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Abstract Crowdsourcing platforms for disaster man-
agement have drawn a lot of attention in recent years
due to their efficiency in disaster relief tasks, especially
for disaster data collection and analysis. Although the
on-site rescue staff can largely benefit from these crowd-
sourcing data, due to the rapidly evolving situation at
the disaster site, they usually encounter various difficul-
ties and have requests which need to be resolved in a
short time. In this paper, aiming at efficiently harness-
ing crowdsourcing power to provide those on-site rescue
staff with real-time remote assistance, we design and
develop a crowdsourcing disaster support platform by
considering three unique features, viz., selecting and no-
tifying relevant off-site users for individual request ac-
cording to their expertise; providing collaborative work-
ing functionalities to off-site users; improving answer
credibility via “crowd voting”. To evaluate the plat-
form, we conducted a series of experiments with three-
round user trials and also a System Usability Scale sur-
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vey after each trial. The results show that the platform
can effectively support on-site rescue staff by leveraging
crowdsourcing power and achieve good usability.

Keywords Disaster Management platform - Crowd-
sourcing - System Usability Scale - SUS

1 Introduction

In recent years, a number of environmental disasters
have been seen all over the world, such as the Haiti
earthquake on 12th January 2010 and Fukushima nu-
clear disaster on 11th March 2011. In both cases, crowd
power played an important role in disaster manage-
ment. For example, Ushahidi !, an open source crisis
map platform founded in 2007, illustrated the power of
the crowd in disaster data collection in the Haiti earth-
quake. Ushahidi Haiti Project gathered nearly 40,000
independent reports of which nearly 4,000 distinct events
were plotted just after a few hours [12]. Similarly, after
the severe earthquake triggered the devastating tsunami
and Fukushima nuclear disaster, some Japanese engi-
neers collaborated and launched web services such as
Sinsai? to assist the victims [11].

By leveraging power of the crowds, those crowd-
sourcing disaster management platforms have shown
their efficiency in disaster relief tasks, such as disaster
data collection and analysis. On the one hand, crowd-
sourcing data, such as on-site damage assessment, is
collected in a very short time after a disaster, with very
low costs. On the other hand, remote users of these
crowdsourcing platforms can provide assistance such as
disaster data analysis, online support to rescuers, etc.

I www.ushahidi.com

2 sinsai.info
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By considering the location of crowdsourcing disaster
management platform users, we classify them into two
categories, viz., on-site users and off-site users.

— On-site users, including on-site rescuers and field
command in On-Site Operations Coordination Cen-
tre (OSOCC), are located at the disaster site. They
can provide help such as victim searching, medica-
tion, damage assessment and reporting, etc.

— Off-site users, i.c., off-site volunteers?, are located
off site from the disaster and are willing to pro-
vide on-site users with remote assistance such as
data analysis, navigation, translation, remote men-
tal health counseling, Insarag* marking decoding
and disaster image analysis, etc.

A well-designed crowdsourcing disaster management
platform should empower both on-site and off-site users
to efficiently provide help. In current literature, most
of the existing works focus on disaster data collection
and incident reporting via crowdsourcing such as in
[3, 5, 8, 13, 15, 16], which can provide timely disas-
ter reports and damage assessment to disaster com-
mand staff. However, in disaster relief tasks such as vic-
tim searching and damage assessment, the on-site users
usually suffer from unfamiliar situations, and lack up-
to-date information. Therefore, it is crucial to provide
those on-site users with real-time assistance. In this pa-
per, we focus on leveraging off-site users’ efforts to pro-
vide on-site users with real-time assistance. Concretely,
the following scenario extracted from EU SOCIETIES®
(Self Orchestrating Community ambIEnT IntElligent
Spaces) project shows an example of such a use case.

An earthquake of magnitude 7.8 with epicentre about
20 km south-west of a coastal city has caused severe
damage and casualties. The local response capacity is
exceeded and the government has requested international
assistance. Several international rescue teams have been
sent on site to support the local disaster relief staff.

— Request 1: An on-site rescue team needs to go from
City Hall to the East Coast Family Clinic, 121 Meyer
Rd. But the common itineraries including ECP, Tan-
jong Rhu Flyover, Merdeka Bridge, Kallang Rd, and
Sims Ave are impassable at the moment. Thus, they
send a request for navigation.

