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Figure 1: Existing methods for fake news detection rely
on (a) the post content itself and (b) related post-level
signals like social context and knowledge. Unlike (a)
and (b), our method captures (c¢) signals from news en-
vironments.
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H{Wu Lei had a shot in the 29th

minute of the first half.

A Zhang Linpeng’s own goal
gifted Syria a 2-1 win.
®
o .
Two pneumonic plague

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.

- j_ cases reported in Beijing.

Horse-head statue of Old ®
Summer Palace comes home. o®
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Hong Kong has announced that all / Snow Dragon 2 sailed through

schools will be closed on Thursday. 60°S for the ‘ﬁ"St time.
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(a) Construction

£ =lerecE,0<t,—6L T} @)

Macro Environment

pocers °. o ¢ : . @ where ¢, and ¢, respectively denote the publi-
e o e |l cation date of p and the news item e.
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Specifically, we employ a Gaussian Kernel Pooling
proposed in (Xiong et al., 2017) across the range
of cosine similarity to get soft counting values. As-
suming that we use C kernels {K;}$ ,, the output

of k-th kernel is: .
B.1 Kernel Settings

We use C' = 22 kernels for softly counting the

! = exp (— (s(p, e;) 2_ H k)z) , 5) cosine similarities. Following (Xiong et al., 2017),

Tk we first determine 21 kernels whose ps scatter in

gmac| [—1, 1] with an interval of 0.1 and o%s are all 0.05.

Ky (p, £M€) = Z K (6) Then we add a kernel with a p of 0.99 and a o

of 0.01, specially for extremely similar situations.

where p1;. and oy, 1s the mean and width of the k- The final kernel list is [(-1.0, 0.1), (-0.9, 0.1), - -,
th kernel. In Eq. (5), if the similarity between p (1.0,0.1), (0.99, 0.01)]

and e is close to pu, the exponential term will be
close to 1; otherwise to 0. We then sum the expo-
nential terms with Eq. (6). This explains why a
kernel is like a soft counting bin of similarities. We
here scatter the means {13 }$_, of the C kernels in
[—1, 1] to completely and evenly cover the range
of cosine similarity. The widths are controlled by
{or}{_,. Appendix B.1 provides the details. A
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u™" = MLP(p © m(£™)), (9) y)@® (x —y) and ® is the Hadamard product op-
erator. u®" and u®™'" respectively aggregate the

u™" =MLP(g(K(p, £™),K(m(E™), £™))) semantic and similarity information. The MLPs
_ _ (10) are individually parameterized. We omit their index
vP T = MLP(u®*™ @ u®™), (11) numbers in the above equations for brevity.
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article joint representation if the fake news detector
is knowledge-based. During training, we minimize
the cross-entropy loss.
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Table 1: Statistics of the datasets.

Chinese English
Train  Val Test Train Val Test

#Real 8,787 5,131 5,625 1976 656 661
#Fake 8992 4923 5,608 1,924 638 628
Total 17,779 10,054 11,233 3,900 1,294 1,289

#News [tems 583,208 1,003,646

Min/Avg/Max ot . 50571563  308/1.614/2.211
|E™¢| in 3 days

Dataset
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Table 2: Performance comparison of base models with and without the NEP. The better result in each group using
the same base model are in boldface.

Chinese English
Acc. macFl Flgre Fliea Acc. macFl Flgke Fliear

Bi-LSTM 0.727 0713 0.652 0.775 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
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

Model

Post-Only  pppr 0.792 0785 0.744 0825 0709 0.709 0.701  0.716
+NEP  0.810 0.805 0.772 0.837 0718 0.718 0.720 0.715

BERT-Emo 0.812 0.807 0.776 0838 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 0795 0714 0714 0709 0.718

s e +NEP  0.800 0.797 0.773 0.822 0717 0716 0718 0.714

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
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Figure 4: Effects of (a) the proportion factor r and (b)

the day difference 7". Lines show the accuracies and .
bars show the average numbers of news items in the FlgureJ: Categories of MACROENV- and MICROENV-

micro/macro environments. preferred samples.
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Table 3: Performance comparison of the NEP and its variants without the fake news detector or without the
environment perception module. The best result in each group is in boldface.

