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Abstract - These days most of the universities tend to develop their curriculum depending on the market needs. Since Big Data 
has become widely used by big companies in the market, it is a priority for education to provide Big Data courses and tools. 
This paper shows a new automated educational tool that delivers a Big Data concept and assists the students to understand Big 
Data analysis by using Hadoop tool, MongoDB database and MapReduce technique.  It also deliberates a security issue that 
has limited the Automated Educational Tool for Big Data Analysis. 
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I. INTRODUCTION 
 
As Jean-Pierre Dijcks (2013) describes in his article 
Oracle: Big Data for the Enterprise, "today the term 
'Big Data' draws a lot of attention, but behind the hype 
there's a simple story. For decades, companies have 
been making business decisions based on transactional 
data stored in relational databases. Beyond that critical 
data, however, is a potential treasure trove of 
non-traditional, less structured data: weblogs, social 
media, email, sensors, and photographs that can be 
mined for useful information" [1]. In the age of social 
media, data is rapidly increasing and is stored in a 
variety of structures: for example, image is stored in a 
binary data and special signs like "#" hash tag and "@" 
at sign are stored in a different type of data which 
cause the difficulty in storing, analyzing and retrieving 
data. 
 
This paper discusses the importance of teaching Big 
Data and demonstrates how to simplify its complexity 
for students by using a simple automated tool that uses 
Hadoop. In addition, it shows the main problems of 
Big Data starting form Volume, Variety until reaching 
Velocity which are known as “3V”. It also illustrates 
the development stages for the Automated Educational 
Tool for Big Data Analysis and explains some security 
limitations and consequences that have limited its 
implementation. At the end,the paper describes how 
the Automated tool has been integrated with 
MongoDB Database.  
 
II. WHAT IS THE BIG DATA AND WHAT ARE 
BIG DATA’S MAIN PROBLEMS? 
 
A. Big Data Definition 
Generally, the student understands that Big Data 
means a massive amount of data however the term 
means more than the large size. To define a term like 
Big Data, the researcher should conduct deep research 
and consider all the related concepts to that term. 
Defining a new term that is still under research is 
demanding, but we still can generalize the definition  

 
and find a meaningful sentence. Anika Gupta(2016) 
remarks that “there are completely different 
definitions of the ‘Big Data’ term as many pages have 
shown, the foremost fashionable definition is given by 
describing its three characteristics known as “3V”: 
volume, velocity and variety” [2]. Defining its 
characteristics gives an overfull definition. According 
to Tom White (2015), “Big data is large volume, 
heterogeneous, decentralized distributed data with 
different dimensions” [3].  
 
B. Big Data’s Problems 
Each idea of Big Data comes to solve a problem and 
without knowing the causes, the problem could not be 
solved. Everyday new data is generated and many 
different data come from companies, groups and 
individuals in different structure and dimensions.  A 
wide increasing data and increasing types of data  from 
companies, groups and individuals has produced the 
three main problems Volume, Variety and Velocity 
“3V”. As Steven Sonka(2016) describes each 
characteristic:  

 Volume: data is extremely large and it is 
hard to be processed and analyzed 
manually. Data size mostly in Terabyte 
to Petabyte.  

 Variety: data is structured, 
semi-structured, and unstructured.  

  Velocity: data should be captured and 
processed rapidly. It should batch to real 
time or near real time. [4] 

C.  Hadoop  
Hadoop is a new trend tool in computer and e-data 
(electronic data) world. As AkshayaTupe and 
AmritPriyadarshi(2016) define in their paper Data 
Mining with Big Data and Privacy Preservation 
"Hadoop is an apache project to solve Big Data’s 
difficulties. Today, it is widely used in mainstream 
enterprises. Hadoop’s role as a general purpose 
storage and analysis platform for Big Data has been 
recognized by the industry, and this fact is reflected in 
the number of products that use or incorporate Hadoop 
in some way” [5].Nowadays, each computer scientist 
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tends to discover Hadoop and each data analysist is 
required to master Hadoop and become Hadoop 
expert. 
 
III. WHATIS NOSQL DATABASE AND TYPE 
OF NOSQL DATABASE? 

 
A. NoSQL Database  
After long time of using SQL Relational Database to 
store data and generate a relation between objects, the 
new term “NoSQL” has shown up and become another 
trend today beside hadoop. What is NoSQL Database? 
Pramod J. Sadalageand Martin Fowler (2013) observe 
that “the term ‘NoSQL’ is very ill-defined” which 
means that it does not have a clear or limit description; 
however, the authors define that “NoSQL databases 
are not using the relational model of database 
management. It operates without a schema, allowing a 
user to freely add fields to database records without 
having to define any changes in structure first. This is 
useful when dealing with no uniform data and custom 
fields” [6]. 

