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Introduction

 Word sense disambiguation (WSD): label a word 
with best-fitting sense

 Problem: hard to define clear cut sense boundary 
and word sense strongly depends on the context

 Previous work: create a coarse-grained invertory 
of word sense for humans and computers by 
automatically relating or clustering existing word 
sense



  

Introduction
In this paper:
 Mark target word in context with graded ratings (scale of 

1-5) on senses
 Propose evaluation metrics which is used on graded word 

sense judgments (GWS) 
 Investigate two classes of models (classical WSD models 

and prototype-based vector space models) perform on 
GWS

 Provides a novel analysis of annotator performance
    on the GWS dataset



  

Data

 Use a subset of the GWS dataset (Erk et al., 2009)
 Three annotators supply ordinal judgments of the 

applicability of WordNet (v3.0) senses on a 5 point 
scale (1–completely different, 2– mostly different, 3 – 
similar, 4 – very similar and 5–identical)

 Random 8 lemmas and 50 sentences per lemma 
applied
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Data



  

Data

 Baseline model: compared by other models as 
reference, which simply uses training data to 
obtain probability distribution over sense

 Results: more use of intermediate levels of 
applicability (2-4) and more positive ratings (3-5)

 Normalization of judgments: 
      normalized judgment = (judgment −1.0)/4.0



  

Models for Graded Word Sense 
Assignment

Single-best-sense WSD (WSD/single):
 Assign a target word in each test occurrence  a 

single best-fitting word sense 
 Feedback confidence score 1 to assigned    sense 

and score 0 to all other senses 
 Not highly optimized, but fairly standard



  

Models for Graded Word Sense 
Assignment

WSD confidence level as judgment (WSD/conf.) :
 The same WSD system as WSD/single, but predict a 

judgment for each sense of a target occurrence with 
confidence level



  

Models for Graded Word Sense 
Assignment
Word senses as points in semantic space (prototype)  :
 Represent word senses as points in a semantic space
 Model graded sense applicability judgments by vector 

similarity
 Dimensions of vector space-features of WSD system
    Coordinates-raw feature counts
 Measure the distance between feature vectors in space
 Prototype- first order feature vector, Prototype/2- second 

order feature vector



  

Models for Graded Word Sense 
Assignment

Word senses as points in semantic space (prototype)  :
 For spurious negative data, prototype models forget 

competition and ignore that. WSD models fully trust 
the negative data.



  

Evaluating Graded Word Sense 
Assignment
Correlation between gold and predicted judgments:
 Tested by Spearman`s ρ, which uses the formula of 

Pearson`s coefficient
 
 Measure the abstracts from absolute values of 

judgments and magnitude of difference 
 Judgment represented as 4-tuple ＜ lemma, 

sense_no, sentence_no, judgment ＞



  

Evaluating Graded Word Sense 
Assignment
Correlation between gold and predicted judgments:



  

Evaluating Graded Word Sense 
Assignment

Correlation between gold and predicted judgments:
 By lemma: test the consistent use of     judgments for 

the same target lemma
 By lemma+sense: test how strongly a given word 

sense evoked at the same target lemma
 By lemma+sentence: test  how strongly a given target 

lemma occurrence applied for different senses



  

Evaluating Graded Word Sense 
Assignment
Divergence:
 Measure the similarity between two probability 

distributions by Jensen/Shannon (J/S) divergence

 Measure the abstracts from absolute values of 
judgments NOT from magnitude of difference



  

Evaluating Graded Word Sense 
Assignment
Precision and Recall:
 Evaluate the correctness of a pattern recognition 

algorithm
 Test what degree a model conforms to the absolute 

judgments given by human annotators
 Precision defined as



  

Evaluating Graded Word Sense 
Assignment
Precision and Recall:
 Recall defined as

 F-score: as the harmonic mean of precision and recall

)/(2 RPPRF +=



  

Experiments and Discussion



  

Experiments and Discussion

For Table 4 (shows human performance)
 Annotator 1 different from other two, tends to assign 

higher ratings, has lower J/S and higher Recall than 
Precision

 Quite significant correlation for all lemmas, less 
significant correlation for lemma+sense or 
lemma+sentence. Smaller p value with worse 
correlation (                           )

01.0.05.0 ≤≤ pvsp



  

Experiments and Discussion



  

Experiments and Discussion
For Table 5 (shows the performance of different 

models)
 WSD/single below baseline
 WSD/conf slightly above baseline
 Prototype deviate strongly from baseline, have good 

recall
 WSD/conf and Prototype/2N show best performance of J/

S
 Prototype/N and Prototype/2N achieve very high 

correlation by lemma



  

Experiments and Discussion

Human performance:
 Provide a novel analysis of the GWS dataset
 Show very strong correlation of  rankings by lemma 

and  also by lemma+sense
 Low precision and recall indicate that different 

annotators use the 5-point scale in different ways
 Average judgments NOT influenced by individual 

annotator



  

Experiments and Discussion

Evaluation measures:
 Rankings by lemma+sense and by lemma+sentence 

have potential use in systems
 Measurements of  graded precision and recall require 

a more fine-grained analysis of the performance of 
models



  

Experiments and Discussion

Standard WSD models vs. Vector space models:
 WSD/conf  has the highest correlation by lemma and 

high precision
 Prototype , which tends to assign high ratings, has 

much better recall and higher F-score
 Compared to Prototype, Prototype/2 (with using second 

order vectors) is much less sparse and yields better 
rankings



  

Experiments and Discussion

Standard WSD models vs. Vector space models:
 WSD/conf performs slightly above baseline because of  

a very familiar picture from standard WSD
 Prototype/2N shows best correlation, which pays 

minimal attention to the negative data, uses 
normalization and second order vectors

 Low ratings in correlation by lemma+sense indicates  
models might be limited by the lack of training data 
for many of the rarer senses



  

Conclusion

 Study on graded annotator judgments on sense 
applicability

 Evaluate GWS by correlation, devergence and new 
extensions (precision and recall)

 Test two types of models: WSD and prototype 
models

 Investigate features, which is more informative for 
making graded judgments, in the future



  

Thank you for your attention!
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