresent at that
moment or to annotate or provide details aboutstéinelle et al. 2003).
Deictic references are combinations of speech &erimmunication) and
gesture communication. In contrast, manifestingoast replace verbal
communication entirely: picking up the phone intksathat someone is
going to make a call.

The consequential communication is information taahes from a per-
son who does not intentionally act to inform theeotperson. The infor-
mation source is the other person's bodily actiorthe workspace. Most
things that people do in a workspace are done gfrgome kind of bodily
action, for instance changing body position, mowing heads or arms, or
looking in a certain direction (Zigurs and Bucklah@P8}. Watching other
people work is an important source of informatiorcommunication. This
differs from intentional gestures in that in consetial conversation the
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producer of the information does not intentionallt to inform the other
person. Another form of consequential communicatiwolves gathering

information on who is collaborating, which can lmnd by observing who
is in the workspace, what they are doing, and whigeg are working. A

third form of consequential communication is the W artefacts and
feedback. Tools have particular sounds, like thip &f scissors or the
scratch of a pencil, but the feedback of an artefeavided by an interface
can also provide valuable information to users p&dple in the area. For
instance, a sound is used to indicate ‘affirmatiwéien a command is
given in WarCraft-111 (Gutwin Greenberg 2002).

Process structuring is defined as any aspect ofeittenology that sup-
ports, enhances, or defines the process by whicbpgrinteract (Zigurs
and Buckland 1998). Process structuring activitie®lve planning work
and coordinating activities. The mechanics derifredn planning work
generally have three parts: obtaining a resouesgrving a resource for
future use, and protecting work. Transferring ofgeand resources are
considered coordinating activities (Pinelle et 2003). This activity can
involve two type of mechanical action: handoff dfexts and deposits.

Obtaining a resource is important in collaborati@cause objects or ar-
eas in the workspace are often only available fa person at a time. An
example of reserving objects for future use ismesg areas of the work-
space for later use. Protecting work in this wag paevent others from
destroying or altering work done by an actor. Ptsiby or verbally giving
or taking objects (handoff objects) and placingeoty for notification (de-
posit) are critical for moving objects and toolsvibeen people (transfer).

14.3 Multi-user tangible interface

This section focuses on MUTI technology and defitheslevel of support
for each of the three dimensions as defined inptie@ious section. First,
the defined mechanics will be broken down into ¢gpiactivities. MUTI
technology will then be analyzed to determine theel of support for the
identified activities.

14.3.1 Activities
Two categories of activities within the dimensidnhcommunication sup-

port have been identified: explicit communicationdaconsequential
communication. A set of typical actions neededupp®rt these activities
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has been derived. For intentional communicatioa attivities arexplicit
talk, written messagesintended gesturegsubdivided into indicating,
drawing, demonstrating), anttkictic referencegpointing and conversing).
For consequential communication, the activities @arerhearing others’
conversations observation (of who is around, what people are doing,
where people are working)se of artefactsandfeed through(subdivided
into notification of changes to objects/itemspservation(of body posi-
tion and location, and direction of gaze), dadd throughnotify changes
to objects). The level of support for these actidapends on the physical
configuration of the system and requires informmatabout other users
around the table and the workspace. Thereforepitheess of information
gathering, or consequential communication, alsasée be supported.

In general, the dimension of process structuringsists of five types of
activities. These activities involve a set of tydiactionsreserving areas
of the workspaceprotecting work from alteration®bservation(of who is
around, what they are doing, where they are wojkimgventing conflicts
between different people’s work, areserving object$or future use.

Many of the identified activities based on the nastbs of collabora-
tion depend on awareness. In the field of CompBtgported Cooperative
Work, researchers have proposed four types of aweasethat apply more
specifically to groups working face to face (Gutweihal. 1998 Informal
awarenesss knowledge about who is around and what he erishloing.
Social awareness keeping track of communicational information abo
others, such as whether someone is paying atteatitmeir level of inter-
est. Group structural awareness information about people’s roles, re-
sponsibilities, or status. The fourth type of awass isvorkspace aware-
nessand is defined as perspective of one worker olysgiiateracting with
others.

No typical collaborative activities apply to therdinsion of information
processing. This dimension relies on the softwanhitecture and soft-
ware features of the system. The level of suppmrtehich of the dimen-
sions depends on the physical configuration, tlcartigal configuration,
and the system capabilities.

