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A B S T R A C T

Most disaster responses require manual processing to eliminate errors, which is currently handled by the gov-
ernment. Although this process ensures quality of the information, considerable time delays occur. With the
rapid development of the Internet and mobile devices, crowd-based platforms have been developed and used for
disaster responses. However, three obvious drawbacks exist with crowdsourcing: errors, duplications, and un-
structured formats. This study aims to develop a computational method, called the Artificial and Crowd
Intelligence (ACI) filter, to overcome these drawbacks. To verify the ACI filter, 876 responses collected from an
actual flood that occurred on June 10th, 2012, in Taiwan, were used; 284 volunteers from the Internet were
recruited for the testing. The results show that the ACI filter eliminates 26.25% of the responses. The percentage
of mistaken validations was 0.00% and the percentage of mistaken eliminations was 3.91%. This demonstrates
that the ACI filter, by combining machine and human intelligence, can successfully improve crowd response
accuracy.

1. Introduction

Disasters and the damage caused by them are unpredictable by
nature. Their cause as well as time and location of occurrence are un-
predictable. According to the research of the Central Board of
Secondary Education (CBSE) [1], disaster events cause global economic
losses averaging US$880 billion per year as well as loss of human life,
which cannot be ignored. To reduce these losses, timely and accurate
information is required.

Information acquired during a disaster plays an important role in
the disaster management phase [2,3]. The quality of disaster manage-
ment is directly affected by the efficiency and quality of disaster re-
sponses [4]. A timely response helps in effective resource redistribution
and reduces possible damage caused by the disaster. An accurate re-
sponse facilitates optimization of a rescue plan and maximizes the us-
ability of resources. Most responses are currently organized and issued
by government officials. The information is collected directly from the
lowest level and transferred to centralized high levels of government.

The platforms used for disaster response are often supervised plat-
forms, where people send responses to an individual or organization
that is responsible for managing disaster responses. The individual or
organization then verifies the information for correctness and pub-
licizes the verified information. This manual filtering process ensures
high quality of the information; however, in a serious disaster, the vast
amount of information received over a short period may be

overwhelming for the organizers. Tremendous manpower is required to
filter incorrect responses and prioritize valid information in a limited
time [5]. The process may result in a critical time delay, which will
affect the reactions to the disaster [6].

Recently, with the rapid development of the Internet and mobile
devices, many crowd-based platforms, such as Sahana, the Ushahidi
crisis map, and the Typhoon Morakot crisis map, have been developed
and employed for disaster response. Crowd-based platforms have the
advantages of high efficiency and low cost. Although these platforms
are important for disaster management, they have obvious drawbacks,
namely, errors, duplications, and unstructured formats. Errors in a
crowd-based platform may occur because of advertisements and in-
correct responses. An event may have multiple responses from different
sources or there may be different descriptions of the same event, which
leads to duplication of data. Unstructured formats result because re-
sponses are collected from dialogues and full-text descriptions.
Therefore, we see that the quality of information obtained from the
crowd-source platform is lower although it is more efficient compared
with the official platform. The differences between official and crowd-
based platforms for disaster response are illustrated in Fig. 1.

This situation can be improved in the following manner. During a
disaster, people who are not located in the disaster areas usually pro-
vide relief assistance to those who are in the disaster area and are
coping with the events by donating money or goods. However, ac-
cording to the data of the disaster emergency response to Typhoon
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Morakot [7], only 41,752 people, or 0.2% of Taiwan's population, were
directly involved in the disaster relief efforts. Hence, there is a great
potential to include more people in relief operations by using new
methods. To enhance the data quality from crowd-based platforms,
encouraging people in non-disaster areas to participate in disaster
management activities might be an effective method.

2. Related research

The following section will summarize recent research on crowd-
sourcing, social media, and emergent operating platforms for disaster
response management. In addition, the common drawbacks of current
platforms will be presented.

