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Abstract

When a  natural  or  human-caused disaster,  such as  flood earthquake or  explosion, 

strikes urban search and rescue (USAR) teams are deployed to the affected area in or-

der to locate; excavate; and treat survivors trapped in the ruins.  The deployment of an 

USAR team to an affected area is called a search and rescue (SAR) mission. During 

an SAR mission the team members have to work together in extremely hard and dan-

gerous conditions; the goal of the mission being to save as many victims as fast as 

possible. To achieve this goal coordination between the USAR team members is cru-

cial.

This work proposes that the use of an awareness displays system may improve co-

ordination between the members of a USAR team during a SAR mission. Two proto-

types of such a system were developed and tested in order to determine it's possible 

effects on the coordination of an SAR mission.

Fig. 1: Rescue worker & dog searching for entombed  
survivors

Source: USAR.nl
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1. Introduction

1 Introduction

Coordination, the act of working together harmoniously1, is commonly argued to be a 

controlling factor for the effectiveness of a joint activity or teamwork. In order for co-

workers to achieve this harmony it is necessary to share important information about 

each other (e.g. Current activity, status of their task, workload etc.) or, in other words, 

to be aware of each other. In co-located situations team members can achieve this 

awareness simply by keeping optical contact of their partners' activities, overhearing 

conversations etc. This way they can coordinate by programming their activities ac-

cordingly to their partners'. Unfortunately for distributed situations lack of such team 

feedback could make coordination of the joint activities a much harder issue 2. Studies 

indicate that awareness displays may help  solve this distributed coordination problem 

by providing the team members with important information that is otherwise retrieved 

by observing the partners behaviour or actions, about their current activity, workload, 

location etc. 3.

This study focuses on the factors that affect coordination and the effects of an inter-

active awareness display system in a distributed teamwork situation such as a search 

and rescue (SAR) mission. The choice of the field of urban search and rescue (USAR) 

as a domain was made because in SAR missions effectiveness , and thus  coordination 

are key factors. Especially, since the goal of these missions is to simply save as many 

victims as possible in the smallest amount of time necessary.

1.1 Stakeholders

This study does not stand alone. It is part of a joint venture between the Technical Uni-

versity of Delft (TU Delft), the TNO research and innovation centre (www.tno.nl) and 

USAR.nl which is the Dutch urban search and rescue group.

The supervisor of this joint venture is Mark Neerincx who is both a professor at TU 

Delft and a researcher for TNO. More specifically TU Delf and TNO collaborated with 

USAR.nl in order to study, invent and suggest innovative ways to assist in the hard 

1 American Heritage Dictionary. Boston: Houghton Mifflin, 1981
2 Hinds, P. & Bailey, D. Out of sight, Out of sync: Understanding conflict in distributed teams. Organ-

ization Science, 14  , 615-632. 2003.
3 Dabbish, L., & Kraut, R. Awareness Displays and Social Motivation for Coordinating Communica-

tion. Information Systems Research, 19(2), 221-238. 2008
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1. Introduction

work of urban search and rescue. Some other studies within this joint venture include 
45 amongst others.

1.2 Problem statement

The general question or problem of course would be how could technology assist urb-

an search and rescue. To narrow it down in this study the focus is on how technology 

could assist within a search and rescue team during a search and rescue mission. In this 

case the problem that I try to resolve is the difficulty of coordinating each remote team 

member's actions according to the rest of the team and the overall status of the mis-

sion. How this better coordination could be achieved by allowing the team members to 

share important information, what this information should be and how it could best be 

shared are the questions this study attempts to answer.

1.3 Research Question

Which factors affect the coordination process within a distributed team, such as a SAR  

group, and what are the effects of displaying these factors of distributed joint activities  

on awareness displays?

4  de Greef ,T. Oomes, A.H.J. & Neerincx, M.A. Distilling Support Opportunities to Improve Urban 
Search and Rescue Missions. Proceedings of the 13th International Conference on Human-Com-
puter Interaction. Part IV: Interacting in Various Application Domains. 2009.

5 Gunawan, L.T. Oomes, A.H.J. Neerincx, M.A. Brinkman, W.P. & Alers, H. Collaborative situational 
mapping during emergency response. European Conference on Cognitive Ergonomics: Designing 
beyond the Product --- Understanding Activity and User Experience in Ubiquitous Environments 
(ECCE '09). 2009.
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USAR.nl

USAR.nl is the Dutch Search and Rescue Team. It can be 

deployed nationally (incl. Aruba and the Netherlands Anti-

lles) and internationally (in a range of 5000km within 24 

hours)  in  order  to  respond  to  emergency  situations  like 

earthquakes,  collapsed  buildings,  tidal  waves,  hurricanes 

etc. USAR.nl was established in 2003 and it is a member of 

the international search and rescue group (INSARAG).
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1.4 Research goal

The goal of my research is to assist the members of a search and rescue team in their 

hard but extremely important humanitarian work. To achieve this I suggest a system of 

awareness displays that the team members may use to share information that will assist 

their coordination. Resulting this way to more effective and time efficient search and 

rescue missions.

1.5 Outline

This study consists  of  two main parts,  one theoretical  and the other  experimental. 

