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ABSTRACT

A situation map tat shows the overview of a disaster situation seagea valuable tool fi
disaster response teams. It helps them to oriernketie location and to make disaster
response decisions. It is, however, a complicahs#t to rapidly generate a complete and
comprehensive situation map of a disaster areaticplarly due to the centralized
organization of disaster management and the linet@érgency services. In this study, we
propose to let the affected population be utiliasdan additional resource that can actively
help to make such a situation map.

The aim of this study was to investigate the paksitof constructing a shared situation

map using a collaborative distributed mechanismeBymining earlier research, a detailed
list of potential problems is identified in the kaddorative map-making process. These
problems were then addressed in an experiment wéwetuated a number of proposed
solutions. The results showed that more collabanathannels led to a situation map of
better quality, and that including confidence imhation for objects and events in the map
helped the discussion process during the map-making

1. Introduction

After a disaster, such as the 2011 tsunami in Japdrthe
2010 earthquake in Haiti, the local infrastructgem be
devastated. In such an event, the extent of theagam
needs to be continuously analyzed in order to stded
the conditions on the ground. This is necessarg &sy
component of naturalistic decision-making, where
decisions and actions in a dynamic environmentased
on the available information. The process of faamitiing,
analyzing, understanding and keeping track of wikat
going on, is known as sensemaking, and the outoofme
this action is situation awareness (Klein, Moon, &
Hoffman, 2006).

A situation map is one form of situation awarenasgshe
product of the sensemaking process. This map sawes
tool to see the overview of the disaster situabased on
geo-spatial information at a particular time. Ityr@ntain
information indicating whether an area is safe,oadr
network is passable, a place is destroyed, ettartalso
indicate the locations of evacuation shelters and
emergency facilities. This information is neededtkat
emergency services and supplies can be mobilized.

Unfortunately, due to the lack of professional rgses
available to collect and assemble complete sitnatio
information in combination with a centralized modsl
disaster management, it is usually not trivial tmstruct
this kind of map. Learning from the mass-casualty
disasters in the past, the local emergency serviese
often overwhelmed due to the limited capacity and

resources of emergency facilities, which was trggést
problem faced immediately after these disasteuslstr

In order to overcome this problem, one of the pokes

is to find potential resources to support emergency
services in gathering situation information colieely and
continuously. Research conducted by disaster smyigib
suggests that the population affected in a disastarbe
considered as a potential resource instead of ds=ipl
victims, since they are still capable human beidgsng
disaster situations (Drabek & McEntire, 2003; Dynes
1994; Quarantelli, 1999). Examining the numbers of
natural disasters over the last thirty years, it ba seen
that the affected people who are neither killed infured

in the disaster are the majority of the group, aotiog for
about 90% of the affected population (Guha-Sapargit,

& Hoyois, 2004). Therefore, it can be argued thgt b
supporting the affected population with simple temlbgy,

a collective effort may improve and expedite thecess

of constructing a high quality situation map congubto
currently used mapping methods.

Despite the fact that the affected population caves as
potential collaborators during the mapping procéssre
is still little technological infrastructure develed to
support this. Recently, there were several atternpisse
micro blogging services such as Twitter in repa@ytin
events in disaster situations (Vieweg, Hughes,b8thr&
Palen, 2010). In a similar manner, an open sourap m
project called OpenStreetMap was used extensivaiyng
the Haiti earthquake in 2010 (n.d., 2010). Nonetbs|
little research has focused on how to provide fifected
population with support to help emergency serviees]
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specifically to allow them to
collaborative situation map.

Therefore, the aim of this study is to investigate
potential of a collaborative distributed mechani$on
making a shared situation map by non expert users
(laymen) representing the affected populationriéist to
explore important factors in collaborative map-nmaki
This work focuses on including different modalitiesthe
communication and collaboration process between the
different actors in the disaster scenario, andvéleates
how they improve the results.

The paper starts with a brief coverage of the ditae,
taken the position that affected population in sadier are
capable individuals instead of helpless victimsisTis
followed by a description of how these new potdntia
resources can be used actively during disasteronssp
Recent disaster events provide some showcases where
technologies such as microblogging and opensource-
mapping are effectively used in assisting rescudertsf
The paper then briefly talks about related work f@uan,
Oomes, Neerincx, et al., 2009) to give a backgraamabit
the suggested hypotheses and the work methodoldugy.
is followed by the study handled in this paper, ahhi
involved a controlled and detailed experiment earrout
to evaluate the ideas gathered from the earliezares.
The paper concludes with presenting its main figdin
stating that providing more additional collaboratio
channels led to a situation map of a better quadity that
the availability of confidence information for obje and
events in the map can help the discussion prooassgd
map-making. Finally, lessons learned about collatie
map-making are listed.

