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Evaluation
Automatic

* Borrowed from Machine Translation
o BLEU
o METEOR
o ROUGE

* Developed for Image Captioning
o CIDEr
o SPICE




Reference r . Candidate

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

N {cat,on,mat}
BLEU — {thecat,sat,on the mat)




Mat

SPICE = fObjects « fattributes « frelations

Existing metrics rely on the overlap between reference and candidate captions
Reference ! — Candidate Reference . . Candidate Reference . . Candidate
{The cat sat on {An orange cat {The cat sat on =) {An orange cat {The cat sat on {An orange kitty
the mat} sitting on mat} the mat} === sitting on mat} the mat} sitting on mat}
{Kitty sit,on mat}
{the cat,sat,onthe,mat}
~ {cat,on,mat} ~ {cat,on,mat} ~
B LE U = {thecat,sat,onthe,mat} R OUGE = {an,orange,cat,sitting,onmat} M E TEOR = (Kitty Sit, on,mat)
{an,orange,cat sitting,onmat}
Reference v Candidate Reference . —— Candidate
{The cat sat on {An orange kitty {The cat sat on a4 ) {An orange kitty
the mat) sitting on mat} the mat} sitting on mat}
CIDEr fleorpus) = st o2




What if the captions are not overlapping but still semantically relevant?

Reference A man wearing a lifevest is sitting in a canoe

Candidate 1 [|A guy with a red jacket is standing on a boat

Candidate 2 ||A small white ferry rides through water




We propose: Word Mover Distance

Word Mover Distance (WMD)

Earth

Captions » W2V Space »I\/Iover
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Candidate 1 A guy with a red jacket is Sigiiging on a boat

249 = 0.48 + 0.50 + 0.60 +0.43 +0.48
Reference A man [HEaHNg 2 lifevest is Billiilg in 2 canoe
bt
3.07 = 0.61 + 0.57 +0.71 +0.70 +0.48

Candidate 2 A small white ferry fBES through water



So many metrics: Which one is better?

Exp 1. How correlated are the measurements provided by the metrics?

Exp 2. How significant the improvement of one metric to another?

Exp 3. Can metrics handle syntactic change?

Exp 4. Can metrics handle semantic change?




Exp 1. How correlated are the measurements provided by the metrics?

Spearman Correlation Between Metrics
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Exp 2. How significant the improvement of one metric to another?
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Improvements are significant




Exp 3. Can metrics handle syntactic change?

Metric Values

Description BLEU METEOR 1{0]¥]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




Exp 3. Can metrics handle syntactic change? Mostly no.

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 jacketisin 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(4) 0.65({) 0.00 ({) 0.10({)
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




Exp 4. Can metrics handle semantic change?

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

Gold Caption forry in vi
erry in view

“Replace Scene” | 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

“Replace Person” : .
P on a lake with a ferry in view

“Share Person” A man is selecting a chair from a stack under a shady awning

Distractor Type

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

“Share Scene”
lake




Exp 4. Can metrics handle semantic change? Room for improvement

Accuracy
Case #Instances BLEU METEOR ROUGE CIDEr SPICE WMD

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




Conclusions

1. Metrics are lacking semantic information -> WMD

2. Metrics should be thoroughly evaluated -> Syntactically / Semantically

3. Metrics are redundant and sensitive to small changes in the sentence

4. Room for improvement for better image caption evaluation metrics




