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Abstract 

This research aims to develop a learning model in the text mining process by 

modifying TFIDF. The methodology employed in this study consists of a 

literature review, data collection, data preprocessing, and document processing. 

Text mining is conducted using the title and keyword attributes in publication 

documents. The outcome of this research is a learning model with modified 

TFIDF to determine multiple memberships in publication documents. The 

modification of TFIDF weighting can group words according to their document 

field categories. In contrast, previous TFIDF methods could only group words 

per document, making it difficult to determine the field categories of publication 

documents. The results of this research are expected to provide a solution to 

achieve more accurate outcomes with the same data scheme. The modification of 

TFIDF weighting can group words according to their document field categories. 

These field categories consist of a collection of words from many documents that 

have characteristics in specific field categories. Longer documents tend to have 

higher TFIDF weights because they can contain more words. This condition can 

affect the comparison between long and short documents. TFIDF also does not 

consider the context surrounding words, so in some cases, context is crucial for 

understanding the meaning of words or phrases. 

Keywords: Multiple membership, Publication document, TFIDF. 
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1.  Introduction 

Text Mining or Knowledge Discovery from Text (KDT) was first [1], referring to 

the process of extracting high-quality information from textual data [2]. One form 

of text mining is information retrieval systems. One stage in text mining is the pre-

processing stage of documents or text. The main objective of this stage is to obtain 

key terms from text documents and enhance the relevance of words in text 

documents with categories. Document pre-processing is a process that plays a 

crucial role in text mining [3].  

The limitation of information within a community drives individuals within a 

community to become members of another community (multiple membership). 

Previous research has identified many memberships in social networks [4] and 

proposed supervised variants of the TFIDF scheme. The intuition behind the 

essential IDF factor is that terms that frequently appear across the collection have 

little discriminatory power. Proposing a term weighting scheme that leverages 

the availability of past search results, consisting of queries containing specific 

terms, documents retrieved, and relevance assessments [5]. A document can have 

more than one document with similar category percentages (multiple categories), 

thus requiring a threshold value to determine when a document is declared 

multiple categories. 

Determining multiple memberships of scientific publication documents faces 

difficulties when using traditional TFIDF methods because each word in traditional 

TFIDF is weighted per document. In contrast, the data scheme used requires per-

word weighting per field category. These field categories are generated from 

attribute words in the title and keyword of scientific publication documents 

according to their scientific fields. This set of attribute words in the title and 

keywords is built into a learning model. Therefore, this research proposes 

developing a learning model by modifying TFIDF. 

TFIDF is one method for document representation. Limitations within TFIDF 

include disregarding many details that ideally should be relevant when processing 

text, such as document length, frequency distribution, and others [6]. Therefore, 

to address its shortcomings, we propose 4 (four) vector representations to 

overcome some of the limitations of TFIDF. Another drawback of TFIDF is its 

consideration solely based on word occurrences. The more a word appears, the 

more significant it is deemed [7]. DF-ICF (Document Frequency Inverse Corpus 

Frequency) is employed to tackle TFIDF's limitation of only considering word 

occurrences. DF-ICF focuses more on the importance of a document, which is 

equally crucial to understanding a term or word [8]. TFIDF fails to represent 

words semantically. This drives [9] to propose SemTFIDF, which is TFIDF based 

on semantic similarity. Frequency count is not the sole distinguishing factor 

calculated in determining word weights[10].  

Therefore, it is proposed that weight determination be accompanied by 

statistical data calculation on words. The utilization of LCS within TFIDF 

balances the occurrences of the same word sequences between the query and the 

text within the document. The presence of very long but irrelevant documents 

result in generated weights incapable of representing document relevance [11]. 

Modifying TFIDF with LCS can effectively enhance document retrieval [11]. 
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2.  Research Method 

The research stages are illustrated in Fig. 1. The research begins with a literature 

review, which involves collecting and examining articles such as journals, 

proceedings, and books related to concepts, text mining methods, TFIDF, Vector 

Space Model, etc.  

 

Fig. 1. Research stages. 

Data collection to construct the model consists of scientific publication 

documents from each journal from the DBLP data source, categorized by the field 

of Information and Computing Science according to the Field of Research (FoR). 