— Request 2: To assess the damage on the transporta-
tion system. An on-site rescue team needs to know

3 Since “off-site users” of crowdsourcing disaster manage-
ment platforms often voluntarily provide their help, we do
not differentiate the two terms throughout this paper.

4 http://www.usar.nl/upload/docs/insarag_guidelines_july
~2006.pdf

5 http://www.ict-societies.eu/

the names and locations of all ferry terminals and
piers within 2km radius from Keppel Island.

— Request 3: An on-site rescue team are looking for
kindergartens, and possibly other information that
might be relevant (e.g. location, building type, etc.)

In the above scenario, on-site users generate requests
which need to be resolved with a minimum delay. Us-
ing crowdsourcing efforts from off-site users, we are able
to provide such help. However, such an approach still
faces several challenges. Firstly, on-site users may gen-
erate various requests which require different types of
expertise such as navigation, translation, or informa-
tion search. The most straightforward approach is to let
off-site users select the requests to which they can pro-
vide their help. However, dealing with a large amount
of requests that need to be resolved in a short time,
such an approach is inefficient. Therefore, selecting and
notifying the most relevant off-site users about specific
requests is necessary. Secondly, some requests may need
the collaboration of off-site users in order to get compre-
hensive answers within satisfactory delay. For example,
it is very difficult for a single off-site user to resolve Re-
quest 3 in the above scenario within reasonable time.
Because such a request usually requires significant in-
formation search efforts and would be more than one
individual user can provide. Hence, it is necessary to de-
velop a collaboration mechanism for off-site users. Last
but not least, as identified by most of crowdsourcing re-
search works, the credibility of such crowdsourcing data
is not guaranteed. In other words, the answers provided
by off-site users to the requests are not always accurate.

In this paper, we develop CDSP, a Crowdsourcing
Disaster Support Platform which is designed specifi-
cally to provide real-time assistance to on-site users by
efficiently leveraging the crowdsourcing power of off-site
users. Concretely, CDSP integrates a user selection fea-
ture to identify the most relevant off-site volunteers for
a specific request according to user expertise, obtained
from various sources such as manual input, extracting
from one’s social networks, learning from one’s histori-
cal usage records, etc. Moreover, we adopt the “divide-
and-conquer” approach for the requests that need col-
laboration of off-site volunteers, and provide an instant
message communication service to them for discussion.
Finally, in order to alleviate the credibility concern, we
implement a “voting” feature for users to vote for the
best answer to a specific request.

To evaluate CDSP, we conducted experiments with
three rounds of user trials by simulating the disaster
situation described above and we continuously improve
the platform over the three trials. Moreover, we con-
ducted a System Usability Scale (SUS) survey after
each trial. By quantitatively analyzing user logs and the
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SUS survey, the results show that using CDSP, off-site
users can efficiently resolve the requests from on-site
users, and thus effectively support them in disaster re-
lief tasks. The overall SUS score also shows that CDSP
achieves good usability.

The rest of the paper is organized as follows. Sec-
tion 2 presents the related work. Section 3 illustrates the
CDSP design from both system and functionality per-
spectives. Section 4 presents the experiments including
the three user trials and the results analysis, followed
by discussion in Section 5. We conclude our work in
Section 6.

2 Related Work

Crowdsourcing has been widely studied in the disas-
ter management domain, especially for crowdsourcing
disaster data collection and analysis. Firstly, early ef-
forts in disaster data collection focused on gathering
volunteered geographic information, which is defined
by Goodchild in [7] in 2007. Then, Goodchild et al. [8]
conducted a study on crowdsourcing geographic infor-
mation for disaster response and identified that despite
the various advantages of crowdsourcing data, such as
time efficiency and low cost, improving data quality
is still a challenge. Roche et al. [15] studied the per-
spectives of using volunteered geographic information,
both in terms of technologies and applications, against
crisis management processes. Chu et al. [3] developed
a crowdsourcing support system for disaster surveil-
lance that focused specifically on maintaining a com-
prehensive view of disaster sites with the help of on-
site users. Palmer et al. [14] designed and implemented
the RAVEN framework, which supports applications for
collaboratively collecting structured disaster data on
the Android OS. Secondly, in the domain of leveraging
crowdsourcing efforts for disaster data analysis, Vivac-
qua et al. [17] discussed the possibilities of harnessing
collective knowledge in disaster relief and presented an
architecture and examples of how this could be accom-
plished. Ortmann et al. [13] studied information triage
by leveraging Linked Open Data® in disaster data anal-
ysis. By leveraging machine learning methods, Schulz
et al. [16] aimed at minimizing the human efforts for
turning unstructured crowdsourcing disaster data into
relevant information supporting the rescuers in making
better decisions. These research works focused on effi-
ciently leveraging crowdsourcing efforts to handle dis-
aster data collection and analysis tasks.