2. Related Works

rapidly construct a

2.1. Public asaresources

The most common model of disaster management,ateriv
from the military centralized command-and-contralcal
(Neal & Phillips, 1995), assumes and treats thecadd
population as helpless victims without ability teelm
themselves (Dynes, 1994; Neal & Phillips, 1995)alene
help other human beings. However, disaster soditog
have shown that the opposite is actually true diggrthe
affected population. Studies over 50 years of human
response to disaster situation discredits disastgths,
such as panic and anti-social behaviour (Quarantell
1986), and instead shows the cohesive and unified
emergent phenomena, such as a calm and helpful
behaviour, of individuals or groups during situagoof
collective stress (Drabek & McEntire, 2003; Quaedint
1999; Wenger, Quarantelli, & Dynes, 1986). As aultes
Drabek & McEntire (2003) and Dynes (1994) suggbst t
possibility of expanding the command and controdeio
with a participative effort, allowing for a decealized and
flexible structure that accommodates collaboration
between professional actors and the public. Thishés
base of our study, the distributed mechanism, wileee
affected population can help the emergency services

during disaster response, especially in the proa#ss
situation-map making.

2.2. Collective effort

Through extensive ethnographic fieldwork with a foem

of different fire and rescue services in Swedemdgaen
(2007) suggested that the collective effort of semeking

is fundamental for successful response work. This
collective effort should focus on information-shmyiin
social interaction among the response-actors imeband
the transparency of their actions in the ongoingkwéle
suggested that, by making use of digital tracedeam
member actions, it is possible to provide collabvea
visibility of the work, so that it improves the @ity for
sensemaking in time-critical ambiguous events. &hes
factors should be carefully taken into consideratichen
designing a collaboration support system so they #re
built into the way such a system is designed aed.us

2.3. Collaboration technology in disaster response

There are already some efforts aiming at using new
technology in disaster response. These kinds oftsfare
continuously gaining more popularity and recogmitisor
example, a recent study by Vieweg, et al. (2010)
investigated microblogging (Twitter) as a medium to
harvest information during the Oklahoma Grassfife o
2009, and the Red River Floods of 2009 for the psepof
improving situation awareness. The study identifigb-
spatial information and situational updates as two
important features generated during emergencies tha
accounted for improvement in situation awareness.
However in microblogging, the users are limited to
describing the geo-information either by mentioning
geographical information such as city and roadoation-
referencing. Thereby they use a prominent landraarthe
reference base, since they are not capable of ioitipg
their exact location. Hence, an additional interratedstep

is needed to convert this information into data ttem be
pinpointed on the situation map.

During the recent Haiti 2010 earthquake (n.d., 20tt@re
were substantial efforts using OpenStreetMap (Ghitdic
2007), where there was a massive rapid mapping@seg

in a very short period of time. Haiti did not haaaligital
map before the disaster. However, within 48 hodrthe
earthquake, a complete map of Port-Au-Prince and
Carrefour were completed. This was achieved by the
collaboration of hundreds of mappers around theldvor
using post-quake aerial imagery. The resultingtdighap
was used extensively for the disaster responsaaiti, By
emergency services and humanitarian organizations f
damage report, search and rescue missions, and
transportation purposes. In this example, the ctille
effort shows a successful collaboration during igris
events. It might have been more useful if the a#gc
people in the disaster area contributed to theabolation
effort of making the map.

Additionally, for supporting collaboration among eth
professional rescuers in the field, some reseaashbeen
done for aiding Urban Search and Rescue (USAR)
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missions, specifically to make the actions of distted
teams observable (de Greef, Oomes, & Neerincx, 2009
Moreover, some research efforts attempted to imetdéra
visual communication system providing drawing tcefsl
predefined sets of icons that support a free ahdalavay

to sketch and describe crisis situations. The aias v
allow for fast interaction, as pictorial signs cdre
recognized more quickly than written words (Fitiggn
Yang, & Rothkrantz, 2008; Yang & Rothkrantz, 2007).

2.4. Field observations and preliminary experiment

Field observations collected at a disaster respersecise

at the Rotterdam Rijnmond Safety Region in the
Netherlands (Gunawan, Oomes, Neerincx, et al., 2009
which focused on the process of creating disagigat®n
map, identified three important issues. First wasuse of
improper modalities for specific tasks, in thisedlse use
of verbal communication only to relay geo-spatial
information across distributed team members. Sihég
difficult to pinpoint an exact location using a kel
description, this often resulted in an inaccuratehange

of location information. Secondly, since the sitoltmap
was not shared across the distributed team mendreoss
committed as a result of the above-mentioned proble
were not quickly detected. The third issue was #sathe
rescuers having to process many different inforomati
chains, occasionally they neglected to forward irtgrd
information to the map plotter. This rendered tieagion
map not only inaccurate but also out of date.

The above mentioned observations showed that it lmeay
useful to test the effectiveness of other forms of
communication modalities (i.e., visually througmap) to
improve the process of creating a situation map. In
addition, sharing the map across collaborators melp
improve the overall situation awareness. Therefore
option is to alter the way the maps are currentbated
(by a single map plotter) into a collaborative systwhere
multiple actors at different places can continugudieck
the accuracy of the map and make corrections when
needed.