14.3.2 The technology

The physical configuration of a MUTI is based otabletop (Fig.2). This

means that people are positioned face to face drawghared display. The
main difference from distributed group systemshattpeople not only

share a virtual workspace but they also share d@heesphysical location

and are thus able to see each other.
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Fig. 2: Diamond Tangible Table, tested at Geodan, the Meids

The face-to-face configuration of MUTI technologgtarally supports
informal awarenessocial awarenesgndgroup structural awarenes#s
mentioned above, many of the actions describedrdepe these types of
awareness. Some of the actions, however, rely mongorkspace aware-
ness or require additional (software) support.

Another important aspect of the technology is dtze of the tableAl-
though the size of the table is known to influetite way people collabo-
rate, research on this question is limited. Rya#lle(2004) were unable to
identify significant effects of changing table sima the speed of task
completion. However the authors did observe alietween the size of the
table and social interaction, physical reach, dsibiity of the workspace.
People must be close enough to communicate but mawst their own pri-
vate space. Hall (1966) reports that people gelgefakl comfortable
working at an arm’s length since this preservesrtpersonal space.
Workspace awareness, however, requires people ttobe enough to the
workspace so that the actions inside the workspeewisible to all users.
The mechanics of assistance require that all userable to reach the
whole workspace. Thus, the size of the table shallddv all users to reach
the whole workspace and see all actions of othersusThis increases
workspace awareness but may cause people to wdHinwhe private
space of other actors. Therefore, Scott et al. Ip8€ate that in order to
support different kinds of tabletop activities, teehnology must be flexi-
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ble enough to allow users to interact from a vgradtpositions around the
table.

One important issue in communication and carrying allaborative
tasks is the choice @hput device Two types of input device aredirect
input devicesuch as a mouse, addect input devicesuch as touch and
speech. A study on direct and indirect input deviaad their effects on
collaboration showed that direct input on tabledigplays supports natural
gesturing and allows users to easily notice thaitngr's actions. In addi-
tion, direct tabletop input can allow rich interpanal interactions, ena-
bling users to both convey and understand one aristmtentions seam-
lessly (Whalen et al. 2004). Although a user maynmge familiar with
indirect input devices, direct input devices susht@ich support the me-
chanics of collaboration and make it easier to talteadvantage of the
technology. Keeping track of many mice is nearlpassible. This leaves
users physically pointing at their virtual pointéostell other users where
they are. In addition, using separate physical@es/keeps users from en-
gaging in the natural human tendencies to reacichtcand grasp.

Fig. 3: Orientation of objects towards the users

Another critical feature of MUTI iseedbackor process feed through
Tools should have particular sounds, such as tige afnscissors or the
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scratch of a pencil, but the feedback of an artefemvided by the tabletop
system should also provide valuable informationgders and people in the
surrounding area.

People located around a shared table workspaceotallnsee things
with the sameorientation (Tang 1991). Kruger et al. (2003) identified
three key roles of orientation that affect collaiimn and therefore affect
the design of tabletop interfacasomprehensioncoordination andcom-
munication Comprehension is the orientation of an objecbnder to in-
terpret something such as text or symbols. Thisifof orientation is used
to position an item in such a way that it is easyead, or to provide the
best angle for completing a given task (Fig. 3).

Another feature of the MUTI is that the surfacedddoedebris toler-
ant. This means that the table will not react whenpbeput things on it or
even spill liquids on it, as on a normal table.

14.3.3 Level of support

In this section, we analyze activities and the ulyiey actions that can be
supported by the MUTI technology. A distinction Midle drawn between
tasks supported by the physical configuration ef tbchnology and tasks
that can be supported by software development.&iet of support is de-

termined as low, medium, and high. The first grofiactivities is related

to the dimension of communication. Table 1 illussathe identified level

of support and the functionality offered by thetaaire.

Table 1: Level of support for different communication processes

Hardware support

Software support

Explicit talking

High

No

Overhearing others High No
Writing messages Low/medium Yes
Indicating High Yes
Feedback giving High Yes
Deictic referencing High Yes

Explicit talk and verbal shadowing require thatradee able to convey a
message to a listener. Conversational speech edsires some indication
that the message has been received and underfowll€ et al. 2003).
Explicit talk and verbal shadowing rely on sociatlanformal awareness.
The face-to-face configuration of MUTI technologwturally supports
these forms of awareness. Written messages onredstabletop interface
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must be oriented properly for users to be ablestul them. The fact that
the table allows objects to be placed on the talileout interfering with
the activities does make it possible to write mgssaon sheets of paper.
Indicating/pointing, demonstrating, and drawing gesture activities and
require that people be able to see one anothessigs. The face-to-face
configuration of the Diamond Touch (Fig. 3) natlyaupports this activ-
ity. The level of support with Diamond Touch foidhactivity is therefore
high.