Although the on-site rescue teams can largely bene-
fit from these crowdsourcing disaster data, facing rapidly

6 http://linkeddata.org/

changing situations on disaster site, they may encounter
various situations and have requests which need to be
resolved in a short time. In our work, we focus on a
specific use case that involves off-site users collabora-
tively providing real-time remote assistance to on-site
users during their disaster relief tasks. To the best of
our knowledge, there are very few research works tack-
ling specifically the issue of providing real-time assis-
tance to on-site users leveraging the collective efforts of
off-site users, which is indeed important in disaster re-
lief. However, providing real-time assistance to on-site
users still faces several challenges for crowdsourcing dis-
aster management. For example, Gao et al. [6] discussed
both advantages and shortfalls of using crowdsourcing
data in disaster relief and mentioned that the credibil-
ity of crowdsourcing data and the collaboration in the
crowdsourcing tasks are still the major concern. Weaver
et al. [18] studied the trust issue in disaster crowd-
sourcing tasks and proposed several solutions. Yu et al.
[19] investigated efficiency of organizing off-site users
efforts in resolving crowdsourcing tasks and proposed a
community-based crowdsourcing approach. In this pa-
per, aiming at building an efficient crowdsourcing disas-
ter support platform providing real-time assistance to
on-site users, we identify three challenges, viz., how to
find relevant off-site users for individual requests; how
to organize collaborative work of off-site users; how to
improve the credibility of the crowdsourcing answers.
We then design and develop CDSP by addressing these
challenges.

3 Platform Design

In this section, we describe the design of CDSP by in-
troducing three unique features, viz., identification of
relevant off-site users for individual requests; collabora-
tion of off-site users; improvement of credibility of the
crowdsourcing answers. In the following, we first briefly
present the SOCIETIES Project within which CDSP is
developed and then show system details as well as the
prototype screenshots.

3.1 SOCIETIES Project Overview

Pervasive computing is concerned with connecting to
and interacting with devices in the user’s environment
while social networking is concerned with connecting
people. The SOCIETIES project, funded by the Eu-
ropean Seventh Framework Programme for Research
(FPT7), merges social computing and pervasive comput-
ing by designing and implementing a sustainable and
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Fig. 1 System overview of CDSP.

personalized platform for mobile social network ser-
vices. One targeted application domain is crowdsourc-
ing disaster management, which aims at supporting the
on-site rescue teams in disaster relief tasks.

3.2 Crowdsourcing Disaster Support Platform
Figure 1 illustrates the system overview of CDSP. The

left panel illustrates both on-site and off-site users, as
well as the Web user interfaces. The right panel shows

the platform components. In the following, we first present

the individual components and then describe the spe-
cific features of CDSP to resolve the three identified
challenges.

3.2.1 Platform Components

From the system perspective, CDSP consists of three
parts, i.e., the Request Manager and the Off-site User
Manager as well as the related Web user interfaces.
The Request Manager is responsible for processing
all requests from on-site users. It is composed of five
components and a request database. The Request Cre-
ation/Request Resolution components take charge of
creating new requests and sending back answers from
off-site users to on-site users. Request Notification com-
ponent informs off-site users about the arrival of new

(b) Instant message user interface
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requests which match their expertise. The Answer Vote
component is designed to let users vote for the best an-
swer to individual requests, which provides additional
information to the on-site users for the decision process.
These four components combined are named as the Re-
quest Processor in CDSP. The Relevant Off-site User
Selection component takes charge of identifying the nec-
essary expertise for a specific request and retrieving the
most relevant off-site users information from the Off-
site User Manager.