First, after an introduction to the methodology, a literature review on USAR and the 

field of computer supported collaborative work (CSCW) – focused on team coordina-

tion and awareness.  Subsequently the development and evaluation of two awareness 

display prototypes in order to determine the possible effects of such displays in SAR 

missions.

In more detail the outline of the study is:

• Methodology

In this chapter the methodology of the study is presented. Please note that not 

only the study but  also the present  report  is  modelled on this  methodology 

(thus the report structure, chapters etc.).

• Derive

This chapter consists a literature review separated in three parts. The  opera-

tional  demands section  refer  to  a  review  of  the  USAR field.  The  Human 

factors and values section refers to the relevant HCI theory. Finally, the Envi-

sioned technology section refers to the technical aspects of the study.

• Specify

In this chapter the proposed system requirements that occur from the literature 

review are presented. These requirements and the relevant functions of the sys-

tem are solidified through use cases and claims. 

• Test & Refine

This  chapter  contains  a detailed description of the experimental  part  of  the 

study. The prototypes developed, the experimental procedures followed and the 

results of  these tests and the result analysis are presented here.

• Conclusion

3
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Finally, this chapter includes the conclusions reached through this study as well 

as suggestions for future work.

4



2. Methodology

2 Methodology

The methodology followed throughout this project was Situated Cognitive Engineer-

ing (sCE), developed by Neerincx et al6. As I mentioned in the stakeholders section of 

the introduction, Prof. Mark Neenincx was the supervisor of the USAR research for 

TU Delft and TNO. Subsequently he was the supervisor of the project described here 

as well. Furthermore I had the chance to attend Prof. Neerincx's course, titled “Intelli-

gent User Experience Engineering”, at the University of Delft. During this course I 

studied sCE in detail.

This method “follows a theory- and empirical-driven design process” and “is highly 

iterative with incremental top-down developments of functions.”  7. As it is shown in 

figure 2 sCE suggests dividing work in three phases.

Derive: In this phase, a work domain and support analysis is performed, focusing 

on the operational demands, human factors and envisioned technology. 

Specify: In this phase, the requirements are specified based on the analysis. Claims, 

(justifications) which are derived from the analysis are also. Use cases are made as 

well to contextualize the requirements. 
6 Neerincx, M.A. & Lindenberg, J. (2008). Situated cognitive engineering for complex task environ-

ments. In J.M.C. Schraagen, editor, Naturalistic Decision Making and Macrocognition, pages 373–
390. Ashgate Publishing Limited, Aldershot. 

7 Neerincx, M.A. & Lindenberg, J. (2008). Situated cognitive engineering for complex task environ-
ments. In J.M.C. Schraagen, editor, Naturalistic Decision Making and Macrocognition, pages 373–
390. Ashgate Publishing Limited, Aldershot. 
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Fig. 2: Situated Cognitive Engineering model
Source: Brinkman, W.P. & Neerincx M.A. (2012)  

Applying Situated Cognitive 
Engineering to Mental Health 

Computing .



2. Methodology

Test and Refine: In this phase, the system is evaluated through reviews and simula-

tions. Prototypes are made, tested and reviewed. Finally the requirements and products 

are refined. 

My familiarity with sCE; the fact that it is an appropriate methodology for such 

projects; and having it's author as a supervisor were the factors that influenced me to-

wards choosing to model my work on the specific methodology. 

6



3. Derive

3 Derive

3.1 Operational demands (USAR)

Natural or human-caused disasters, such as earthquakes, floods, explosions etc., have 

been the source of many tragedies in recent history with scores of innocent victims 

finding their death entombed in rumbles and ruins. Therefore, the need that drives the 

human society to organize in order to (whenever possible) prevent such disasters or be 

prepared to face and overcome them with the lowest “cost” in lives when they occur; is 

beyond questioning. 

Urban Search and Rescue (USAR) refers to a specialization field that was, rather re-

cently, developed in order to assist in facing and overcoming disasters. By the three 

elements of it's name one may understand that USAR  is related with the use of Search 

and Rescue  techniques in Urban environments. In a more specific definition USAR 

involves  “locating,  reaching, (medically) treating,  and safely extricating deeply en-

tombed survivors of collapsed structures” 8.

From the analysis of operational demands, a hierarchy appears to exist in USAR or-

ganization. Within the USAR team, there are different groups, as shown in Figure 2, 

and each group is assigned to different tasks. For example the tasks of the command 

group and the tasks of the search and rescue group are different; the first one focuses  

on directing the operation while the second one focuses on search and rescue tasks. It 

is possible for more than one group to exist within a category of groups. As shown in 

Figure 2, there are four search and rescue groups in the USAR team. More specifically, 

USAR.NL team has the structure that was described previously, provides fast response 

and can deploy anywhere within 5000 km radius and is fully self-supporting for up to 

10 days.  Complex and dynamic operations take place in such operations; the team 

settles at a location and needs to coordinate with the other teams, to exchange informa-

tion in distributed and extreme environments, and to establish priorities and up-to-date 

shared work plan. The operations are coordinated from the base camp and then the 

four search and rescue teams operate autonomously in the disaster area. That means 

that there is a great need for coordination for searching the area efficiently and effect-

ively. There is an empirical rule, derived from practice, that the first 72 hours (golden 

hours)after the disaster struck, are the most  important  for finding survivors,  which 

8 Barbera, J. A. & Macintyre, A. Urban search and rescue. Emerg Med Clin North Am, 14, 399-412. 
1996
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means that most of the victims are still alive, under the rubble perhaps. After these 72 

hours, the percentage of victims that are still alive decreases dramatically.

