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Problem

e Existing method usually rely on

(@)

(@)

\

el
=== knowledge

;H\ source

Post: ann&:ﬁnced a48-

hour ceasefire to'celebrate
the win over Chin&Men'’s
(National Football Team.] -

Post content

@yﬁ

cannot...

|::Achieve a thing that UN

This is too ridiculous! |

social context

(b) Zoom in
Observe the post p
with related social
contexts/knowledge
sources (Existing)

m Pros (® /
e Detect immediately
m Cons
e Single source (a) Post-
Related post-level signals only
(Existing)
m Pros
e Explainable
m Cons

e Social Context

o Need sufficient social context
e Knowledge

o Emergency is difficult to check



Solution

® Observe the external news environment where a fake news

post is created and disseminated

= knowledge

F source
\

Post: ann\unced a48-

hour ceasefire to\celebrate
the win over Chin&Men'’s

[(National Football Team.) 7

®

| cannot...

|jAch1eve a thing that UN

(b) Zoom in
Observe the post p
with related social
contexts/knowledge
sources (Existing)

(a) Post-

only
(Existing)

{This is too ridiculous! |
social context
9 o0
“S ed%  (c)ZoomoOut
@ _— Observe the news
o : : @  environment where
® 1 p spreads and their
e® & relationship (Ours)




Example

~ - e = 1
POST: Syria announced a 48-hour ~\Wu Lei had a shot in the 29th

ceasefire to celebrate the win over
China Men’s National Football Team

Syria beat China 2- 1 in 2022
FIFA World Cup qualifier.

minute of the first half.

1

A thang Linpeng’s own goal
gifted Syria a 2-1 win.
1
@ ' z
Two pneumonic plague

j— cases reported in Beijing.

‘4 'Q.
ﬁ@' e
®

Horse-head statue of Old @
Summer Palace comes home. e ® o Macro News Env.

®g¢®
| Y] -
Hong Kong has announced that all / é’(’)‘::’for "go’; 2 sailed through
schools will be closed on Thursday. or the first time.

]




Observation

e Popularity(Macro)

o

Popular event might spread widely

e Novelty(Micro)

(@]

Catch the audience's attention

POST: Syria announced a 48-hour
ceasefire to celebrate the win over
China Men’s National Football Team.

Syria beat China 2-1 in 2022
FIFA World Cup qualifier.

Horse-head statue of Old
Summer Palace comes home.
I

Hong Kong has announced that all

schools will be closed on Thursday.

A Zhang Linpeng’s own goal
gifted Syria a 2-1 win.
e 7 1
@ ‘ :
Two pneumonic plague

T cases reported in Beijing.

]
—Wu Lei had a shot in the 29th

minute of the first half.

i |

@
e® %o
®
Macro News Env.

ege 6
S \—Snow Dragon 2 sailed through
60°S for the first time.

J
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Q_

News Environment Perception(NEP)

e Goadl

o Empower fake news detectors with the effective perception of news
environments

( )

Popularity-Oriented MacroEnv perception

Fake News Dector
recent news data Fake/Real

Input:
Tang)et post - _J Output: ]
4 )

Novelty-Oriented MicroEnv perception

. J




Architecture

Q_

(a) Construction (b) Perception (c) Prediction
Macro Environment p >
Fetch | ® ® Gaussian Kernel ﬁ Fake News
etc
Recent o o © o o @ News Pooling Avg(f )—> é P ypmac - Detector N
News . . . ® VeCtOrS Sim“aﬁty {‘s(p, * )} v g'_ MACROENV'
e® © ® Calculation . » K(p,c") —» S perceived Extraction
® Llsimes Kernel Outputs Vector
2 —
) @ Emm' = = - = < 0
Popularity-Oriented ' ‘ Novelty-Oriented 2
o Retrieve MAcroOENv perception MicroENv perception g, ®
Top-k Similar . =5 P[- VP
Target News Items P >
Post {s(p, - )} g Real/Fake
Similarity P, = E s
Calculation e P K(p,£) § : £ Ly yomic Ca ier
i p WG € v |
imilarity e =4
5 Calculation RN Zm "[K(AVE(E ),E™) 5 Vector
mic C'Kernels
8 ‘mi' ./ : Vector
: . {s(AvgE™), * )}
Micro Environment Avg(e™) > () Component




(a)Constuction \'