Earlier research (Gunawan, Oomes, Neerincx, e2@09)

has already examined face-to-face collaboration raag
making, highlighting potential benefits and pit&lllt
concluded that a better joint map can be creatednwh
collaborators cooperate and help each other byecécthe
story, facts, and the certainty level of the evefs the
other hand, joint maps can have a lower quality tthee
individually created maps when there is an unbadnc
power or dominance relationship between the pasits,

e.g. if one actor is more dominant in the discussar if

one of the actors has a more senior position. Other
conclusions from the same work also mentioned that
during the discussion, while making a collaborativap,
participants tend to repeatedly express their denfie
about objects and events they remembered from the
scenario. However, there is a potential for ocaadio
information-loss where collaborators, who may béequ
confident about a particular event, give up theanee
when the uncertainty of another collaborator domeisahe

discussion. This usually occurred when there was an
unbalanced relationship between collaborators.

While examining the problem of dominance among
participants in focus groups, earlier work (Car&995)
has already concluded that such a problem can be
bypassed by explicitly putting all relevant inforioa on

the table before starting the collaboration. Henites
implementation of a collaborative map making system
should have a mechanism that explicitly states the
confidence levels of the presented information rideo to
overcome the dominance factor in the collaborative
process. In regard to information sharing modaljtigne
system should have a combination of different mitidal
which can be used to continuously refine the ge¢edra
map. One possible approach is to allow each user to
construct an individual map as a first stage of nhep
making process. The system then can share theedreat
map with other collaborators so that it allows thémn
compare the presented information and come up with
better shared map. An additional stage of collaimmaan
then introduce the modality of voice discussionriently

the only used channel of information by professiona
rescuers on the field) to allow collaborators tcotee
ambiguities in the information on the shared map.

Based on the above discussed work (Gunawan, Oomes,
Neerincx, et al., 2009) three hypotheses were ftatad:

(H1) Additional stages of increased collaboration
channels improve the quality of a share
situational map.

(H2) Explicitly indicating confidence information of
objects and events shown on a map improves
the quality of a share situational map.

(H3) Explicitly indicating confidence information of
objects and events shown on a map supports the
communication process.

3. Remote Collaboration Experiment

3.1. Experimental Methodology

With the three hypotheses defined, a detailed éxeert
was designed to examine their validity. In ordetest the
first hypothesis, the experiment involved differesthges

of collaboration adding different types of commuation
modalities. The tested additional stages in theeempent
were: (1) no collaboration, i.e. individual map rimak (2)
updating maps after individual situational maps ewer
exchanged, and (3) adding voice communication betwe
collaborators to discuss and alter their maps.idgghe
second and third hypotheses required two experahent
conditions in which collaborators were able or Ueai
show explicitly their level of confidence on the prigself.
The idea was that by making the confidence level
information explicit, it would be possible to sedether
this helped the participants during the map-malangl
discussion process by allowing them to focus on
discussing objects that were more important or theye
less certain about.

3.2. Preparations
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3.2.1.Scenarios

In order for participants to be able to make aatmirative
map with overlapping information on the same innide
situation, two different scenarios were createdesehtwo
scenarios were an explosion in a gas station and a
collapsed bridge due to collision. The scenariogewe
verified for their plausibility by a fire-fighteraamnmandant.
Each of the scenarios was divided into two parte t
accident unfolding and the rescue response. Steatnd,

four sets of stories were created.

3.2.2.The miniature world for incident setting

After creating the scenario, a disaster setting/iich the
scenario took place was constructed. Making indiden
scenes in the real world setting proved to be ictpral,
therefore, it was decided to make a miniature waodd
simulate the incidents using Playmobil toy sets, an
approach already shown to be appropriate for such
experiments (Gunawan, Oomes, Neerincx, et al., 2009
These toys were chosen due to their simplicity and
flexibility, which made them practical for rapidly
simulating real world environments.

The scenes were constructed in such a way thatciaid
be viewed from two different angles representing th
different vantage points of the two observers. Bhotere
taken from two specific locations, while the Playito
world was adjusted as the accident storyline deeslo
The goal was to stimulate the exchange of inforomati
requiring the participants to collaborate in ortterfigure
out the complete scenario.

In the study, four sets of photo slideshows forheac
scenario were created, giving eight slideshowstal t For
each scenario, the first two slideshows preseiitedstory

of the unfolding accidents (from two different aeg)l
while the other two showed the rescue effort (aglmom
two different angles). Some of the images werer late
manipulated using Adobe Photoshop to add effeats as
fire and smoke.

