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Abstract 

Social media platform, where people share their opinions and information, is flled with 
massive amount of true or false rumors. The decision maker has at least four options when facing 
a rumor on social media: spread, debunk, ignore, and seek confrmation frst and then decide 
based on the information received. This paper studies the user’s decision by considering (1) the 
beneft of spreading true information, (2) the cost of spreading false information, (3) the cost 
of seeking confrmation, (4) the number of followers of decision makers, (5) the probability of 
rumor authenticity, and (6) the accuracy of seeking confrmation. Results show that the decision 
makers are more likely to spread the rumor when the number of followers, the cost of spreading 
false information, and the probability of falsehood are small, or when the probability of rumor 
authenticity, the beneft of spreading true information, and the cost of seeking confrmation are 
large. A real “Hurricane Harvey Immigration” rumor case study is provided, which validates the 
model results that decision makers with more followers are less likely to spread false information. 
This paper provides some new insights on understanding the social media users’ rumor spreading 
decisions when facing rumors. 

Keywords: Social media; Rumor management; Misinformation; Decision analysis 
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Chapter 1 

Introduction 

Rumors defned as “a claim whose truthfulness is in doubt” (Jayson, 2006) become a critical 
issue due to the rise of social media. They distribute fast to a wide audience and demand for 
a quick response from authorities (Social Media Working Group, 2018). Many government 
agencies now use social media to share information and debunk false rumors during natural 
disasters. For example, during Hurricane Harvey of 2017, (Federal Emergency Management 
Agency) FEMA posted rumors on the Harvey Rumor Control page (FEMA, 2018). 

A classic model of rumor spreading was introduced by Daley and Kendall (1965), which is 
called the DK model. In this model, people who are ignorant of the rumor are called “ignorant”; 
people who actively spread the rumor are called “spreader”; and people who have heard the 
rumor, but no longer are interested in spreading it are called “stifers”. One variant of the DK 
model is the Maki-Thompson (MK) model (Maki and Thompson, 1973), considering rumor 
spreading by direct contact of the spreaders with others in the population. Furthermore, when 
the spreader contacts another spreader, only the initiating spreader becomes a stifer. The DK 
and MK models have been used extensively for quantitative studies of rumor spreading (Lefevre 
and Picard, 1994) at a macro or population level. 

Decision making models have been widely used in disaster management, such as inter-agency 
coordination (Smith and Dowell, 2000), identifying the vulnerable locations (Zhang et al., 2014), 
conducting optimal public-private partnerships (Guan and Zhuang, 2015; Guan et al., 2018), 
and defense strategy analysis between government and terrorist (Guan et al., 2017). Some 
literature have studied the users’ empirical behavior when facing a rumor (Wang and Zhuang, 
2017; Vosoughi et al., 2018; Wang and Zhuang, 2018). However, the decision analysis of social 
media users when facing rumors has not been extensively studied even it is a critical issue. 

In this paper, we study the factors infuencing the decision making. People who face an 
interesting information with uncertainty have four choices: spread, debunk, ignore, and seek 
confrmation. For seeking confrmation, the decision maker would get some imperfect information 
about whether the rumor is true or false. We consider: (1) the beneft of spreading true information, 
(2) the cost of spreading false information, (3) the cost of seeking confrmation, (4) the number 
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of followers of decision makers, (5) the probability of rumor authenticity, and (6) the accuracy of 
seeking confrmation. 

The rest of this thesis is organized as follows: Section 2 presents the decision model; Section 
3 presents its solution and one-way and two-way sensitivity analyses; Section 4 uses a real 
rumor case to validate the model results; Section 5 concludes and provides some future research 
directions. 
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Chapter 2 

