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Abstract 
Data mining is the process of discovering patterns in large data 

sets involving methods at the intersection of machine learning, statistics, 

and database systems. The manual extraction of patterns from data has 

occurred for centuries. Early methods of identifying patterns in data include 

Bayes' theorem (1700s) and regression analysis (1800s). The ways in which 

data mining can be used can in some cases and contexts raise questions 

regarding privacy, legality, and ethics. Educational data mining refers to 

techniques, tools, and research designed for automatically extracting 

meaning from large repositories of data generated by or related to 

people's learning activities in educational settings. There are four main 

users and stakeholders involved with educational data mining. These 

include learners, educators, researchers and administrators. The increased 

use of technology in education is generating a large amount of data every 

day, which has become a target for many researchers around the world; the 

field of educational data mining is growing quickly and has the advantage 

of containing new algorithms and techniques developed in different data 

mining areas and machine learning. 
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Introduction 
Data mining is a process of extraction 

of useful information and patterns 

from huge data. It is also known as 

knowledge discovery process, 

knowledge mining from data, 

knowledge extraction or data /pattern 

analysis (Baker R, 2010). It is defined 

as a process used to extract usable data 

from a larger set of any raw data. It 

implies analyzing data patterns in 
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large batches of data using one or more software. ... Data mining is also known 

as Knowledge Discovery in Data (KDD). 

Data mining helps to extract information from huge sets of data. It is the 

procedure of mining knowledge from data. ... Important Data mining techniques 

are Classification, clustering, Regression, Association rules, Outer detection, 

Sequential Patterns, and prediction. 

Data mining, or knowledge discovery from data (KDD), is the process of 

uncovering trends, common themes or patterns in “big data”. ... For example, 

an early form of data mining was used by companies to analyze huge amounts 

of scanner data from supermarkets.  

 

Background of Data Mining 

The manual extraction of patterns from data has occurred for centuries. Early 

methods of identifying patterns in data include Bayes' theorem (1700s) and 

regression analysis (1800s). The proliferation, ubiquity and increasing power of 

computer technology has dramatically increased data collection, storage, and 

manipulation ability (Azarnoush, B. 2013). As data sets have grown in size and 

complexity, direct "hands-on" data analysis has increasingly been augmented 

with indirect, automated data processing, aided by other discoveries in 

computer science, such as neural networks, cluster analysis, genetic algorithms 

(1950s), decision trees and decision rules (1960s), and support vector machines 

(1990s). Data mining is the process of applying these methods with the intention 

of uncovering hidden patterns in large data sets. It bridges the gap from applied 

statistics and artificial intelligence (which usually provide the mathematical 

background) to database management by exploiting the way data is stored and 

indexed in databases to execute the actual learning and discovery algorithms 

more efficiently, allowing such methods to be applied to ever larger data sets. 

 

Research Methodology 

The research methodology is qualitative.  Qualitative research refers to 

research which focuses on collecting and analyzing opinions and textual data. 

Data were gathered from stakeholders in teaching and learning, journals and 

through the internet.  

 

Data Mining Applications 

The following are  the list of areas where data mining is widely used − 
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Financial Data Analysis 

The financial data in banking and financial industry is generally reliable and of 

high quality which facilitates systematic data analysis and data mining. Some 

of the typical cases are as follows − 

• Design and construction of data warehouses for multidimensional data 

analysis and data mining. 

• Loan payment prediction and customer credit policy analysis. 

• Classification and clustering of customers for targeted marketing. 

• Detection of money laundering and other financial crimes. 

 

Retail Industry 

Data Mining has its great application in Retail Industry because it collects large 

amount of data from  sales, customer purchasing history, goods transportation, 

consumption and services (Resig. J 2018). It is natural that the quantity of data 

collected will continue to expand rapidly because of the increasing ease, 

availability and popularity of the web. 

Data mining in retail industry helps in identifying customer buying patterns and 

trends that lead to improved quality of customer service and good customer 

retention and satisfaction. Here is the list of examples of data mining in the retail 

industry − 

• Design and Construction of data warehouses based on the benefits of 

data mining. 

• Multidimensional analysis of sales, customers, products, time and 

region. 

• Analysis of effectiveness of sales campaigns. 

• Customer Retention. 

• Product recommendation and cross-referencing of items. 

 

Telecommunication Industry 

Today the telecommunication industry is one of the most emerging industries 

providing various services such as fax, pager, cellular phone, internet 

messenger, images, e-mail, web data transmission, etc. Due to the development 

of new computer and communication technologies, the telecommunication 

industry is rapidly expanding. This is the reason why data mining is become 

very important to help and understand the business. 
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Data mining in telecommunication industry helps in identifying the 

telecommunication patterns, catch fraudulent activities, make better use of 

resource, and improve quality of service (Pitts C, 2007). Here is the list of 

examples for which data mining improves telecommunication services − 

• Multidimensional Analysis of Telecommunication data. 