2.1. Crowdsourcing

Crowdsourcing opens new opportunities to process large amount of
data within a short period. Crowdsourcing is the use of a group of
people, especially from an online community rather than from tradi-
tional employees or suppliers, to achieve a desired goal. Through
crowdsourcing, the traditional one-to-one or one-to-multiple social
modes have gradually become multiple-to-multiple modes while pro-
ducing and transmitting information [8].

According to Surowiecki [9] and Vukovic et al. [10], using crowd-
sourcing has improved efficiency in a wide range of applications.
Therefore, in business, some enterprises have begun using crowdsour-
cing as a method to assign work, gather information, and make pre-
dictions [11,12]. According to Kulkarni et al. [13], using crowdsourcing
as a collaborative approach can also be more successful than the con-
ventional workflow design process. It is also believed that, given the
proper tasks, crowdsourcing can even perform certain jobs better than
experts [14].

2.2. Social media

Social media platforms, such as Twitter, are useful for gathering and
dispersing information quickly at any point in time, especially in case of
sudden, unexpected events or crises [15,16]. During a disaster, many
responses are rapidly communicated. Many studies have been con-
ducted on the use of social media during disasters, such as the Black
Saturday bushfire in 2009 [17], the Chilean earthquake in 2010 [18],
river flooding [15], forest fires [19], the Yushu earthquake in 2010
[20], the Tōhoku earthquake and tsunami in 2011 [21], and the Thai
flood in 2011 [22].

Social media has an enormous capacity to transmit messages.
According to Twitter's IPO filing (2013), it has 100 million daily active

users, and 500 million tweets per day. Eric Schmidt, the former ex-
ecutive chairman of Google, said in his book, “It is manifestly clear that
mainstream media outlets will increasingly find themselves a step be-
hind in the reporting of news worldwide” [23]. Social media is be-
coming an important source of information during disasters. The ap-
plication of various social media platforms in the realms of education
[24], scientific communication [25], politics [26,27], environmental
quality [28], and disaster response [15] has been researched con-
siderably.

Social media is inherently efficient for spreading information within
a short time. Research has also found that social media is more effective
for delivering and gathering information during emergencies than tra-
ditional news media or government emergency services [29,30].

However, there are two main challenges to using responses from
social media. According to Acar and Muraki [21], the accuracy of re-
sponses on Twitter is only 70% to 80%. In addition, according to a
Facebook-commissioned Taylor Nelson Sofres (TNS) study (2014), 88%
of Taiwanese people who use social media choose Facebook as their
main social platform, which is not as open as Twitter for information
gathering.

2.3. Emergent operation platforms

In this section, the crowd-based platforms Sahana, the Ushahidi
crisis map, FireMash, and the Typhoon Morakot crisis map and recent
research related to these platforms will be briefly introduced.

The Sahana platform has assisted in crises such as the 2004 Asian
Tsunami, the 2010 Haiti and Chili earthquakes, and the 2011 Japan
earthquake. Sahana was developed specifically for disaster manage-
ment. For example, in the Haiti earthquake response platform built on
the website, people can find or respond to (1) what is happening on the
ground, (2) which agencies (including their contact details) are helping
in disaster relief work, (3) the status of medical facilities, and (4) the
status of requests and pledges. Sahana has abundant information that is
useful for disaster management. However, the extremely large amount
of information renders the crowdsourcing task complex. Furthermore,
not everyone can respond on the platform; they need to have a related
background or have the ability to make pledges for requests. In addi-
tion, because of the complexity of the platform, additional computer
skills are required to modify the system for different tasks. While
Sahana has functioned well in its previous tasks, only a few serious
disasters could gather enough resources to build the system environ-
ment and only a limited number of people can easily use the platform.

The Ushahidi platform was used in the 2007–2008 Kenyan crisis,
the 2010 Haiti earthquake, the 2010 Chile earthquake, the 2010 North
American blizzard, the 2010 Russian wildfires, the 2011 Christchurch

Fig. 1. Two types of platforms for disaster response.
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