The Model 

The sequence of moves and the decision tree are illustrated in Figure 2.1, for people who 
come across a potential misinformation on social media. Depending on the outcome of seeking 
confrmation (‘true’ or ‘false’), we consider seven options altogether: (1) spread (s); (2) debunk 
(d); (3) seek confrmation and spread the rumor when information tells that the rumor is ‘true’ 
and debunk when information shows the rumor is ‘false’ (Kts,fd); (4) seek confrmation and 
debunk the rumor when information shows the rumor to be true, and spread the rumor when 
information shows the rumor is ‘false’ (Ktd,fs); (5) seek confrmation and spread (Kts,fs); (6) 
seek confrmation and debunk (Ktd,fd); (7) and ignore (i). 
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Figure 2.1: Decision Tree for Social Media Users when Facing Rumors 
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Table 2.1 summarizes the notations that are used throughout this paper. These include seven 
options (s, d, Kts,fs, Ktd,fd, Kts,fd, Ktd,fs, i), seven independent parameters (E, Pt, Pt0|t, Pf 0|f , a, 
c, f ), three dependent parameters (Pt0 , Pt|t0 , Pf |f 0 ), one decision variable (X), and one functions 
(U(X)). 

Table 2.1: Notations used in this Paper 

Notation Explanation 
Options 

s Spread the rumor 
d Debunk the rumor 

Kts,fs Seek confrmation and spread the rumor 
Ktd,fd Seek confrmation and debunke the rumor 
Kts,fd Seek confrmation and spread when information tells the 

rumor is ‘true’ and debunk when information tells the rumor 
is ‘false’ 

Ktd,fs Seek confrmation and debunk when information tells the 
rumor is ‘true’ and spread when information tells the rumor 
is ‘false’ 

i Ignore 
Independent Parameters 

E E˙ort required to seek confrmation 
Pt Probability that rumor is true 
Pt0|t Probability that information tells that the rumor is ‘true’ given 

the rumor is true 
Pf 0|f Probability that information tells that the rumor is ‘false’ 

given the rumor is false 
a Unit beneft of spreading true information to each follower 
c Unit cost of spreading false information to each follower 
f The number of followers of the decision maker 

Dependent Parameters 
Pt0 Probability of information showing the rumor is true 
Pt|t0 Probability of the rumor being true when information tells it 

is ‘true’ 
Pf |f 0 Probability of the rumor being false when information tells 

it is ‘false’ 
Decision variable 

X X ∈ {s, d, Kts,fs, Ktd,fd, Kts,fd, Ktd,fs, i}
Functions 

U(X) The decision maker’s expected payo˙s 

Nature randomly decides the rumor type: true and false with probabilities of Pt and 1 − Pt, 
respectively. If decision makers decide to seek confrmation, they need to pay a cost E ≥ 0. We 
consider a probability that the sought information tells that the rumor is ‘true’ when the rumor is 
actually true (Pt0|t), and a probability that the sought information tells that the rumor is ‘false’ 
when the rumor is actually false (Pf 0|f ). By using the total probability formula and the Bayes’s 
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⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪

rule, we get the probability of information showing the rumor is ‘true’ (Pt0 ), probability of the 
rumor being true when information says it is ‘true’ (Pt|t0 ), and the probability of the rumor being 
false when information says it is ‘false’ (Pf |f 0 ) as follows: 

Pt0 = PtPt0|t + (1 − Pt)(1 − Pf 0|f ) (2.1) 
Pt0|tPt

Pt|t0 = (2.2)
PtPt0|t + (1 − Pt)(1 − Pf 0|f ) 

(1 − Pt)Pf 0|f
Pf |f 0 = (2.3)

Pt(1 − Pt0|t) + (1 − Pt)Pf 0|f 

We assume that the beneft and cost of spreading false information are linearly pertaining 
to the number of account’s followers. Evaluating the decision tree in Figure 2.1, the decision 
maker’s expected payo˙s U(X) for each of the seven options are: ⎧ 

Pt(af + cf) − cf if X = s 

af − Pt(af + cf) if X = d ⎪ Pt(af + cf) − cf − E if X = Kts,fs⎨ 
U(X) = af − Pt(af + cf) − E if X = Ktd,fd (2.4) 

(af + cf)(Pt0|tPt − Pf 0|f Pt + Pf 0|f ) − cf − E if X = Kts,fd 

af − (af + cf)(Pt0|tPt − Pf 0|f Pt + Pf 0|f ) − E if X = Ktd,fs⎪⎩ 0 if X = i 

Note that the options Kts,fs and Ktd,fd are dominated by the options s and d, respectively. 
This is because seeking confrmation is costly (E ≥ 0) but does not a˙ect the decision in options 
Kts,f or Ktd,fd. For convenience, we assume: (a) when the decision maker is indi˙erent between 
d and Kts,fd, he chooses Kts,fd; (b) when the decision maker is indi˙erent between Kts,fd and i, 
he chooses i; (c) when the decision maker is indi˙erent between i and s, he chooses s; and (d) 
when the decision maker is indi˙erent between s and Ktd,fs, he chooses Ktd,fs. 
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⎪⎪⎪⎪⎪
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Chapter 3 