• Fraudulent pattern analysis. 

• Identification of unusual patterns. 

• Multidimensional association and sequential patterns analysis. 

• Mobile Telecommunication services. 

• Use of visualization tools in telecommunication data analysis. 

 

Biological Data Analysis 

In recent times, there has been a tremendous growth in the field of biology such 

as genomics, proteomics, functional Genomics and biomedical research. 

Biological data mining is a very important part of Bioinformatics (Yacef, K 

2009). Following are the aspects in which data mining contributes for biological 

data analysis − 

• Semantic integration of heterogeneous, distributed genomic and 

proteomic databases. 

• Alignment, indexing, similarity search and comparative analysis 

multiple nucleotide sequences. 

• Discovery of structural patterns and analysis of genetic networks and 

protein pathways. 

• Association and path analysis. 

• Visualization tools in genetic data analysis. 

 

Other Scientific Applications 

The applications discussed above tend to handle relatively small and 

homogeneous data sets for which the statistical techniques are appropriate. 

Huge amount of data have been collected from scientific domains such as 

geosciences, astronomy, etc. A large amount of data sets is being generated 

because of the fast numerical simulations in various fields such as climate and 

ecosystem modeling, chemical engineering, fluid dynamics, etc (Siemens, R 

2012). Following are the applications of data mining in the field of Scientific 

Applications − 

• Data Warehouses and data preprocessing. 
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• Graph-based mining. 

• Visualization and domain specific knowledge. 

 

Intrusion Detection 

Intrusion refers to any kind of action that threatens integrity, confidentiality, or 

the availability of network resources. In this world of connectivity, security has 

become the major issue. With increased usage of internet and availability of the 

tools and tricks for intruding and attacking network prompted intrusion 

detection to become a critical component of network administration (Taipale K, 

2003). Here is the list of areas in which data mining technology may be applied 

for intrusion detection − 

• Development of data mining algorithm for intrusion detection. 

• Association and correlation analysis, aggregation to help select and build 

discriminating attributes. 

• Analysis of Stream data. 

• Distributed data mining. 

• Visualization and query tools. 

 

Data Mining System 

The selection of a data mining system depends on the following features − 

➢ Data Types − The data mining system may handle formatted text, 

record-based data, and relational data. The data could also be in ASCII 

text, relational database data or data warehouse data. Therefore, effort 

should be made to check what exact format the data mining system can 

handle. 

➢ System Issues − We must consider the compatibility of a data mining 

system with different operating systems. One data mining system may 

run on only one operating system or on several. There are also data 

mining systems that provide web-based user interfaces and allow XML 

data as input. 

➢ Data Sources − Data sources refer to the data formats in which data 

mining system will operate. Some data mining system may work only on 

ASCII text files while others on multiple relational sources. Data mining 

system should also support ODBC connections or OLE DB for ODBC 

connections. 

➢ Data Mining functions and methodologies − There are some data 

mining systems that provide only one data mining function such as 

classification while some provides multiple data mining functions such 
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as concept description, discovery-driven OLAP analysis, association 

mining, linkage analysis, statistical analysis, classification, prediction, 

clustering, outlier analysis, similarity search, etc. 

➢ Coupling data mining with databases or data warehouse systems − 

Data mining systems need to be coupled with a database or a data 

warehouse system. The coupled components are integrated into a 

uniform information processing environment. Here are the types of 

coupling listed below − 

• No coupling 

• Loose Coupling 

• Semi tight Coupling 

• Tight Coupling 

➢ Scalability − There are two scalability issues in data mining − 

▪ Row (Database size) Scalability − A data mining system is 

considered as row scalable when the number or rows are 

enlarged 10 times. It takes no more than 10 times to execute a 

query. 

▪ Column (Dimension) Salability − A data mining system is 

considered as column scalable if the mining query execution 

time increases linearly with the number of columns. 

a. Visualization Tools − Visualization in data mining can be 

categorized as follows − 

▪ Data Visualization 

▪ Mining Results Visualization 

▪ Mining process visualization 

▪ Visual data mining 

b. Data Mining query language and graphical user 

interface − An easy-to-use graphical user interface is 

important to promote user-guided, interactive data mining. 

Unlike relational database systems, data mining systems 

do not share underlying data mining query language. 