Additionally, data sources include publication documents from the RPLP and 

Informatics KK publications. Data pre-processing involves tokenization, filtering, 

and other procedures to prepare data for model construction, including extracting 

titles and keywords and separating author names. 

The document processing begins by dividing the data into training and testing 

data sourced from DBLP, RPLP, and Informatics KK publication documents. 

Subsequently, experiments are conducted to measure document similarity through 

supervised learning based on title attributes and keywords generated by the authors.  

3. Results and Discussion 

The model development process employs training data already labeled by category. 

This training data undergoes a learning process to generate vectors representing 

each category. The process comprises TFIDF weighting on each word from each 

category and the formation of category vectors, all done automatically.  

3.1. Document preprocessing  

The input for this stage consists of document attributes (titles and keywords) from 

scientific publication documents. These documents are sourced from DBLP and the 

author's scientific publication documents (publications from RPLP and Informatics 

KK). Document preprocessing is done to standardize formats, eliminate duplicate 

data, and check for inconsistent data. Document preprocessing involves case 

folding, tokenization, stop-word removal, and stemming. Stemming modification 

is conducted at this stage. The output of this stage is a list of keywords for both 

attributes that have undergone preprocessing. 

Training and testing data are sourced from DBLP journals, with field category 

types conforming to the FoR classification standard. The data used in the model 

development process is the training data, which already has known category labels. 

Additionally, the author's publication documents from RPLP and Informatics KK are 

also used as training data, manually labeled beforehand. Meanwhile, the testing data 

is used in the process of measuring document query similarity against category 

vectors. Both training and testing data contain sets of title words and keywords 
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manually extracted from scientific publication documents. Both datasets have 

undergone document preprocessing, resulting in lists of title keywords and keywords. 

The category types used in this model align with the FoR classification standard 

in the Information and Computing Sciences division, including AI and Image 

Processing (AI), Computational Theory and Mathematics (CT), Computer 

Software (CS), Data Format (DF), Distributed Computing (DC), Information 

System (ISM), Library and Information Science (LIS). The utilization of FoR in 

this research is because FoR provides clear sub-division of disciplines with 

consistent hierarchical levels within each disciplinary group. The training and 

testing data from DBLP journals are shown in the Table 1. 

Table 1 shows the total training and testing data sourced from DBLP. 

Meanwhile, the publication documents from RPLP and Informatics KK from 2009-

2013, used as training data, amount to 137 publications. The total number of authors 

to be analyzed for multiple memberships in their field is 26 individuals. 

Table 1. Training and testing data from DBLP journals. 

Type of Dataset Total 
Training Data (80% of the total data)  2,300 
Testing Data (20% of the total data) 575 
Total data 2,875 

The preprocessing is a crucial process in the data mining stage [12]. The quality 

of data generated from preprocessing can affect the results of data mining 

processing. The preprocessing conducted on these documents is divided into two 

types: preprocessing related to text processing in document attributes and 

preprocessing related to author data. The document attributes used in text 

preprocessing are titles and keywords created by the authors. Document 

preprocessing in this study is carried out automatically. Meanwhile, the 

preprocessing of author data aims to eliminate duplicate author names, which 

generally have different spellings in various types of documents. Author data 

preprocessing is done manually. 

Case folding aims to change all characters in the attributes to a single format 

(lowercase all). This format alignment is necessary because the writing of titles and 

keywords in scientific publication documents varies depending on the journal 

source. The case folding process is done by converting uppercase letters to 

lowercase. Only the letters 'a' to 'z' are accepted. Characters other than letters are 

considered delimiters so that they will be removed from the document, such as 

punctuation (&, #,:, -, ;) and numbers (0-9). 

Tokenization is the process of breaking sentences into words (tokens). With this 

process, the input string appears more concise as it is displayed as individual words. 

The cutting of character sets in keywords is done based on comma characters. The 

problem encountered in tokenization is when a sentence uses a hyphen within it. 

