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ABSTRACT 

Data Mining is the core part of knowledge discovery aims to extract hidden patterns from data. It is mainly used in 
information processing applications.  It is known that the classification techniques divide data based on predefined 
class-labels. The proposed algorithm classifies the student lending institutions decisions of requested borrowings and 
financial assistance into three clusters: accepted, rejected, and probably accepted. Our new classification algorithm 
based on fuzzy rules, where a fuzzy logic based approach provides suitable trend to handle classification problems. 
Our algorithm predicts the acceptance of the students’ applications on the basis of ranking and using fuzzy rules which 
generates a numerical data. The output of the proposed algorithm in form of IF-THEN. Set of the state of art algorithms 
such as KNN, Fuzzy C-Means used for comparison. The experimental results showed that the proposed algorithm 
achieved "better" values in term of model accuracy.

1. Introduction

Data Mining (Witten, Frank, Hall, & Pal, 2016) is a process of extracting a 
useful information from a massive data. This information helps decision-
makers creating strategic plans and making effective decisions. Generally, 
decision makers request new methods to ensure that their decision is valid 
and accurate. There are varies problem arise when analyzing data. So it is 
necessary to develop new techniques to handle the increasing data. 

According to Lotfi A. Zadeh in (Zadeh, 1996), the fuzzy set theory is able to 
deal with ambiguity, uncertainty problem. Moreover, it can overcome the 
general problems found in a classical set theory (Kahraman, Kaymak, & 
Yazici, 2016). In this study, we use the concept of fuzzy logic along with 
the data mining classification techniques in order to handle uncertainties 
in data. In addition, we have taken a case study of accepting student loans 
from different universities. According to the classical set theory, a student 
application will either be accepted or rejected. Moreover, there is a 
probability that on the basis of ranking, a student might get acceptance. 
Thus, to deal with this ambiguity, we have applied fuzzy logic in order to 
define the membership functions for accepted applications. The proposed 
algorithm can be used to apply fuzzy classification where ambiguity or 
fuzziness can be resolved based on using membership functions. 

This paper is organized as follows: Section two provides a description of 
the implemented approaches and highlighting on the problems associated 
with these approaches. Moreover, we explain how the proposed algorithm 
overcome these problems. Section three presents and explains the 
proposed algorithm. Section four discusses the implementation results 
and compares the proposed algorithm with other algorithms. The last 
section represents conclusion and recommendations for future research.  

2. Related Work 

The Classification Techniques (Verikas, Guzaitis, Gelzinis, & Bacauskiene, 
2011) is part of the Data Mining Technology that classifies data in different 
classes. The fuzzy logic used to classify uncertain or ambiguous data. There 
are several methods used to handle uncertainties. For example, in (Hudec 
& Vujošević, 2012) authors use linguistic terms for database queries and 
demonstrate the benefits of using linguistic as well as the differences 
between traditional and fuzzy approaches. But this is not enough for 
many-valued logics.  A new approach for fuzzy classification discussed by 
the authors in(Ishibuchi, Yamamoto, & Nakashima, 2001). They noted the 
importance of using fuzzy discretization for presenting the results in  

linguistic terms. In which gives the classifier superior to other classifiers. 
However, it cannot be used for every case. In addition, Pendharkar in 
(Pendharkar, 2012) suggested another technique using Data Envelopment 
Analysis in an educational domain using each of GMAT and GPA Scores. 
The main advantage of this technique is that it does not require expert 
participation for obtaining membership functions. On another hand, a 
ranking function was developed for the first time by Rubens in (Rubens, 
2006), using fuzzy logic. The term Frequency, inverse document frequency, 
and overlap values are used as input, while the relevance value used as 
output. Moreover, Gupta et al. in (Gupta, Saini, & Saxena, 2014), proposed 
a hybrid ranking function based on fuzzy logic. Where the fuzzy logic used 
to determine the fuzzy weights according to the individual score. Later in 
(Gupta, Saini, & Saxena, 2015)Gupta and his group proposed a new 
ranking system based on fuzzy and different Information Retrieval 
evidence.   But this approach has not been tested on large datasets. 

In this work, we have attempted to create better fuzzy data classification 
algorithms in terms of efficiency as well as global applicability. Our 
algorithms use Fuzzy Logic (Kahraman et al., 2016), where Lending data 
is not crisp, and there is need to analyze it to get more accurate predictions 
(Kotsiantis, Zaharakis, & Pintelas, 2007) and to gain efficiencies and 
efficiency results as the main benefit. 

