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Chapter 4 Models for Polytomous Data 

4.1 Introduction: 

Motivating example: 
Cheese I II III IV V VI VII VIII IX Total 

A ퟎ ퟎ ퟏ ퟕ ퟖ ퟖ ퟏퟗ ퟖ ퟏ ퟓퟐ 
B ퟔ ퟗ ퟏퟐ ퟏퟏ ퟕ ퟔ ퟏ ퟎ ퟎ ퟓퟐ 
C ퟏ ퟏ ퟔ ퟖ ퟐퟑ ퟕ ퟓ ퟏ ퟎ ퟓퟐ 
D ퟎ ퟎ ퟎ ퟏ ퟑ ퟕ ퟏퟒ ퟏퟔ ퟏퟏ ퟓퟐ 

Total ퟕ ퟏퟎ ퟏퟗ ퟐퟕ ퟒퟏ ퟐퟖ ퟑퟗ ퟐퟓ ퟏퟐ ퟐퟎퟖ 
 
Response category: 퐈~퐈퐗 (“strong dislike” to “excellent taste”). 
풚풊풋, 풊 = ퟏ, ퟐ, ퟑ, ퟒ; 풋 = ퟏ, ퟐ, ⋯ , ퟗ: the response frequencies for the cheese additives. 
풊 = ퟏ: additive 퐀, 풊 = ퟐ: additive 퐁, 풊 = ퟑ: additive 퐂, 풊 = ퟒ: additive 퐃. 
풋 = ퟏ: response 퐈, 풋 = ퟐ: response 퐈퐈, 풋 = ퟑ: response 퐈퐈퐈,  
풋 = ퟒ: response 퐈퐕, 풋 = ퟓ: response 퐕, 풋 = ퟔ: response 퐕퐈, 
풋 = ퟕ: response 퐕퐈퐈, 풋 = ퟖ: response 퐕퐈퐈퐈, 풋 = ퟗ: response 퐈퐗. 
For example,  
풚ퟏퟏ = ퟎ, 풚ퟏퟐ = ퟎ, 풚ퟏퟑ = ퟏ, 풚ퟏퟒ = ퟕ, 풚ퟏퟓ = ퟖ, 풚ퟏퟔ = ퟖ, 풚ퟏퟕ = ퟏퟗ, 풚ퟏퟖ = ퟖ, 풚ퟏퟗ = ퟏ.   
 
Also, 
흅풊풋, 풊 = ퟏ, ퟐ, ퟑ, ퟒ; 풋 = ퟏ, ퟐ, ⋯ , ퟗ: the probability corresponding to the cheese    
                           additive and the response category. 
풓풊풋 = ∑ 흅풊풋풓 풋 : the cumulative probability corresponding to the cheese additive and  
            the response category. 
That is, 

풓풊ퟏ = 흅풊ퟏ , 풓풊ퟐ = 흅풊ퟏ + 흅풊ퟐ , ⋯ , 풓풊ퟗ = 흅풊ퟏ + 흅풊ퟐ + ⋯ + 흅풊ퟗ = ퟏ         
Then, the distribution of  

풀풊 = (풀풊ퟏ, 풀풊ퟐ, ⋯ , 풀풊ퟗ) 
of which data values are   

풚풊 = (풚풊ퟏ, 풚풊ퟐ , ⋯ , 풚풊ퟗ) 
Is a multinomial distribution 푴(풎풊, 흅풊ퟏ , ⋯ , 흅풊풌) with parameters 풎풊 = ퟓퟐ and  
흅풊 = (흅풊ퟏ, 흅풊ퟐ, ⋯ , 흅풊ퟗ).  
 
Objective: 
We are concerned with the effect on the taste of various cheese additives. That is, 
we want to evaluate the statistical significance of the differences among these 
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cheese additives. We want to find a model which is capable of describing these 
differences, for example, the interrelation among different cumulative probabilities 
such as  

풓ퟒ풋 < 풓ퟏ풋 < 풓ퟑ풋 < 풓ퟐ풋 (푫, 푨, 푪, 푩 풇풓풐풎 풕풉풆 풃풆풔풕 풕풐 풕풉풆 풘풐풓풔풕). 
 
Definition of Polytomous Data: 
If the response of an individual or item in a study is restricted to one of a fixed set of 
possible values, we say that the response is polytomous. 
 
Examples of polytomous data include blood type (퐀, 퐁, 퐀퐁, 퐎, … ), food testing, 
measures of mental and physical well-being, variables arising in social science 
research.  
 
Note: 
If the categories are ordered and 풋 = ퟏ, ퟐ, ⋯ , 풌, we may prefer to work with the 
cumulative response probabilities 

풓풊ퟏ = 흅풊ퟏ , 풓풊ퟐ = 흅풊ퟏ + 흅풊ퟐ , ⋯ , 풓풊풌 = 흅풊ퟏ + 흅풊ퟐ + ⋯ + 흅풊풌 = ퟏ 
It makes little sense to work with a model specified in term of 풓풊풋 if the response 
categories are not ordered.  

 

 