The activity of noticing who is around, what peoate doing and where
people are working constitutes information awarenegich arises natu-
rally from the face-to-face configuration of the Mltechnology. This in-
formation-gathering activity is also supported tigb the use of touch as a
direct input device. People orient work materialwadrd themselves, indi-
cating to others that they are working with thoaetipular materials (Fig.
4).

Fig. 4: Two people working on different objects (courte$y\u et al. 2006)

Deictic activity is the act of verbal communicatiand the use of arte-
facts to support this communication visually. Thiefacts act as conversa-
tional props. This is supported by the face-to-faoafiguration and the
physically shared single workspace.

In contrast to activities in the communication dimsen, the level of
support for is not high for all activities in thé@reension of process struc-
turing. The fact that people collaborate over glsimisplay makes it more
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difficult to prevent conflicts with other users warg on the single dis-
play. Table 2 illustrates these findings:

Table 2: Level of support for different activitiesin the dimension of proc-
ess structuring

Hardware support

Software support

Reserving areas

Medium

Yes

Protection Medium Yes
Observation High Yes
Conflict prevention | Medium Yes

Space can be reserved explicitly, for instancenfgrining other users
through speech or through implicit communicatiorthéugh the MUTI
technology does support this action, reserving eghies require signifi-
cantly more attention compared to traditional degldpplications. There-
fore, the level of support for this action is definas medium.

Protecting objects from alteration by other usexguires the MUTI
technology to identify the different users of tlystem. The DTT identifies
which user is touching where. As mentioned abahis, is accomplished
by signals transmitted to antennas coupled to Bpeers. Another form
of protection is through ownership of objects, bienting and placing ob-
jects in a way that it is clear to other users Wivens’ the object (Fig. 4).
However, the fact that users are working on theesarterface hampers
this, so the level of support for this mechanidefined as medium.

The activity of observing receives a high levekopport, because of the
format of face-to-face work. At the same time, wogkon a single display
makes it difficult to prevent conflicts with othework. However, reserving
areas of the workspace and protecting them froerailon can prevent
these conflicts. Therefore the level of supporttfos action is defined as
medium.

We have used the framework of Zigurs and Buckla#B88) to deter-
mine the level of support for specific tasks acowgdo the level of sup-
port for each of the three dimensions discussesteafibable 3). The over-
all conclusion is that MUTI technology provides addvalue for tasks
involving highly complex tasks, especially fuzzghka.

Table 3: Level of support for each dimension as difed by task type

Task Type Communicationy  Process structunrformation
ing processing

Simple High Low Low

Problem Low Low High
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Decision Low High High
Judgment High Low High
Fuzzy High Medium High

14.4 Applicability to disaster management tasks

Response to a disaster consists of many differetarsa who carry out
many different activities in many different settingNot all settings can
benefit from MUTI technology. For instance, firemextinguishing a fire
on the field will definitely not benefit from thee¢hnology. The level
where the technology is most likely to add valuethis tactical level
(Borkulo et al. 2005, Diehl and Heide 2005, Hof296), where coordi-
nating and implementing the decision-making procasswell as harmo-
nizing and coordinating between actors takes place.

In the Netherlands, the Regional Operational TeR@T) is the unit
that operates at the tactical level. Each emergesaponse sector involved
in a particular emergency response has one repatsenin the ROT:
there is representative each from the fire brigéue medical service, and
the police. The Operational Leader (OL) is in cleao the ROT. Within
the ROT, strategic and tactical decisions are katex into operational as-
signments for the sectors involved in the disasigponse.

Investigating the applicability of the MUTI for dister management re-
quires classifying the types of task to be perfamathin the ROT. The
main task on a tactical level is planning the srigisponse process. Gerva-
sio and Iba (1997) define three main themes indiofecrisis:threat, ur-
gency,anduncertainty These three themes will be further examined to de
fine the characteristics of tasks involved in disasnanagement planning.