 
B. Types of NoSQL Database 

Although NoSQL is a new Database, it has special 
types and uses. According to the mongoDB official 
website (2017), here are some of NoSQL interesting 
types:  

 Document databases: “It combines each 
key with a complex data structure known 
as a document”.  

 Graph stores: “It is used to store 
information about networks of data, such 
as social connections”.  

 Key-value stores: “It stores every single 
item as an attribute name or 'key', together 
with its value” [7].  

 
C. MongoDB 
Rupali Arora and Rinkle Rani Aggarwal(2013) 
explain that “MongoDB is an open source NoSQL 
document database, initiated by 10gen Company and 
was designed to handle growing data storage needs. It 
is written in C++ and its query language is JavaScript” 
[8]. 
 
Today, mongoDB becomes popular and one of the 
most effective database management systems. 
According to mongoDB official website (2017) 
“mongoDB provides high implementation, high 
availability, and automatic scaling. MongoDB stores 
data in JSON-like documents that can vary in 
structure” [9]. These features support a mongoDB 
database to be one of the highest ranking databases. As 
DB- Engines Ranking (2017) shows, in June 
mongoDB becomes one of the top rated five out of 
three hundredand thirty different databases [10]. This 
gives a justification for mongoDB to be a powerful 
and applicable database that can be used in a big 
project. 

The mongoDB official website (2017) also states that 
“MongoDB uses dynamic schemas that allow user to 
generate record which is also called document without 
first defining the structure. It allows storing complex 
data structure easily”, giving a meaning that 
mongoDB is flexibleand manageable[9]. Additionally, 
as mongoDB official website (2017) says “mongoDB 
consists of collections and documents for storing data. 
Collections are equivalent to tables in relational 
databases. MongoDB stores documents in collections 
where a collection does not require its documents to 
have the same schema. A record in MongoDB is a 
document, which is a data structure composed of field 
and value pairs. The values of fields may include other 
documents, arrays, and arrays of documents”[9]. 
 
IV. AUTOMATED EDUCATIONAL TOOL 
 
Each student has to learn Big Data analysis because it 
would benefit in making decisions, computing, 
advertising, machine learning, business intelligence 
and more topics in the future. The most important 
purpose of developing this tool is to teach students the 
importance of Big Data analysis and guide them to 
start learning this technology.  
 
A. Objective 
An automated educational tool for Big Data analysis 
by using Hadoop is built as a command-line tool for 
Linux operating system. It has been developed to 
facilitate Big Data Analysis by executing famous 
examples like Word Count and emphasizes how the 
Big Data input can be analyzed straightforwardly by 
students. Instead of going through the installation 
steps of Hadoop and spending a week in learning its 
installation, the system expresses the main purpose of 
Big Data analysis which is the result from each step. It 
also concentrates in the main objective of analyzing. 
In general, it explains how a big task can be divided 
equally into small tasks between different machines 
and each machine can execute its task without 
interpreting other machines. 
 
B. Clusters 
 

Number Name Node’s Type 
1 Happy Master/Data Node 
2 Grumpy Data Node 
3 Sneezy Data Node 

Table 1Clusters 
This Automated tool consists of three main clusters as 
shown in Figure 1 and Table 1. The first cluster is 
known as “Happy”. Happy is a master and data (slave) 
node. Happy as a master node maps, breaks the data 
into small tasks and distributes them to three salves: 
Happy (as a slave node), Grumpy and Sneezy.  The 
second cluster is “Grumpy”. It is a data node that 
receives the queries and input data from the master 
node (Happy) and executes  
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Figure 1Automated Big Data Educational Tool Structure 

 
the task. The third node is “Sneezy”. It has the same 
task as Grumpy. 

 
C. User Interface  
The tool is a command-based application and the user 
has to access the path where the tool is installed in 
order to be run. The user interface is written in PHP 
programming language so the user should type 
phpwelcome.php command to establish using the 
Automated tool for Big Data. Beside the welcome 
message, the tool gives the user four different options: 
Word Count example with short input file, Word 
Count example with long input file, Traffic example 
and quit.  

 Word Count Example and How It 
Works. 

Word count is an example of Big Data. In Word Count 
example, the tool takes all the text and produces 
number of occurrences of each word in a given input 
set. When the user chooses the first or second option to 
run Word Count example, the tool offers another three 
options:  
 

1- Help: To read more about Word Count 
example and allocate the input data file.  

2- Run new one: Run the Word Count Example 
and track the output of each step.  

3- Show History: show previous running 
instead of running the same example again.  