3.2.3.The magnetic board for map-making

To allow the participants to rapidly create theuaiiton
map, and in an effort to ensure that the map can be
consistently translated into quantitative data, the
participants were not asked to draw their recdtecof

the events. Instead, they were provided with skisams

of the objects, actors, confidence levels, and p ofahe
environment. As shown in Figure 1, participantsevaile

to use these icons to illustrate their recollectiari the
events on a top view map of the disaster area.eSine
map was fixed on a magnetic board, it was alsoiplest
edit the locations of icons after they were placedthe
map. This also gave the participants the abilitytiickly
edit the map if they wanted to. The board was ligid
simple to handle making it easy to hold up rightatce the
camera, photograph the map, and share it with thero
participant.

The confidence level information was implementethgis
star icons that participants could place next tents,
actors, and vehicles on the map. The confidencel lev
information was presented with a red star for ‘low
confidence’, yellow for ‘medium confidence’, andegn
for ‘high confidence’.

-~
Figure 1. A participant placing the icons on the mgnetic board.

3.3. Participants

This study involved 32 participants that were griinto
pairs, thus totally 16 pairs. The pairs were areahig such
a way that each team consisted of unacquaintedgyart
to simulate that they never worked together befses
characteristic during a disaster. There were 7 feraad
25 male participants, who were 22 to 42 years Wld-(28,
SD = 4.26) with undergraduate to post-graduates lefel
education. The participants had a wide varietyifiént
nationalities, and were recruited from the Facutify
Electrical Engineering, Mathematics and Computer
Science at the Delft University of Technology. They
had normal or corrected-to-normal eyesight. Onlg tvat
of 32 participants had special training or expergems
rescuers.

The participant received a token gift as an incentd take
part in the experiment which took approximately duts
to complete. The available gifts they could chofreen
had a value of about €15.

3.4. Design

A two-way repeated-measures design was used,
within-subject factors were the stages of collabona(no
collaboration, shared map collaboration, shared mitp
voice communication collaboration) and the avaligbof
confidence level information (without confidencedanith
confidence). The order of the scenarios and théadoitity
of the confidence level information were counteabakd.
It would however have been confusing to show tlseue
slideshows before the accident slideshows, thieaspf
the experiment was therefore not counterbalanced.
Similarly, the stages of collaboration always foled the
same sequence: individual maps with no collabanatio
shared map collaboration, then shared maps withevoi
communication collaboration.

the
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3.5. Procedure

Each experiment was conducted with a pair of pagis.
First, the procedure of the experiment was expthitoghe
participants after which they were guided to sefeara
rooms. Each participant read and signed a congent f
that explained how the results of the experimentldidoe
used. After completing a colour blindness testftist of
four sessions started (scenario A: accident, rescue
scenario B: accident, rescue). In each session, the
participants went through the task of constructiag
situation map in three different stages of collaion (no
collaboration, shared map collaboration, shared mitp
voice communication collaboration) explained intfier
detail in the Tasks section below. After finishialy four
sessions, the participants filled in a final quastaire
giving their impressions of the experiment.

3.6. Tasks

In each session, a slideshow was shown to thecjpetits
depicting the events for one of the scenarios. Each
slideshow consisted of 21 slides, and each slideskiawn

for 5 seconds. Each of the two participants saw a
slideshow of the same events but from a differetpof
view. After viewing the slideshow, for the first no
collaboration stage, participants were given theymetic
board with the top view map of the disaster arehseare
asked to reconstruct the events they just sawemép.

In the ‘with confidence level information’ conditip the
participants were asked to add their confidencellfor all
events, actors, and vehicles involved in the sdenar
Participants could place these stars next to tbasi¢hey
placed on the maps, as shown in Figure 2.

Figure 2. A participant’s map with confidence levelicons next to the
objects in the map. This map shows, for example, ¢ the participant
was sure about the collision between the cargo boand the small
truck (green star), but has low confidence that thee were two
helping bystanders standing next to the water charei (red star).

A photo was then taken of the magnetic board awdvsh
to the other participant, representing a shared (slaared
map collaboration stage). The participants weremithe
chance to adjust their map if they felt necessary.

Finally, in the shared map with voice communication
collaboration stage, the participants were agaowshthe

map of the other participant and given the chaodeave a
voice discussion with the other participant for aximum
of 5 minutes. During or after the voice discussibe
participants could adjust their map. A final photas
taken of the maps for evaluation purposes.

This was followed by three more sessions involvihg
rescue slideshow of that scenario, and the accidedt
rescue slideshows of the other scenario. In eadhexfe
sessions, the pair of participants went through ttiree
above mentioned stages of collaboration. Whenisgatd
construct the map for the rescue session, thecpaatits
were given the choice to either modify the map they
created for the accident slideshow or clear the awagh
start constructing a new one.

3.7. Measures

In order to examine the given hypotheses a seteafsures
was chosen. The first hypothesis involved the imfation
sharing stages. To test this hypothesis, the guafithe
map was measured after each stage of collaboration
order to see how it was affected. The quality & thaps
was measured by comparing them to an ideal-map that
contained all the events in the slideshows.