Based on the analysis of operational demands:

• The system will allow rescue workers to share important information without 

distracting them

3.2 Human factors

Research on coordination is not new and has been a topic that many researchers in dif-

ferent fields pursue 9. In the field of computer science, coordination within a team is 

often related to creating tools that increase awareness 10. 11 And 12 are some of many ex-

amples that try to improve or define coordination within the workplace. Usually the fo-

cus in improving coordination but does not measure the effectiveness of the awareness 

tool explicitly. 13 Provides a good example on how to test awareness displays when the 

goal is to improve the coordination between people.

While the term awareness is argued to be important for coordination 14, it is a quite 

abstract term and can mean different things in different situations. Usually the term is 

related to understanding what is happening within the team and using this to keep an 

overview on the progress of a particular task. Team mutual awareness, for example, is 

not easily tested since the term is very broad. In 15 a model is proposed which explains 

team mutual awareness using workload awareness, teamwork awareness and taskwork 

awareness. The paper shows how several questionnaires can effectively measure these 

types of awareness and that this can used as a measure for mutual awareness. It does 

note that this does not give an indication of the performance of a team even though it  

is said to be correlated with the mutual awareness.

9Malone, T. W. & Crowston, K. What is Coordination Theory and How Can It Help Design Cooperative Work 
Systems? CSCW 90 Proceedings, 357-370. 1990.
10Cataldo, M. Wagstrom, P. A. Herbsleb, J. D. & Carley, K. M. Identification of Coordination Requirements: 
Implications for the Design of Collaboration and Awareness Tools. CSCW ’06, November 4–8. 2006.
11Cataldo, M. Wagstrom, P. A. Herbsleb, J. D. & Carley, K. M. Identification of Coordination Requirements: 
Implications for the Design of Collaboration and Awareness Tools. CSCW ’06, November 4–8. 2006.
12Whang, M. Coordination in operations: A taxonomy. Journal of Operations Management 12, 413-422. 1995.
13Dabbish, L., & Kraut, R. Awareness Displays and Social Motivation for Coordinating Communication. In-
formation Systems Research, 19(2), 221-238. 2008
14Gutwin, C. & Greenberg, S. The importance of awareness for team cognition in distributed collaboration. 
Report 2001-696-19, Dept Computer Science, University of Calgary, Alberta, CA. 2001.
15MacMillan, J. Paley, M. J. Entin, E. B. & Entin, E. E. Questionnaires for Distributed Assessment of Team 
Mutual Awareness. In N. A. Stanton, A. Hedge, K. Brookhuis, E. Salas, H. W. Hendrick (Eds.), Handbook of 
human factors and ergonomic methods. Taylor and Francis. 2004.

8



3. Derive

Specifically for USAR, the team members need to work under time pressure in or-

der to save as many victims as possible. That means that the planning of the operations 

needs to be carried out carefully. The uncertainty about the progress of the operation is 

large and that means that there is a need for resource management. The team members 

need to have situation awareness and the progress of the operation and this should help 

the decisions taken to make sense. The whole operation of the search and rescue de-

pends on the situation awareness. Moreover, collaboration and observability are really 

important for the operation to be successful. Although teams operate independently, 

there are times where information from other teams is crucial for the progress of the 

operation. Apart from inter-team collaboration, inter-group collaboration and within-

group collaboration are of the same importance for the progress of the operation. Fur-

thermore, interdisciplinary and non-routine work, physical demanding tasks and condi-

tion of workers, and communication between international teams and local teams must 

be considered.

Based on the analysis of human factors:

• The system will improve situation awareness

• The system will improve coordination

• The system will improve collaboration between rescue workers

3.3 Envisioned technology

Carrying out an analysis of the Envisioned Technology is helpful to determine the ap-

propriate technology that will be used for solving the problems that are posed in the 

operational demands and human factors.

The search and rescue groups need portable devices that they can easily carry with 

them.  The device should provide  information  such as  current  and past  location  of 

members and information about victims that are found (location and state). A smart 

phone (e.g. iPhone, Android, etc) can be used for this purpose since it contains hard-

ware that supports software developed to provide the functions discussed before. One 

disadvantage of a smart phone is its small screen and the need to zoom in and zoom 

out  to  have an overview of  the  available  information.  Furthermore  a  smart  phone 

would  not  be  durable  enough to  face  the  extreme conditions  of  an  SAR mission. 

Therefore, although a smart phone is suggested and used for the prototypes of this 

study; it is arguable whether it would be suitable for the final product.

9
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Concerning the command group and the staff group, they would need devices that 

have a larger screen since they need to have an overview of all the tasks running in dif-

ferent areas in order to direct the operation. In the current work, the above aspect is not 

taken into account as the project focuses on the coordination of members within a 

search and rescue group only.