(a) Construction

Fetch
Recent
News

Macro Environment

@
@ Emac

Target
Post

Micro Environment

Retrieve
Top-k Similar
News Items

v

)=

€
o Set of all collected news items published earlier than p
MarcoEnv

EM¥=letee &0<cty—t. < T}

MircoEnv

E™e = {e : e € Topk(p, E™*)}

k= [#|€m%]] and+ € (0,1)

T : days, hyperparameter

t,: publication date of p

t_: publication date of news item ¢
r : proportion, hyperparameter



(b)Perception

(a) Construction (b) Perception
Fet Gaussian Kernel
Recent News Pooling Avg(c) ——P g L™
News Vectors Sroila et {s(p, )} = | MACROENV-
1 CS:::;';:?:“ P K@, ) P13 | perceived
C'Kernels
Kernel Outputs Vector
Popularity-Oriented ' Novelty-Oriented
3 MAcroENv perception MicroENv perception
Similar
Target p >
Post ( N o
T (D - g
cS;]mﬂ:?Y > K(p,E""") B £ N = L.
\ culation o T2 § R v
Ve&"{,is S S | MICROENV-
Similarity ——a—— o perceived
Calculation > lm ’IK(A"E( )E™e) S Vector
’-._‘ CKernels
{s(Avg(€™), * )}
Avg(e™) >
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Popularity-Oriented MACROENYV Perception \'

e Cosine Similarity

o If many items in the MACROENV are similar to p, then p might be also popular

in such an environment.

5(p,€i) = e
yitPug s

Iplllle:ll
(a) Construction (b) Perception

p > 7
ol o 11’ ”‘_j,r“‘ e S— - i
— —\{s(p, " )} % | Macrol
Popularity-Oriented '
‘ MAcroENv perception
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Popularity-Oriented MACROENYV Perception K'

e Gaussian Kernel Pooling

o  Transform environment perceived vector into fixed-dimensional vectors

use C kernels {K; Scatter in [-1, 1] completely and evenly

c
:i% cover the range of cosine similarity
- <_ (s(p.€i) o ) )

! 5
307 5)
|gmac| .
Ki(p, &™) = ) Kj, 6)
=1
(a) Construction (b) Perception
L Gaussian Kernel il i L’
ent New Pooling Avg —P \' i

Kernel Outputs

Popularity-Oriented ’
Rikrin MAcroENv perception
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Different Kernels Example

K(Xy,X»)
K(X1,Xs)
1 K (Xl ) X2)
1072
5%107=
-10 -8 -6 -4 2 2 4 6 8 10 dya
-12 ut - e 12
10 -3 8 2 4 3 8 10 8 1 ) L_T J \ T ) dlz
d ﬁ—” N
2 Region of Dissimilarity Region of Region of Dissimilarity »gion of » ! o Region of
: \ . i i , Simi]arity similarity Region of Similarity Dissimilarity
Region of Dissimilarity Region of Similarity Region of Dissimilarity o= 1 0
o=0.01
o=1
(a) Construction (b) Perception
(> ] \ >
ch Gaussi}‘ Kernel P g
ent News v ~_Pooling Avee™) P VASK 4
o Manty VAP, * ) - MACROENV-
7 e ey s TN S H
CKernels Kernel Outputs Vector

Popularity-Oriented '
MacroENy perception

y | I Retrieve
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Popularity-Oriented MACROENYV Perception \'

e Gaussian Kernel Pooling

o  Transform environment perceived vector into fixed-dimensional vectors
use C kernels {K;}$
] s\P;€;) — 2
?c = exp <_( (p 2;2 lik) ) , (5) »
k K(p, £™*)=Norm (@ Kk(p,gmac)) , (D
k=1
|gmac| .
Kp(pe™y= > K}, (6)
=
(a) Construction (b) Perception
‘ l Gaussian Kernel X i = L
ent New 7 Pooling AVE —> V mi

Kernel Outputs

Popularity-Oriented '
MAcroENv perception
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Popularity-Oriented MACROENYV Perception

e MACROENV-perceived vector v?m=
o m(gmac)

m center vector of the MACROENV
m averaging all vectors

vP™mae — MLP(p&m(E™) s K (p, £7%)).

