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B
ackground

●
Fake new

s is prevalent in social m
edia

●
Fact-checking system

s exist:

-
Focus only on fact-checking

-
N

eglect online users w
ho spread m

isinform
ation 

●
Since 2014, num

ber of fact-checking system
s has increased by 400%

 in 60 countries 1

●
Fake new

s is still prevalent

●
C

ause citizens’ m
isperception about political candidates, threatened public health, etc., w

hich is very 

concerning

1M
ark Stencel. 2019. N

um
ber of fact-checking outlets surges to 188 in m

ore than 60 countries. https://bit.ly/36y3S3l
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E
xam

ple

O
riginal Tw

eet containing 
m

isinform
ation

Exam
ple of how

 a 
searched (relevant) 
FC

-article is presented

B
y Incorporating Fact C

hecking (FC
)-article w

ith social m
edia posts:

1.
U

sers can be w
arned about fake new

s
2.

Increased volum
e of verified content
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C
ontributions

●
Searching Fact-C

hecking (FC
) articles to increase user aw

areness of fact-checked 
inform

ation
●

N
ovel N

eural R
anking m

odel that uses both textual and visual inform
ation (integrated 

attention m
echanism

)
●

Perform
 experim

ents on tw
o datasets, and dem

onstrate effectiveness and generality 
over existing docum

ent ranking m
ethods
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C
hallenges

W
hat inform

ation in original tw
eets should be used to find correct FC

-articles?

-
U

sing only text from
 original tw

eets is suboptim
al

-
A

uthors propose to use inform
ation from

 both text and im
ages

H
ow

 can a fram
ew

ork be designed that retrieves and ranks FC
-articles?

-
Step 1: B

asic retrieval (B
M

25) to find initial lists of candidate FC
-articles (using inform

ation from
 

original tw
eet: a) text (BM

25-T), b) im
age (BM

25-I), c) text in im
age (BM

25-TI))
-

Step 2: R
e-rank the lists obtained in Step 1 (attention m

echanism
 - to integrate textual and visual 

inform
ation)
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Fram
ew

ork: Inputs

O
riginal Tw

eet q : (q
text , q

im
ages ) 

q
text  - sequence of N

 w
ords {w

1 , w
2 , …

…
., w

N }

q
im

ages  - list of X
 im

ages {v
1 , v

2 , …
…

., v
X }

FC
-article d : (d

text , d
im

ages )

d
text  - sequence of M

 w
ords {w

1 , w
2 , …

…
., w

M }

d
im

ages  - list of Y
 im

ages {v
1 , v

2 , …
…

., v
Y }

A
im

 is to derive a m
apping f(q, d) [ranking function - used to rank FC

-articles]
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Textual M
atching Layer

U
nifying Textual and V

isual 
M

atching

Projection Layers
V

isual M
atching Layer
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Fram
ew

ork: M
ultim

odal A
ttention N

etw
ork - M

A
N

Projection Layers

Textual M
atching 

Layer

V
isual M

atching 
Layer

Textual Features

V
isual Features

U
nifying Textual and 

V
isual Inform

ation
f(q, d)
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Fram
ew

ork: M
ultim

odal A
ttention N

etw
ork - M

A
N

Projection Layers

Textual M
atching 

Layer

V
isual M

atching 
Layer

Textual Features

V
isual Features

U
nifying Textual and 

V
isual Inform

ation
f(q, d)
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Projection Layers
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P
rojection Layers

1.
Projection Layer for G

loVe Em
beddings

2.
Projection Layer for C

ontextual W
ord Em

beddings

W
ord w

(w
i q or w

i d)
Vector t 

(300-dim
)

Projection g 
(P-dim

)
(g

i q or g
i d)

G
loVe

Linear 
Layer 

+ 
N

on-Linearity

W
ord w

(w
i q or w

i d)
Vector l 

(1024-dim
)

Projection h 
(P-dim

)
(h

i q or h
i d)

ELM
o

Linear 
Layer 

+ 
N

on-Linearity

P = 256

P = 256
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Fram
ew

ork: M
ultim

odal A
ttention N

etw
ork - M

A
N

Projection Layers

Textual M
atching 

Layer

V
isual M

atching 
Layer

Textual Features

V
isual Features

U
nifying Textual and 

V
isual Inform

ation
f(q, d)

☑
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Textual M
atching Layer
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Textual M
atching Layer