Solutions and Numerical Illustration 

3.1 Payoffs Solutions 

By comparing the decision maker’s expected payo˙s in Equation 2.4 among seven options 
and disregarding the two dominated strategies (Kts,fs, Ktd,fd), we calculate the optimal decision 
as follows: ⎧ 

s if C1 holds, case ]1 ⎪ d if C2 holds, case ]2⎨ 
X ∗ = Kts,fd if C3 holds, case ]3 (3.1) 

Ktd,fs if C4 holds, case ]4⎪⎩ 
i if C5 holds, case ]5 

where the conditions for fve cases Ci, i=1, 2, 3, 4, 5 are defned: C1 ≡ {(a + c)(2Pt − 

1) ≥ 0; f(a + c)(Pt(1 − Pt0|t) − Pf 0|f (1 − Pt)) ≥ −E; f(a + c)(Pt(1 + Pt0|t) + Pf 0|f (1 − 

Pt) − 1) ≥ −E; Pt(a + c) ≥ c}; C2 ≡ {(a + c)(2Pt − 1) < 0; f(a + c)(Pt(1 + Pt0|t) − 

Pf 0|f (1 + Pt) + 1) < E; f(a + c)(Pt(1 − Pt0|t) − Pf 0|f (1 − Pt)) < E; Pt(a + c) < a}; 
C3 ≡ {f(a + c)(Pf 0|f (1 − Pt) − Pt(1 − Pt0|t)) > E; f(a+ c)(Pf 0|f (1 − Pt)+ Pt(1+ Pt0|t) − 1) > 

1 
E; (a + c)(Pt(Pt0|t − Pf 0|f ) + Pf 0|f − ) ≥ 0; f(a + c)(Pt0|tPt − Pf 0|f Pt + Pf 0|f ) − cf > E};

2 
C4 ≡ {f(a+c)(Pt(1+Pt0|t)+Pf 0|f (1−Pt)−1) < −E; f(a+c)(Pf 0|f (1−Pt)−Pt(1−Pt0|t)) < 

1 −E; (a + c)(Pt(Pt0|t − Pf 0|f )+ Pf 0|f − ) < 0; f(a + c)(Pt0|tPt − Pf 0|f Pt + Pf 0|f ) − af < −E};
2 

and C5 ≡ {Pt(a + c) < c; a ≤ Pt(a + c); f(a + c)(Pt0|tPt − Pf 0|f Pt + Pf 0|f ) − cf ≤ 

E; af − f(a + c)(Pt0|tPt − Pf 0|f Pt + Pf 0|f ) ≤ E}. 
The corresponding decision maker’s optimal expected payo˙s are: ⎧ 

Pt(af + cf) − cf if C1 holds, case ]1 ⎪ af − Pt(af + cf) if C2 holds, case ]2⎨ 
U ∗ = (af + cf)(Pt0|tPt − Pf 0|f Pt + Pf 0|f ) − cf − E if C3 holds, case ]3 (3.2) 

af − (af + cf)(Pt0|tPt − Pf 0|f Pt + Pf 0|f ) − E if C4 holds, case ]4⎪⎩ 
0 if C5 holds, case ]5 
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3.2 One-Way Sensitivity Analyses 

We use the following baseline parameter values to illustrate the model. The unit beneft of 
spreading true information (a) and unit cost of spreading false information (c) could be estimated 
using the ratio between the number of followers of an account and the number of retweets and 
we set the baseline values as a = 0.8, and c = 1.1. The number of followers on an account (f ) 
could be estimated by real Twitter account data and we set the baseline f = 600. The cost of 
seeking information is set at E = 40; and the probability of authenticity of the rumor (Pt) and 
information sought (Pt0|t, Pf 0|f ) could be based on historical rumor cases and we set Pt = 0.8, 
Pt0|t = 0.85, and Pf 0|f = 0.7, respectively. We conduct one-way and two-way sensitivity analyses 
to study the impact of changes in the values of baseline variables on the expected values and the 
decision maker’s decision options. 

