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Abstract: In the age of the infodemic, it is crucial to have tools for effectively monitoring the spread of rampant 

rumors that can quickly go viral, as well as identifying vulnerable users who may be more susceptible to spreading 

such misinformation. This proactive approach allows for timely preventive measures to be taken, mitigating the 

negative impact of false information on society. We propose a novel approach to predict viral rumors and 

vulnerable users using a unified graph neural network model. We pre-train network-based user embeddings and 

leverage a cross-attention mechanism between users and posts, together with a community-enhanced 

vulnerability propagation (CVP) method to improve user and propagation graph representations. Furthermore, 

we employ two multi-task training strategies to mitigate negative transfer effects among tasks in different settings, 

enhancing the overall performance of our approach. We also construct two datasets with ground-truth annotations 

on information virality and user vulnerability in rumor and non-rumor events, which are automatically derived 

from existing rumor detection datasets. Extensive evaluation results of our joint learning model confirm its 

superiority over strong baselines in all three tasks: rumor detection, virality prediction, and user vulnerability 

scoring. For instance, compared to the best baselines based on the Weibo dataset, our model makes 3.8% and 

3.0% improvements on Accuracy and MacF1 for rumor detection, and reduces mean squared error (MSE) by 

23.9% and 16.5% for virality prediction and user vulnerability scoring, respectively. Our findings suggest that 

our approach effectively captures the correlation between rumor virality and user vulnerability, leveraging this 

information to improve prediction performance and provide a valuable tool for infodemic surveillance. 

 

Keywords: Infodemic surveillance, Neural multi-task learning, Rumor detection, User vulnerability, Virality 

prediction 

 

1. Introduction 

Online rumors refer to unverified information circulating on the Internet, especially on social media. 

Rumors with misinformation that distort facts can cause false beliefs and unnecessary panic in public. Those viral 

rumors, specifically, can result in incredibly harmful repercussions due to their extensive reachability, evidenced 

as various man-made tragedies sparked by the rumors about COVID-19 during the latest pandemic (Ali, 2020, 

Islam et al., 2021). 

Automatic rumor detection based on machine learning methods is an active research topic in recent years 

(Bian et al., 2020, Ma et al., 2016, Ma et al., 2017, Ma et al., 2018, Wang et al., 2020). However, the potential 

for online rumor surveillance is limited by the cost-effectiveness of monitoring all identified rumors and 

participants indiscriminately, while not all rumors and participants are equally important in surveillance. For 

example, a widely spreading rumor can have a greater range of impact and tends to be more convincing to users 