Word Count example contains an input file in txt 
format.No matter how long the text is, the tool 
analyzes the data and shows each word with number of 
repeating uses. The tool has two different default files: 
one is short text input and the other has about 4500 
lines of text. The student may change the default files 
later where the tool allows the user to access the input 
file and replace the text. This option provides a student  

 
 
the opportunity to understand how the same steps can 
analyze different set of inputs. Word Count example 
has built by programming a java code that uses 
StringTokenizer class and Map data structure. The job 
is broken into smaller problems and the master node 
maps the tasks to the other three data nodes. The 
program asks the machine to read each line in the text 
file until reaches the last line; the program stores the 
word and number one as a starting point for each new 
word. Whenever the same word has occurred again, 
the number is increasing instead of duplicating the 
word in the output.  Once the program reaches the last 
word, each cluster returns the output of its task and the 
master node combines the output. Combing the 
outputs that are returned from the different clusters is 
called “Reduce”.Byusing MapReduce technique, the 
tool could produce the result of WordCount example 
fast and successfully 
.• Traffic Example and How It Works.  
Traffic is another example of Big Data. In Traffic 
example, the tool looks at the model and make of the 
car that has received the violations in a county of 
Maryland and produces the number of violations for 
each one.  When the user chooses the third option to 
runTraffic Violations example, the tool offers another 
three options:  
 

1- Help: To read more about Traffic example 
and allocate the input data file.  

2- Run new one: Run the Traffic Example and 
track the output of each step.  

3- Show History: show previous running instead 
of running the same example again.  

 
Traffic example contains of an input file in CSV 
format “comma-separated values”.The file pertains to 
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traffic violations from a county in Maryland.  It is a big list that is  
Number Description  Commands 
1 Create Jar File  Jar –cf filename.jar filename.class 
2 Run Master Node, Data Nodes and DFS 

Daemons 
 start-dfs.sh 
 start-yarn.sh 
 hdfsdfsadmin -report 

3 Copy the Input File to the DFS Share 
and Run the Hadoop Program 

 hdfsdfs -put filename.fileformat input 
 hadoop jar filename.jar input/filename.csv output 
 hdfsdfs -get output output 
 cat output/* 
 hdfsdfs -rm -r output 

4 Create TSV file.  hdfsdfs -copyToLocal output/outputFileName 
 cat outputFileName> word/resultwordcount.tsv 

5 Import content from TSV and store it in 
MongoDB database. 

 mongoimport -d databasename -c collectionname 
--file inputfilename  --type tsv --drop 

Table 2Commands List to Run Hadoop Example
over 268 MB in size and has 761,473 records. In this 
example, the tool just looks at the model and make of 
the car that received the violation. The program reads a 
line from Traffic_Violations.csv and extracts the make 
and model of the car, which is the key. In this example 
also the user can change the default file where the tool 
allows the user to access the CSV and replace the input 
data. The tool counts the car model and make in the list 
and shows each car model with number of violations 
occurs in Maryland.  
Traffic Violation example has been developed by 
writing three java files. The first file is Traffic.java to 
run the MapReduce job. The second java file is 
Traffic_Mapper.java to read the list and extracts the 
make and model of the car as a key. The code for this 
file has If statements that are placed to make sure that 
the array does not read the header column and the 
array does not go out of bounds because of long data 
and unorganized data. The third file is 
TrafficReducer.java a program that sums up all the 
key and values from the mapper via iteration.  It also 
counts how many make and models of the car received 
a violation in Maryland 
.  

 How the tool executes Word Count and 
Traffic examples.  

 
When theuser starts running the tool by typing the 
PHP command, the PHP code will be executed line by 
line. welcome.php has number of commands and each 
command will produce different function. As shown in 
Table 2, first command is used to compile the java 
program and save the compiled code as a jar file. 
Second set of commands are used to start Hadoop by 
running Master Node, Data Nodes in different clusters 
and DFS daemons. Third command is used to copy the 
input file to the DFS share and run the Hadoop 
program. One of the last set of command is “cat”. It is 
called to redirect the output file in terminal. After 
MapReduce task is accomplished and the output is 
returned to the user interface, the user can search for a  
specific output. This is a facility and special feature.  
 

 
Instead of going through the long list of outputs,the 
user can be pointed directly to the target output. For 
example, at the word count example, the user could 
search for a specific word to find its number of 
occurrences instead of scanning the long list of 
outputs. 
 