 

Essential steps to the data mining process 

Data mining process is the discovery through large data sets of patterns, 

relationships and insights that guide enterprises measuring and managing where 

they are and predicting where they will be in the future. Large amount of data 

and databases can come from various data sources and may be stored in 

different data warehouses. And, data mining techniques such as machine 

learning, artificial intelligence (AI) and predictive modeling can be involved. 

http://www.zentut.com/data-warehouse/
http://www.zentut.com/data-mining/data-mining-techniques/
https://barnraisersllc.com/2018/03/artificial-intelligence-facts-hype-reality/
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The data mining process requires commitment. But experts agree, across all 

industries, the data mining process is the same. And should follow a prescribed 

path.  

Here are some essential steps of the data mining process. 

 

Business understanding 

In the business understanding phase: 

• First, it is required to understand business objectives clearly and find out 

what are the business’s needs. 

• Next, assess the current situation by finding the resources, assumptions, 

constraints and other important factors which should be considered. 

• Then, from the business objectives and current situations, create data 

mining goals to achieve the business objectives within the current 

situation. 

• Finally, a good data mining plan has to be established to achieve both 

business and data mining goals. The plan should be as detailed as 

possible. 

 

Data understanding 

• The data understanding phase starts with initial data collection, which is 

collected from available data sources,  to help get familiar with the data. 

Some important activities must be performed including data load and 

data integration in order to make the data collection successfully. 

• Next, the “gross” or “surface” properties of acquired data need to be 

examined carefully and reported. 

• Then, the data needs to be explored by tackling the data mining 

questions, which can be addressed using querying, reporting, and 

visualization. 

• Finally, the data quality must be examined by answering some important 

questions such as “Is the acquired data complete?”, “Is there any missing 

values in the acquired data?” 

 

Data preparation 

The data preparation typically consumes about 90% of the time of the project. 

The outcome of the data preparation phase is the final data set. Once 

available data sources are identified, they need to be selected, cleaned, 

http://www.zentut.com/data-mining/data-mining-processes/
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constructed and formatted into the desired form. The data exploration task at a 

greater depth may be carried during this phase to notice the patterns based on 

business understanding (Romero C, 2013). 

 

Modeling 

• First, modeling techniques have to be selected to be used for the prepared 

data set. 

• Next, the test scenario must be generated to validate the quality and 

validity of the model. 

• Then, one or more models are created on the prepared data set. 

• Finally, models need to be assessed carefully involving stakeholders to 

make sure that created models are met business initiatives. 

 

Evaluation 

In the evaluation phase, the model results must be evaluated in the context of 

business objectives in the first phase. In this phase, new business requirements 

may be raised due to the new patterns that have been discovered in the model 

results or from other factors. Gaining business understanding is an iterative 

process in data mining. The go or no-go decision must be made in this step to 

move to the deployment phase. 

 

Deployment 

The knowledge or information, which is gained through data mining process, 

needs to be presented in such a way that stakeholders can use it when they want 

it. Based on the business requirements, the deployment phase could be as simple 

as creating a report or as complex as a repeatable data mining process across 

the organization. In the deployment phase, the plans for 

deployment, maintenance, and monitoring have to be created for 

implementation and also future supports. From the project point of view, the 

final report of the project needs to summary the project experiences and review 

the project to see what need to improved created learned lessons. 

 

Advantages of Data Mining 

Marketing / Retail 

Data mining helps marketing companies build models based on historical data 

to predict who will respond to the new marketing campaigns such as direct mail, 
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online marketing campaign…etc. Through the results, marketers will have an 

appropriate approach to selling profitable products to targeted customers. 

Data mining brings a lot of benefits to retail companies in the same way as 

marketing. Through market basket analysis, a store can have an appropriate 

production arrangement in a way that customers can buy frequent buying 

products together with pleasant. In addition, it also helps the retail companies 

offer certain discounts for particular products that will attract more customers 

(Romero C, 2013). 

 

Finance / Banking 

Data mining gives financial institutions information about loan information and 

credit reporting. By building a model from historical customer’s data, the bank, 

and financial institution can determine good and bad loans. In addition, data 

mining helps banks detect fraudulent credit card transactions to protect credit 

card’s owner. 

 

Manufacturing 

By applying data mining in operational engineering data, manufacturers can 

detect faulty equipment and determine optimal control parameters. For 

example, semiconductor manufacturers have a challenge that even the 

conditions of manufacturing environments at different wafer production plants 

are similar, the quality of wafer are a lot the same and some for unknown 

reasons even has defects. Data mining has been applying to determine the 

ranges of control parameters that lead to the production of the golden wafer. 

Then those optimal control parameters are used to manufacture wafers with 

desired quality. 