Figures 3.1(a), 3.1(f), and 3.1(g) show that a decision maker would choose to spread the rumor 
directly (]1) when the number of followers (f ), and the probability that the information sought 
tells that the rumor is ‘false’ when the rumor is false (Pf 0|f ) are small, or the cost of seeking 
confrmation (E) is large. The option of seeking confrmation and spreading when information 
tells the rumor is ‘true’ and debunking when information tells the rumor is ‘false’ (]3) would 
be optimal when the number of followers (f ), and the probability that the information sought 
tells that the rumor is ‘false’ when the rumor is false (Pf 0|f ) are large, or the cost of seeking 
confrmation is relatively small. 

Figures 3.1(c) and 3.1(d) show that a decision maker would choose to ignore (]5) when 
the unit beneft of spreading true information to each follower (a) is small, or the unit cost of 
spreading false information to each follower (c) is very large. The option of spreading the rumor 
(]1) would be optimal when the unit beneft of spreading true information to each follower (a) 
is medium, or the unit cost of spreading false information to each follower (c) is small. The 
option of seeking confrmation and spreading when information tells the rumor is ‘true’ and 
debunking when information tells the rumor is ‘false’ (]3) would be optimal when the unit beneft 
of spreading true information to each follower (a) is large, or the unit cost of spreading false 
information to each follower (c) is large. 

Figure 3.1(b) shows that a decision maker would choose to debunk (]2) when the credibility of 
a rumor (Pt) is low. When the credibility of a rumor (Pt) is medium, a decision maker would seek 
confrmation and spread when information tells the rumor is ‘true’ and debunk when information 
tells the rumor is ‘false’ (]3). The option of spreading the rumor would be the optimal when the 
credibility of a rumor (Pt) is large. 

Figure 3.1(e) shows that a decision maker would choose to seek confrmation and debunk 
when information tells the rumor is ‘true’ and spread when information tells the rumor is ‘false’ 
(]4), when the probability that the information sought tells that the rumor is ‘true’ when the rumor 
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is true (Pt0|t) is low. In this strange case, the decision maker chooses the opposite to what the 
information tells since the sought information is likely to be opposite to the truth. The strategy 
of spreading the rumor directly (]1) would be optimal when the probability is (Pt0|t) medium. 
Seeking confrmation and spreading when information tells the rumor is ‘true’ and debunking 
when information tells the rumor is ‘false’ (]3) would be the optimal strategy when the probability 
(Pt0|t) is high. 

From Figure 3.1, we also see that the optimal expected payo˙s for decision maker increases in 
the number of followers (f ), the unit beneft of spreading true information (a), and the probability 
that the information sought tells that the rumor is ‘false’ when the rumor is false (Pf 0|f ). The 
optimal expected payo˙s also decrease in the unit cost of spreading false information (c), and the 
cost of seeking confrmation (E). The optimal expected payo˙s would decrease frst when the 
probability that the information sought tells that the rumor is ‘true’ when the rumor is true (Pt0|t) 
and the credibility of a rumor (Pt) increases from low to medium, then would stay stable when 
the two probabilities (Pt0|t, Pt) are medium and then increase when the two probabilities are high. 
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Figure 3.1: One-Way Sensitivity Analyses of the Decision Maker’s Optimal Expected Payo˙s 
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3.3 Two-Way Sensitivity Analyses 

Next, we conduct two-way sensitivity analyses, by using the probability that the rumor is true 
(Pt) and the probability that the information sought tells that the rumor is ‘true’ when the rumor 
is true (Pt0|t). 

Figure 3.2 shows that when the credibility of a rumor (Pt) is small, users prefer to debunk 
(]2) as the optimal strategy. When the credibility of a rumor (Pt) is medium, users prefer to seek 
confrmation and debunk when information tells the rumor is ‘true’ and spread when information 
tells the rumor is ‘false’ (]4) as the probability that the information sought tells that the rumor is 
‘true’ when the rumor is true (Pt0|t) is small, to ignore the rumor (]5) as the probability that the 
information sought tells that the rumor is ‘true’ when the rumor is true (Pt0|t) is medium, and 
to seek confrmation and spread when information tells the rumor is ‘true’ and debunk when 
information tells the rumor is ‘false’ (]3) as the probability that the information sought tells that 
the rumor is ‘true’ when the rumor is true (Pt0|t) is large. When the credibility of a rumor (Pt) is 
large, users would spread the rumor (]1). 