The Off-site User Manager is responsible for pro-
cessing all off-site volunteer information. It is composed
of four components and a user profile database. The
Query Interface retrieves the most relevant group of
users according to their expertise and sends their in-
formation back to the Request Manager. In order to
retrieve the relevant off-site users, we need to identify
user expertise. To achieve this goal, the User Profile Ex-
tractor component can collect user profile information
from various data sources, such as user manual input,
social network services, as well as their historical usage
records of the platform, etc. According to these user
profile, the Off-site User Grouping component clusters
off-site users into overlapping groups based on their ex-
pertise, which are later used for off-site user information
retrieval. In addition, to help off-site users collaborate
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with each other, the Instant Message Service compo-
nent provides a Web chat interface.

The Web user interfaces consist of two parts as shown
in Figure 1. The request resolving interface can help
users to create new requests, answer requests, vote for
an answer to a request and receive new request notifi-
cation, etc. The instant message user interface provides
an on-line chat forum for off-site users to discuss re-
quests, coordinate their efforts, etc. The prototype of
CDSP was developed using PHP and Java.

8.2.2 Specific Features

The design and implementation of CDSP targets on the
three challenges, viz., how to find relevant off-site users
for individual requests; how to organize collaborative
work of off-site users; how to improve the credibility of
the crowdsourcing answers. In the following, we explain
how CDSP resolves these problems.

Firstly, in order to help off-site users to put more
efforts on resolving requests rather than wasting time
in browsing all requests, for a specific request, we select
off-site users according to their expertise. When creat-
ing new requests, users need to assign one or more ex-
pertise (i.e., “skills” in request resolving user interface)
tags to the request such as “internet research”, “infras-
tructure”, “navigation”, etc. By extracting off-site user
profile; we cluster them according to their expertise.
Then, the Relevant Off-site User Selection component
retrieves a group of users whose expertise is relevant to
the requirements of a request. In the implemented pro-
totype, the expertise tags are a finite set of predefined
terms (10 ~ 20 tags). We let users manually choose
them for their profile as well as creating new requests.
To retrieve the relevant group of users, we adopt the
keyword-matching approach. More sophisticated meth-
ods for expertise description and relevant user retrieval,
such as using topic models or web ontology languages,
can be used for these steps. However, adopting the basic
approach can still validate the key idea and functional-
ities of the platform.

Secondly, in order to collaboratively maximize crowd-
sourcing efforts, we provide off-site users with the op-
portunity to work using the “divide-and-conquer” ap-
proach. Concretely, for a request that needs collabora-
tive efforts, off-site users can divide the original request
into sub-requests and then create them on the platform
via the request resolving interface. In such a way, they
can work on these sub-requests in parallel, and thus
obtain satisfactory answers much more quickly. In ad-
dition, they can also have a discussion via the instant
message user interface for those requests.

Thirdly, in order to improve the answer credibility,
we implement a “crowd voting” feature to let users se-
lect the best answer to a request. Such a crowd voting
approach has proved to be efficient in obtaining more
reliable results in many existing on-line crowdsourcing
services, such as Stack Overflow”. In our current proto-
type, we also adopt a user credibility rating mechanism
to obtain an individual credibility degree for future ex-
tension. Specifically, from long term usage logs, we can
calculate the frequency of the answers voted by others,
which implies an individual’s credibility degree. Con-
sidering such a measurement can enable various new
features in the future, such as filtering out low credible
off-site users in the relevant user selection process, or
building an incentive mechanism to attract more efforts
from off-site users, etc.

4 Experiments

To evaluate CDSP, we conducted experiments with three
rounds of user trials. We simulated the situation of an
earthquake in Singapore and tried to use CDSP to al-
low off-site users to help on-site users. On-site users in-
volved people working in disaster management domain
for many years. Off-site users were recruited volunteers,
including colleagues, friends, etc. from different coun-
tries. In the following, we first present the user trial
setup and then show the analysis results.