Based on the analysis of the envisioned technology:

• Small context-aware mobile devices (smart phones) with multi-touch display 

will be used

• GPS technology will be used for navigation

10
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4 Specify

After an analysis of the operational demands of USAR and a review of relevant cognit-

ive theories and technologies to be used; the system’s requirements and core functions 

had to be determined. In order to achieve this, I came up with a SAR scenario [Table  

1] that includes use cases for the system based on the operational demands, cognitive 

theories, and envisioned technology. Through these use cases, some claims are dis-

tilled n how the system could affect, and hopefully improve, team performance and co-

ordination in a SAR mission with the use of mobile interactive awareness displays.

11



4. Specify

Pre. The SAR group arrives at the af-
fected area equipped with the in-
teractive mobile awareness dis-

plays. Two members are immedi-
ately dispatched to perform an 
initial scan of the area. They 

must locate and triage as many 
victims and report them to the 
group commander as fast as 

possible. The two rescue work-
ers move separately to search 

the area faster.

Use Cases Claims

1 Roy, one of the two, upon arriv-
ing at an open space between 
some ruined buildings looks at 
the display and sees that his 

partner Wietske had just 
searched the buildings to his left 

and was now moving north.

Roy decides to search the ones 
to his right and then move south.

By being aware of each other's 
position and trace, the rescue 
workers are able to achieve a 

better spatial coordination without 
the need of explicit communica-

tion. This results in improved time 
efficiency (search the area faster, 
avoid overlaps) and effectiveness 

(search the area better, avoid 
missing places).

2 Roy finds a victim trapped in the 
rubble. It is a middle-aged wo-
man; her lower body is wedged 
under a steel rod from the col-

lapsed roof. Roy performs triage. 
The woman is unconscious and 

her pulse and respiration are 
faint, she is alive but needs im-
mediate help if she is going to 
make it. The triage indication is 
red; Roy makes a report on his 
device with the triage indication 

and a picture of the victim.

The device enables the rescue 
workers to report necessary in-
formation (such as location, pic-
ture and triage indication) about 
the victim very quickly and pre-

cisely, avoiding input errors.

3 Instantly, commander Jan sees 
the red indication at the victim’s 
location on his device, he under-

stands that it is crucial to act, 
from the picture he can assess 
the men and equipment neces-

sary and he sends them immedi-
ately.

The victim information added is 
immediately available to the rest 

of the team. This builds good 
team situation awareness and re-
duces the need for explicit com-

munication. Especially for the 
commander, having this informa-
tion at hand immediately saves 
valuable time for planning and 
acting, thus improving time effi-

ciency (how long it takes to save 
a victim) and effectiveness (how 
many victims they can save in a 
mission). Furthermore, this in-

formation will be clear and com-
prehensible in order to avoid mis-

interpretation.

Tab. 1: Scenario with 3 use cases and the relevant claims

Source: Own creation

12
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To summarize, the scenario refers to the first phase of a SAR mission (reconnaissance) 

where two members of the SAR group are dispatched in order to perform an initial 

“scan” of the area in order to locate any trapped victims. All SAR group members are 

equipped with interactive mobile awareness displays. The two members scanning the 

area use their displays to achieve a better real-time coordination of their search by 

viewing information on where each of them is and where they have searched already. 

Furthermore, when one locates the victim he uses the device to report it. The com-

mander and the rest of the group view all this information on their screens as well, in-

terpret the victim report and plan their acts accordingly.

The use cases and claims helped solidify the basic requirements and corresponding 

core functions of the prototype [Table 2]. Namely, from the first use case and claim de-

rived the requirement of collecting and distributing amongst team members informa-

tion about their locations and movements. To satisfy this requirement, I decided to use 

a team GPS function where every rescue worker’s device displays a map overview of 

the mission area. This includes indicators of each team member’s current location and 

traces of their previous movements. In a similar sense, from the second use case and 

claim  the  requirement  of  reporting  crucial  information  quickly  and  accurately 

emerged. This requirement led to the core function of reporting victims through the 

device. Finally, the third use case and claim led to the requirement of sharing the re-

ported information with other team members and the victim indicators display core 

function. These requirements and core functions were the base for the prototypes de-

scribed in the next section.

Basic Requirements Core Functions

1 The system should automatically 
collect and distribute amongst 

team members information about 
everyone’s current and previous 

locations within the assigned 
area.

Each mobile device is a GPS 
sharing location information with 
the rest and displaying a map of 
the area with indicators for all the 

devices current locations and 
traces of their previous move-

ments.

2 Users should be able to input 
crucial information to the system.

Users can use the device to re-
port found victims.

3 Information added to the system 
by users should be distributed 
amongst team members auto-

matically

When a victim is reported by a 
user, a victim indicator appears 
on it’s location on every display

Tab. 2: Basic requirements and the relevant core functions

Source: Own creation

13
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5 Test & Refine

5.1 First experiment

For the first experiment a prototype of the awareness display was implemented on 

iPhones. To test the prototype pairs of students; representing rescue workers; had to 

split up and scan two similar areas of the TU Delft campus in a given time. They used 

the system on one area and a map and compass on the other. Their goal, in both cases,  

was to find and report as many victims as possible within the time limit. The victims  

were represented by balloons hidden around within the areas. Their scores and errors 

(victims reported by both group members – overlaps) were measured and compared. 

Furthermore the overall process was observed and participants were interviewed on 

their experience.