 

Governments 

Data mining helps government agency by digging and analyzing records of the 

financial transaction to build patterns that can detect money laundering or 

criminal activities. 

 

Disadvantages of data mining 

Privacy Issues 

The concerns about the personal privacy have been increasing enormously 

recently especially when the internet is booming with social networks, e-
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commerce, forums, blogs…. Because of privacy issues, people are afraid of 

their personal information is collected and used in an unethical way that 

potentially causing them a lot of troubles (Seltzer W, 2015). Businesses collect 

information about their customers in many ways for understanding their 

purchasing behaviors trends. However businesses don’t last forever, some days 

they may be acquired by other or gone. At this time, the personal information 

they own probably is sold to other or leak. 

 

Security issues 

Security is a big issue. Businesses own information about their employees and 

customers including social security number, birthday, payroll and etc. However 

how properly this information is taken care is still in questions. There have been 

a lot of cases that hackers accessed and stole big data of customers from the big 

corporation such as Ford Motor Credit Company, Sony… with so much 

personal and financial information available, the credit card stolen and identity 

theft become a big problem. 

 

Misuse of information/inaccurate information 

Information is collected through data mining intended for the ethical purposes 

can be misused. This information may be exploited by unethical people or 

businesses to take benefits of vulnerable people or discriminate against a group 

of people. In addition, data mining technique is not perfectly accurate. 

Therefore, if inaccurate information is used for decision-making, it will cause 

serious consequence. 

 

Educational Data Mining 

Educational data mining refers to techniques, tools, and research designed for 

automatically extracting meaning from large repositories of data generated by 

or related to people's learning activities in educational settings. Quite often, this 

data is extensive, fine-grained, and precise. For example, several learning 

management systems (LMSs) track information such as when each student 

accessed each learning object, how many times they accessed it, and how many 

minutes the learning object was displayed on the user's computer screen. As 

another example, intelligent tutoring systems record data every time a learner 

submits a solution to a problem; they may collect the time of the submission, 

whether or not the solution matches the expected solution, the amount of time 

that has passed since the last submission, the order in which solution 

https://zentut.com/data-mining/data-mining-techniques/
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components were entered into the interface, etc. The precision of this data is 

such that even a fairly short session with a computer-based learning 

environment (e.g., 30 minutes) may produce a large amount of process data for 

analysis. In other cases, the data is less fine-grained. For example, a 

student's university transcript may contain a temporally ordered list of courses 

taken by the student, the grade that the student earned in each course, and when 

the student selected or changed his or her academic major. EDM leverages both 

types of data to discover meaningful information about different types of 

learners and how they learn, the structure of domain knowledge, and the effect 

of instructional strategies embedded within various learning environments. 

These analyses provide new information that would be difficult to discern by 

looking at the raw data. For example, analyzing data from an LMS may reveal 

a relationship between the learning objects that a student accessed during the 

course and their final course grade. Similarly, analyzing student transcript data 

may reveal a relationship between a student's grade in a particular course and 

their decision to change their academic major. Such information provides 

insight into the design of learning environments, which allows students, 

teachers, school administrators, and educational policy makers to make 

informed decisions about how to interact with, provide, and manage educational 

resources. 

 

USERS AND STAKEHOLDERS OF EDUCATIONAL DATA MINING 

There are four main users and stakeholders involved with educational data 

mining. These include: 

• Learners – Learners are interested in understanding student needs and 

methods to improve the learner's experience and performance. For 

example, learners can also benefit from the discovered knowledge by 

using the EDM tools to suggest activities and resources that they can use 

based on their interactions with the online learning tool and insights from 

past or similar learners. For younger learners, educational data mining 

can also inform parents about their child's learning progress. It is also 

necessary to effectively group learners in an online environment. The 

challenge is to learn these groups based on the complex data as well as 

develop actionable models to interpret these groups.  

• Educators – Educators attempt to understand the learning process and 

the methods they can use to improve their teaching methods. Educators 

can use the applications of EDM to determine how to organize and 

structure the curriculum, the best methods to deliver course information 

and the tools to use to engage their learners for optimal learning 

outcomes.[12] In particular, the distillation of data for human judgment 

technique provides an opportunity for educators to benefit from EDM 

https://en.wikipedia.org/wiki/Educators
https://en.wikipedia.org/wiki/Curriculum
https://en.wikipedia.org/wiki/Educational_data_mining#cite_note-U.S._Department_of_Education-12
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because it enables educators to quickly identify behavioural patterns, 

which can support their teaching methods during the duration of the 

course or to improve future courses. Educators can determine indicators 

that show student satisfaction and engagement of course material, and 

also monitor learning progress.  