4.1 User Trial Setup

We conducted three user trials in our experiments. The
first user trial was held on the 5th March 2013 lasting
about two and a half hours. We recruited the partic-
ipants from the SOCIETIES Project consortium, in-
cluding one on-site user and four off-site volunteers. All
users were located at their respective workplaces. The
trial included a preparatory phase (30 minutes), the ac-
tual trial (90 minutes) and a phase for discussion and
review (30 minutes). The second user trial was held on
15th March 2013. Comparing with the first trial, we
first included new sets of disaster scenario requests and
deployed a different composition of the off-site volun-
teers from the SOCIETIES Project consortium. Based
on the user feedback from the 1st trial, we duplicated
the system notification feature in the instant message
service in order to announce new request/answers and
also prepared a comprehensive user guide in this trial.
The third user trial was carried out on 30th April 2013.
Comparing with the prior trials, we recruited off-site

7 http://stackoverflow.com
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Table 1 Location of trial participants

User Role 1st Trial | 2nd Trial | 3rd Trial

On-site user Germany | Germany | Germany
Off-site user 1 Ireland France Ireland
Off-site user 2 | Norway Norway Ireland
Off-site user 3 France Ireland Ireland

Off-site user 4 Greece Ireland Germany
Off-site leader N/A N/A France

volunteers from outside the project, who had no prior
knowledge about the platform before the trial. More-
over, based on the user feedback from the 2nd trial,
we added an “off-site volunteer leader” who had par-
ticipated in the previous trials and been familiar with
the platform functionalities. The details about user trial
setup are as follows.

4.1.1 Participants

Crowdsourcing disaster management works in a dis-
tributed manner, i.e., users are located all over the
world and provide their help via crowdsourcing disaster
management platforms. Therefore, to simulate such ex-
perimental environments, we recruited the trial partici-
pants in Ireland, Greece, France, Norway and Germany
throughout the three trials. In summary, Table 1 shows
the location of the participants in the three trials.
Moreover, in our scenario, on-site users initiate re-
quests from the simulated disaster sites. In order to
properly simulate the real requests, we assigned this
role to a disaster management expert from Germany,
who also worked in the SOCIETIES project. In ad-
dition, due to the diversity of crowdsourcing users, it
may be difficult to reliably achieve high-quality work
because some online workers may behave irresponsi-
bly, misunderstand the task, etc., which is a common
drawback of crowdsourcing systems [4]. Consequently,
in the 3rd user trial, we added an “off-site leader” par-
ticipant to help resolve requests, which was also sug-
gested by participants in the 1st and 2nd trials. The
“leader” was a participant who was familiar with the
platform functionalities and had participated previous
trials. The objective of adding this role was to better
coordinate off-site users’ collaboration such as leading
the “divide-and-conquer” process for difficult requests.

4.1.2 Request Preparation

Due to the rapidly changing situation of the disaster
site, the request from on-site users should be created
spontaneously and may be diverse and require vari-
ous expertise. To simulate such a situation, the disaster
management expert continuously created requests dur-
ing the trial process that might probably be raised by

We need to know the names and locations of all fer
terminals and piers with 2km radius of Keppel Islan

We need to know the names and locations of all ferry terminals and piers with roughly 2km
radius of Keppel Island. Please also provide a summary of their landside road connection

Fig. 2 An example of requests from on-site users

on-site users. The expert also pre-defined a set of ex-
pertise tags which were later assigned to each request
and selected by off-site users as part of their profiles.
Figure 2 shows a request example.

However, most crowdsourcing disaster management
platforms do not have prior information about the ex-
pertise of off-site volunteers. Thus, without prior knowl-
edge about the off-site users, defining appropriate ex-
pertise tags is a challenging task. A well-defined exper-
tise skill tag set implies that the required expertise is
mostly covered by the off-site users’ expertise. In our
experiments, we continuously considered those tags af-
ter each trial and made improvements for the next tri-
als. Figure 3 illustrates the expertise tag clouds for the
three trials.

4.1.8 Platform Configuration

During the three user trials, we continuously considered
the feedback from the users and made improvements to
CDSP. In the 1st trial, off-site users were notified for
new requests via the request resolving user interface.
However, as users spent most of their time in the instant
message service, they would also prefer to be notified for
new requests/answers by system notification messages
via the instant message user interface. Thus, we added
these required features for the 2nd and 3rd trials.