Chinese English
Model

Acc. macFl Flgre Fliea Acc. macFl Flgye Fliea

MACROENV 0.689  0.659 0.557 0.761 0.693 0.693 0.696 0.689
MICROENYV 0.666 0.626 0.503 0.748 0.695 0.695 0.694  0.696
MACROENV+MICROENV  0.694  0.666 0569 0.763 0.696 0.696 0.694  0.697
BERT-Emo + NEP 0.831 0.829 0.808 0.850 0.728 0.728 0.728 0.728
w/o MACROENYV 0.822 0.819 0.794 0843 0.726 0.726 0.726  0.725
w/o MICROENV 0.824  0.820 0795 0.845 0.723 0.723 0715 0731
DeClarE + NEP 0.797 0.800 0.773 0.822 0.717 0.716 0.718 0.714
w/o MACROENYV 0.776  0.771 0.735 0.806 0.712 0.711 0.709  0.713

w/o MICROENV 0.778 0.773  0.736  0.809 0.709 0.709 0.719 0.698
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Huawei’s Harmony operation system will
officially release on June 24! Huawei’s foldable
phone Mate X will be equipped with this system.

Three carries coronavirus among 206
Japanese back from Wuhan due to the
outbreaking pandemic. 206 ambulances are

found! Bai Yagian. Exam room 013 at the first

middle school. Ticket No. 20411311. Do not

I
I
I
Please Repost! A lost admit card is I
I
I
I
I

I
I
I
I
I
I
(2019/5/26) : delay her Gaokao*! (2020/7/7) 7 waiting atthe Haneda airport! (2020/1/29)
............ , —mmttteYYy ) e A I vrerer——
‘Huawei is ! \Official releaseis novel ' | 'Gaokaois ! \Admit card is moderately | 1 |iWuhan pandemic! ‘Japan’s ambulances is !
:moderately | :among the events about; | 'the most | inovel among the events ¢ | 'IS overwhelmlngiy 'novel among the related ;
-popular : -Huawel y 1 | \popular. | 'about Gaokao. v lpopular || ‘events. :
____________ B | e R N e, Eessssssssseseeeesesne s B o s ettt | L S e ek i At el e Vet S 00 et e = W B |
MACROENV l MACROENY N MACROENV
Keywords Rel. Events about Huawei: : Keywords: Rel. Events about Gaokao: : Keywords: ReI.Events about Pandemic:
China * Huawei registers the | Gaokao (Rank1) |* Remindertoexaminees: i |pandemic (Rank 1) |* Japanwill treat infected
Nanyang, Henan trademark Harmony... I pandemic Bring your admitcard and | ! case individuals using public
water-hydrogen ||+ Huawei helps UK open its : case ID card... : pneumonia expense...
USA first 5G service... | COVID-19 * A mother mistakenly | \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 Coll'ege Entrance Examination in China.

Figure 6: Three fake news cases with different preferences on environmental information. Underlined regular
words hit the keywords in the MACROENV and underlined italic words are related to the MICROENV. Keywords
are extracted using TextRank (Mihalcea and Tarau, 2004).




%@\ Chongging University ATAl
of Technology @m Advanced Technique of

Artificial Intelligence

0.5 macroF1(BERT-Emo)

e

~»— macroF1(BERT-Emo+NEP)
—&— spAUC(BERT-Emo)
——

0.4 spAUC(BERT-Emo+NEP)

10 20 30 40 50 60 70 80 90 100
Real/Fake Ratio
Figure 7: Macro Fls and spAUCs on the online data in
different real/fake ratios. We sampled 100 times from
the 100:1 set for each fo the first nine ratios. Shadows
show the standard deviations. The percentages denote

relative improvements using the NEP.
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