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Background



source target

) = The cat sat on the mat

?




Evaluation
Automatic

* Borrowed from Machine Translation
o BLEU
o METEOR
o ROUGE

 Developed for Image Captioning
o CIDEr
o SPICE




Reference Candidate

{The cat sat on {An orange cat
the mat} sitting on mat}

{cat,on,mat}
BLEU {the,cat,sat,on,the mat}
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Reference i . i Candidate

{The cat sat on ( {An orange kitty
the ma) =S8 sitting on mat)

{kitty,sit,on,mat}

{the,cat,sat,on,the,mat}

X
{kitty,sit,on,mat}

{an,orange,cat,sitting,on,mat}
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METEOR




Reference
{The cat sat on ———(
the mat}
CIDEr f(corpus) =

Candidate

{An orange kitty

Word Frequency

Kitty 0.6
Sit 0.2
On 0.1

Mat 0.1




Reference r 7 Candidate

{The cat sat on ——-( {An orange kitty
the mat} —==—98 sitting on mat}

{0.6xKitty,0.2+Sit,0.1+xon,0.1xmat }
{the,cat,sat,on,the,mat}

X

{0.6xKitty,0.2+sit,0.1+xomn,0.1xmat}
{an,orange,cat,sitting,on,mat}
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What is missing?



Metric

Proposed to Evaluate

Semantic Information

BLEU

ROUGE

METEOR

CIDEr

Machine Translation

Document Summarization

Machine Translation

Image Captioning

Ngram precision

Ngram recall

Ngram With synony

matching
Ngram With corpus re-
weighting

Synonym Matching




# Possible Captions

Visual Complexity



Captions

SPICE

Scene Graph

METEOR




Reference Candidate
(The cat saton | {An orange kitty
pParser | ine mat) sitting on mat}
Pobjects |  {catmat) {kitty, mat]
Pattributes {_}
Prelations {_} {_}




Reference

SPICE =

Candidate

f Objects x f attributes x frelations



What if we have a relevant caption, with no
overlapping content?



‘Reference HA man wearing a lifevest is sitting in a canoe

‘Candidate 1 HA guy with a red jacket Is standing on a boat

‘Candidate 2 HA small white ferry rides through water




Word Mover Distance (WMD)

Earth

Captions » W2V Space » Mover

Distance




Candidate 1 A guy with a red jacket is Siclliging on a boat

249 = 0.48 + 0.50 + 0.60 +0.43 +0.48

Reference A man [WEarng a lifevest is SittiAG in a canoe

3.07 = 0.61 + 0.57 +0.70 +0.48

Candidate 2 A Small white ferry l8i88 through water



We have BLEU, METEOR, ROUGE, CIDEr, SPICE and WMD

Which one is better?



Correlation Analysis with Williams Significance Test



Human Judgement Metric 1 Metric 2

Caption 1 . . . . . .
Caption 2 . . .
Caption 3 ¥ .. ¥
Caption 4 VYO ¥ YV

Corr(Human Judgement, Metric 1)

Corr(Human Judgement, Metric 2)



Flickr-8k
Composite

Spearman Correlation on Datasets

Flickr-8k Composite

WMD 0.60 0.43

SPICE 0.64 0.42
CIDEr 0.56 0.42 .
s this
METEOR 0.58 0.44 significant?
BLEU 0.44 0.38
ROUGE 0.44 0.39

SPICE MD > METEOR > CIDEr > BLEU > ROUGE
METEOR > WMD > SPICE > CIDEr > ROUGE > BLEU



Spearman Correlation Between Metrics
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Spearman Correlation Between Metrics
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Measuring Syntactic Properties



Metric Values

Description BLEU METEOR ROUGE CIDEr SPICE WMD

A man wearing a red life
Original jacket is sitting in a canoe 1 1 1 10 1 1
on a lake




Metric Values

Description METEOR ROUGE CIDEr SPICE

A man wearing a red life
Original jacket is sitting in a canoe 1 1 1 10 1 1
on a lake

A man wearing a life
Candidate jacket is in a small boat 0.45 0.28 0.68 2.19 0.40 0.19
on a lake




Metric Values

Description BLEU METEOR ROUGE CIDEr SPICE WMD

A man wearing a red life

Original  jacket is sitting in a canoe 1 1 1 10 1 1
on a lake
A man wearing a life

Candidate jacket is in a small boat 0.45 0.28 0.68 2.19 0.40 0.19
on a lake

Synonyms A guy wearing a life vestisin 0.20 (!) 0.17 (1) 0.57({) 0.65(!) 0.00 () 0.10(4)

a small boat on a lake




Metric Values

Description BLEU METEOR ROUGE CIDEr SPICE WMD
A man wearing a red life
Original  jacket is sitting in a canoe 1 1 1 10 1 1
on a lake
A man wearing a life
Candidate jacket is in a small boat 0.45 0.28 0.68 2.19 0.40 0.19
on a lake
Synonyms A guy wearing a life vestisin 0.20 ({) 0.17 ({) 0.57({) 0.65(!) 0.00 ({) 0.10(4)
a small boat on a lake
Redundancy A man wearing a life jacket is
in a small boat on a lake at 0.45 0.28 0.66 2.01 0.36 0.18

sunset




Metric Values

Description BLEU METEOR 1{e]¥]c]3 CIDEr SPICE WMD
A man wearing a red life
Original jacket is sitting in a canoe 1 1 1 10 1 1
on a lake
A man wearing a life
Candidate jacketis in a small boat 0.45 0.28 0.68 2.19 0.40 0.19
on a lake
Synonyms A guy wearing a life vestisin  0.20 ({) 0.17 ({) 0.57(1) 0.65(!) 0.00 ({) 0.10(4)
a small boat on a lake
Redundancy A man wearing a life jacket is
in a small boat on a lake at 0.45 0.28 0.66 2.01 0.36 0.18
sunset
Word order In a small boat on a lake a 0.26 ({) 0.26 ({) 0.38(!) 1.32 () 0.40 0.19

man is wearing a life jacket




Robustness Analysis



Distractor Type

Gold Caption

“Replace Scene”

“Replace Person”

“Share Person”

“Share Scene”

A man wearing a life jacket is in a small boat on a lake with a
ferry in view

A man wearing a life jacket is in a small boat on takeoff with a
ferry in view

A woman in a blue shirt and headscarf is in a small boat on
on a lake with a ferry in view

A man is selecting a chair from a stack under a shady awning

A black and brown dog is playing on the ice at the edge of a
lake



Accuracy

Case #instances BLEU METEOR ROUGE CIDEr SPICE
Replace 2514 0.62 0.69 0.63 0.83 0.54 0.76
Scene
Replace 5817 0.73 0.77 0.78 0.78 0.67 0.80
Person
Share Scene 2621 0.79 0.85 0.79 0.81 0.70 0.87
Share Person 4596 0.78 0.85 0.78 0.83 0.67 0.88
Overall 15548 0.73 0.79 0.75 0.81 0.65 0.83




Conclusion

Word Mover Distance helps as a semantic measure, and opens up
opportunity to apply semantic relevancy literature for this task!

Metrics tend to be effected by small disturbances like scene change,
synonym words, or word ordering

Is current success of image captioning metrics illusion?

Correlation alone is not enough. It should always coupled with
Significance testing over improvements

There is a big room for improvement for novel metrics, and the best
practices proposed in this paper can be useful to show its’ contribution
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