4.1.4 Data Collection

We collected user logs in CDSP which included two
parts, viz., request resolving records and the instant
messages they communicated. From these data, we were
able to quantitatively evaluate the efficiency and effec-
tiveness of CDSP in terms of providing crowdsourcing
support to on-site users. Furthermore, in order to eval-
uate the usability of CDSP, we interviewed the par-
ticipants to get their direct feedback and conducted a
survey for System Usability Scale after each trial. In our
study, we adopted the System Usability Scale developed
by Brooke [2] in 1996, which had been widely adopted
by both academia and industry. This tool contains a
ten-item scale questionnaire that provides a global as-
sessment of usability.
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4.2 Results Analysis

Based on the data collected in the user trials, we con-
ducted an analysis from two perspectives. Concretely,
we first quantitatively analyzed the user logs including
both requests/answers and instant messages. We then
studied the usability of CDSP via the SUS survey re-
sults.

4.2.1 Analysis of User Logs

The user logs provide an important mechanism to un-
derstand how the platform works and whether it achieves
the design objectives. Thus, we conducted a statistical
analysis on the requests/answers logs and instant mes-
sage logs. Table 2 shows the statistics from these user
logs. In general, within the same duration (90 minutes),
the number of accomplished requests increased from the
1st trial to the 3rd trial, and achieved satisfactory re-
sults in the 2nd and 3rd trials. Concretely, due to the
lack of a comprehensive user guide in the 1st user trial,
four off-site users struggled to understand the scenario,
as well as the platform functionalities, which led to the
fact that only 7 requests were resolved. In the 2nd trial,
four off-site users were well informed by the user guide
and resolved 15 requests in total. In the 3rd trial, with
an extra leader, 19 requests were resolved by five off-
site users. In the last two trials, off-site users efficiently
provided help to resolve requests and achieved consis-
tently good performance in terms of the number of ac-
complished requests per user. In the following, we show
the detailed analysis according to the three identified
challenges.

Firstly, in order to help off-site users efficiently find
relevant requests, we implemented an off-site user se-
lection feature through a set of pre-defined expertise
tags. In section 4.1.2, we discussed the expertise tags
which were used to annotate requests as well as charac-
terize user profiles in CDSP. A good tag set should be
comprehensive, from which user profiles can maximize
the coverage of the required expertise tags in requests.
As we continuously improved the tag set throughout
the three trials, we illustrate the expertise tag clouds
in user profiles for three trials in Figure 4. By compar-

ing with Figure 3, which depicts expertise tag clouds
for requests, we calculated the expertise coverage rate
by off-site users, which is defined as the percentage of
the expertise tags required by the requests that can be
covered by the expertise tags from off-site users’ pro-
files. As shown in Table 2, the expertise coverage rate
increases from the 1st trial to the 3rd trials and finally
reaches 100% in the 3rd trial. We also observe that the
requests use less tags and off-site users add more tags
in their profile from the 1st trial to the 3rd trial. For
each trial, we analyze the tags selected by off-site users
and user feedback, in order to adjust the tag set more
precisely and concisely. For example, in the first trial,
the tag “CBRN” (i.e., Chemical, Biological, Radiolog-
ical and Nuclear) had not been selected by any users
because it is a professional term that off-site volunteers
did not associate with. As such, we removed it for the
rest of the trials. In addition, due to the limited num-
ber of participants in the user trials, the bias of partic-
ipants existed such as these profession domains, which
may also have influenced the expertise tag selection. We
have a further discussion about this is Section 5.

Secondly, in order to help off-site users collaborate

with each other, we implemented the “divide-and-conquer”

mechanism in CDSP as well as an instant message ser-
vice. As shown in Table 2, users had an intensive dis-
cussion for each of the trials. We observed clearly an
increase in the discussion traffic over the three trials,
which correlates with the increasing number of accom-
plished requests. However, the number of messages from
both on-site and off-site users does not exactly follow
this increase. By investigating into the message con-
tents, we found that almost half of the messages in
the 1st trial were “noise” messages, which discussed the
platform features and the trial scenarios and planning.
Consequently, without consideration of those “noise”
messages, the number of messages from both on-site
and off-site users also increases over the three trials.
Moreover, the number of sub-requests shows a constant
number throughout the three trials. This can proba-
bly be explained by two reasons. On the one hand,
most of the requests can be resolved individually and
therefore do not require collaborative efforts. On the
other hand, users are not sufficiently confident to create
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Table 2 Statistics of user logs
[ Logs Metric [ 1st Trial [ 2nd Trial [ 3rd Trial ‘
No. of accomplished requests 7 15 19
No. of created sub-requests 3 3 3
No. of tags per request 2.75 2.08 1.42
Requests/Answers No. of tags per user 1.75 2 6.2
Expertise coverage rate 50% 33% 100%
No. of answer votes by on-site users 7 3 17
No. of answer votes by off-site users 2 1 0
No. of total messages 108 133 198
Instant Messages No. of messages from on-site users 35 28 34
& No. of messages from off-site users 73 55 97
No. of system notification messages N/A 50 67
L
[&]
Z g et
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(a) 1st Trial