The second hypothesis involved the effect of explic
confidence information on the quality of the majp. t€st
that, the quality of the produced maps was aga@d us
see how it was affected by the availability of é¢dahce
information. To analyse the third hypothesis ttatukes
on the effect of explicit confidence information dine
communication process, all voice conversations were
recorded. They were examined for any effect on tehia
and behaviour in the discussion that was causethby
different conditions (with or without confidence
information). Finally, the perceived usefulness of
confidence information was collected by using atpos
questionnaire at the end of the experiment.

3.8. Results
3.8.1.Data Preparations

For assessing the map quality, first an ideal-mas w
produced based on the ideal recreation of the s\afrdwn

in the slideshows. The maps created by the paire we
evaluated by comparing them object by object te thi
ideal-map. Each object had two properties to bedrat
namely detection (whether it was detected and plaxe
the map) and location (whether it was placed on the
correct location). Each property received a sdoat ¢ould
either be 0 (completely wrong), 0.5 (partially emt), and

1 (an exact match of the key-map). For exampleykgect
on the map received a rating of O if the locatideh ot
correspond at all to the one in the ideal map, avhil0.5
rating was given when it was close to the correcation,
indicating that the participant had an approximatea
regarding the location of the object.

Objects were then tagged into categories to fatdlit
further analysis of the data. For example, it wassjble to
analyse the quality of the mapped vehicles by loglkat
the score of all objects with the vehicle tag (pelcars,
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fire trucks, cars involved in the accident, etd@.he score
for this category was calculated by taking the ager
score from all vehicles. When calculating the gaher
quality of the entire map, the average score whesntaf
all categories of the objects on the map (thereewis
categories and 68 objects). This average scoreawatue
ranging from O to 1.

In preparing the voice discussion data, a codifese
tailored to the recordings was first developed.r&hgere
four sessions and 16 pairs of participants withaximum

of five minutes of discussion time, so totally andu320
minutes (around five hours) of discussion recorsling
While listening to these recordings, the important
keywords were noted down and were clustered to tfied
important phases and events in this specific d&ouns
process. A phase is defined as a distinct pericgtage in
the discussion process that has a time duratiofy @re
phase can take place at the same time, meaningieat
phase can only start once the other phase has .ehded
other words, phases are mutually exclusive. An eiea
single occurrence of a process that can take plébén a
phase. Events have no time duration. Events thait to
place during the discussion were grouped into five
different types of events.

The six different phases were: (1) communicatia?), (
meta-communication, (3) my story, (4) your stor$) (
bargaining, and (6) conclusion. The phase defingjo
some utterance examples, the average discussiom tim
(seconds), and the standard deviation of each paasée
seen in Table 2.

Duration(sec
M (%) sD

1 Communication, a phase where the participe 35 3€
greet each other, give compliments, and (3 %)
goodbye.

Definition and example of utterances

~

“Hello, how are you?”, “Can you hear me?
“Time is up, goodbye”

2 Meta-communication, a phase where the ps¢ 99 58
communicate on howhey should communicate 0
S : " : h (10 %)
this discussion, such as discussing their wol
procedure, suggesting procedure, and exple
what they are doing.

“So, how are we going to do this, shall we star
telling of what each of us saw, or shall we dis
the dfferences between our map?”, “I'm looki
at your map at the moment, so what | did, | cha
the camping car to your location.”

3 My Story, a phase where a participants talk a 670 201
their point of view of the story. (65 %)

“I see that ...”, “l have not seen that ...”

4 Your Story, a phase where the participants 144 6S
about (what they think is) the other participa

0,
point of view. (14 %)
“I've seen that you put it on your map”
5 Bargaining, a phase where the pairs discuseir 26 27
findings, such as trying to convince the o (3 %)

participant and give suggestions of solutions.

“Can we remove that victim?”, “Can you char
the map then?”, “We are now only focusing on
red car while there’'s more important things

discuss.’

6 Conclusior, a phase when the pairs conclude 39 33
summarized the agreements. (4 %)

“Ok, I think this way we are totally in agreement”

Table 2. Six different phases in the discussion pcesses.

The five defined events were: (1) referencing ttapn(2)
certainty, (3) uncertainty, (4) agreement and (5)
disagreements. The explanation of these eventsame
examples can be seen in Table 3. The table shoss th
Median instead of the Mean because the frequendlieof
events data was skewed, making the Median a better
description of the central tendency of the data.

Events

Frequency
Mdn

1 Referencing the maj, an event that involves talki O
about the map itself.

Range
0-6

“l saw it in your map that you put the fire truc
“Did you modify your mp based on my map’
“Yes | modified it”

2 Certainty, this event refers to the moments wl 5
any of the participants are talking about |
confident they are of certain events.

“I'm sure about the fire truck”, “I'm really sur
about it”

3 Uncertainty, this event refers to the moments wl 13
any of the participants are talking about |
uncertain they are of events.