1.
G

loVe Em
bedding Interactions

2.
ELM

o Em
bedding Interactions

3.
A

ttended Interaction M
atrix

15



G
loVe E

m
bedding Interactions

A
n article is relevant to the original tw

eet if they have overlapping or sim
ilar w

ords

R
ecall that  g is the output of the Projection 

Layer for G
loVe Em

bedding
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E
LM

o E
m

bedding Interactions

C
ontextual Em

beddings able to capture high sim
ilarity betw

een a typo and a norm
al w

ord

R
ecall that  h is the output of the Projection 

Layer for ELM
o Em

bedding
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A
ttended Interaction M

atrix

A
ttention m

echanism
 to avoid over-reliance of raw

 sim
ilarities from

 projected G
loVe 

Em
beddings
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A
ttended Interaction M

atrix
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Intuition (O
pen to D

iscussion)

S - Sim
ilarity betw

een G
loVe em

beddings

G
 - Sim

ilarity betw
een ELM

o em
beddings

A
 - Extent to w

hich G
 attends to S  

W
1 - w

ord in query (tw
eet), W

2 - w
ord in docum

ent (FC
-article)

a)
If W

1, W
2 are different, and occur in sam

e context

S=0, G
=1, A

=0

b)
If W

1, W
2 are sam

e, but occur in differ contexts(different w
ord sense)

S=1, G
=0, A

=0

c)
If W

1, W
2 are sam

e, occur in sam
e context

S=1, G
=1, A

=1

hillar, hillary  
case (a)

clinton, clinton  
case (c)
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Textual Feature E
xtraction

M
atrix S  - G

love Em
bedding Interaction

M
atrix A

 - A
ttended Interaction M

atrix

M
atrix C

 - ELM
o Em

bedding Interaction

M
atrix (S - C

) - To m
ake the m

odel aw
are of difference betw

een interaction m
atrices

Stack all the 4 m
atrices, each of dim

ension (N
,M

) to get a 3-D
 tensor Z of dim

ension 
(N

,M
,4)
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Textual Feature E
xtraction

o = [o_11; o_12; …
.o_1F;........;o_i1;....o_iF;.......;o_n1;.....;o_nF] —

 D
im

ension of o?

Tensor Z 
(N

,M
,4)

P
_1 

(N
,M

,F)

P
_i

(N
,M

,F)

P
_n 

(N
,M

,F)

...

C
onvolution 

using F 
1 x 1 x 4 filters

C
onvolution 

using F 
n x n x 4 filters

..

o_i1
(1,k)

o_i2
(1,k)

o_iF
(1,k)

k-m
ax pooling

k-m
ax pooling

k-m
ax pooling

...

F = 16
k = 32
n = 2

22



Fram
ew

ork: M
ultim

odal A
ttention N

etw
ork - M

A
N

Projection Layers

Textual M
atching 

Layer

V
isual M

atching 
Layer

Textual Features

V
isual Features

U
nifying Textual and 

V
isual Inform

ation
f(q, d)

☑☑
☑
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V
isual M

atching Layer
24



Visual M
atching Layer

D
ocum

ent (FC
-article) is relevant to a query (tw

eet) if they have sim
ilar im

ages

Im
age x

(x
i q or x

i d)
Vector v 

(2048-dim
)

Projection m
 

(300-dim
)

(m
i q or m

i d)

R
esN

et50
Linear 
Layer 

If article has no im
ages, 

s = -1
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Fram
ew

ork: M
ultim

odal A
ttention N

etw
ork - M

A
N

Projection Layers

Textual M
atching 

Layer

V
isual M

atching 
Layer

Textual Features

V
isual Features

U
nifying Textual and 

V
isual Inform

ation
f(q, d)

☑☑
☑

☑
☑
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U
nifying Textual and Visual Inform

ation

Textual Features: o = [o_11; o_12; …
.o_1F;........;o_i1;....o_iF;.......;o_n1;.....;o_nF]

Visual Features: s = m
ax(V

)

Input features: [o ; s] - concatenate o and s (D
im

ension: nfk + 1)

M
inim

ize H
inge Loss

 _______
Input 

Feature
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Fram
ew

ork: M
ultim

odal A
ttention N

etw
ork - M

A
N

Projection Layers

Textual M
atching 

Layer

V
isual M

atching 
Layer

Textual Features

V
isual Features

U
nifying Textual and 

V
isual Inform

ation
f(q, d)

☑☑
☑

☑
☑

☑
☑
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D
ata C

ollection

●
C

hecking FC
-articles is laborious

●
Pairs of (O

riginal Tweet , FC-articles - em
bedded in replies to original tw

eet) 1

●
FC

-articles from
 2 m

ajor sites: snopes.com
2, politifact.com

3

●
From

 the original tw
eet replies, pairs of tw

eet q and FC
-article d are generated - (q, d)