5.1.1 Prototype

The prototype system used in the experiment consists of context-aware mobile devices 

equipped with GPS, and a server to receive data and relay information to the mobile 

devices. For the mobile devices iPhones were chosen and a Java server was used to 

gather and distribute information. The system provides a quite abstract view of the 

situation which is in line with the research done by Laura Dabbish and Robert Kraut 

on awareness displays  16. Note here that iPhones were only chosen for the prototype 

for convenience, since they were available from TU Delft and provided the necessary 

functions to be a convenient platform for the prototypes. However it is not suggested 

that the final system should be implemented on iPhones; other issues such as robust-

ness, wearability (in order to free the users hands) etc. suggest that a more specifically 

“tailored”  device  should  be  used  for  the  final  product.  However,  for  the  first  and 

second prototype iterations that are described here iPhones were an adequate solution.

In the experiment the focus was on searching for victims by a search and rescue 

group. The use of the server by the staff and command was outside of the scope of the 

experiment and was, therefore, not tested. The prototype needed to have the following 

functionality:

• Display current and previous locations of the participants

16 Dabbish, L., & Kraut, R. (2008). Awareness Displays and Social Motivation for Coordinating Com-
munication. Information Systems Research, 19(2), 221-238.
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• Allow participants to report found victims to the system

• Show indicators where discovered victims are located

The traces were displayed by checking whether the GPS signal was close to a hard 

coded coordinate on the map of the university campus. A line could then be drawn 

between the previous and current coordinates to create a trace of previous visited loca-

tions. This was not as accurate as hoped for and adding extra coordinate points to the 

server did not improve the display of the traces on the iPhone. As can be seen in Figure 

6, the traces are quite jagged. Nevertheless, for the purpose of the prototype this was 

still a reasonable display because participants are able to view their own and the others 

previous visited locations to some degree.

5.1.2 Evaluation

5.1.2.1 Method

The evaluation is a critical and central procedure during the development of a system 

and every design activity must be followed by evaluation. The designer has to check 

through every component and make sure that it is correct and complete and then a 

functional prototype must be formally evaluated by the future system users.

There are two types of evaluation; Formative evaluation, in which usage problem 

with consequences are identified and solutions are generated by designers of the sys-

tem and Summative evaluation, in which the quality of the user interface is assessed 

by future users.

This system has as future users members of search and rescue groups. The evalu-

ation of the system was carried out by both formative and summative type of evalu-

ation; formative evaluation was used in the case where I tested the system myself to 

inspect its operation and summative evaluation was used in the case were   the system 

was tested with participants. The first case was just a pilot test to make sure the system 

works and determine the test plan for the actual evaluation described here which was 

the summative. 

The evaluation approach that was applied is a combination of Experimental and 

Survey techniques (Empirical Evaluation). An experiment was set up, where the sys-

tem was evaluated for its usability and user experience.
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5.1.2.2 Participants

The experiment was held during the course of one day at the TU Delft campus. Ideally 

participants would be from USAR.NL, but they are not easily available. So, for the ex-

periment I recruited 14 TU Delft students as participants which formed 7 groups of 

two. The participants were aged between 19 and 27. The participants were of various 

nationalities and cultural backgrounds. There were five female and nine male parti-

cipants.

Before the experiment, the participants filled in a pre-questionnaire, in which, apart 

from participant’s details, I also asked the following two questions:

Q1: Familiarity with GPS

Q2: Familiarity with Smart Phones

Figure 3 shows that the participants were above average familiar with GPS technology 

and Smart Phones.

5.1.2.3 Scenario

The scenario, based on which the experiment was carried out, was the natural disaster 

of an earthquake which had taken place near Delft. The participants were members of a 

search and rescue group of the USAR.nl and they were assigned to search at TU Delft 

campus, in two different locations: the Physics Department area [Figure 4] and the 

Korvezeestraat area [Figure 5]. The areas were clearly defined by boundaries. The vic-

tims were represented by balloons of four different colors (orange, green, blue and yel-
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Fig. 3: Participants' familiarity with GPS and smart  
phones

Source: Own creation
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low). The participants had to search each area separately for 10 minutes and find as 

many victims as possible (20 minutes in total for both areas). There was no distinction 

made between the balloon colours. The total number of “victims” (balloons) was kept 

secret from the participants.

5.1.2.4 Modes

The one area was searched with the help of a printed map and each participant marked 

the victims that he/she found on map by drawing a cross and writing the color of the 

balloon beside it. The other area was searched with the help of an iPhone that ran the 

application which informed the participant about his/her current position on map, the 

current position of his/her colleague on map, and the past traces of their movement. 

The participant used the report button of the application to report that a victim was 

found. The victims appeared immediately on the screen after the reporting, so both 

participants were aware of the progress of the operation.

Half of the participant pairs searched the Physics Department area with the iPhone 

and the other half the Korvezeestraat area with the iPhone. Furthermore, half of the 

participants started the experiment using the paper map, and the other half started the 

experiment using the iPhone. The above adjustments were taken into account in order 

to eliminate any biases of the choice of the area or the choice of the tool.

5.1.2.5 Variables

The number of found victims and the number of overlaps were the dependent variables 

in this experiment.  The modes (paper map and iPhone system), the areas (Physics De-

partment area and Korvezeestraat area), number and duration of calls were the inde-

pendent variables. 
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Fig. 4: The Physics Department area

(A)
Source: Google maps

Fig. 5: The  Korvezeestraat area

(B)
Source: Google maps
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The variable number of found victims is an indicator of team performance – mis-

sion effectiveness (which is more general but nevertheless depended on coordination 

too), whereas the variable number of overlaps indicates the Team Situation Awareness 

and the Team Coordination (this is more particular). Finally, the variables number and 

duration of calls indicate the need for Explicit Communication between partners.