For example, real-time, time-optimal. This word will have a different meaning if 

the combined words are tokenized into separate words. Therefore, to maintain the 

meaning of combined words containing punctuation marks within them, this case 

is addressed by combining the two tokens connected by punctuation into one token 

that has meaning, namely, real-time, time optimal. 
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Stop word removal is performed after the tokenization process. This process 

aims to eliminate frequently occurring words that are not used in processing. The 

removal of stop words aims to make the query search results more focused on 

important words that can represent a query [13]. For example, when a search engine 

searches with the query "how to develop information retrieval applications," the 

search engine will display more results related to the words "how" and "to" because 

these words are too common in English. Therefore, these terms can be ignored, 

allowing the search engine to focus more on retrieving pages containing the 

keywords "information," "retrieval," and "applications." 

The purpose of stop word removal is to eliminate common words, resulting in 

relevant words according to the requested query in the matching process. These 

common words have word frequencies in several documents, thus not contributing 

to the context or information of the document. Stop-word removal generally 

follows existing stop-word lists, particularly in English [14]. A standard list of stop 

words for general text, including "a," "about," "able," "across," "after," "all," 

"almost," "also," and so forth. Building a stop words list can also be done by 

considering the IDF value of each word [15]. If a word has the smallest IDF weight, 

it means the word is spread across all documents and is common. This research also 

constructs an Informatics stop words list based on 7 (seven) categories used. The 

stop words list is manually constructed, considering IDF = 0. Here is some stop 

words related to the field of Informatics according to the data used in this study; 

system, image, model, data, network, algorithm, design, feature, pattern, program, 

group, software, and method. 

The stemming process is performed after tokenization and stop word removal. 

This process aims to return words to their base form, increasing recall and providing 

relevant results in the word search process [16]. Considerations for applying 

stemming include: 1) Morphological variants of words that should have the same 

meaning must be mapped to the same stem. 2) Words with similar etymological 

forms but different meanings should not be mapped to the same stem. The 

stemming aims to reduce inflectional and derivative forms of a word to a common 

base form [17]. For example, the words "cars, car's, car" all have the same base 

form, "car." The main problem with stemming algorithms is obtaining the correct 

base form of a compound word. One issue encountered in the stemming process is 

over stemming and under stemming. Defined over stemming as excessive 

truncation of words, resulting in situations where different words with very 

different meanings produce the same stem [18]. For example, words like 

"generalized, general, generous, generating" all produce the stem "gener." 

Additionally, insufficient affix removal may lead to the same words not producing 

the same stem (under stemming). 

To address the aforementioned issues, a modification will be made to the 

stemming process. This modification involves combining two stemming algorithms 

(hybrid stemming): a dictionary lookup table algorithm and a Porter stemming 

algorithm. A lookup table essentially stores root words in a table within a database 

along with their derived forms [19]. Words are manually entered into the table. The 

list of words entered into the database can reduce errors in over stemming and under 

stemming. When users input inflected words, the stemmer will search for the 

presence of these inflected words in the database. According to KBBI, inflection 

refers to a change in a word indicating various grammatical relationships. 
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Handling both cases involves creating a list of words entered into each rule 

table. This list is based on a word dictionary obtained from the website 

http://www.morewords.com. This website was chosen as a word dictionary option 

because it sources words from the Enhanced North American Benchmark Lexicon 

(ENABLE2K), which contains over 173,528 words. The list of words used, along 

with their derivative forms, is manually entered into tables within the database. The 

following sequence of processes outlines the steps taken to address stemming cases 

in this study.  

3.2. Analysis of weighting with modified TFIDF 

Weighting aims to determine the importance level of each word in a document. 

TFIDF is a method used to calculate the frequency of words most commonly used 

in information retrieval [20]. This method is also known for its efficiency, 

simplicity, and accurate results [21]. 

The TFIDF weighting matrix is presented with columns consisting of terms or 

words in each document (sentence), and the column represents the frequency count 

of words in the first document and so forth [22]. The documents referred to are 

sequences of sentences consisting of a collection of terms. Table 2 shows the 

weighting matrix. 

Table 2. TF weighting. 

term Doc1 Doc2 Doc3 

car 27 4 24 

auto 3 33 0 

insurance 14 0 17 

TFIDF weighting in the model development process aims to construct category 

vectors. Therefore, the TFIDF weighting matrix commonly used undergoes 

modifications in its column structure. Table 2 is an example of a word weight 

matrix used in constructing category vectors. The matrix columns show a list of 

words derived from titles or keywords, IDF values, the frequency count of words 

in the first category (term frequency), the weight (w) of words towards the first 

category, and so forth. 

