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Abstract. Subjectivity/sentiment analysis is an area of natural language processing, which aims to determine people  
opinions or sentiments with respect to some subject or event. This paper presents a methodology for constructing 
empirical formulae based on lexico-syntactic properties of people utterances in order to evaluate their politeness, 
satisfaction and competence. This methodology includes three steps: 1) Linguistic analysis, where a set of linguistic 
indicators (LIs) regarding each characteristic is selected; 2) Manual annotations, where documents are manually 
estimated by experts; 3) Inductive modeling using the Ivakhnenko method of model self-organization (IMMSO) in order 
to find an optimal model describing dependency between LIs and manual estimations. The suggested methodology is 
applied to a real set of dialogs between passengers and Directory Inquires in Barcelona railway station. 
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1 Introduction 
 

Subjectivity/sentiment analysis (SSA) aims at automatic evaluation of personal characteristics of individuals on a 
basis of their utterances. Personal characteristics can refer to personal reactions concerning some issue, like 
satisfaction/dissatisfaction, like/dislike, interest, etc., or to some social and educational features, like politeness, 
competence, communicativeness, etc. Although these characteristics are determined by the personality of an individual, 
they also depend on a situation a person deals with and, therefore, their analysis can be useful not only from 
psychological point of view. For example, mining of these characteristics can help companies to reveal weak features of 
their products or services, estimate a level of product advertisement or accomplish other analysis in order to improve 
and consolidate the position of a company in the market. Nowadays SSA becomes a subject of consideration in 
International Conferences on Weblogging and Social Media [8].  

In the paper we consider three personal characteristics: politeness, satisfaction and competence. As an automatic 
evaluation of these characteristics is quite difficult and time-consuming task, a semi-supervised learning based on a set 
of LIs and manual experts annotations was employed. Normally semi-supervised methods, like, for example, Mean 
Squared Regression, assume a certain type of functional dependency between features (in our case LIs) and manual 
annotations. The goal of our approach consists in automatic discovery of this dependency if at least a class of functions 
(polynomials, harmonic, etc.) is given. The best function is selected using IMMSO suggested by Ivakhnenko and 
developed by his colleagues  [2,3,7]. As an example, in this paper we consider series of polynomials in order to find the 
one that better describes the character of dependency between LIs and manual estimations. 

It should be said that we have already applied Inductive Modeling (IM) for politeness estimation [1]. As a difference 
with our previous work we use two external criteria (regularity and unbiasedness) instead of only one (regularity). 
Numerical estimation of politeness and satisfaction were also described in [5,6] where linearity between LIs and manual 
estimations was assumed. Results of IM carried out in this paper justify linear type of dependency.  

Subjectivity Analysis, Sentiment Analysis, Inductive Modeling

IWIM 2009, Sep. 14-19th, Krynica, Poland

40



Our corpus consists of dialogs between passengers and Directory Inquires of Barcelona railway station. In spite of 
the fact that the linguistic analysis was focused on the subject of railway inquires, the suggested methodology itself is 
domain independent and can be easily adopted to any similar types of problems. 

 

2 Methodology description  
 
The process of IM contains the following steps:  

- Objects (dialogs) are parameterized on the basis of selected LIs. It can be polite words, expressions of approval, 
specialised vocabulary revealing competence, etc. The number of LIs occurrences is normalized (if it is necessary) 
regarding a dialog length.  

- All objects (dialogs) are evaluated manually and these estimations can be considered as an experimental data. We  
use the scales [0,1] or [-1,1]  with the step 0.5.  

- The dialog set is divided into two parts: one for training the model and the other one for testing it. One additional 
independent part is used for estimation of model quality (standard error).  

 

 
Fig. 1. Example of dialog with indicators of politeness 

Figure 1 shows an example of a dialog we consider in the paper. For estimation of politeness we used (15+15+10) 
dialogs and for estimation of satisfaction and competence – (20+20+10) dialogs. The final models are constructed on a 
full data set. 

To find the best polynomial model we use multicriteria decision making described in [4]: first, the vicinity of the 
global minimum for the criterion of regularity ( Kr ) is determined, and then, the model with the minimum value of the 
criterion of unbiasedness ( Ku ) is chosen.  