O
nly tweets with both text and im

ages are kept

19341 pairs of (Tw
eet , FC

-article)

M
anual fact-checking done (label 1 or 0 depending on w

hether d fact-checks q - M
ajority voting by 3 

labelers)  
1N

guyen Vo and K
yum

in Lee. 2019. Learning from
 fact-checkers: A

nalysis and generation of fact-checking language. In P
roceedings of the 

42nd International A
C

M
 S

IG
IR

 C
onference on R

esearch and D
evelopm

ent in Inform
ation R

etrieval, pages 335–344.
2https://w

w
w

.snopes.com
/

3https://w
w

w
.politifact.com

/
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D
ata C

ollection

M
oderate agreem

ent betw
een 3 labelers

Reason: FC
-article and tw

eet are topically sim
ilar but article does not fact-check the tw

eet

M
any tw

eets related to D
onald Trum

p and H
illary C

linton - collected during 2016 U
S Presidential Election

19341 pairs of (Tw
eet , FC

-article) - reduced to 13239 positive pairs

Lot of False N
egatives - Because som

e FC
-articles m

ay not have been included in the reply to the tw
eet.
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D
ata C

ollection

●
102 O

verlapping tw
eets

●
False N

egatives still exist, but the num
ber is sm

aller than that of the full dataset

13239 (q,d) 
pairs

11202 pairs

2037 pairs

S
nopes D

ataset

P
olitifact D

ataset
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E
valuation M

etric

1.
N

orm
alized D

iscounted C
um

ulative G
ain (N

D
C

G
@

K
)

2.
H

IT@
K

33



N
orm

alized D
iscounted C

um
ulative G

ain (N
D

C
G

)

C
onsider 3 R

anking system
s: a) System

 A
, b) System

 B
, c) Ideal System

W
e have a query q, and 3 docum

ents d1, d2, d3

Possible relevance scores: {0 - irrelevant, 1 - m
oderately relevant, 2 - very relevant}

For query q, relevance scores for the 3 docum
ents are :

relevance(q, d1) = 0

relevance(q, d2) = 1

relevance(q, d3) = 2

For an Ideal ranking 
system

, w
hat is the correct 

order of ranking of 
docum

ents, given query q?
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N
orm

alized D
iscounted C

um
ulative G

ain (N
D

C
G

)

C
onsider 3 R

anking system
s: a) System

 A
, b) System

 B
, c) Ideal System

W
e have a query q, and 3 docum

ents d1, d2, d3

Possible relevance scores: {0 - irrelevant, 1 - m
oderately relevant, 2 - very relevant}

For query q, relevance scores for the 3 docum
ents are :

relevance(q, d1) = 0

relevance(q, d2) = 1

relevance(q, d3) = 2

For an Ideal ranking 
system

, w
hat is the correct 

order of ranking of 
docum

ents, given query q?

d3  d2  d1
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N
orm

alized D
iscounted C

um
ulative G

ain (N
D

C
G

)

R
ank

System
 A

System
 B

Ideal 
System

1
d2 (1)

d1 (0)
d3 (2)

2
d3 (2)

d2 (1)
d2 (1)

3
d1 (0)

d3 (2)
d1 (0)
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N
orm

alized D
iscounted C

um
ulative G

ain (N
D

C
G

)

R
ank

System
 A

System
 B

Ideal 
System

1
d2 (1)

d1 (0)
d3 (2)

2
d3 (2)

d2 (1)
d2 (1)

3
d1 (0)

d3 (2)
d1 (0)

C
um

ulative G
ain:

S
ystem

 A = 1 + 2 + 0 = 3

S
ystem

 B
 = 0 + 1 + 2 = 3

Ideal S
ystem

 = 2 + 1 + 0 = 3
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N
orm

alized D
iscounted C

um
ulative G

ain (N
D

C
G

)

R
ank

System
 A

System
 B

Ideal 
System

1
d2 (1)

d1 (0)
d3 (2)

2
d3 (2)

d2 (1)
d2 (1)

3
d1 (0)

d3 (2)
d1 (0)

C
um

ulative G
ain:

S
ystem

 A = 1 + 2 + 0 = 3

S
ystem

 B
 = 0 + 1 + 2 = 3

Ideal S
ystem

 = 2 + 1 + 0 = 3

D
iscounted C

um
ulative G

ain:
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N
orm

alized D
iscounted C

um
ulative G

ain (N
D

C
G

)

R
ank

System
 A

System
 B

Ideal 
System

1
d2 (1)

d1 (0)
d3 (2)