In the response to a disaster, threat is ever-ptegéhen a disaster oc-
curs, there is a threat of losing things of gredu&, namely people or as-
sets. Not having a clear goal makes the tasks tae momplex. For in-
stance, the disaster manager should be able to mak®ice between
immediate evacuation or fighting the source ofdrsaster in order to en-
sure the safety of people and assets. Another dramfinigh complexity
is when multiple possible actions lead to conftigtoutcomes. For exam-
ple, evacuating people conflicts with protectingpe at the site of the in-
cident. Urgency refers to the limited time avaigtd make decisions. This
limited time makes it difficult and sometimes impilide to consider all
possible options. Moreover, in the first few hoafter disaster strikes, in-
formation is very limited. This leads to uncertgimbout what is happen-
ing and therefore to uncertainty about outcomeactibns.
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Consequently, the conclusion is that these tasks bz considered
highly complex and therefore ‘fuzzy tasks.” Sevesaldies classify and
discuss further tasks and processes in emergesppnsge in the Nether-
lands (Borkulo et al. 2005, Snoeren et al. 200&hDgt al. 2006). This
chapter will focus on an empirical study lookindyoat the use of DTT to
support the work of the ROT.

14.5 Empirical study

An empirical study would ideally be carried out hwjtrofessionals work-
ing in the disaster management field, but this gsally very difficult.
Therefore other approaches are necessary to &stdMUTI and related
technologies.

The actions that need to be carried out in resptmsedisaster depend
strongly on the type and impact of the disastethtnNetherlands, 25 dif-
ferent processes are strictly defined, each asgbatcluster. These clus-
ters are classified according to the sector theggponsible for the process
(e.q., fire brigade, police, medical service, aotige). From all the proc-
essesObservations and Measurememias selected to test MUTI applica-
bility. This process is the responsibility of thieefbrigade and comprises
all the activities for performing measurements inaaea affected by a re-
lease of dangerous substances. This process wssrchecause it not only
contains activities on the tactical level of crisesponse but it also in-
cludes planning activities. The first step in usti@nding this process is to
break down the crisis response process into theiteeg of the different
actors. Notation of the activities has been caroetl using the unified
modelling language (UML) by applying use-case antivily diagrams.
These diagrams provide a clear view of the userslved and the tasks
they must perform. The UML diagrams are explainedietail in Hofstra
(2006).

To evaluate the user acceptance of MUTI, a Teclgyolscceptance
model (TAM) was applied (Davis 1989). TAM was buikised on the the-
ory of reasoned action (TRA). The TRA is basedhenhypothesis that if a
person intends to behave in a certain way, itkiglyi that the person will
act as intended. According to the TRA, a persart&aniion is determined
by two things: first, the attitude towards the bebar, and second, the
subjective norm. This subjective norm is the wapeasson thinks other
people would view him or her if he or she perfornaedertain behaviour.
The TRA is an intentional model that has provenceasful in predicting
and explaining behaviour across a wide varietyitobtons.
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Venkatesh et al. (2000) reported that TAM giveshibst results for test-
ing user acceptance of (new) technologies. The TiAbtlel focuses on
fully functional systems implemented and teste@isting organizations
involving real (potential) users of the systemolr case, we investigated
MUTI technology prior to developing a fully functial system, so the re-
sults presented here evaluate only some featurde diUTI technology

Fig. 5: Technology acceptance model (Davis 1989)

Fig. 5 shows a schematic view of TAM. The arrowgresent the rela-
tionships among the major components of the mdds. attitude towards
using the system determines the behavioural imtertth use and behav-
ioural intention to use determines actual system U&iese relationships
are based on the TRA, according to which a persot@ations are defined
by his attitude towards the behaviour and the biebavs based on a per-
son’s intentions to behave in a certain way. Ieespn positively values an
outcome, this feeling can often increase one’s ciimemt to behave in a
way that achieves that outcome. Ease of use ishgisothesized to have a
significant effect on attitude towards use. Théezas system is to interact
with, the greater the user's sense of efficacypamgonal control.

Fig. 6: Simplified model used in this study
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For simplicity, our study uses a simplified TAM Witut the component
of “attitude toward behaviour” (Fig. 6). This sinfation has already
been shown to give good results in other studiagp, \enkatesh et al.
(2000).

14.5.1 Test set-up

We applied this simplified theory in our study hyparing a questionnaire
and a scenario.