  

3 Inductive modeling 
 
3.1 Politeness evaluation 
 
We consider the following series of polynomial models of increasing complexity for politeness estimation: 

Model 0:  F(g,w,v) = A0 
Model 1:  F(g,w,v) = C0g  + B10w   + B01v 
Model 2:  F(g,w,v) = C0g  + B10w   + B01v  + B11vw  
Model 3:  F(g,w,v) = C0g  + B10w2  + B01v2  
Model 4:  F(g,w,v) = C0g  + B11vw + B20w2 + B02v2 

Model 5:  F(g,w,v) = C0g  + B10w   + B01v + B11vw + B20w2 + B02v2 

Linguistic indicators are: 1) g – first greeting (binary parameter 0/1); 2) w – polite words ('please', 'thank you', etc.); 
3) v – polite verbal forms ('could you', 'would you', etc.). The last two parameters are normalized on a dialog length. 
The coefficients A0,C0, Bij are unknown variables to be determined. The manual estimations belong to the interval [0,1], 
where 0 means an ordinary politeness and 1 means an excessive politeness.  
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Table 1 and Figure 2 show the values of the criteria Kr  and Ku for different models.  

Table 1. Criterion Kr  and Ku  (models of politeness) 

 Model 0 Model 1 Model 2 Model 3 Model 4 Model 5 

Kr 0.51 0.26 0.44 0.76 1.65 0.36 

Ku 0.02 0.08 0.28 0.55 1.18 0.25 

 

Obviously, lineal Model-1 is the best model according to the multicriteria decision making. Its standard error is 
equal to 0.16. The final equation is:  

F(g,w,v) = 0.18g  + 3.29w   + 3.43v 

3.2 Satisfaction evaluation 
We used the following set of polynomial models for satisfaction estimation: 

Model 0:  F(b,f,q) = A0 
Model 1:  F(b,f,q) = B100b    +  B010f     +  B001q 
Model 2:  F(b,f,q) = B100b    +  B010f     +  B001q   +  B110bf   +  B101bq  +  B011fq    
Model 3:  F(b,f,q) = B200b2  +   B020f2   +  B002q2 

Model 4:  F(b,f,q) = B110bf   +  B101bq  +  B011fq  +  B200b2  +   B020f2   +  B002q2 

Model 5:  F(b,f,q) = B100b    +  B010f     +  B001q   +  B110bf   +  B101bq  +  B011fq  + B200b2  +  B020f2  + B002q2 

Linguistic indicators are: 1)-2) b and f – positive user feedback in a dialog body ('well', 'ok', 'all right', 'correct', 
'splendid', etc) and in farewell respectively. They are presented separately as they have different level of importance. 3)   
q – question-answers, which convey dissatisfaction. The indicators b and q are normalized on a text length. The 
coefficients Bijk are unknown variables to be determined. The manual estimations belong to the interval [-1,1], where -1 
means strong dissatisfaction and 1 means full satisfaction. Table 2 and Figure 3 show the values of the criteria Kr  and 
Ku for different models.  

Table 2. Criterion Kr  and Ku  (models of satisfaction) 

 Model 0 Model 1 Model 2 Model 3 Model 4 Model 5 

Kr 0.96 0.69 0.64 0.69 0.73 0.73 

Ku 0.05 0.15 0.22 0.10 0.39 0.47 

 

The results are not single-valued: the lowest values for both criteria give two models: Model-1 and Model-3. Their 
standard errors are equal to 0.35 and  0.38 respectively. The final equations are :  

F(b,f,q) = 0.18b  + 0.06f  - 1.11q              F(b,f,q) = 0.20b2  + 0.006f2  - 1.78q2 

 
3.3 Competence evaluation 
 

For competence estimation we used the same series of polynomials as for satisfaction estimation although a set of LIs is  
different: 

Model 0:  F(f,l,q) = A0 
Model 1:  F,f,l,q) = B100f    +  B010l     +  B001q 
etc. 

Linguistic indicators are: 1) f – level of competence in the first passenger question ('any train to…?' vs. 'regional 
express at night to…?', etc.); 2) l – specialised lexicon used in dialogs (name of trains and services); 3) q – question-
answers, which refer to passenger questions that got either positive or negative answer. Table 3 and Figure 4 show the 
values of the criteria Kr  and Ku  for different models.  
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Table 3. Criterion Kr  and Ku  (models of competence) 

 Model 0 Model 1 Model 2 Model 3 Model 4 Model 5 

Kr 0.93 0.26 0.27 0.86 0.66 0.28 

Ku 0.04 0.16 0.23 0.39 0.78 0.23 

 

The Model-1 obtained the best result for both criteria. Its standard error is equal to 0.26. The final equation is:  

F(f,l,q) = 0.52f  + 0.19l   + 0.16q 

Finally Figure 5 shows the values of criteria for lineal models used in the paper.   
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Fig.5.  Criteria for lineal models 

                                         

4 Conclusions 
 
This paper presents the methodology for automatic estimation of various personal characteristics, such as politeness, 
satisfaction and competence. The obtained errors are less than the steps of the manual dialog estimation. The suggested 
methodology can be used for other applications of subjectivity/sentiment analysis. 
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