5.1.2.6 Observations

During the experiment the actions of participants in the field were observed. The 
reason was that by observing I could gather a lot of information on how participants 
acted, what strategies they used and so forth. Of course as an observer I did not 
interfere with the participants but just watched them discretely.
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Fig. 6: Participant reporting a “victim” with the awareness display 
Source: Own Creation
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5.1.2.7 Interviews

After  the  experiment,  the  participants  were  interviewed  using  a  semi-structured 

scheme inspired by the work of Hoegl et al.17. In addition to answering specific ques-

tions  concerning  coordination,  situation  awareness,  collaboration  and  observability 

during the experiment, participants were also encouraged to freely describe and com-

ment on their experience. Both observations and interviews were extremely useful to 

interpret quantitative data and perform a qualitative analysis.

5.1.3 Results & Analysis

5.1.3.1 Quantitative

Despite some technical difficulties [Figures 5-6] that I didn't manage to avoid, the res-

ults  of the evaluation were generally satisfying.  The average percentage of victims 

found with the paper maps was 71% whereas with the system it was 62%. The average 

overlap percentage was 40% with the paper maps and only 12% with the system. An-

other interesting finding, that was noted but not measured explicitly, was that accuracy 

of the victims locations on paper maps was much lower than the device. Regarding ex-

plicit communication, no calls were made between partners in either case.

17 Hoegl, M. Weinkauf, K. Gemuenden, H. G. Interteam Coordination, Project Commitment, and 
Teamwork in Multiteam R&D Projects: A Longitudinal Study. Organization Science, Vol. 15, No. 1, 
January–February 2004, pp. 38–55. 2004.
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Fig. 7: Traces and reported victims on iPhone and server when everything works well
Source: Own Creation
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Group Area Victims 
found by 

user 1

Victims 
found by 

user 2

Overlaps Total vic-
tims found

Total vic-
tims found 

(%)

Reliabil-
ity

1 A 11 13 3 21 70 % OK

2 A 16 12 8 20 67 % OK

3 B 17 12 6 23 77 % OK

4 B 10 10 6 14 47 % OK

5 A 16 15 5 26 87 % OK

6 B 7 16 3 20 67 % OK

7 A 16 15 6 25 83 % OK

Average 13.3 13.3 5.3 21.3 71 %

Tab. 3: Results with paper map

Source: Own creation
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Fig. 8: Traces and reported victims on iPhone and server with connection problems
Source: Own Creation

Fig. 9: Victims found and overlaps with paper map
Source: Own Creation
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Group Area Victims 
found by 

user 1

Victims 
found by 

user 2

Overlaps Total vic-
tims 

found

Total vic-
tims found 

(%)

Reliability

1 B 10 11 0 21 70 % OK

2 B 10 8 3 15 67 % OK

3 A 8 10 0 18 77 % OK

4 A 13 17 0 30 47 % OK

5 B 10 2 0 12 87 % Con. Prob.

6 A 12 13 0 25 67 % OK

7 B 6 6 3 9 83 % Con. Prob.

Average 9.9 9.6 1.5 18.6 62 %

Tab. 4: Results with awareness display

Source: Own creation

5.1.3.2 Qualitative

In addition to the quantitative measurements, information acquired from observations 

and interviews was crucial to provide us with an insight and better understanding of 

the overall user experience.

One of the most important findings of observations and interviews was the fact that 

all groups used a similar starting strategy, dividing the area before starting to search. 

Furthermore, this strategy was the same regardless of the mode (iPhone/map). We also 

noticed that all participants, when using the paper map, did not approach the victims 
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Fig. 10: Victims found and overlaps with awareness display
Source: Own Creation
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they located in order to report them according to the scenario, but rather reported them 

on sight from a distance.

All participants except one expressed that they found it easier to navigate through 

the area with the help of the iPhone. Moreover all of them found it easier to report vic-

tims through the iPhone rather than on the map because it was hard for them to place 

them precisely on the paper map.

From the interviews I also found out that participants mostly used the device to 

monitor themselves rather than their partners. However, they said the device helped 

them to avoid overlaps both in searching areas and reporting victims, especially during 

the later minutes of the search after the initial split plan was completed. In relation to 

this, most participants stated they thought they have less overlaps with the system.

Most participants spontaneously declared preference towards the system, showing 

they enjoyed it more than the map. Finally, only one of the participants said he felt dis-

tracted by the device and wasted time looking at the screen while searching the area 

for victims.

5.2 Second experiment

In order to overcome the technical difficulties that occurred in the first experiment and 

to add functionality to the prototype and complexity to the test; the second experiment 

was transferred from the physical world to the virtual. Once again the prototype was 

developed on iPhones. But this time a pseudo-GPS that corresponded to an affected 

area in a video-game was used. Like the first experiment participants in pairs had to 

search this virtual area with and without (map & compass) the system. Once again 

scores were measured and compared. The participants were observed during the exper-

iment and interviewed on their experience afterwards.