since high virality can serve as a mental shortcut to make a judgment by evoking 
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����� !� "#�$�%&�&�' (%)*�+,% -,)�.,+/0)1",2+,% 3456787954:4;<=>4?@7AB7C567<7D9@D55@7?4<=:4E;9D>B4>F<7ADE5D>B567GD<H@D5I4:<;J4<9KL4?7G7<CB7>7<H@95;AD794>567GD<H@D5I4:D>:4<JH5D4>AD::;9D4>H<7H8;>AH>5MN67>CO64;CO6H>BCPQ4>9H>B;7CRSRTUV7:H5475H@KCRSTWUXD75H@KCRSTYU3H>CXD;CXDCO6H>BCPO6H>BCRSRRUZ;CN;DC[H>BC\4>BCPZH>BCRST]UO6H>B75H@KCRSRTUO6H4Ĉ <A4BA;CL7C_H̀H<HJH>CPX79=4G7ECRST]aK̂ bD95D>BHFF<4HE679H<7E4JJ4>@I8H97A4>:7H5;<77>BD>77<D>B;9D>B4<DBD>H@F495C96H<7<CH>AE4JJ;>D5I95<;E5;<7MN67>B75H@KCRSTcUd7>A7<9CVH9>7EDCPeH;JH>>CRSTfU[7>BCg7>Eh7<CPi6>CRSTcaKQH97A4>57JF4<H@H>A95<;E5;<H@:7H5;<79CB7>7<H5DG7J4A7@9?7<7H@94A79DB>7AM\67>C[H>BC\4>BCPQH<H8j9DCRSTcUZ;75H@KCRST]aKk4<7bHJF@7C\67>75H@KMRSTcaJ4A7@7A567D>:4<JH5D4>AD::;9D4>H9H<7D>:4<E7Al4D994>F<4E799K36497B7>7<H5DG7HFF<4HE679JHA795<4>BH99;JF5D4>94G7<JHE<49E4FDEAD95<D8;5D4>9H>A954E6H95DEF<4E79979C?6DE6@DJD59567D<HFF@DEH5D4>D>F<HE5DE7Kk4<87557<:7H5;<7<7F<797>5H5D4>CA77F>7;<H@>75?4<=9?7<7;5D@Dh7A?D56F<4JD9D>B<79;@59:4<GD<H@D5IF<7ADE5D4>MV7:H5475H@KCRSTWUXD75H@KCRSTYU3H>75H@KCRSRRUO6H>B75H@KCRSRTaKL4?7G7<C56797B7>7<H@GD<H@D5IF<7ADE5D4>?4<=9A4>455H=7D>54HEE4;>5567D>57<HE5D4>875?77>G;@>7<H8D@D5I4:D>G4@G7A;97<9H>A?67567<567D>:4<JH5D4>F<4FHBH57AD9H<;J4<4<H>4>m<;J4<K3456787954:4;<=>4?@7AB7C567<7D9>47bD95D>B<797H<E69F7ED:DEH@@I95;AID>B567AD::7<7>E7875?77>567GD<H@D5I4:<;J4<9H>A56H54:>4>m<;J4<D>:4<JH5D4>Kn>567:H=7>7?9A4JHD>C94J7?4<=9:4;>A56H5:H=7>7?99F<7HA9:H957<H>A?DA7<56H>5<;7>7?9D>B7>7<H@Mo494;B6DC_4ICPi<H@CRSTWaKL4?7G7<C>4?4<=6H9877>H557JF57A54F<7ADE55677b57>54:<;J4<p9F<4FHBH5D4>AD<7E5@ICH>AD5<7JHD>9;>E@7H<64?9;E67b57>5AD::7<9875?77><;J4<H>A>4>m<;J4<Kq;<95;AIA479>45AD9E<DJD>H57@IF<7ADE5567GD<H@D5I4:<;J4<H>A>4>m<;J4<7D567<Kn>957HAC4;<F<7ADE5D4>4:GD<H@<;J4<9D9HE6D7G7AD>AD<7E5@I8IE<499m<7:7<7>ED>B5674;5F;594:567<;J4<A757E5D4>5H9=H>A567GD<H@D5IF<7ADE5D4>5H9=C?6DE6>454>@I96H<7E4JJ4>:7H5;<79H5567B<HF6@7G7@C8;5H@946HG7567;97<G;@>7<H8D@D5I5H9=H95678<DAB7Ki9H<79;@5C?7EH>87557<F<7ADE5567GD<H@D5I4:D>:4<JH5D4>D:567D>:4<JH5D4>5IF7MDK7KC<;J4<4<>4>m<;J4<aH>A567G;@>7<H8D@D5I5<HD594:FH<5DEDFH5D>B;97<9H<7=>4?>K36D9D9;97:;@:<4JH>D>:4<JH5D4>9;<G7D@@H>E7F4D>54:GD7?87EH;975674̀D>5F<7ADE5D4>H@@4?9;954=77F5<HE=4>56497?DA7@IED<E;@H57A<;J4<9H>AG;@>7<H8@7;97<9H59HJ75DJ7K&�r�st1)-u. 