The modification of the TFIDF word weighting matrix in titles can be observed 

in Table 3. The title word column contains terms or words from the titles that have 

undergone preprocessing. Furthermore, the IDF column contains the IDF values 

for each word row. These IDF values are obtained from log(
𝐷

𝑑𝑓1
), where D is the 

total number of categories, i.e., seven field categories, and  𝑑𝑓1 is the number of 

categories that have a specific word. 

Table 3. TFIDF weighting. 

Word 

in Title 
IDF 

Number of word 

frequencies in 

Category 1 

Word 

weights for 

Category 1 

Number of word 

frequencies in 

Category n 

Word 

weights for 

Category n 

Word 1 0.845 1 0.845 0 0 

Word 2 0 9 0 5 0 

Word 3 0.544 2 1.088 1 0.544 
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Next, columns labeled as category 1, 2, 3...n contain the frequency count of a 

specific word possessed by a certain category. Subsequently, the column representing 

the weight of words towards a particular category indicates the weight of a word 

regarding its term frequency in a specific field category. This weight is obtained by 

multiplying the term frequency in a field with its IDF value (W = TF * IDF). 

The difference between the modified TFIDF weighting matrix and the standard 

weighting matrix lies in the calculation of the frequency count of word occurrences. 

The modified TFIDF weighting calculates the frequency count of word occurrences 

based on the total words appearing in the document collection within each category. 

3.3. Analysis of category vector length calculation 

After each word in every category has been weighted, the next process is the 

calculation of the vector category length. The length of the vector category can be 

calculated using the following calculation: 

|𝐷𝑖| =  √∑ 𝐷𝑖2𝑛
𝑖=1                            (1) 

The length of the df_i category vector (Di) is obtained from the square root of 

the total squared weights of words in each category. 

3.4. Analysis of the classification process 

The classification process aims to measure the similarity between document queries 

from test data against the constructed category vectors. This process shares the same 

steps as the model-building process, which involves TFIDF weighting. However, 

TFIDF weighting is applied to the submitted query. Additionally, this process 

includes a sub-process for measuring the similarity between document queries and 

category vectors. The similarity measurement process is conducted after the 

document query has been vectorized. This process is carried out automatically. 

TFIDF weighting marks the beginning of the similarity measurement between 

document queries and category vectors. The sequence of steps in this similarity 

measurement process consists of the following: It starts with searching for 

keywords identical to those in the desired query within the weight matrix. The 

submitted query typically includes a title or keywords from a scholarly publication 

document. The second step involves calculating the length of the query vector. The 

calculation of the query vector's length is obtained. 

| 𝑄 | ∶  √∑ 𝑄𝑖2𝑛
𝑖=1                             (2) 

The length of the query vector (Q) is obtained from the square root of the total 

squared term weights in the query. The third process involves calculating the dot 

product between the query and each category. The dot product calculation entails 

the total sum of the multiplication between the term weight values in the query and 

the term weight values found in the category vector field. 

Sim(Q, D) = Cos(Q, D): (Q ∗ D))/((|Q| ∗ |D|) )              (3) 

The calculation of cosine similarity, as stated by Mandala and Setiawan [15], 

declares that the ranking process of a document is considered the selection process 

of document vectors close to the query vector. A higher cosine value indicates the 
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document is closer to a particular query. Several factors can influence the process 

of measuring document similarity, including a) IDF weight, the weight (w) of 

words towards categories, and vector length remaining constant. The addition or 

removal of categories can result in changes in these weights. b) The IDF value is 

influenced by word distribution. If a word is present in multiple categories, it will 

result in a smaller IDF value than a word in only one category. c) The higher the 

frequency of word occurrence, the higher the weight (w) of the word. IDF serves 

as a multiplier for word frequency (tf). d) Generally, the most negligible IDF weight 

can be used as a reference for stop word removal. If a word has the most negligible 

IDF weight, it means the word is distributed across all categories, resulting in a 

small IDF value. 