The proposed algorithms help student lending institutions and students as 
it predicts applications acceptance in linguistic terms that not easily 
executed by the other methods that mentioned previously. There are set 
of implementation assumptions for our proposed algorithm. They are as 
follows: 

• Each student is given rank value when submitting an application to 
be considered at the decision making stages. The rank value based on 
the student information and the degree of needy assign to the 
student. 

•  A student must be enrolled at university while he requests of the 
loan and must provide the institution with the last cumulative rate 
(GPA) had been obtained. 

• The institution must consider the rank values as well as the last GPA
to provide acceptance. 

3. The Proposed Algorithm
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In this section, we will discuss the four steps fuzzy classifier framework 
used for the proposed algorithm as shown in Figure 1. These steps as 
follows: 

Step 1: Let dataset define as (𝑫). The first step include dividing into 
training dataset  (𝐷𝑡𝑟)  and testing dataset ( 𝐷𝑡𝑠) . Where 𝐷𝑡𝑟 ∪  𝐷𝑡𝑠 =
𝐷  and 𝐷𝑡𝑟 ∩ 𝐷𝑡𝑠 = ∅  . 

Step 2: Generating a fuzzy ruleset using association rules and classifiers. 
Based on the rules that generated at this stage, we can identify the 
acceptance, rejected, and the fuzzy regions as shown in Figure 2. 

Figure 1. The Four steps fuzzy classifier framework 

The ruleset includes rules in form of 𝑟 ∶ 𝐶𝑜𝑛𝑑 ← 𝐶𝑙𝑎𝑠𝑠  where 𝑟 denotes 
the rule, and the 𝐶𝑜𝑛𝑑 part the condition part , while 𝐶𝑙𝑎𝑠𝑠 part denotes 
the class label given to the dataset examples which satisfy the 𝐶𝑜𝑛𝑑. 

For example 𝑟 ∶ 𝑟𝑎𝑛𝑘 < 967 then  𝑎𝑑𝑚𝑖𝑡𝑒 𝑠𝑡𝑢𝑑𝑒𝑛𝑡. 

Figure 2. The regions obtained by the generated rules  

Step 3: Applying Fuzzy C-means (FCM) clustering algorithm in order to 
identify the outliers which used to calculate Rank Factors (RF) for each 
cluster as shown in Table 1 

Table 1.  Assigning Rank Factor based on clusters 

Clusters Cluster1 Cluster2 … Cluster𝑛 

Rank Factors RF1 RF2 … RFn 

Step 4: Applying quantifiers for admission points in the fuzzy region using 

𝐴𝑃𝑖 = 𝑎 (𝑅𝑎𝑛𝑘) + 𝑏 (𝑅𝐹)  (1)  
Equation 1 
Where 𝐴𝑃𝑖  denotes the admission points for student I, where 𝑅𝑎𝑛𝑘  is 
denote the rank of the degree of needy given to student base on this 
information. 𝑎  and 𝑏  are the constants values that can defined by 
institution desire to determine which more importance, either 
𝑅𝑎𝑛𝑘 or 𝑅𝐹. 
In general cases, the number of regions (RN) can calculate Using Equation 
2 

𝑅𝑁 =  
[𝑀𝑎𝑥(𝐴𝑃𝑖)−𝑀𝑖𝑛(𝐴𝑃𝑖)]

𝑄𝑃
 , 𝑄𝑃 = 5  (2)

Where 𝑀𝑎𝑥(𝐴𝑃𝑖)  and  𝑀𝑖𝑛(𝐴𝑃𝑖)  denoted the maximum and minimum 
value of admission points respectively. 𝑄𝑃 is the number of the quantifiers 
that assigned to 𝐴𝑃𝑖  as shown in  
Table 2. 

Table 2.  List of quantifiers ranges 

𝐴𝑃𝑖  [0,0.21) [0.21,0.41) [0.41,0.61) [0.61,0.81) [0.81,1.00] 

Quantifiers Very Low Low Moderate High Very High 

Moreover, the admission points are distributed on the quantifier regions 
based on the conditions that illustrated in Table 3. 