• Researchers – Researchers focus on the development and the evaluation 

of data mining techniques for effectiveness. A yearly international 

conference for researchers began in 2008, followed by the establishment 

of the Journal of Educational Data Mining in 2009. The wide range of 

topics in EDM ranges from using data mining to improve institutional 

effectiveness to student performance. 

• Administrators – Administrators are responsible for allocating the 

resources for implementation in institutions. As institutions are 

increasingly held responsible for student success, the administering of 

EDM applications are becoming more common in educational settings. 

Faculty and advisors are becoming more proactive in identifying and 

addressing at-risk students. However, it is sometimes a challenge to get 

the information to the decision makers to administer the application in a 

timely and efficient manner. 

 

Big Data application in the education sector 

(a) Improve student result 

The overall idea of leveraging big data within the educational system is to 

improve the student results. Currently, the only measurement of the 

performance of students is the answers to assignments and exams. However, 

during his or her life, each student generates a unique data trail. Analyzing this 

data trail in real-time will help gain a better understanding of the individual 

behavior of students, and in creating an optimal learning environment for the 

students.  

With big data in the education sector, it is possible to monitor student actions, 

such as how long they take to answer a question, which sources they use for 

exam preparation, which questions do they skip, etc. These and similar to these 

questions can be answered automatically and instantly, giving each student 

instant feedback.  

(b) Customize programs 

With the help of big data, customized programs for each individual student can 

be created. Even if colleges and universities have lots of students, customized 

programs can be created for each of these students. This is possible with the 

help of what is called as ‘blended learning’ – a combination of online and offline 

learning. This gives students the opportunity to follow classes that they are 

interested in and also work at their own pace, while still having the possibility 

http://www.educationaldatamining.org/JEDM/index.php/JEDM
https://en.wikipedia.org/wiki/Administrator_(business)
https://www.allerin.com/blog/big-data-trends-that-will-dominate-2017
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for offline guidance by professors. We already see this happening in the case of 

MOOCs that are developed and delivered around the world now. For example, 

when the Machine Learning class at Stanford University was taught by Andrew 

Ng, only 400 students participated. However, when the same course was 

delivered as a MOOC, it attracted 100,000 students.  

(c) Reduce dropouts 

As big data in the education sector would help improve student results, dropout 

rates at schools and colleges would also reduce. Educational institutions can use 

predictive analytics on all the data that is collected to give them insights on 

future student outcomes. Such predictions can also help run scenario analysis 

on a course program before it is introduced into the curriculum; minimizing the 

need for trial-and-error. In fact, big data can also be used to monitor how 

students are performing in the job market after graduating from college. This 

would also help the future students in choosing the right college and course.  

(d) Targeted international recruiting 

With big data in the education sector, institutions can more accurately predict 

applicants and also analyze the possible factors that affect the application 

process. Such knowledge will allow institutions to adjust their recruitment 

strategies and allocate funds accordingly. Such an influx of data will also help 

students analyze information about schools around the world, speeding up the 

search and application process for international students too.  

Big data has the potential to revolutionize the learning industry in the coming 

years. Smarter students will have a positive impact on organizations and society. 

Therefore, it's time we embrace big data in the education sector.  

 

Recommendations 

Educational Data Mining (EDM) is a learning science, and an emerging 

discipline, concerned with analyzing and studying data from academic 

databases. The following are recommendations of the application of educational 

data mining: 

1. Schools need to be made directly or indirectly to embrace technology and 

optimized it effectively. 

2. Government should focus on eradication of the challenges when adopting 

data mining. 

 

Conclusion 

The increased use of technology in education is generating a large amount of 

data every day, which has become a target for many researchers around the 

world; the field of educational data mining is growing quickly and has the 

advantage of containing new algorithms and techniques developed in different 

data mining areas and machine learning (Resig J, 2018). The data mining of 

https://www.allerin.com/blog/data-integration-challenges-that-organizations-must-aim-to-overcome-2
https://www.betterteam.com/blog/recruiting-strategies
https://www.betterteam.com/blog/recruiting-strategies
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educational data (EDM) is helping create development methods for the 

extraction of interesting, interpretable, useful, and novel information, which can 

lead to better understanding of students and the settings in which they learn. 

EDM can be used in many different areas including identifying at-risk students, 

identifying priorities for the learning needs of different groups of students, 

increasing graduation rates, effectively assessing institutional performance, 

maximizing campus resources, and optimizing subject curriculum renewal. This 

paper surveyed the most relevant studies carried out in the field of EDM 

including data used in certain studies and the methodologies employed. It also 

defined the most common tasks used in EDM as well as those that are the most 

promising for the future. 
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