From Figure 3.2, we also see that when the credibility of a rumor (Pt) is medium and the 
probability that the information sought tells that the rumor is ‘true’ when the rumor is true (Pt0|t) 
is medium, the optimal payo˙s is zero. When the credibility of a rumor (Pt) is medium, the 
optimal expected payo˙s for decision maker increase in the probability that the information 
sought tells that the rumor is ‘true’ when the rumor is true (Pt0|t). When the credibility of a rumor 
(Pt) increases or decreases from medium, the optimal expected payo˙s for decision maker would 
increase. 
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Figure 3.2: Two-Way Sensitivity Analyses of the Decision Maker’s Optimal Expected Payo˙s 
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Chapter 4 

Case Study 

4.1 Data Collection 

We consider a real rumor case during Hurricane Harvey. Hurricane Harvey was the frst major 
hurricane of the 2017 Atlantic hurricane season, resulting in a loss of $125 billion (Wikipedia, 
2018). During Hurricane Harvey and its aftermath, false rumors were widely spread on social 
media regarding “Immigration status would be checked at the shelter” which caused panic 
among undocumented immigrants in the Texas area. The frst false rumor was from the account 
@RaeNancy who claimed that “We have cops like this & @GovAbbott signed law forcing every 
LEO to check the immigration status of everyone. LEO’s get fned if they don’t”. City of Houston 
(@HoustonTX), and NBC News (@NBCNews) and other government accounts debunked the 
rumor and lots of users retweeted their tweets, shown in Table 4.1. 

We use the Twitter API to collect 1,503 original tweets related to the topic from August 25 to 
September 2, 2017. We manually label the tweets into four categories: Spreading, Questioning, 
Commenting and Debunking. Spreading refers to a tweet or retweet includes the original rumor 
content and does not deny or query. Questioning refers to a tweet or retweet queries the original 
rumor but does not deny. Commenting refers to a tweet or retweet uses the original rumor as a 
topic to express other thoughts. Debunking refers to a tweet or retweet clearly denies the content 
of the original rumor. 
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Table 4.1: The Top 5 News Accounts Retweets in Harvey Rumor 

Account Time Stamp Re- Text 
tweets 

HoustonTX 08/28/2017 71935 We would not ask for immigration status or papers 
23:22:25 from anyone at any shelter. This rumor is FALSE! 

NBCNews 08/29/2017 1152 NEW: City of Houston says "we would not ask 
00:05:04 for immigration status or papers from anyone at 

any shelter" in tweet over Tropical Storm Harvey 
pic.twitter.com/gbAzKLsltH 

CNN 08/29/2017 768 Oÿcials to undocumented immigrants: You 
13:06:05 will not be arrested if you seek shelter after Harvey 

http://cnn.it/2wGDlB4pic.twitter.com/IGDnQVvSMN 
FoxNews 08/28/2017 569 @CustomsBorder: "We do not want anybody to 

22:41:27 be afraid to go to a shelter b/c they’re afraid 
of being arrested by immigration authorities." 
pic.twitter.com/FxWNiyEVFZ 

washingtonpost 08/28/2017 561 Texas governor says undocumented immi-
17:52:10 grants wonít need to show ID to access shelters 

http://wapo.st/2wuARG2† 

4.2 Data Visualisation 

Figure 4.1 shows four types (Commenting, Spreading, Debunking, Questioning) of sample 
tweets. The keywords and hashtags we use are shown in the Appendix. Figure 4.2 shows the 
number of the four types of original tweets during Hurricane Harvey. On the days that Hurricane 
Harvey intensifed (Aug 25) and fnally landfall (Aug 29), there are two peaks in the number of 
tweets. The top 6 tweets that were retweeted the most between Aug 25 and Aug 29 are shown in 
the Table 4.2. 
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#Sabres

Taylor Hall
6,528 Tweets

#QueenSugar
4,461 Tweets

Chasen Shreve

#RHONY
4,469 Tweets

Gary Sanchez
1,552 Tweets

#ExecutiveOrder
Trump's executive order will not reunite
separated children with their families

Peter Fonda
394K Tweets

Christian J. @dtxErgaOmnes · 29 Aug 2017
Replying to @dtxErgaOmnes
SB4 goes into effect on Friday. Local police haven't issued a statement on that. 
It may be enjoined by a federal court, but that's it.
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Christian J. @dtxErgaOmnes · 27 Aug 2017
On Friday, #SB4 will require TX officers to detain and ask immigration status.