“I remember seeing it but don’t know exactly wt
it is”, “The thing is | can’t be sure about tr
because | was standing in front of the building”

4 Agreemen, this event refers to the momentswl 0
the participants are in agreement.

“Okay, | will adjust my map then”, “I put a victi
on the map now, and we can agree about that one”

5 Disagreemen, this ever refers to the momer 0O
where the participants are in disagreement.

“I don't completely agree about what you said”

Table 3. Five events in the discussion process.

Using a custom built annotation program, a perstwo w
was not involved in the study was asked to anndtae
320 minutes of discussion recording with all theagds
and events. To examine the reliability of the aatioh, a
second annotator rated a sample of 10 random riegsrd
(out of 64 total recordings). The average case &sec
inter-rater Pearson correlation was 0.98 for phasmas the
Spearman correlation was 0.60 for events. Additlgna
the average phase by phase inter-rater Pearsoglatam
was 0.78, and 0.46 for the average event by eveet-i
rater Spearman correlation. The discussion duragioch
frequency for each session and scenario was then
calculated. Durations were only calculated for pisaand

not the events. These were calculated by summinthep
durations of all segments of the discussion spentao
specific phase. Furthermore, the duration data was
logarithmically transformed, lgg(x+1) to decrease the
effect of outliers and extreme values. The freqyefof

the phases and the events) refers to the numb&mes$
they were initiated during the discussion.
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To understand whether the confidence informatiors wa
related to the frequency of mentioning the objects
participants referred to during the discussionsg th
recordings in the sessions, which used ‘confidence
information’, were further analysed. Depending dre t
combination of confidence information an object ffran
both participants, three different groups wererdsfi (1)
both participants sure (green-green), (2) less éyneen-
yellow, green-red, yellow-yellow, yellow-red, reée),
and (3) a confidence information was missing (green
missing, yellow-missing, red-missing, both missin@ne
missing referred to a situation where one of the
participants forgot to put the confidence inforroatiin
their map. The average frequency, by which an olijea
specific category was mentioned during the disoussi
was calculated.

To meet the independent sampling assumption, all
analyses were done on a pair level. Thereforedati,
such as the map quality, the duration of the disions and

the post questionnaires was averaged for each pair.

3.8.2.Statistical Analyses

The statistical analysis in this paper was dividdd three
parts. First, hypotheses H1 and H2 were tested by
analysing the map quality. Second, the voice d&sons
was analysed to test hypothesis H3. Finally, hypsithH3
was further tested by analysing the results of post
questionnaires focusing on the participants’ exqrere.

Map quality

The quality of the map was analysed using a refdeate
measures MANOVA. The independent variables were the
availability of confidence level information andetistage

of collaboration (no collaboration, shared-map
collaboration, shared-map with voice communication
collaboration), while the general map quality wae t
dependent variable. The results showed that thyge sté
collaboration had a main effect on the quality leé map
with F;, 14 = 57.13,p < 0.001. This main effect was also
found consistently in the analysis of the individua
categories such as the victims, vehicles, etch botthe
accident map and the rescue map.

0.75

0.50

General Map Quality

0.25

T
Shared map and
Voice Communication

Collaboration Stages

T T
No Collaboration  Shared Map

Figure 3. The mean map quality with 95% confidencéntervals.

The effect for collaboration stages is illustrated=igure

3, which shows that with more collaboration the lfyaf

the map improved. A post hoc comparison analysiggjus
Sidak correctionapc = 0.025 showed that the indirect
collaboration by sharing a map was better than no
collaboration ;s = - 6.08, p < 0.001), and the
collaboration of a shared-map together with voice
communication was better than that with a shareg¢p ma
only (t;s = - 5.77,p < 0.001). This therefore seems to
support H1.

The analysis did not find a significant main effdot
confidence level information availability, 5= 0.02,p =
0.884 nor an interaction effect between collaboratind
the availability of confidence level informatidf, 14 =
1.56,p = 0.244. Therefore no support was found for H2.

Voice Discussion

To study hypothesis H3, the voice discussion daés w
analyzed in two ways: (1) the total duration focteaf the
phases, and (2) the frequency of the events.

To analyze the voice discussion duration, a repeate
measures MANOVA was used, with the type of phase
(Communication, Meta-communication, My Story, Your
Story, Bargaining, Conclusion) as an independenalke.
The test showed a main significant effEgto= 139.27p

< 0.001 for the type of phase. Looking at Figureth®
duration of the My Story phase seems to stand mum f
the rest of the discussion phases. Table 2 alswsshivat
the My Story phase accounted for 65 % of the dsions
time. Furthermore, thetest comparisons (Table 4) among
phases (Sidak correctiarpc = 0.003) showed that it also
significantly different from the other phases.
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Total duration - log,o(x+1)
=
1
1

T T T T T ]

communication meta
communication

my story  your story bargaining conclusion

Discussion phases

Figure 4. The total duration of discussion phases ith 95%
confidence intervals.

