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텍스트 유사성을 위한 파라미터 및 비 파라미터 측정
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요 약 인터넷상에서의 진짜 및 가짜 정보의 범람이 수많은 텍스트 분석에 대한 연구를 이끌었다 문헌 표기 없이 타인의 저작.

물을 무단 복제 및 관련 없는 연구결과 조작 등이 한동안 세간의 주목을 이끌었다 연구 분야에서 표절과 이의 대항 및 감소를.

위해 다양한 도구들이 개발되었다 본 연구에서는 코사인 유사성과 및 상관관계를 이용하는 파라미터 및 비. Pearson Spearman

파라미터 방법을 이용하여 문장 유사성을 측정한다 코사인 유사성과 상관관계는 가장 높은 유사성 계수를 얻었으나. Pearson

상관관계는 낮은 유사성 계수를 보여주었다 본 논문에서는 정상성 가정과 편향성에 의존하는 파라미터 방법들에 반하Spearman .

도록 비정상성 가정으로 인한 문장 유사도를 측정하는 데 있어 비 파라미터 방법들을 사용하는 것을 제안한다.

• 주제어 : 유사성 측정 표절 상관관계 정상성 파라미터 측정, , , ,

Abstract The wide spread of genuine and fake information on internet has lead to various studies on text analysis. Copying and

pasting others’ work without acknowledgement, research results manipulation without proof has been trending for a while in the era of

data science. Various tools have been developed to reduce, combat and possibly eradicate plagiarism in various research fields. Text

similarity measurements can be manually done by using both parametric and non parametric methods of which this study implements

cosine similarity and Pearson correlation as parametric while Spearman correlation as non parametric. Cosine similarity and Pearson

correlation metrics have achieved highest coefficients of similarity while Spearman shown low similarity coefficients. We recommend the

use of non parametric methods in measuring text similarity due to their non normality assumption as opposed to the parametric methods

which relies on normality assumptions and biasness.
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. IntroductionⅠ

Text similarity measures are the fundamental tools

for text analysis [1] that can be used according to the

essence and need of a certain theme in a document

to be examined [2]. They can purposely be used to

determine word or sequence similarities for different

documents. The text similarity algorithms are

preferably used to determine a certain sequence and

predict the next string of words expected to follow.

Moreover, they play a vital role in information

retrieval, text classification, topic detection, and a list

is too long to mention individually.

Text similarity analysis is semantically or lexically

categorized depending on the sequences they posses

as detailed in [3]. Lexical similarity analysis is done

with reference to a string that has common sequence

from a large corpus while semantic similarity is based

on strings from large networks as referred in [4].

There are several methods that are used to analyse

texts similarity including cosine similarity, correlation

coefficients, euclidean distance, dice coefficient and a

list is too long to mention as described in [5] and [6].

. Related WorkⅡ

Text similarity measurements have been studied for

several decades due to their essence in academics,

and other fields. This is influenced by the abundance

and vast of either genuine or fake information in the

world of technology. The existence, comparison,

evaluation and evolution of similarity measures is

thoroughly described in various literature including [7].

Among other scholars, [8] pointed out that Pearson

correlation coefficient provides better results than

cosine distance and euclidean distance measures for

both English and Arabic words in a document. From

the above literature review we define the parameters

that are involved in text analysis as described in [3].

Let              be the terms collection fro

 documents denoted by        For

every distinct  , the total terms collection in the

general document has      terms.

We represent the document as an n-dimensional

vector   Let    be the frequency of the term

  in the general document . We define the

vector of the document as

               (1)

Suppose we define strings     that

represents document term matrix in a vector space

 . Then we employ both parametric and non

parametric methods to determine the relationship

between the six documents.

The following figure describes the steps of

analyzing text data with cosine similarity measure,

Pearson correlation coefficient and Spearman

correlation.

There are so many measures of similarity for text

analysis. In this study we employed three methods of

which cosine similarity, pearson correlation coefficient

and Spearman correlation coefficient are thoroughly

discussed.

2.1 Cosine Similarity

Mathematically, cosine distance measure is an

extension Euclidean distance as a basic similarity

function defined as inner product. We define the
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inner product of two non-zero vectors  and  as

follows:

   
  



 〈〉 (2)

where each vector represents a document. Since

expression (2) is unbounded, we divide the inner

product by the norms to obtain the cosine similarity.