#SB4 will magnify the damage from #HurricaneHarvey.
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Figure 4.1: The Typical Tweets in Hurricane Harvey Immigration Rumor 

0
10

0
20

0
30

0
40

0
50

0

Day of Rumor Spreading

N
um

be
r 

of
 T

w
ee

ts

25−Aug 26−Aug 27−Aug 28−Aug 29−Aug 30−Aug 31−Aug 1−Sep 2−Sep

Debunking
Spreading
Questioning
Commenting

Figure 4.2: Number of Tweets in Relation to Date Type in Harvey Rumor 
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Table 4.2: The Top 5 Tweets that have been Retweeted between Aug 25 and Aug 29, 2017 

Account Time Stamp Retweets Types Verifed 
HoustonTX Tue Aug 29 15:08:58 EDT 2017 102886 Debunking True 
HoustonTX Mon Aug 28 23:22:25 EDT 2017 71935 Debunking True 
HoustonChron Mon Aug 28 01:24:12 EDT 2017 7286 Debunking True 
TheDemCoalition Fri Aug 25 19:32:47 EDT 2017 1161 Debunking True 
NBCNews Tue Aug 29 00:05:04 EDT 2017 1152 Debunking True 

From Figure 4.2, we observe that, in this rumor case, the most of tweets on Twitter are 
debunking tweets, which means that the most of users choose to debunk the false rumor. Based 
on the decision model, this reaction belongs to the strategies of debunking the rumor (]2), and 
seeking confrmation and spreading when information tells the rumor is ‘true’ and debunking 
when information tells the rumor is ‘false’ (]3). 

From Table 4.2, we observe that the most of retweets are from the government account 
@HoustonTX. In this case, which the rumored content is relevant to a special location, the 
credibility of the government account is high and users prefer to spread the information from 
government accounts. The top 5 popular tweets between Aug 25 and Aug 29 are all the type of 
debunking which means credibility of the confrmation (Pt0|t) is high for this case. Users believe 
the information posted by the oÿcial accounts over the rumor. 

We also analyzed the user spreading behavior based on the number of the followers. Figure 4.3 
shows that the more followers that an account has, the decision maker would more likely choose 
to debunk and less likely to spread. We observe the same phenomenon in one-way sensitivity 
analyses in Figure 3.1(a), where as the number of followers increases, decision maker is less 
likely to spread and more likely to seek confrmation. 
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Figure 4.3: Percentage of Tweet Types as Function of Number of Followers 
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Chapter 5 

Conclusion and Future Research 

Directions 

In this paper, we study a new decision model for social media users when faced with a rumor 
by considering seven strategies with seven independent factors. One-way sensitivity analyses 
show that users are more likely to spread the rumor when the number of followers, the cost of 
spreading false information, and the probability of falsehood are small, or when the probability of 
rumor authenticity, the beneft of spreading true information, and the cost of seeking confrmation 
are large. Two-way sensitivity analyses show that when the credibility of a rumor is medium, 
users prefer to choose conservation options to seek confrmation and ignore the rumor. When 
the credibility of a rumor is small or high, users prefer to spread the information directly. A real 
rumor case validates the model results that decision makers with more followers are likely to 
spread true information and to retweet tweets posted by oÿcial accounts since users believe the 
credibility of seeking confrmation is high. 