Phases comparison df t p

Communication — Meta-communication 14 -3.79 .00Q
Communicatior- My Story 14 -16.82 <0.00:
Communicatior- Your Story 14 -6.44 <0.00:
Communicatior- Bargaining 14 1.6¢ 0.11:
Communicatior— Ccnclusior 14 0.9¢ 0.341
Mete-communicatior—- My Story 14 -9.02 < 0.00:
Mete-communicatior- Your Story 14 -1.9¢ 0.07¢
Mete-communicatio — Bargaining 14 2.9t 0.01C
Mete-communicatio — Conclusiol 14 2.1t 0.04¢
My Story— Your Ston 14 13.71 < 0.00:
My Story—- Bargaining 14 474 < 0.00:
My Story— Conclusiol 14 4.37 0.001
Your Story- Bargaining 14 3.2¢ 0.00¢
Your Story— Conclusiol 14 2.6¢ 0.01¢
Bargaining- Conclusiol 14 -1.4C 0.18¢

Table 4. Phases duration comparison

Furthermore, a two-way repeated-measures MANOVA
was conducted to analyze the effect of confidemaell
availability on the voice discussion duration. Tdession
(accident and rescue session) and the availabdity
confidence level information were the independent
variables. The two discussion phases (Bargainimgl a
Conclusion) were the dependent variables. The Bargp
and Conclusion phases were chosen since they \were t
phases during which the participants started teseetheir
maps. Although the test showed no significant éffé¢the
availability of confidence level information mairesult
Fo13= 2.94,p = 0.089, interaction effedt, 3= 3.48,p =
0.062), the result approached the significancel lef/g =
0.05. Furthermore, the univariate test for eachseba
revealed that only the availability of confidencevdl
information had a significant main effect on the
Conclusion phase of the discussion. The main effect

found,F; 4= 5.31,p = 0.037, showed that the duration of
the Conclusion phase in the accident session became
shorter when the confidence level information was
available, supporting therefore H3. Additionally eth
analysis also showed a significant two-way intecact
effect between session and the availability of wharfce
informationF, ;,= 6.89,p = 0.02, as shown in Figure 5. A
detailed analysis of this interaction effect usagaired-
samplet-test (Sidak correctionpc = 0.0127) showed that
participants took less time in concluding when the
confidence level information was available in tleident
session t{4 = 3.19, p = 0.007), again supporting H3.
However, this effect was not found in the rescussiem
(ty = - 0.77, p = 0.455). Furthermore, without the
confidence information, the time duration spent on
concluding the discussion showed no significantetim
decrease between the accident and rescue sessipns (
1.86,p = 0.085). It also showed no significant increase i
time when the confidence level information was @dée
(tis=-2.62,p = 0.02).
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3.50 °
[=)]
£
e
2 .
2
o 3.004 /’
O . ’
c Y
o -,
E // '...
8. ’
@ 250 s
] ’
£ /
- /
G ,/
= /
S 2.00 ’
] /
£ ’
< P
é With confidence
information
1.50 +

T T
Accident Rescue

Sessions

Figure 5. The effect of the availability of confidace level information
on the duration of the conclusion discussion duringhe accident and
rescue sessions.

Besides the phases, the effect of confidence
information on frequency of the certainty and uteiety
(Although the average of the event by event Spearma
correlation was low, 0.46, these two events, caffa@nd
uncertainty, have a high interrater correlatiorB70and
0.79 respectively) events (Table 3) were furthealyzed
using a Wilcoxon signed-rank test (Sidak correctipgp=
0.025). The uncertainty events frequency showed a
tendency toward a significant increaseé £ -2.142,p =
0.03) as a result of the availability of the coefide level
information (Mdn = 8) compared to when the confidence
level information was not availabléMin = 4). In other
words, when the confidence information was expjicit
shown, the uncertainty was mentioned more oftenis Th
may be because participants were more aware of thei

level
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uncertainties when it was represented on the méaxhw
again supports H3.

The next step was to move on from an analysis dxtw
have and not having confidence information, to aa&lysis

of what happened when confidence information was
presented. The frequency when participants merdiame
object was analysed. The average frequency of ow@ng

an object in the discussion was compared usingir@a
sample t-test (Sidak correctionapc = 0.025). The
comparison between the frequencies of the grouprevhe
both participants were sure about the object in rtiap
(green-green) M = 1, SD = 0.39), and when the
participants was less sure about an object (greawy,
green-red, yellow-yellow, yellow-red, red-redyl & 3.87,
SD = 3.69) showed a significant increase with= -2.94,

p = 0.011. Additionally, the comparison between Itota
confidence (green-green) and when one participasded
the confidence level informatioM(= 2.93,SD = 1.74)
also showed a significant increase with= - 4.16,p =
0.001.

By exploring the voice discussions on a qualitatexel, it
was often noticed that: (1) when the participangéseaboth
sure (green-green) about an object or an event,ithefly
pointed it out and then used it as a referencep(@®n one
was less sure than the other, or when one completel
missed an object, they had a longer discussion; (&8hd
when they both were not sure (red-red), they simply
ignored those events. In some cases, it was pessibl
through the discussion to recall missed objectsnfro
memory, but this occurred very rarely.