(a) Construction (b) Perception

MACROENV-
perceived
Vector

uonesas8s8y

Kernel Outputs

Popularity-Oriented ’
MAcroENv perception
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Novelty-Oriented MICROENYV Perception \'

e If the content of a post is novel, it is expected to be an outlier
in such an event

® use Egs. (5) to (7) again for K(-)

) m(gmic)/Avg(emic)
o center vector of MICROENV

p P

p| Similrity {s(p, - )}
Calculation M
CER

News

VP mic
Vectors

) Simil;
imilarity
Calculation

MICROENV-
perceived
Vector

uosedwo)

uoneda.ddy

{s(Avg(E"e), )}
Avg(e™)

v
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Novelty-Oriented MICROENYV Perception L

u*™ = MLP(p & m(£™°))

> i

ws Items
S ty |15 o P 3
. ) 4 ©
KCd!cuiann e = K(p, ) P s L
v et

ews é é
Vectors ¢ z MICROEE‘Y-
- - . 5 percei
> =K (Avg( ) ) - Vector

( Similarity
Calculation — !
{( Avg(s-mir), )}
Avs(slmr) »
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Novelty-Oriented MICROENYV Perception

u™ = MLP(g(K(p, £™), K (m(£™), £m)))

whereg(x,y) = (x0y) ® (x-y)

uosuedwo)
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Novelty-Oriented MICROENYV Perception L

Vp,mz'c — MLP(usem D usz’m)

T S | e
et l!‘ t | P i
t [ Y of . 31 R 9
1] Similarity S\P, J > é
Icu n o i —
_ \Cd Ccu ]UO, oy o g %
Vectors [ N = S | MICROENV-
Similarity v o perceived
1 Calculation id. (AVg(E )’8 ) = Vector -
M " —
{s(Avg(E™), * )}
Avs(smu) :




(c)Prediction

® Fusion Gate
o For a good compatibility with various fake news
detectors

vP — g ® ypmac i (1 . g) ® Vp,mz'c’

g = sigmoid (Linear (o g vP™))

o : the last-layer feature from a Fake News detector

y = softmax(MLP (o & vP?)).

LOSS : cross-entropy loss

E—

(c) Prediction
Fake News
Detecto
P ypmac ( ector N
perceived Extraction
Vector
d g [ =
. g‘ @
tion o i
S P’- P
Real/Fake
; Classifier
vp.nuc
MICROENV-
perceived
Vector

®/[ ] Vector
:} Component
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Dataset

Table 1: Statistics of the datasets.

Chinese English
Dataset

Train  Val Test Train Val Test

#Real 8,787 5,131 5,625 1,976 656 661
#Fake 8,992 4923 5,608 1,924 638 628
Total 17,779 10,054 11,233 3,900 1,294 1,289

#News Items 583.208 1.003.646
Min/Avg/Max of  , /50571563 308/ 1.614/2.211

News Outlet News Outlet
Chinese English
People’s Daily Huffington Post
Xinhua Agency NPR

Xinhua Net Daily Mail
CCTV News

The Paper

Toutiao News

|E™¢| in 3 days

® Chinese(2010-2021)

o Post
[ Merged the non-overlapping parts of 4 Weibo datasets
o News Env.

n Collected from the official accounts of six representative mainstream news outlets

® English(2014-2018)

o Post
[ Merged the non-overlapping parts of 3 English datasets
o News Env.

] use news headlines (plus short descriptions if any) from Huffington Post, NPR, and Daily Mail

30
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Performance
Chinese English
Model
Acc. macFl Flfake Flreal Acc. macFl Flgke Flreal
Bi-LSTM 0.727 0.713 0652 0775 0.705 0.704 0.689 0.719
+NEP 0.776  0.771 0.739 0.803 0.718 0.718 0.720 0.716
EANN~T 0.732 0.718 0.657 0.780 0.700 0.699 0.683 0.714
Post-Only +NEP 0.776  0.770 0.733 0.807 0.722 0.722 0.722 0.722
BERT 0.792 0.785 0.744 0.825 0.709 0.709 0.701 0.716
+NEP 0.810 0.805 0772 0.837 0.718 0.718 0.720 0.715
BERT-Emo 0.812  0.807 0.776  0.838 0.718 0.718 0.719 0.718
+NEP 0.831 0.829 0.808 0.850 0.728 0.728 0.728 0.728
DeClarE 0.764 0.758 0720 0.795 0.714 0.714 0.709  0.718
i +NEP 0.800 0.797 0773 0.822 0.717 0.716 0.718 0.714
MAC 075 1351 0.717 0.784 0.706 0.705 0.708  0.701
+NEP 0.764 0.760 0732 0.789 0.716 0.716 0.716 0.716
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EANN (Event Adversarial Neural Networks)

Identify whether a specific post is
fake news or not

Fake News Detector

Word Embedding Text Feature A
Reddit, Ry ¥ 4 \
has,
found,
a, .
much, Multimodal
clearer,
photo...