In future research, more rumor related data from social media could be collected to analyze 
other factors that infuence the decision maker’s decision when faced with a rumor, including the 
time period of rumor spreading and whether the rumor’s content is interesting to the decision 
maker. A more realistic model could be constructed to study the relationship between the number 
of followers a decision maker has and the beneft and cost of spreading the rumor in a networked 
population. Another research direction is to better estimate the value of model parameters, such 
as the credibility of information, as well as the direct and indirect costs and benefts of rumor 
spreading. 
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Appendix 

Keywords and hashtags used in tweets search during Hurricane Harvey are listed below: 

Table 5.1: Keywords and Hashtags used in Tweets Search during Hurricane Harvey 

Keywords and #Hashtags 
Immigration #HurricaneHarvey 
Immigration #Harvey 
Immigration status #Harvey 
Immigration status #HurricaneHarvey 
Ask immigration #Harvey 
Ask immigration #HurricaneHarvey 
Immigrants shelter #Harvey 
Immigrants shelter #HurricaneHarvey 
Immigrants shelter 
Immigration status 
Immigration checking 
Immigration shelter 
Immigration check points 
Immigration checkpoints 
Harvey immigration shelter 
Harvey shelter immigration 
Texas shelter immigration 
Immigrant status checking 
Immigration check 
Immigration check shelter 
Undocumented immigrants shelter 
Ask Immigration Status shelter 
Ask Immigration Status 
Harvey immigrants shelter 
Harvey immigration status 
Huston immigration status 
Immigration check 
Immigration checkpoints 
Immigration checkpoints shelter 
Immigration shelter 

17 



Bibliography 

FEMA (2018). Hurricane forence rumor control. https://www.fema.gov/ 

florence-rumors. Online; 10/19/2018. 

Guan, P., He, M., Zhuang, J., and Hora, S. C. (2017). Modeling a multitarget attacker–defender 
game with budget constraints. Decision Analysis, 14(2):87–107. 

Guan, P., Zhang, J., Payyappalli, V. M., and Zhuang, J. (2018). Modeling and validating public– 
private partnerships in disaster management. Decision Analysis, 15(2):55–71. 

Guan, P. and Zhuang, J. (2015). Modeling public–private partnerships in disaster management 
via centralized and decentralized models. Decision Analysis, 12(4):173–189. 

Jayson, H. (2006). The rumor bomb: a convergence theory of contemporary mediated american 
politics. Southern Review: Communication, Politics & Culture. 

Lefevre, C. and Picard, P. (1994). Distribution of the fnal extent of a rumour process. Journal of 
Applied Probability, 31(1):244–249. 

Maki, D. P. and Thompson, M. (1973). Mathematical models and applications: with emphasis 
on the social life, and management sciences. Technical report. 

Smith, W. and Dowell, J. (2000). A case study of co-ordinative decision-making in disaster 
management. Ergonomics, 43(8):1153–1166. 

Social Media Working Group (2018). Countering false information on social media in disasters 
and emergencies. Technical report, U.S Department of Homeland Security, Washington, DC. 

Vosoughi, S., Roy, D., and Aral, S. (2018). The spread of true and false news online. Science, 
359(6380):1146–1151. 

Wang, B. and Zhuang, J. (2017). Crisis information distribution on twitter: a content analysis of 
tweets during hurricane sandy. Natural Hazards, 89(1):161–181. 

18 

https://www.fema.gov/florence-rumors
https://www.fema.gov/florence-rumors


Wang, B. and Zhuang, J. (2018). Rumor response, debunking response, and decision makings of 
misinformed twitter users during disasters. Natural Hazards, 93(3):1145–1162. 

Wikipedia (2018). Hurricane harvey. https://en.wikipedia.org/wiki/ 

Hurricane_Harvey. Online; Accessed Jun 17. 

Zhang, Z., Demšar, U., Rantala, J., and Virrantaus, K. (2014). A fuzzy multiple-attribute decision-
making modelling for vulnerability analysis on the basis of population information for disaster 
management. International Journal of Geographical Information Science, 28(9):1922–1939. 

19 

https://en.wikipedia.org/wiki/Hurricane_Harvey
https://en.wikipedia.org/wiki/Hurricane_Harvey

	The Title of My Thesis
	Contents
	List of Figures
	List of Tables
	Abstract
	Acknowledgements
	Introduction
	The Model
	Solutions and Numerical Illustration
	Payoffs Solutions
	One-Way Sensitivity Analyses
	Two-Way Sensitivity Analyses

	Case Study
	Data Collection
	Data Visualisation

	Conclusion and Future Research Directions
	Appendix
	Bibliography

