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

Wu Lei had a shot in the 29th
minute of the first half.

A Zhang Linpeng’s own goal
. : ; * 9
Syria beat China 2-1 in 2022 °, gifted Syria a 2-1 win.
FIFA World Cup qualifier. [ ) T
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Horse-head statue of Old
Summer Palace comes home.
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Two pneumonic plague
cases reported in Beijing.
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Hong Kong has announced that all
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® LSnow Dragon 2 sailed through
60°S for the first time.

schools will be closed on Thursday.

Figure 2: A fake news post p and its news environment
containing recent news items in three days (2019/11/12
to 2019/11/14). Only the items in events that are re-
ported multiple times (differentiated by dot colors) are
displayed for brevity. We can see that p falls in a popular
event on a Syria-China World Cup qualifier compared
with other events and focuses on a novel aspect (unusual

celebration in Syria).
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5 - . . =vents. We use a pretrained language model M

Chongqlng Un'vers BERT (Devlin et al., 2019)) to obtain the
post/news representation. For p or each item in the
acro/micro environment e, the initial representa-
tion is the output of M for the [CLS] token:

p= M(p), e=M(e).
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where the gating vector g = sigmoid(Linear(o &
vP™4€)) sigmoid is to constrain the value of each
element in [0, 1], and o denotes the last-layer fea-
ture from a post-only detector.” o and v? are fur-
ther fed into an MLP and a softmax layer for final
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Figure 3: Architecture of the News Environment Perception Framework (NEP).
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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 1,976 656 661
#Fake 8992 4923 5,608 1,924 638 628
Total 17,779 10,054 11,233 3,900 1,294 1,289

#News ltems _§§§,2Q3 1.003.646

Mlgivgfhdax of 41/505/1,563 308/1,614/72,211
\EMlin3days @ — — 1 =

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. macF]1 Fl fake Flreal Acc. macF1 Flfake Fl real

Bi-LSTM 0.727 0713 0652 0775 0705 0704 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

Model

PostOnly  gErt 0.792 0.785 0.744 0825 0.709 0709 0.701  0.716

+NEP  0.810 0.805 0.772 0.837 0.718 0.718 0.720 0.715

BERT-Emo 0812 0807 0.776 0.838 0718 0.718 0.719  0.718

+NEP  0.831 0.829 0.808 0.850 0.728 0.728  0.728  0.728

DeClasE- 0764 0758 0720 0795 0714 0714 0709  0.718

y . WNEP) 0800 0797 0773 0822 0717 0716 0718 0.714
Zoom-In g

~———  MAC 0.755 0751 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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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  Flipke Fliea Acc. macFl Flake Fliean

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+MICROENY  0.694 0.666 0.569 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 0.843 0.726 0.726 0.726  0.725
w/o MICROENYV 0.824  0.820 0.795 0.845 0.723  0.723 0.715  0.731
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 0806 0.712 0.711 0.709  0.713

w/o MICROENV 0778 0773 0736 0.809 0.709 0709  0.719  0.698
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Figure 4: Effects of (a) the proportion factor r and (b)
the day difference 71'. Lines show the accuracies and
bars show the average numbers of news items in the
micro/macro environments.
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Figure 5: Categories of MACROENV- and MICROENV-
preferred samples.
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Three carries coronavirus among 206
Japanese back from Wuhan due to the
outbreaking pandemic. 206 ambulances are

Huawei's Harmony operation system will
officially release on June 24! Huawei's foldable
phone Mate X will be equipped with this system.

Please Repost! A lost admit card is
found! Bai Yaqgian. Exam room 013 at the first
middle school. Ticket No. 20411311. Do not
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(2019/5/26) : delay her Gaokao*! (2020/7/7) waiting at the Haneda airport! (2020/1/29)
""""""" 1 il oel ol | | SEmmssssmmsssssssesssms e Pl (N T S
Huawei is :Official release is novel ' | 'Gaokao is ! ' Admit card is moderately | -WUhan pandemic'| 'Japan’s ambulances is !
‘moderately! -among the events about; | 'the most | inovel among the events -|s overwhelmingly| !novel among the related'
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China . | |Gaokao (Rank1) |'* Remindertoexaminees: | |pandemic (Rank 1)| |» Japanwill treat infected
Nanyang, Henan I pandemic Bring your admit card and | | case individuals using public
water-hydrogen |+ Huawel elps UK openits | | case ID card... | \pneumonia expense...
USA first 5G service... | COVID-19 * A mother mistakenly I |Wuhan (Rank 4) * The fourth case found in
vehicle * Panasonicdenies 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 | | China donated by Japanese
Huawei (Rank 11) with Huawei... : is just the fraud... : people reached Chengdu...

*Gaokao: National College Entrance Examination in China.

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