The smallest IDF weight has a value of 0. IDF weight is obtained from the IDF 

formula, which is log(
𝐷

𝑑𝑓𝑖
) For example, this thesis employs 7 field categories 

considered as the value ofW D. Then, the value of 𝑑𝑓𝑖 is the type of category that 

has words distributed across all categories. If all categories have the same type of 

word, 𝑑𝑓𝑖   will be 7. Therefore, the calculation of the smallest IDF weight in this 

study is log(
7

7
) which equals 0. 

It can be concluded that words with an IDF weight of 0 are words with the 

smallest IDF and are distributed across all categories. That words that appear 

frequently in various documents can be considered common terms and therefore 

are not significant [23]. 

It can be concluded that words with an IDF weight of 0 are words with the 

smallest IDF and are distributed across all categories. That words that frequently 

appear in various documents can be considered common terms and therefore their 

values are not significant [23]. 

3.5. Analysis of document similarity measurement results 

Ensemble voting involves several steps: (1) Training multiple CNN models, (2) 

Generating predictions, (3) Conducting a vote, (4) Aggregating predictions, and (5) 

Determining the final prediction. This study utilized five models, each trained for 

15 epochs, with a learning rate of 0.001. 

All documents have been assessed for their similarity to category vectors in the 

community type determination stage. The outcome of this process is the cosine 

similarity value between the document query and each category vector. The higher 

the cosine similarity value of a category vector, the more similar the document is 

to that category. 

The category vector type in the top rank has the highest cosine similarity value, 

hence this category vector type is referred to as the primary field. Meanwhile, the 

category vector type in the second rank is termed as the secondary field. Each 

document may have the possibility of similarity to two types of category vectors.  

Figure 2 illustrates that Document A has a cosine similarity value of 0.228 with 

the CS category vector and a cosine similarity value of 0.011 with the ISM category 

vector. Document A has the highest cosine similarity value with the CS category, 

indicating that CS is referred to as the primary field in Document A. This can be 

corroborated by the vector space model in Fig. 3. 
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Dokumen A

0,228

Computer Software (CS)

0,011

Library and Information 

Science (LIS)  

Fig. 2. Document a has achieved a cosine similarity value. 

T2

Dokumen A (Q)

T1
LIS

CS


2

1

 

Fig. 3. Query of document a in vector space. 

Figure 3 indicates that Document A bears a closer resemblance to the CS 

category vector compared to the LIS category vector. This is attributed to the 

angle formed between the query document vector and the CS category vector 

being smaller than that with the LIS category vector. The phenomenon observed 

in the similarity measurement process between query documents and category 

vectors is the variance in the ranking of cosine similarity values. Measuring the 

similarity between query documents and title attributes can yield rankings from 

first to second place for a document. Conversely, when measuring the similarity 

between query documents and keyword attributes, not all documents can secure 

first or second-place rankings. 

Figure 4 illustrates the similarity measurement of Document A queries using 

title and keyword attributes. Similarity measurement between query documents and 

title attributes can yield two types of categories. In contrast, not all similarity 

measurements between query documents and keyword attributes can produce two 

types of categories. This is because keywords tend to contain more unique terms, 

meaning that keywords crafted by authors can vary, resulting in a document having 

only a limited range of category variations. 
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Dokumen A

Judul : develop local languag 
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web technolog

Kata kunci : semant web 

technolog, ontolog, 

repositori system

0,08

LIS

0,05

ISM

0,08

LIS

 

Fig. 4. Types of categories generated from the title and keywords. 

3.6. Classification stage 

The Classification stage aims to determine classes for unlabeled data. The input for 

this stage is preprocessed test data. The test data is used as query documents to 

measure their similarity to category vectors. The processes involved in this stage 

include TFIDF weighting on the query documents from the test data, calculation of 

query vector lengths, and calculation of cosine similarity between query documents 

and category vectors. The calculation of cosine similarity is carried out to determine 

the relevance of a category to the query, which is perceived as a similarity measure 

process [23]. The cosine similarity values obtained from this process are then 

ranked. The highest cosine similarity value indicates the increasing similarity of 

the query to that category. This cosine similarity calculation process produces 

cosine similarity values for the primary field (first rank) and secondary fields 

(second rank). 