1)�v,.,+/� �./t,tb̂D95D>B?4<=96HG7877>:4E;97A4>95;AID>B;97<9p9;9E7F5D8D@D5I54GH<D4;9D>:4<JH5D4>94;<E79D>94EDH@J7ADHH>A94EDH@>75?4<=9Mi@8@HADP[7D<CRSRSUL4H>BPXDJCRSTwUX77PXDJCRST]U[H@ACV6496B4:5HH<CeHF4@D5H>4CP\;J>7<CRSTfaK367<76HG7877>:7?F<7GD4;9H>H@I9794>567G;@>7<H8D@D5I4:;97<954<;J4<9H>A:H=7>7?9MQ<D>B;@HCNH5HE;5H>mQH>BD5CxH<EDHCx4>hH@79CPoH@A7<HJHCRSRTUl7>>IE44=P_H>ACRSTyU_H56CxH4CP\<DGH95HGHCRSTyaK_H5675H@KMRSTyaF<4F497AHE4JJ;>D5I67H@56H99799J7>5J4A7@8H97A4>567E4>E7F54:87@D7GH8D@D5IA7<DG7A:<4JE4JF;5H5D4>H@5<;95J75<DE954EH@E;@H57567G;@>7<H8D@D5I4:>4A79H>AE4JJ;>D5D7954:H=7>7?99F<7HAKQ<D>B;@H75H@KMRSRTa:4;>A56H557E6>4@4BDEH@CD>57<>H@CH>A7b57<>H@:HE54<9JHIF49D5DG7@I4<>7BH5DG7@IH::7E5;>DG7<9D5I95;A7>59pG;@>7<H8D@D5I54F4@D5DEH@JD9D>:4<JH5D4>Kn>56D9FHF7<C?7;97H;>D:D7A>7;<H@J4A7@54@7H<>:7H5;<79<7F<797>5D>B;97<G;@>7<H8D@D5I54<;J4<9H>A:;<567<@D>=;97<G;@>7<H8D@D5I54567GD<H@D5I4:D>:4<JH5D4>C56H5EH>67@F<;J4<A757E5D4>H>A567795DJH5D4>4:7b57>54:<;J4<9pF457>5DH@<7HE654>75?4<=;97<9K&�z�$)�0� 1u)�. 1+{%)|t}$~~t�_7E7>5@ICx<HF6N4>G4@;5D4>H@e75?4<=9MxNe9a8H97A4>JH5<Db:HE54<DhH5D4>6HG7A7J4>95<H57A95H57m4:m567mH<5F7<:4<JH>E7D>GH<D4;9B<HF6m<7@H57A5H9=9ML7C�;CdHJ77@C[H>BCPN67>CRSRRU\;>75H@KCRSRRUo7@D�=4GD�75H@KCRSTWU[H>BC�D7C[H>BCX77CP[7DCRSRfU[H<J9@7IC[HHB7>C�;CXD;CP34>BCRSRRUO6HDCZH>BCPO6H>BCRSRfUO6H>BC[;CO6H>BCgHCPZ;CRSRfaK367975<H>9A;E5DG7xNe9?4<=?7@@4>:Db7AB<HF69C8;5H<7AD::DE;@554HFF@I54;>977>>4A7956H5A4>45HFF7H<H55<HD>D>B5DJ7M�7::7<<H<ACQ<7994>CPoH>A7<B67I>95CRSTwaK344G7<E4J756D9?7H=>799CLHJD@54>CZD>BCH>AX79=4G7EMRSTYaF<4F497AH>D>A;E5DG7x<HF6\ix̂ J4A7@?6DE6HBB<7BH579>4A7:7H5;<79:<4J>7DB684<9K�D::7<7>5=D>A94:6D7<H<E6DEH@F44@D>BF<4E79979EH>87HAA7A4>54F4:567xeeJ4A7@954EHF5;<7567A77F7<D>:4<JH5D4>:<4J6D7<H<E6DEH@B<HF695<;E5;<79C:4<95<7>B567>D>B567@7H<>7A>4A77J87AAD>BMO6H>B75H@KCRSRfaKk4<7bHJF@7CBl44@MxH4CN67>CPdDCRSTyaH>A\ixl44MX77CX77CPVH>BCRSTya97@7E554FmV>4A7954:4<JD>A;E7A9;8B<HF69C?6DE6JHI@497;97:;@B<HF695<;E5;<7H>A>4A7D>:4<JH5D4>K̂AB7l44@M�D76@CRSTya<7A;E797AB79D>567B<HF654485HD>F44@7A9;8B<HF698I:DbD>B567>;J87<4:>4A79D>567F44@7AB<HF6546H@:4:5674<DBD>H@K367H84G7J7564A9EH>@7H<>HF44@7A9JH@@7<B<HF68IHE5DG7@IA<4FFD>B94J7>4A7H>A7AB7D>:4<JH5D4>Kn>E4>5<H95C�D::l44@MZD>B75H@KCRSTWaJHF567>4A79D>54H9754:E4JJ;>D5D79GDH94:5H99DB>J7>59Kn>56D9FHF7<C?7;97x<HF6\ix̂ H>A�D::l44@548;D@A4;<J;@5Dm5H9=@7H<>D>B:<HJ7?4<=K�������������������3679F<7HA4:<;J4<9C7KBKC��QH594;FEH;97A[;6H>GD<;9ppC4>94EDH@J7ADHF@H5:4<J9EH>EH;979DB>D:DEH>56H<JK�D997JD>H5D>B9;E6:H@97D>:4<JH5D4>JHIH<4;97JD9F7<E7F5D4>C6H5<7ACH>A7G7>756>DEE4>:@DE5K[7HDJ54:HED@D5H57567J4>D54<D>BH>A7H<@I?H<>D>B4:567<HJFH>59F<7HA4:<;J4<98I;5D@DhD>BD>D5DH@F<4FHBH5D4>D>:4<JH5D4>K\F7ED:DEH@@IC?7:4E;94>H97<D794:F<7ADE5D4>48̀7E5DG79�MTaAD::7<7>5DH57<;J4<9H>A>4>m<;J4<9BDG7>H>7H<@IM56;9FH<5DH@a4897<GH5D4>4:D>:4<JH5D4>F<4FHBH5D4>4>94EDH@J7ADHF@H5:4<J9CMRaF<7ADE55679EH@74:F<4FHBH5D4>4:HE4>E7<>7AJ799HB7BDG7>5674897<GH5D4>4:F<4FHBH5D4>H5D>D5DH@95HB79CMfaDA7>5D:I56497G;@>7<H8@7;97<9?64HFF7H<D>5674897<G7AF<4FHBH5D4>H>AH<7J4<7@D=7@I54AD997JD>H579;E6<;J4<9CH>A



��������	��
����

	�����������������������������

�
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