©
0J-SIA

Visuat<eature A ]

Event Discriminator

Multimodal Feature Extractor
Discover the event-specific information

Extract the informative features included in the feature representations to
from textual content recognize the event



BERT-Emo

CONTENT

("A massacre happened with a violent house
demolition, killing a family of seven! But the
disgusting local government is still blocking the
\ news. Waiting for a thorough investigation!

1

]

a) Publisher Emotion

(00000 Semor

killers will 1

he disgusting governn

Social Emotion

... emo pq

A
massacre (OO O .. O
;investigation :

33

Dual Emotion
Features

BERT

A,
N,
e

d) Fake News Detector /

Y

Concat > MLP
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DeCIGrE(Debunking Claims with Interpretable Evidence)

Claim Word Claim Sogrce
Embeddings Embedding

@00

.
Y |

£,

- | [ ™ N All

— n
) § |
w W W

" Yk

3\

Y

Y

Y

Y

y

N\

I\ A
o > > > » A

< N

;‘ > > > > » —».

J | ' | R~ Credibility
"N / > & B Score

Article Word » ) : ) , ftrmad/
Embeddings ' : o ’ Lineir

Y

Article Source Concatenat
Embedding Featu
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MAC(MuHihead Attentive Network for Fact-Checking)

Cross Entropy Loss Ly (y,7) = JQi MLP Output Layer
1
|c‘ e “"| [ Tuple Representation ] Multi-head Document

T Attention Layer

Concat ] :
- /z.hde " yh. H+D
= — ) 4TI
(l( e R“™

1 H+D5

d§*t € R?"

A il S~ rOC O 2 . -
[ Article Representation l Concat Attenti on I '——{ ticle F\epre entation ]

1
) c ~ext |( S | me2H +1 N
p1 € R™2 : — p, € R”2
—’{ Concat ] [ Extended Claim’s Representation ] [ Concat ]——
F h,heads f : :
- }/ Multi-head
Concat Attention heads Word

o : o s

[ Concat Attention ¢ ].;._——{ Claim’s Representation ) .|
| | . Avg. Pooling ) R2H Attention
D -kr . ) o

[Li‘HT} = T 1 I [ ] e o 2

T Emb “Publisher Emb | El
she &

olETelel — 1 w*  wit e wit wy wi - oo[alo] wiZz - we?  \olelelAl ] '§§

=

o

dq’s publisher dq’s text Claim’s text Claim’s Speaker d,’s text d,’s publisher



Performance

‘ 38
Chinese English

ACC. maCFl Fl fake F l real ACC. maCFl Fl fake F l real

Model

Bi-LSTM 0.727 0.713 0.652 0775 0.705 0.704 0.689 | 0.719
+NEP 0.776 0.771 0.739 0803 0.718 0.718 0.720 0.716
EANNT 0.732 0.718 0.657 0.780 0.700 0.699 0.683 0.714
+NEP 0.776 0.770 0.733 0.807 0.722 0.722 0.722 0.722

Post-Only  gppr 0792 0785 0744 0825 0709 0709 0701 |0.716
+NEP 0810 0805 0772 0837 0718 0718 0720 0715

BERTLEmo 0812 0807 0776 0838 0718 0718 0719 0.718

+NEP 0831 0829 0808 0850 0728 0728 0728 0728

DeClarE 0764 0758 0720 0795 0714 0714 0709 |0.718

wpoo 1. +NEP 0800 0797 0773 082 0717 0716 0718 0714

MAC 0.755 0.751  0.717 0.784 0.706 0.705 0.708 0.701
+NEP 0.764 0.760 0.732 0.789 0.716 0.716 0.716 0.716




Ablation Study(w/o Fake News Detector) \-

Chinese English
Model
Acc. macFl Flgre Flrea Acc. macFl Flgke Flrea
MACROENV 0.689  0.659 0.557 0.761 0.693 0.693 0.696 | 0.689
MICROENV 0.666 0.626 0.503 0.748 0.695 0.695 0.694 0.696

MACROENV+MICROENV  0.694 0.666 0.569 0.763 0.696 0.696 0.694  0.697

(a) Construction (b) Perception (c) Prediction

Macro Environment

Fetch l ]
Recent| o

uonedaisdy ]

—

Popularity-Oriented ’ ‘ Novelty-Oriented
MacroENv perception MicroEnv perception

—

uonesa.sdy

: %E

g < H

S57|F
T

1

Smic

Micro Environment




Ablation S'l'UCIY(w/o Env. Perception Modules)