Table 3.  The conditions used to identify the probability of getting 
acceptance  

Condition Quantifiers 

𝑀𝑖𝑛(𝐴𝑃𝑖) < 𝑥 ≤  𝑀𝑎𝑥(𝐴𝑃𝑖) − (4 ∗ 𝑁𝑅) Very Low 

𝑀𝑎𝑥(𝐴𝑃𝑖) − (4 ∗ 𝑁𝑅) < 𝑥 ≤  𝑀𝑎𝑥(𝐴𝑃𝑖) − (3 ∗ 𝑁𝑅) Low 

𝑀𝑎𝑥(𝐴𝑃𝑖) − (3 ∗ 𝑁𝑅) < 𝑥 ≤  𝑀𝑎𝑥(𝐴𝑃𝑖) − (2 ∗ 𝑁𝑅) Moderate 

𝑀𝑎𝑥(𝐴𝑃𝑖) − (2 ∗ 𝑁𝑅) < 𝑥 ≤  𝑀𝑎𝑥(𝐴𝑃𝑖) − (2 ∗ 𝑁𝑅) High 

𝑀𝑎𝑥(𝐴𝑃𝑖) − (𝑁𝑅) < 𝑥 ≤  𝑀𝑎𝑥(𝐴𝑃𝑖) Very High 

4. Dataset 

In this study, we used the college loan application data for 712 students 
who enrolled in Palestine Technique University (PTUK) and Birzeit 
University (BZU) during 2015 to 2016. The managers of the student 
lending institution depend on the Equation 1 to determine the acceptance 
of the student's application for a loan. Applicants with a rank of less than 
4530 are studied individually by the managers and based on this review, 
some of the applications are accepted, while the others are rejected. The 
original data consists of ten features includes Gender, Education level, 
family monthly income; residence place; marital status; family house type; 
parents’ status, and the performance feature (the last semester GPA).  
These features converted to one feature namely “Rank” which express the 
degree of student needy. The Rank feature calculate using Equation 3. 
Accordingly, dataset results consist of five features includes (student ID, 
Gender, GPA, Rank, acceptance). Table 4, illustrates an example of our used 
dataset.  

𝑅𝑎𝑛𝑘𝑖 =  
∑ (𝑊𝑗∙𝑋𝑥𝑖,𝑑)8

𝑗=1

𝑀𝑎𝑥(𝑋𝑑)
  (3)

Let  𝑋 = ( 𝑥1, 𝑥2, … , 𝑥n )  be set of 𝑖  students, where each of 𝑥𝑗 ∈ 𝑋  is 

represented by vector of 𝑑𝑗  feature  value where 𝑗  denotes student 

features that used for ranking the degree of his needy,  𝑗 ∈ {1,2, … , 8} 
include last GPA. Also Let 𝑊 = (𝜔1, 𝜔2, … , 𝜔8) be set of weights related for 
each 𝑑. Max(Xd) denote the max value can any student achieve it.  

4. Results and Discussions

We describe the process of implementing the proposed algorithm and 
discuss the results obtained then compare these results with other known 
work. Firstly, The Apriori algorithm (Agrawal, 1994) is applied following 
by association rules in order to generate rules. These rules are shown as 
follows: 

Table 4.  Example of the used dataset 

Student ID Gender GPA  Rank Accept 

1 

Female 81 685 YES 

2 

Female 82 1436 YES 

3 

Male 70 2262 NO 

4 

Female 72 1665 YES 

5 

Female 74 2035 NO 

6 

Male 51 492 YES 

7 

Male 60 2077 NO 



 

 

6. Conclusion 

Data mining technology is a new tren for extracting knowledge from a 
large set of data. In this article, we proposed a new classification 
algorithm based on the concept of fuzzy logic. Our algorithm dealt with 
students’ loan data for two universities in Palestine. As known, 
students can request financial assistance from the students’ lending 
institution during the studying period. At first, a student applies for a 
loan, then the lending institution either classify the student application 
as accepted or rejected. But after studying each case individually, there is 
a probability to accept some of the rejected applications or vice versa. 
Based on that, there is an overlap between the two groups of the decision. 
The proposed algorithm focus on that ambiguous cases in order to 
improve classification results. Therefore, we define the degree of 
membership with the corresponding clusters using quantifiers, using the 
concept of ranking and fuzzy rule. 