(b) 2nd Trial

(¢) 3rd Trial

Fig. 4 Expertise tag clouds of user profile (Larger font size implies higher frequency, and vice versa)

sub-requests. Although an off-site leader was assigned
in the 3rd trial, user feedback shows that he/she was
not active enough in terms of leading the “divide-and-
conquer” process.

Thirdly, to increase the credibility of the crowd-
sourcing answers, we implemented an answer voting
feature so that users could vote for the best answer to
a specific request. However, an interesting observation
was that very limited voting was performed by the off-
site users over the three trials. In contrast, the on-site
user confirmed most of the answers. This was probably
due to the fact that off-site users tried to resolve the
maximum number of requests in the limited trial time.
At the beginning of each trial, they usually organized
themselves via instant messages to tackle different re-
quests. Afterwards, when a user finished the answer to
a request, he/she usually chose to work on a new task
rather than checking the answers of others.

4.2.2 Analysis of the System Usability Scale Survey

The system usability scale developed by Brooke is a
Likert Scale [10], where a statement is made and re-
spondents are supposed to indicate the degree of agree-
ment with the statement. The SUS consists of ten state-
ments, of which odd-numbered statements are worded
positively and even-numbered statements are worded
negatively. To use the SUS, participants should indi-
cate their agreement with each statement using a five-
point scale from 1 (anchored with “Strongly disagree”)
to 5 (anchored with “Strongly agree”). Afterwards, each

statement’s score contribution is determined, which ranges
from 0 to 4. Concretely, for positively-worded state-
ments (1, 3, 5, 7 and 9), the score contribution is the
scale position minus 1. For negatively-worded state-
ments (2, 4, 6, 8 and 10), it is 5 minus the scale po-
sition. Finally, SUS yields a single score representing
the overall usability, which is calculated by multiplying
the sum of the statement score contributions by 2.5.
In addition, Lewis et al. [9] conducted factor analysis
on the SUS statement and then defined two dimensions,
i.e., learnability and usability. According to their analy-
sis, the learnability dimension includes the statement 4
and 10 while the usability dimension includes the state-
ments 1, 2, 3, 5, 6, 7, 8, and 9. Please refer to [2] and
[9] for more details.

We conducted a SUS survey after each user trial
for all participants. Table 3 shows the SUS statements
as well as the average scores. Higher scores imply bet-
ter usability and learnability. The overall SUS score in-
creased over the three trials and reached 67 in the 3rd
trial. According to the study of Bangor et al. [1] on ad-
jective ratings (i.e, worst imaginable, awful, poor, OK,
good, excellent, best imaginable) and SUS scores (from
0 to 100), CDSP achieved a “good” SUS rating.

We also observed an increase of both of the usability
and learnability dimensions over the three trials. Con-
cretely, the learnability dimension achieved high scores
throughout the three trials and even reached 3.50 in the
3rd trial, which suggests that CDSP can efficiently en-
able users to learn how to use it. Although the usability
dimension had relatively low scores for the 1st and 2nd
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Table 3 System Usability Scale Scores (Higher score implies better performance)

SUS Statements

1st 2nd 3rd
Trial Trial Trial

S1: I think that I would like to use this system frequently.

2.20 2.67 2.20

S2: I found the system unnecessarily complex.

1.67 1.67 2.00

S3: I thought the system was easy to use.

2.17 2.67 2.60

S4: 1 think that I would need the support of a technical person to be able to use this system. 2.80 3.00 3.80

S5: I found the various functions in this system were well integrated. 1.40 1.00 2.20
S6: I thought there was too much inconsistency in this system. 1.80 1.67 3.00
S7: I would imagine that most people would learn to use this system very quickly. 2.60 2.33 2.80

S8: I found the system very cumbersome to use.