Cosine similarity is bounded between zero and one for

none negative  and  .

cos  ║ ║ ║ ║

〈〉
(3)

Cosine similarity is a non-invariant similarity measure

that is easily affected by scale changes. We therefore

introduce the scale invariant similarity measure, which

is known as Pearson correlation coefficient.

2.2 Pearson Correlation

Pearson correlation () is used to measure the

degree of the relationship between two variables. It

has the assumption that the two variables are

normally distributed. Let  and  be the means of

each non zero vector documents  and 

respectively, such that

    
 
 





  



 
 


(4)

Expression (4) can be reduced to the following

expression (5) hereinafter referred to normalized

cosine distance

 
 
 





  



 
 


 cos 
 
 (5)

Once the vectors in the Pearson correlation

coefficient are normalized such that  and are

zero, then we obtain the cosine similarity as

cos  . Therefore Pearson correlation is also

known as weighed or adjusted cosine similarity

measure.

2.3 Spearman Correlation

This is a non-parametric test that determines the

degree of relationship between two variables. Its

measurement does not rely on the distribution of data

and is an appropriate measure of relationships for

scaled variables.

  


  




 

(6)

where  is the Spearman correlation,  is the

difference between the ranks of the documents 

and  and is the number of observation in the

document and  is the index of the respective

document.

. Data and MethodologyⅢ

This section gives a clear description of the dataset,

preprocessing methods and results visualization. For

processing, we create a bag of words for each

document in an independent term matrix and test for

normality. We calculate the respective correlation

coefficients using the parametric and non parametric

measures. The data sets used are five abstracts from

different international journal articles about sentiment

analysis and a reference paper from the same field

but not related to the selected abstracts. We used R

program version 3.6 with NLP (Natural Language

Processing) library for handling text and MVN library

for multivariate normality testing.

3.1 Bag of word for Data Set

We define a bag of word as a multiset
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representation of words without considering word

order, grammar but keeping multiplicity. In this

context, words of size 1 are referred to as unigrams

representing a feature vector. We train our data in a

bag of words model and use unigrams to determine

word similarity in a corpus.

3.2 Multivariate Normality Testing

We employ Mardia’s score to test the univariate

normal distribution for each independent dataset. From

the test, we use the Shapiro-Wilk’s constant to

identify the normality assumption for each dataset as

referenced in [9]. For more justification Mardia’s

and Henze-Zirker’s test is applied for determining

multivariate normality test of the combined dataset.

The following consecutive tables, Table 1 and Table 2

indicate that the dataset were not univariate or

multivariate normally distributed, rather skewed to the

right.

Using the tests above, the following figure is the

QQ-plot for the dataset showing that the data sets

were not normally distributed. The QQ-plot indicates

that the majority of the data points do not lie on the

percentile line.

As seen from figure 2, the data sets have

right-skewed distribution which is not normal. We

infer that, they exhibit non-normality behavior as

most of the data points lie out the line for normality

test. The following figure shows the distribution of

the dataset justified to be not normally distributed.
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. Experimental ResultsⅣ

The experimental results organized in Table 3, 4

and 5 represent cosine similarity measure, correlation

coefficients for Pearson and Spearman respectively.

For cosine similarity the data sets are highly related

with a minimum and maximum coefficient of 0.88 and

0.97 respectively. The minimum similarity measure is

between document 1 and the reference paper while

the maximum similarity measure is between document

4 and document 5.

For Pearson correlation coefficient, the documents

were highly correlated with a minimum and

maximum coefficient of 0.74 and 0.94 respectively.

The minimum metric refers to the similarity between

document 1 and the reference paper while the

maximum similarity metric is between document 4 and

reference paper.

For Spearman coefficient, the metrics are minimum

and maximum at 0.47 and 0.94 scores respectively.

Using the two related methods, document 4 and the

reference paper are less correlated while document 3

and 5 are referred to be highly correlated.
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. ConclusionⅤ

Cosine similarity measure and Pearson correlation

coefficients are mathematically related that's why

their results are significantly not different. The

experimental results stipulate the reality by using

table 3 and 4. In this work the two related methods

are parametric techniques that estimates the similarity

coefficients with normality assumption while Spearman

correlation is a non parametric method which

estimates similarity scores without normality

assumption. We conclude that the related parametric

measures of similarity are suitable for normally

distributed texts while non parametric measures are

suitable for dataset with no any model assumptions.
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