2
d3 (2)

d2 (1)
d2 (1)

3
d1 (0)

d3 (2)
d1 (0)

C
um

ulative G
ain:

S
ystem

 A = 1 + 2 + 0 = 3

S
ystem

 B
 = 0 + 1 + 2 = 3

Ideal S
ystem

 = 2 + 1 + 0 = 3

D
iscounted C

um
ulative G

ain:

N
orm

alized D
C

G
 - N

D
C

G
:

System
 A

: (2.9/3.63) = 0.80
System

 B
: (2.13/3.63) = 0.59
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N
orm

alized D
iscounted C

um
ulative G

ain (N
D

C
G

)

R
ank

System
 A

System
 B

Ideal 
System

1
d2 (1)

d1 (0)
d3 (2)

2
d3 (2)

d2 (1)
d2 (1)

3
d1 (0)

d3 (2)
d1 (0)

C
um

ulative G
ain:

S
ystem

 A = 1 + 2 + 0 = 3

S
ystem

 B
 = 0 + 1 + 2 = 3

Ideal S
ystem

 = 2 + 1 + 0 = 3

D
iscounted C

um
ulative G

ain:

N
orm

alized D
C

G
 - N

D
C

G
:

System
 A

: (2.9/3.63) = 0.80
System

 B
: (2.13/3.63) = 0.59

N
D

C
G

@
3
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H
IT@

K

C
onsider a tw

eet (query) q

There are 10 docum
ents d1, d2,......., d10

Let the true (m
ost relevant) FC

-articles associated w
ith it be : d1, d4, d9, d10

H
IT@

K
 = Fraction of true articles in the top K

 ranking predictions

System
 C

 ranking:   d6, d1, d3, d5, d9, d4, d8, d10, d7, d2

H
IT@

7 = 
¾

  = 0.75
H

IT@
3 = 

¼
 = 0.25

H
IT@

1 = 
0/4  = 0.00
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B
M

25 (B
est M

atch 25)

B
M

25 is a ranking function that ranks docum
ents that are relevant to a given query in 

the decreasing order of relevance (m
ost relevant to least relevant)

B
M

25-T: queries are tw
eets’ text

B
M

25-I: queries are text in tw
eets’ im

ages

B
M

25-TI: queries are tw
eets’ text + text in tw

eets’ im
ages
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B
M

25
In Fig (a),

H
IT@

K
 (K

=50) for 
B

M
25-T : 50%

B
M

25-I : 70%

Suggests lot of fake new
s 

appears in im
ages. Im

ages are 
m

ore attractive to online users, 
and easier to convey fake 
new

s. M
oreover, tw

eets’ texts 
are less than 280 characters

B
M

25-I saturates quickly as K
 

increases. O
nly som

e queries 
have text in im

ages

Best perform
ance for 

BM
25-TI, and hence used.
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S
plit D

ataset

W
hat is a good value for K

?  [K
 - num

ber of initial candidates - output of BM
25-TI]

If K
 is too sm

all, there m
ay not be relevant articles associated w

ith the candidates

If K
 is too large, reranking system

 takes a lot of tim
e to run

So, K
 = 50 
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Testing S
cenario

SC
1 - text and im

ages from
 both tw

eets and FC
-articles 

SC
2 - text and im

ages from
 both tw

eets and FC
 articles + text from

 im
ages

B
A

S
E

LIN
E

S

M
ultim

odal 
R

etrieval
S

em
antic 

M
atching

R
elevance 

M
atching

D
V

S
H

-B
TransS

earch
E

S
IM

N
S

M
N

D
U

E
T

K
N

R
M

C
onv

K
N

R
M

M
atchP

yram
id45



C
TM

 outperform
s the best baselines; VM

N
 outperform

s text-based ranking baselines in Snopes

Testing Scenario 1 - SC
1
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Testing Scenario 2 - SC
2
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C
onclusion

●
A

uthors present a novel fram
ew

ork to alleviate the spread of fake new
s and increase verified content 

on social m
edia

●
A

uthors com
pare their approach w

ith a variety of ranking functions

●
The fram

ew
ork M

A
N

, using textual and visual inform
ation, outperform

s all the ranking baseline 
m

ethods on N
D

C
G

@
K

 and H
IT@

K
.

●
Very w

ell curated dataset

●
A

uthors don’t directly address the question “H
ow

 do w
e reduce the spread of fake new

s”. I believe 
it’s m

ore of a consequence of developing a good ranking function and retrieving correct FC
-articles.
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TH
A

N
K

 Y
O

U
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