5.2.1 Prototype

The overall system developed for this experiment consisted of two PCs equipped with 

the “Unreal Tournament” game (www.unrealtournament.com) and two iPhones. In Un-

real Tournament a stage representing an area affected by some disaster was created. On 

the iPhones an application that connected to the game and provided a pseudo-GPS of 

the affected area as well as additional functions.

It is important to understand that the iPhone application was the actual prototype to 

be evaluated whereas the Unreal game was the test-bed for the prototype. To assist this 
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distinction the two are described separately. Furthermore, since the focus of the study 

is on the HCI aspects, the behaviour of the prototype is described rather than it's tech-

nical details.

5.2.1.1 Unreal Tournament stage

Unreal Tournament provides a platform on which payers can create and edit their own 

stages for the game. This platform is called Unreal Editor (UnrealEd) (www.unrealen-

gine.com/features/editor/).  USARSim  (Unified  System  for  Automation  and  Robot 

Simulation) is a high-fidelity simulation of robots and environments based on the Un-

real Tournament game engine (http://sourceforge.net/projects/usarsim/). With the use 

of UnrealEd and USARSim a stage representing an urban area that had been affected 

by some disaster was created [Figure 10]. Within the area sixteen victims of the dis-

aster were positioned [Figure 11]. 
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Fig. 11: Overview of the virtual area (also used as 
map)

Source: own creation

http://sourceforge.net/projects/usarsim/
http://www.unrealengine.com/features/editor/
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5.2.1.2 IPhone application

Similarly to the first experiment, the iPhone application included a GPS function dis-

playing the positions and traces of previous positions of the users. However, this time 

the indicators of the users were numbered (1 and 2) and their traces had different col-

our (blue and red) to avoid confusion. Furthermore, a yellow arrow on each user posi-

tion indicator was used to display the user's direction/gaze.

When a victim was found the user was able to report it by tapping on the screen of 

the iPhone and pushing the “Place Victim” button that came up; resulting to a victim 

indicator  being  displayed  on  the  specific  position  on  his/her  and  his/her  partner's 

iPhone.
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Fig. 12: Virtual victim createdwith USARSim
Source: Own Creation
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After a victim was reported the awareness display could be used to perform triage 

on the found victim. Triage is the process of assessing ones medical condition and it's  

severity (http://en.wikipedia.org/wiki/Triage). In this case, to triage a reported victim 

one had to approach the victim, tap on the screen and push the “Perform Triage” but-

ton that came up. Subsequently a screen displaying a number that referred to the vic-

tim's systolic blood pressure and a flashing red square that referred to his/her respirat-

ory rate. By combining this information with the help of a chart that was provided the 

user could asses the severity of the victim's condition and assign the appropriate colour 

(green, yellow, red or black) by pressing the corresponding button. This would result 

to the victim's indicator turning to the assigned colour.

The application also offered a mode to be used with the paper map. This version in-

cluded a “compass” function and the triage function. Namely, the compass was the 

user's indicator including the yellow direction arrow positioned at the center of the 
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Fig. 13: Screen shot of the Awareness display 
Source: own creation
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screen with no further information provided. This was done to assist the users' naviga-

tion and enable them to perform triage without the system.

5.2.2 Evaluation

5.2.2.1 Method

Once the prototype was completed an evaluation had to take place. Both formative and 

summative  evaluation  methods  were  performed.  First,  a  formative  evaluation  per-

formed by myself. This was a pilot test where I checked the systems functionality and 

determined the conditions for the summative evaluation.

Subsequently, a summative evaluation followed where the system was tested with 

participants. Similarly to the first experiment, the summative was the main evaluation 

of the system and the one described here in detail.
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Fig. 15: Screen shot of the Triage function 
Source: own creation

Fig. 14: Screen shot of the Triage function 
Source: own creation
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The summative evaluation consisted of a combination of experimental and survey 

techniques including the completion of an SAR mission with and without the aware-

ness display, observation of the mission and interview of the users after the mission 

was completed.

5.2.2.2 Participants

Since it wasn't possible to reach members of the USAR.nl team for this experiment, 

students of TU Delft were employed. 16 students took part  in the experiment in 8 

groups of two. Participants were of both genders (9 male and 7 female). Their ages 

ranged between 19 and 29 years old. They were of various nationalities and cultural 

backgrounds.

Before the experiment took place participants were given to read and sign a consent 

form that explained the procedure to them.

5.2.2.3 Scenario

The scenario of the evaluation was that the participants, in pairs, were members of an 

SAR group that have just reached an affected area. One of them was a rescue worker 

and the other a medic. Their mission was to locate, report and triage as many victims 

as possible within 10 minutes. During the mission participants were not allowed to 

speak to each other or look at each other's map, computer screen or awareness display. 

If they wanted to communicate any information they could do so  with text messages 

via the Unreal Tournament game. 

A trial scenario during which the participants had to reach, report and triage a vic-

tim whose location was given to them was used as a trial. This was done in order for 

participants to familiarize with the virtual environment, the gameplay of Unreal Tour-

nament and the awareness display before starting the main mission.