Here is an example of a conversation where both
participants were sure about the events (greemyree

A: | think we are quite sure about two things
B: the fire

A: the location of the accident

B: yea

A: the car crash.

They later referred to these events to identifytitming of
other events on the map:

B: did it happen after or before the fire start?

It therefore seems that the confidence level infdiom
sped up the Conclusion phase in the discussionepsoc
and made it more efficient by allowing the partanigs to
only focus on the things that they were less séire o

Post Questionnaires

At the end of the experiment, participants wereedsto
rate the perceived usefulness of the confidencel lev
information during the process of collaborative map
making on a 7-point rating scale. A one-santgkest with

test value = 4 (we assume here that 4 is the deggryand
between positive and negative attitude) showed a
significant €5 = 2.93,p = 0.01) deviation from this middle
rating. Looking at the means response, of 4.97s thi
suggested that participants leaned toward a pesitiv

attitude with regard to this feature. From thisséemed
that participants on average were in favour of the
confidence information. This again supports H3.

4. Limitations

One possible limitation of the study was the ladkao
practice session, which may have had a negatilaeimée
on the performance of the participants in the faesssion
(e.g. because of unfamiliarity with Playmobil forraad
colours). In retrospect, it seems evident that actire
session would have helped reduce such an effecth®n
other hand, by taking into consideration that ezmiplete
experiment took the pair of participants approxihatwo
hours to complete, it would have been difficulatid extra
components to the experimental setup.

5. Discussion

Although it was found that the confidence level
information affected the discussion process and the
participants were in favour of this feature (H3het
confidence level information was not found to afféwe
quality of the map (H2). This might be caused by
confusion over how to use this confidence level
information in the map-making process. In factan be
interpreted in two different ways, whether it was
confidence about the type of the object, or thefidence
level information about the location of the objdtis also
possible that participants liked the confidence elev
information because it helped the discussion pscan
smoothly.

Additionally, the effect of the confidence levefarmation
was only found in a small parts of the discussiomcess
(Bargaining and Conclusion phases). Therefore, the
confidence level might not have a major impact be t
duration of the entire discussion process.

6. Conclusion

This study showed that during collaborative map-mgk
additional stage of collaboration can improve thmlidy

of the map (H1). It is useful to enable indirect
collaboration of sharing a map made from different
viewpoints since it improved the quality of the maext,

this quality can be further improved by bridginge th
communication between the collaborators in addition
the shared map using voice communication. No suppor
was found that providing confidence informationdea

an improved map (H2). However, supporting the
collaboration by providing confidence level infortioa
can shorten the conclusion phase of the discugsimress
(H3). Additionally, during the discussion, uncent#s are
more often expressed when the confidence level
information is available. This shows that expregsin
confidence level information explicitly coupled tvit
events and objects can help to make the discudsion
more efficient. Finally, also the confidence level
information is perceived as useful by the users.

6.1. Contributions
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The scientific contributions of this paper lie in
understanding the collaboration process of sitnatitap
making. It shows that increasing the number of
communication channels, by first making isolatedpsya
then sharing the maps, and finally sharing the maps
together with voice communication, improves theligga

of the produced map. Therefore, the suggestionaidento
open more communication channels (especially Migual
shared maps) during collaborative map-making to
complement the voice communication channel. This i
because relying completely on voice communication t
relay geo-spatial information has been reportedthia
literature to be inefficient and ineffective. Additally,
this study also shows how the confidence Ilevel
information affects the efficiency of the discussio
process. It does so by shortening the Conclusi@selof
the discussion and by helping collaborators to ebpett
articulate their uncertainties since it is explicit
represented on the map.

6.2. Futureworks

As the collaboration stages and the confidencelleve
information can enhance the process of situatiop-ma
making, both ideas can be implemented as a techicalo
solution, especially with similar domain and usagre.
addition, future research can integrate this stuitly some
navigation technology in the case of a disasterraviiee
affected population needs to be guided in a safge tova
designated destination. Considering that the ppatits
spent 65 percent of the discussion time talkingualtweir
point of view of the story (namely the My Story b
further improvements should address supportingphése
as here it seems most can be gained.

In regard to the novel use of toy sets, Playmaslquick
prototyping tools for depicting disaster scenariesived
the purpose of the mentioned studies. Surprisingly,
consultations with a fire-fighter commandant reeeathat
Playmobil was also used to train the fire-fightdiging
their exercises, where the toys were used to nuaidaster
situations that fire-fighter trainees use to untem the
scenario and plan their actions. It is therefore
recommended to use this kind of method to simuatge-
scale real life situations for similar future resda

This paper demonstrated that a distributed colkztincer
map-making mechanism can serve as a method toajener
a situation map, thus in a disaster situationsighinlead

to a better situation awareness. This awareness is
necessary to support the decision making proces$elp
countless victims in disaster situations.
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