The most common way to collect data for TAM stud&edy adminis-
tering questionnaires. Therefore the questions mesesigned in such a
way that they translate into relationships. Onlibsis of previous studies,
a scale for usefulness and perceived ease of ugedegeloped. The par-
ticipants responded to questions about themselvespaper questionnaire
(self-administration). This type of survey was amsnainly because of its
rapid administration but also because it ensuretymity and privacy for
the participants and thereby increased the likelihof getting honest re-
sponses. Perceived Usefulness (PU) and Perceivesl @BaUse (PEOU)
were measured using the seven-point Likert scale ff1) ‘strongly dis-
agree’ to (7) ‘strongly agree.” Two questions ie turvey referred to the
‘intention to use’ constructs. These questionsvaid testing of the effect
of the PU and EOU constructs on the actual interttiouse. This provided
an indication of how well the theory of reasonedice; and therefore
TAM, applied to this study. Responses to these dquwestions were also
measured on a seven-point Likert scale.

As mentioned above, one of the Dutch emergencyorespprocesses
was used for the scenario, as the emphasis waso@infprmation and
GIS tools. The software used for the experiment desgned and devel-
oped by Geodamwivw.geodan.nl in cooperation with major parties in-
volved in a project on disaster management in thethétlands
(www.gdi4ddm.n). The two basic features tested were zooming amd p
ning of a map.

The users participating in the experiment were eyg#s of Geodan
and emergency responders. Geodan is a compangeaiops geographi-
cal information systems for a variety of purpodésst of the participants
in the experiment could be considered professiomakthe field of GIS.
The test session took place in an artificial, colied environment at Geo-
dan. After a short explanation of the functionalti(zooming and pan-
ning), the participants were asked to carry outepa@ared assignment on a
map of Amsterdam. After the assignment was comgbdtee participants
filled out the questionnaire.
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14.5.2 Results

Thirty-five people participated in the test. Ther@Spondents consisted of
29 males and 6 females. Most were between 25 anegd@ old; four re-
spondents were older and one was younger. The ¢éwducation of the
respondents was High Technical or University, eké@pone. One subject
reported a 5 on the 6-point scale regarding previexperience with the
Diamond Touch Table or similar technologies; thibject did not meet
the inclusion criteria of the user group and wasefore removed from the
study. Thus, the total number of participants wés 3

The variables of education and job description weszaled to create
comparable groups (Fig.7). The participants wetelsided into four dif-
ferent groups according to their background: namtéeal background,
non-geography background, performing non-techriasts, and perform-
ing non-geography tasks.

Fig. 7: External variables.

The results of the test were evaluated with resgmeliability andin-
ner construct correlation

Reliability is defined as ‘the correlation betwesmswers to questions
that measure the same construct.” Cronbach's Alphacommon measure
of reliability of a psychometric instrument (Figl &nd is therefore useful
in TAM studies.

Fig. 8: Cronbach's Alpha: N is the number of components and is the av-
erage of all (Pearson) correlation coefficients beteen pairs of components.



Multi-user tangible interfaces for effective deoisimaking in disaster
management 281

Cronbach's Alpha increases when the correlatiotvgdas the items in-
crease. Table 4 shows the alpha for the constraetsured in this test.
The higher the Alpha is, the more reliable the; testalue of 0.7 or greater
is acceptable (Nunnally et al. 1978). The alphalbfonstructs in this test
was very high. This is not surprising, since thesiions used here have
been validated in several previous studies (Taple 4

Table 4 : Reliability analysis

Construct Cronbach’s Alpha N of items
Usefulness 0.89 10

Ease of use 0.85 4
Intention to use 0.92 2

PU panning 0.92 5

PU zooming 0.80 5

The inner construct correlation reflects the degoeshich the variables
are related. The most common measure is Pearsomedation. Pearson's
correlation reflects the linear relationship betwé&o variables. The sta-
tistic is defined as the sum of the products ofsiamdard scores of the two
measures, divided by the degrees of freedom. gasufrom +1 to -1; zero
indicates that no relation is discovered. The dati@ between the meas-
ured constructs is displayed in Table 5 and FigAlBrelations between
the measured constructs were found to be posiliies correlation was
expected since the TAM model has been used andatedl in many pre-
vious studies. The positive correlations in thispgmoal study show that
the perceived usefulness and perceived ease a@ireseseful for predicting
the intention to use a MULTI.