5.2.2.4 Modes

The mission had to be completed in two different modes. With the use of the aware-

ness display and with the use of a paper map and compass. With the use of the aware-

ness display the participants performed the tasks of reporting and triaging the victims 

they found as described in the prototype paragraph. With the paper map and compass 

participants marked the victims they found on the paper map and coloured the mark 

appropriately  once  a  victim was  triaged.  The same virtual  area  was  used  on both 
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modes but there was a different layout of victims so it wouldn't be easier to locate 

them the second time. Which mode was performed first and which layout was used 

were mixed between different pairs of participants in order to avoid biases.

Also, participants were assigned with specific roles. Namely, one was a simple res-

cue worker who could only locate and report victims and the other a medic who could 

also triage victims. These different modes were decided in order to create a need for 

closer collaboration and better coordinated action between partners. An interdepend-

ency between them was thus created since the medic had to reach and triage the vic-

tims found by the rescue worker.

5.2.2.5 Variables

The variables being measured in this experiment were the total amount of victims re-

ported by each participant pair; the number of victims triaged; and the number of mes-

sages exchanged between each pair of participants.

The number of victims found indicated the overall performance of the participants 

and the effectiveness of the mission. The number of victims triaged was also a per-

formance and effectiveness indicator; additionally it was an indicator of the coordina-

tion between rescue worker and medic due to the interdependency between them. Fi-

nally, the number of messages was a negative indicator of coordination, since the argu-

ment here was that the better coordinated the mission the less it would need for expli-

cit communication which is wasteful in terms of time and distracting in terms of atten-

tion.

Another variable taken into consideration was the accuracy of the victim marks on 

the paper maps. This indicates the level of situation awareness. Given that with the 

awareness display the victims were automatically positioned whereas with the map & 

compass users had to find where on the map they should position the victim. Accuracy 

of the marks was noted but not measured explicitly.

5.2.2.6 Observations

Like in the first experiment participants were observed throughout the process. As an 

observer I did not interfere with them.
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5.2.2.7 Interviews

Once again, like in the first experiment, the experimental procedure was followed by a 

semi structured interview about the experience.

5.2.3 Results & Analysis

5.2.3.1 Quantitative

As one may see on table 5 and the comparative graphs that follow the results of this 

experiment were quite positive towards my claims. Regarding the number of victims 

found participants scored an average of 14.25 out of 16 whereas with the paper map 

they only scored an average of 9.375. Similarly for the triaged victims the average was 

10.125 with the display and 5.25 with the map (almost double). Regarding communic-

ation participants sent an average of 5.125 messages / 19 words with the display and 
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Fig. 16: Participants performing the SAR mission
Source: Own Creation
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12.375 messages / 54.25 words with the paper map & compass; note here that 3 out of 

8 pairs didn't send any messages at all while using the display. Finally, looking at each 

group separately, they all performed better with the awareness display.

Map & compass Awareness dispaly

Group Found Triaged Messages Words Found Triaged Messages Words

1 11 6 26 107 16 12 20 98

2 8 4 8 23 16 14 0 0

3 7 4 12 60 11 7 9 22

4 11 8 19 83 11 10 6 24

5 6 4 5 21 14 11 0 0

6 8 6 6 63 16 10 0 0

7 12 6 15 57 16 10 4 6

8 12 4 8 20 14 7 2 2

Average 9.375 5.25 12.375 54.25 14.25 10.125 5.125 19

Tab. 5: Results

Source: Own creation
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Fig. 17: Comparative graph of victims found
Source: Own Creation
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5.2.3.2 Qualitative

A qualitative analysis of the results, observations and interviews came to support the 

findings of the quantitative analysis of the scores. All participants expressed a prefer-
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Fig. 18: Comparative graph of victims triaged
Source: Own Creation
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Fig. 19: Comparative graph of messages sent
Source: Own Creation
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ence towards the awareness displays instead of the paper maps. Some went on to admit 

that with the display they felt more as part of a team because they could monitor their 

partner. With the map on the other hand they felt they were acting more individually; 

to compensate for this they had to check with their partner through messages.

Regarding situation awareness, most of the participants displayed difficulty placing 

the victims they found on the map. Some went further and displayed signs of frustra-

tion too. While interviewed all but four users admitted they weren't sure whether their 

signs on the map were accurate.
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6 Conclusion

6.1 Conclusion

To conclude, this was a study on the factors that affect coordination between partners 

in an SAR mission and the effects on the coordination of the mission if these factors 

are demonstrated on portable, interactive awareness displays. 

Through a literature study on USAR, CSCW, coordination and awareness displays I 

found  that  information  like  the  partner's  position  and  direction,  area  he/she  has 

searched and victims found may affect ones plan of action.

Subsequently, my claim was that allowing SAR group members to share such in-

formation would have a positive effect on coordination between the group members 

resulting thus to more effective SAR missions.

To test this claim two prototypes of interactive awareness displays were developed 

and tested. The results of the tests were positive towards my claim. The use of the 

awareness display proved to assist coordination and the outcome of the missions that 

were performed during the tests were improved by the use of the displays.

6.2 Future work

Even though the present study was concluded positively; it merely covered the first 

two cycles of an iterative process that can still be considered far from complete.

Issues not addressed here, like the devices robustness and wearability as well as the 

distribution and display of additional information like the user's current task etc. could 

be investigated in future prototypes. Furthermore, evaluation of the displays with real 

rescue workers in more realistic conditions would help towards a final product that 

could help save human lives in the future.
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