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Motivating Example

𝛼 is	a	hyper-parameter	to	control	the	effect	of	the variation	vector.

Motivation
§ Multimodal	communication	happens	through	two channels:	verbal and	
nonverbal.	
§ Words	exhibit	dynamic	meanings	depending	on	different nonverbal	
contexts.

Baseline	Models
RAVEN

SVM-MD DF EF-RHN EF-LSTM TFN BC-LSTMMV-LSTMMARNMFN RAVEN RAVENRAVEN	no	shift	

RAVEN	allows	us	to	visualize	the	nonverbal	shifts	on	words

RAVEN:	Recurrent	Attended	Variation	Embedding	Network
§ Variation	Proposal	Sub-networks

𝑳:	the	sequence	of	uttered	words.
𝑳($):	the	𝑖-th	word	in	the	language	modality.
𝑽 $ , 𝑨 $ :	the	visual	and	acoustic	sub-word	units.

Calculate	the	Visual and Acoustic	Variation	Proposal:
ℎ+
$ = 𝐿𝑆𝑇𝑀+(𝑽 $ )

ℎ1
$ = 𝐿𝑆𝑇𝑀1(𝑨 𝒊 )

§ Variation	Attention	Gates
Variation	Proposals	are	weighted	before	assembled.
We	denote	the	embedding	of	𝑳 $ as	 𝑒 $ .
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ℎ=
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Here,	ℎ=
($) is	the	multimodal	variation	vector.	Then	we	can	get the	

final	multimodal-augmented	language	representation:
𝑒=
$ = 𝑒 $ + 𝛼ℎ=

$
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“This	is	unbelievable!”

Speaker’s	behaviors Sentiment	Intensity

time

?

Non-verbal	behaviors	influence
the	meaning	of	words

Smile

Loud

Recurrent Attended Variation Embedding Network (RAVEN)

Words	with	inherent	polarity

Nouns	that	appear	in	both	positive	and	negative	contexts

Words	not	critical	for	expressing	sentiment