Table 5: Pearson Correlations between PU, PEOU anmhtention to use
(ITV)

PU ITU PEOU
Perceived Usefulness  Correlation 1 0.524 0.699
Significance 0.001 0
Intention to use Correlation 0.524 1 0.524
Significance 0.001 0.001
Perceived ease of us¢  Correlation 0.69¢9 0.524 1
Significance 0 0.001
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Fig. 9: Inter-construct correlations

The results of perceived usefulness and perceigsd ef use were re-
scaled to range from zero to six. Zero correspoadsompletely disagree’
and six to ‘completely agree’ (0 = strongly disagré = disagree, 2 =
somewhat disagree, 3 = undecided, 4 = agree, Smewbat agree, 6 =
strongly agree). The rescaling is given in Table 6.

Table 6: Perceived usefulness and ease of use

N Mean Std deviar Variance
tion
PU 34 4.4882 0.8789 0.773
PUOU 34 4.4412 1.002 1.004

The results show no relationship between the agleeoparticipants and
the usefulness or the ease of use of the MUTI. Tayg be explained by
the fact that most respondents were between 2548nykars old. Since
only six participants of 34were female, no conauasicould be drawn
about the influence of gender.

No significant relationships were found betweertipgrant background
and the perceived usefulness or ease of use dytem. Whether some-
one has geographical education or not does not seenake any differ-
ence in how useful or easy to use they find théesysSimilarly, whether
or not a participant has followed a technical cewkstudy does not influ-
ence these variables. Finally, we found no relatigm between the type of
job and the reported usefulness or ease of usendiéethat job type was
tested for only two of the four groups: technicahon-technical jobs, not
for GIS or non-GIS jobs. The results clearly shbattno technical knowl-
edge is required to work with the MUTI. Whether Wwiedge of geo-
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graphical information systems influences the usefss of the tool and the
ease of use could not be concluded

The speed of the system was measured for zoomidgpanning of a
map. Users who rated these features as fastemtbeding with a mouse
also rated the feature as more useful. Interestinglers who rated the fea-
tures as faster did not find the system to be easiese. Thus, although
the software used for the experiment was somewbatia rendering new
maps, this did not negatively affect participargsrception of the tool’s
ease of use.

We observed similar results for the quality of thaps. Maps with a
higher resolution made the system more useful btieasier to use. More
experienced GIS users rated the higher resolutigpsrower compared to
less experienced GIS users. This can be explaigethébfact that more
experienced GIS users have higher expectationsdiagathe quality of
the maps. More details on external variables carfooed in Hofstra
(2006).

14.6 Conclusions

In this chapter, we have discussed our study otifeéulness of the Multi-
User Tangible Tabletop Interface for disaster mansgnt. Our theoretical
study and empirical testing with a group of 35 iggraints clearly show
the applicability of this technology to some of thecesses in disaster
management in the Netherlands. Test participasisoreded positively in
their evaluation of the usefulness and ease obfifee Diamond Tangible
Table and the software developed to carry out Haksctasks.

Disaster management--and emergency response mecdicglly--is a
very specific type of application that involves mamsers with different
backgrounds and various responsibilities. Thesesusrist interact with
each other and be able to discuss possible sofutmdetermine the best
solutions. The new technology has revealed varjgesnising features
that may provide solutions to many drawbacks o$texi) desktop systems
(screen, keyboard, and mouse). Tangible technobdigys better options
for group work, specifically for decision-making #ite tactical level in
command centres.

Many tasks in disaster management require a geoigedpcomponent;
for example, using maps is critically important situational awareness of
rescue units, victims, and civilians in danger.this respect, the natural
hand-based MUTI allows users to point and discassvith a paper map,
but the system has all the advantages of digitekss (e.g. zoom in, zoom
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out, pan). When used for basic GIS tasks, thisfate is very likely to be
accepted by users.

The system was tested using the simplest interectimat are performed
every day with a mouse, i.e. click, drag, and mewser. Thus the testing
allowed for the completion of a few operations,hsas object selection,
zooming in/out and panning of maps, and simple atbjirawing. More
complex activities, however, such as gesture retiognwere not tested.

The potential of this technology for practical apation is very high.
Theoretically its visualisation hardware can begnated into any system
architecture. In this respect, an important negp swill be adapting and
extending available command and control system {(Co8ware and its
dynamic database for use on the DTT. Further dewedmts such as these
promise to meet the needs of Regional Operatioeahs, e.g. monitoring
vehicles and people, analyzing and choosing sugdesutes, monitoring
plumes, and performing spatial analysis using t@oish as buffer and
overlap.
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