The results obtained by the comparison between our proposed algorithm 
with standard algorithms namely with KNN, Fuzzy C-Means, showed that 
the proposed algorithm achieves a superiority over both algorithms in 
terms of accuracy. 
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8 

Male 58 750 YES 

9 

Female 76 2321 NO 

10 

Female 57 2023 NO 

1: IF Rank > 1930 then accepted = No 
2: IF Rank < 967 then accepted = Yes 

Based on these rules the data can divide into three regions accepted 
region, rejected region, and the fuzzy region as shown in Figure 3.  

After splitting data into three regions, the fuzzy region is used in order to 
clear ambiguity or uncertainty. The FCM algorithm (Bezdek, Ehrlich, & 
Full, 1984)used to create clusters from fuzzy region data, in order to 
determine the different 𝑅𝐹  values.  The FCM examine the membership 
between data point and clusters based on the difference between that data 
point and the center of the clusters. 

Figure 3. The region obtained by rules  

Where more data point placed near to the cluster center which means 
these data points are members of that cluster.  Obviously, all data points 
obtained as a membership in the cluster should have equal results. The 
membership of the 𝑘𝑡ℎ  data point in the 𝑖𝑡ℎ cluster calculated using 
Equation 4 

𝜇𝑖𝑘 = [∑ (
𝑑𝑖𝑘

𝑑𝑗𝑘
)

(2𝑚−1)
𝑐
𝑗=1 ]

−1

 ,  𝜇𝑖𝑘 → [0,1]  (4) 

Where 𝑑𝑖𝑘  is a the Euclidean distance value between point 𝑘𝑡ℎ  and the
𝑖𝑡ℎcluster centroid , which calculated as  𝑑𝑖𝑗 =  ‖𝑥𝑘 − 𝑣𝑖‖. 𝑀 is a weighted 

parameter controls the amount of fuzziness in clustering process, where 
𝑚 ∈ [1, ∞) .Additionally, the center of each cluster calculates using 
Equation 5. 

𝑣𝑖𝑗 =
∑ 𝑥𝑗𝑘  .  (𝜇𝑖𝑘)𝑚𝑛

𝑘=1

∑ (𝜇𝑖𝑘)𝑚𝑛
𝑘=1

 , ∀ 𝑖, 𝑗 = 1,2, … 𝐶   (5)

Where 𝑛 is then number of data points. C is the number of cluster. In this 
context, the main objective of the fuzzy c-mean algorithm is to minimize 
value between points and the clusters centroid, as shown by Equation 6: 

arg 𝑚𝑖𝑛
𝑣

∑ ∑ (𝜇𝑖𝑗)
𝑚𝑐

𝑗=1 ‖𝑥𝑖 −  𝑣𝑗  ‖
 2𝑛

𝑗=1        (6) 

According to the FCM algorithm, the fuzzy region data divided into five 
clusters with five center points as shown in Figure 4 as black dots.  

Figure 4. FCM clusters centroid with different RF  

After calculated the distances between the center points and the points 
related to it. We find a range of ranks that used to calculate the Rank factor 
as shown in Table 5. 

Table 5.  Rank factor ranges 

Rank Rang RF 

[0,966) 1 

[966,1147) 0.82 

[1147,1340) 0.65 

[1340,1555) 0.48 

[1555,1773) 0.33 

[1773,1928) 0.15 

[1928,∞) 0 

Following the previous steps, the Rank Factor use in the Equation 1 to 
calculate 𝐴𝑃𝑖  value for each point. In addition, the number of region is 
calculated using Equation 3. to convert 𝐴𝑃𝑖 values in to a linguistic manner 
as shown previously in Table 3. 

5. The Algorithm Evaluation 

In this section, we illustrate the results obtained by applying the proposed 

algorithm and both of KNN and Fuzz y C-Mean algorithm using two 
datasets. The first dataset is that collected from student loan department 
of the Palestinian higher education. The second dataset is The Projects 
Using Loan Data.(Dr Carl Lee, 2017). Table 6 illustrates the 
comparison results. Based on that, it is clear that the proposed algorithm 
achieved the best values in term of accuracy compared with KNN and 
Fuzzy C-Mean algorithms using both datasets. 

Table 5.  Rank factor ranges 

Dataset FCM % KNN% Propose Alg.% 

Student Loan Dataset 89.21 86.73 90.12 

NSLDS 88.90 86.14 89.51 
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In future work, we aim at first to examine this algorithm with a large 
dataset. As well, we aim to extend the application of our algorithm to be 
used in other domains where the fuzzy logic can be applied. 
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