1.20 1.00 2.60

S9: 1 felt very confident using the system.

1.20 2.67 2.40

S10: I need to learn a lot of things before I could get going with this system. 2.17 2.00 3.20

Learnability dimension (S4 and S7)

2.49 2.50 3.50

Usability dimension (other 8 statements)

1.78 1.96 2.48

Overall SUS score

[ 48.03 | 51.67 | 67.00 |

trials, it achieved satisfactory scores in the 3rd trial.
In addition, we also observed that the statement 2, 5, 6
and 8 had relatively low scores in 1st and 2nd trials, but
reached high scores in the 3rd trial. It should be noted
that we did not add any new features to the platform for
the 3rd trial. From the investigation of user feedback,
we found that in the 1st and 2nd trials, users expressed
a strong demand for better user guides and a role of a
“leader” to coordinate the request resolution. Both of
these were available in the 3rd trial, which may proba-
bly be the reason that the usability dimension reached
high scores in the 3rd trial.

5 Discussion

Through the three user trials and SUS survey, we have
shown that CDSP can effectively and efficiently provide
on-site users with real-time assistance and achieve good
usability. However, we still have some further consider-
ation about the platform design and user trials.
Firstly, from the platform design perspective, the
integration of the platform features and the interop-
erability of CDSP with the existing disaster manage-
ment platform need to be further improved. From the
user feedback and SUS survey results, participants sug-
gested that the request resolving user interface and in-
stant message user interface could be better integrated
and merged, because it is sometimes inconvenient to
switch between the two user interfaces. Furthermore,
a common shortfall of crowdsourcing disaster manage-
ment platforms is the lack of interoperability. In other
words, most of the existing applications do not provide
a common mechanism for collaboration and coordina-
tion between them [6], which usually causes inefficiency
in disaster information sharing and collaborative disas-
ter relief. Thus, it is necessary to specifically design a

common mechanism and communication interface for
collaboration between disparate disaster management
platforms.

Secondly, a larger scale user trial would provide a
more complete evaluation of CDSP. In the 1st and 2nd

trials, participants were recruited from SOCIETIES project

consortium, who already have some prior knowledge
about the crowdsourcing platform and also disaster man-
agement platforms in general. In the 3rd trial, we re-
cruited participants out-side the SOCIETIES project,
most of whom were our colleagues not getting involved
in the SOCIETIES project. It should be noted that
those participants all work in the Information Tech-
nology (IT) related domain. Consequently, such a pro-
fessional bias of the trial participants may not fully
fit the fact of diversity of off-site volunteers and may
cause bias in expertise tag selection, request prepa-
ration, etc. Moreover, existing crowdsourcing disaster
management platforms, such as Ushahidi, usually have
hundreds of thousands of off-site users. Therefore, a
large scale user trial would be preferable for further
evaluation of CDSP.

6 Conclusion

With the increasing popularity of crowdsourcing ap-
plications, disaster management also benefits from the
power of crowdsourcing in disaster data collecting and
analysis. In this paper, we focus specifically on pro-
viding on-site users with real-time remote assistance in
disaster relief tasks by leveraging crowdsourcing power
from off-site volunteers. By analyzing such scenarios,
we build CDSP, a crowdsourcing disaster support plat-
form, by introducing three unique features. Firstly, we
implement an off-site user selection mechanism to ef-
ficiently perform request notification according to user
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expertise. Secondly, we provide off-site users with the
opportunity to collaborate with each other when tack-
ling difficult requests. Thirdly, we implement a crowd
voting feature, aiming at improving the crowdsourc-
ing answer credibility. The experiments with the three
rounds of user trials shows the effectiveness and effi-
ciency of CDSP. The SUS survey also shows CDSP
achieves the good usability.

In the future, we plan to broaden CDSP by adding
new features, such as designing concise and efficient
user interfaces, integrating with other disaster manage-
ment platforms, and exploring individual credibility de-
grees, etc. Furthermore, as suggested in [19], social and
context information are also important to improve off-
site volunteers’ efficiency. Therefore, we could also con-
sider social influence and user context in the relevant
user selection process. In addition, based on the anal-
ysis of the three user trials, we also plan to conduct
a large scale user trial by including more participants
with the consideration of diversity of their professions,
ages, locations, etc.
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