Q_

Chinese English
Model

Acc. macFl Flagxe Flrear Acc. macFl  Fleke Flrea

BERT-Emo + NEP 0.831 0.829 0.808 0.850 0.728 0.728 0.728 0.728
w/o MACROENV 0.822 0.819 0.794 0.843 0.726 0.726 0.726  0.725
w/o MICROENV 0.824  0.820 0.795 0.845 0.723 0.723 0.715 0.731
DeClarE + NEP 0.797 0.800 0.773 0822 0.717 0.716 0.718 0.714
w/o MACROENV 0.776  0.771 0.735 0.806 0.712 0.711 0.709 0.713
w/o MICROENV 0715 I3 0.736 0.809 0.709 0.709 0.719 0.698

(a) Construction (b) Perception

(c) Prediction

(a) Construction

(b) Perception

(c) Prediction
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Categorization of macro- and micro-preferred samples

e Selected the top 1% of Chinese fake news samples

MicroEnv-preferred

® Society & Life
Sports

" Entertainment

® Politics

Figure 5: Categories of MACROENV- and MICROENV-
preferred samples.
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Case Study

phone Mate X will be equipped with this system. outbreaking pandemic. 206 ambulances are

I -
(a) Macro < Micro (b) Macro > Micro . (c) Macro = Micro
I
Huawei’s Harmony operation system will Please Repost! A lost admit card is [ Three carries coronavirus among 206
officially release on June 24! Huawei’s foldable found! Bai Yagian. Exam room 013 at the first : Japanese back from Wuhan due to the
I
[

middle school. Ticket No 20411311 Do not

delay her Gaokao*! | waiting at the Haneda airport! (2020/1/29)

I
1
!
1
I -
|
I
I
1 I L
1Huawei is ! \Official release is novel - 1 'Gaokao is: * Admit card is moderately i -Wuhan pandemic! '1 apan’s ambulances is |
'moderately ; :among the events about' 1 'the most | inovel among the events | | -;s overwhelmmglv 'novel among the related'
‘popular. | ‘Huawei. v 1 | ipopular. | labout Gaokao. o 'popular .events
____________ 1 __________________-_____u | | R R Sl ARG e el e S I R TR T T
l Macroby | ¥ Macrobny
Keywords: Rel. Events about Huawei: : Keywords: Rel. Events about Gaokao: : 'Keywords: Rel. Events about Pandemic:
China * Huawei registers the | |Gaokao (Rank1) ||* Remindertoexaminees: i |pandemic (Rank 1)| |* Japanwill treat infected
Nanyang, Henan trademark Harmony... ! 'pandemic Bring your admitcard and | ! |case individuals using public
water-hydrogen ||* Huaweihelps UK open its : case ID card... : pneumonia expense...
USA first 5G service... 1 COVID-19 * A mother mistakenly I ;Wuhan (Rank 4) * The fourth case found in
vehicle * Panasonic denies severing : Beijing discards three children’s : ‘mask Japan...
engine ties with Huawei... ; USA admit cards... ; | Hubei * 1M masks for pandemic
* Serbia keeps cooperation | 1 Hong Kong * Gaokao question leakage | 1 |China donated by Japanese
Huawei (Rank 11) with Huawei... : is just the fraud... : people reached Chengdu...
*Gaokao: National College Entrance Examination in China.
intuitively show how NEP handles different scenarios




Case Weakly Related to News Env.

This painting was created by Yamamoto,
a Japanese professor of neurology . If it doesn’t
move, you are healthy and sleep well; if it moves
slowly, you are a little stressed and tired; if it
moves quickly, you feel stressed out and may
have mental illness! [Image] (2019/3/9)

iNo keywords : e g e kit '
'mat ch»; g with Eglr% l%%}g;;:lmllaf items :
'the post. . O T LT S !
| MACROENY S
Keywords: Top similar events:
China * LiKegiang: The Chinese
New Zealand government does not ask
male companies for surveillance.
Li Keqgiang * A manperforming
development calligraphy with this head
children in Chongqing...
Chengdu * A maninGuangdong beats
school nurse to concussion for
waiting too long...
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Conclusion

e It designed popularity- and novelty-oriented perception
modules to assist fake news detectors

® Pros

o Timeliness

m  Only requires the post and mainstream news published a few days before.
o Compatibility

m Can beintegrated with existing methods

o Data Accessibility
m The data to construct news environments is easy to access

e Cons

o  Works ineffective if involved with a long-lasting discussed topic(e.g.mental
health)

Q_
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