The TFIDF weighting can be modified by grouping words according to their 

document field categories. These field categories consist of a collection of 

words from many documents that have characteristics in specific field 

categories. The TFIDF value increases proportionally with how many times a 

word appears in a document but is balanced by the word's frequency in the 

corpus, which helps control the fact that some words are generally more 

common than others [24]. 

Multiple membership documents refer to situations where a document or 

scholarly work is presented or published by several team members or different 

authors. This situation is common in the academic and research world, 

especially in interdisciplinary and international collaborations [25, 26]. In 

many cases, a document or scholarly work will list all authors or team members 

as contributors to the work, which is an ethical practice to acknowledge each 

individual's contribution to research or collaborative projects. In multiple 

membership documents involving contributions from multiple authors or team 

members, it is important to treat each contributor fairly and acknowledge their 

contributions according to ethical practices and applicable publishing 

guidelines [27, 28]. 
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The Term Frequency-Inverse Document Frequency (TFIDF) technique, 

including multiple publication documents, is commonly used in document 

classification. Document classification can utilize the TFIDF representation of each 

document as features to be used by classification algorithms such as k-Nearest 

Neighbors (k-NN), Naive Bayes, or Support Vector Machines (SVM) [29-31]. 

TFIDF can also be combined with pre-trained transformer models for document 

classification cases. Transformers, such as BERT (Bidirectional Encoder 

Representations from Transformers) or GPT (Generative Pre-trained Transformer), 

can be effective in understanding text and handling tasks like document 

classification [32]. 

Combining TFIDF with transformer models can utilize representations from 

both methods as features in the classification model [33]. The model can utilize 

TFIDF representations for frequently occurring words and representations from the 

transformer model for more complex contexts, then combine these features into a 

more complex classification model, such as neural networks or ensemble models 

[34, 35]. The ability of TFIDF to highlight important words in documents and the 

transformer model's ability to understand context and relationships between words 

can be experimented with and adjusted to ensure the effectiveness of this approach 

in document classification cases [36]. 

Some advantages of using TFIDF include its ability to highlight words that 

frequently appear in specific documents but rarely appear across the entire 

document collection. This ability aids in identifying important words and 

characteristics of the document [37, 38]. Common words like "the," "is," and "and" 

usually appear in many documents in the dataset; by using IDF, the weights of these 

common words are reduced, thus not dominating the TFIDF calculation. The ability 

to compare documents as TFIDF vectors enables easy comparison between 

documents by calculating the cosine similarity between these vectors. This is 

beneficial in document classification and information retrieval [39, 40]. 

Although TFIDF is a popular and useful method in text analysis and document 

classification, it has some limitations. It only considers the frequency and presence 

of words in documents without considering the semantic meaning of these words. 

In some cases, words with similar semantic meanings may have different TFIDF 

weights, even though they are similar in certain contexts [41, 42]. Longer 

documents tend to have higher TFIDF weights because they naturally contain more 

words. This condition can affect the comparison between long and short 

documents. TFIDF also does not consider the context surrounding words, so in 

some cases, context is crucial for understanding the meaning of words or phrases. 

The results of TFIDF are highly influenced by text preprocessing, such as 

tokenization, stop word removal, and stemming. If preprocessing is not done 

properly, the TFIDF results may not be optimal [43, 44]. 

4. Conclusion 

A publication document may belong to more than one field of study. Determining 

the multiple memberships of publication documents using traditional TFIDF 

weighting encounters difficulties because this weighting method only groups words 

per document, making it challenging to determine the field categories of the 

publication documents. Modifying TFIDF weighting can group words according to 

their document field categories.  
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These field categories consist of a collection of words from many documents 

that exhibit characteristics in specific field categories. In many cases, a document 

will list all authors as contributors to the work, treat each author fairly, and 

acknowledge each author's contribution following applicable publishing 

guidelines. Longer documents tend to have higher TFIDF weights because they can 

contain more words.  

This condition can affect the comparison between long and short documents. 

TFIDF also does not consider the context surrounding words, so in some cases, 

context is crucial for understanding the meaning of words or phrases.  
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