D. Database 
MongoDB NoSQL database is used for storing results 
performed by Hadoop in Automated Education Tool 
because MongoDB is capable of handling diverse data 
types, so any kind of result can be stored. The tool uses 
PHP MongoDB driver for querying the database to 
retrieve whole and specific data from a collection. 
Once Hadoop generates the output, program uses 
simple command to create TSV (Tab Separated 
Values) file and copy the generated output to that TSV 
file. The tool then uses mongoimport command to 
import content from TSV (Tab Separated Values) file 
to MongoDB database. This tool also imports content 
from CSV (Comma Separated Values) file or JSON 
[11]. The tool uses some predetermined name for 
Database and Collection while importing output in to 
MongoDB database.  
In Word Count example, the result is stored in 
mongoDB database which allows a user to find a 
particular word and determine whether that word 
exists in the input file or not. For example, a user can 
search for word “sample”. If input file does not contain 
the word “sample”, then the program will display 
count 0 for the word “sample”. Otherwise the program 
will display number of occurrences as a count for the 
word “sample”. 
Another use of MongoDB for an Automated 
Education Tool is to look for history. User can view 
the result of Word Count any time by simply choosing 
the third option (show history) from main menu. If the 
program is running for first time, then there will be no 
history. 
The integration of big data with MongoDB helps 
students to learn the use of non-relational database for 
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storing large and diverse data. It allows them to learn 
the  

 

 
Figure 2 An Example of Executing a Malicious Command through the Web-Based Tool

 
use of No SQL Database, which gives them a better 
understanding of the difference between the SQL 
and No SQL Database. Additionally, it shows them 
the necessity of using the Database. 

 
V. SECURITY LIMITATION 
 
In the planning phase, the tool was first created as a 
web-based application instead of command-line based 
application. This choice had been made because user 
Interface could attract the user more than the 
command-line based application.  
 
This preference had been created because friendly user 
interface like web-based application can be accessed 
from anywhere and anytime; in addition, it is a 
colorful and could have some modern icons, menu and 
pictures which most people prefer. The question is 
why the tool implementation had been changed from 
the web application based to the command-line based 
application. In the middle of the implementation 
phase, the web application had only a Word Count 
example. Since this project has been following the 
Test-driven development method (TDD), the 
application has been moved to the test section after 
every short development cycle.By the time the 
application had Word Count example as a first 
executable step, the Word Count example was not 
working successfully.  The problem was in executing 
Hadoop commands through the web browsers. The 
server at that time had received the requests and 
executed the code; however, it was not executing the 
commands through the browser. After deep searching 
in computer issues to understand why the browser is 
prevented from performing command in the client’s 
machine; it seems that it is one of the security 
restriction. Where most cypher security experts 
acknowledge that the developer should be prevented 
from executing any commands in the client’s machine 
directly to save clients’ machines and protect their 
private information from attacks. For example: some 
malicious developers may create a web-based  

application that includes one command which deletes 
all the user’s files once the user clicks on a button.  
 
Like this command; rm -rf ~/ as shown in Figure 2. In  
this project, the web page had a browser button 
allowing the client to upload a text input file  to 
perform a Word Count example, so the developer may 
add more serious action than deleting files to the 
web-based code which could seriously harm the 
client’s device. To get around these restrictions and to 
follow the timeline, the plan has been changed to the 
command-line based. There might be some solutions 
to break this limitation but in this research the major 
goal was to build an easy tool that describes a Big Data 
for the students regardless of its type. In the future, this 
security issue might be easier tobe solved, so the 
Automated tool could become available as an online 
tool for all the students that are interested in learning 
Big Data around the world.  

 
CONCLUSION 
 
As Xindong Wu, Xingquan Zhu, Gong-Qing Wu and 
Wei Ding(2017) say “Big Data concerns 
large-volume, complex, growing data sets with 
multiple, autonomous sources. With the fast 
development of networking, data storage, and the data 
collection capacity, Big Data is now rapidly expanding 
in all science and engineering domains, including 
physical, biological and bio- medical sciences” [12]. 
The Automated Educational Tool for Big Data 
analysis is developed for students who aim to discover 
Hadoop, MongoDB tools and realize the Big Data 
technology regardless of their majors. Most 
professors, especially computer science professors, 
have begun teaching their students Hadoop since it is 
considered as a trend in computer world. This tool 
offers some well-known hadoop examples which do 
not require the student to cover the installation steps 
for Hadoop and MongoDB.  The tool allows the 
student to access the code and understand how the 
Map Reduce technique could be programmed. In 
addition, it permits the student to execute the same 
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examples with different input data. In future, more 
examples could be added to the Automated 
Educational Tool for Big Data which would give the 
student a wide knowledge of Big Data. Furthermore, 
the tool could be transferred to the web application 
based instead of command line based to increase the 
availability and usability. Train the student at school 
will add a significant change on the work world. If the 
students graduate from the university with an enough 
knowledge of Big Data, this means they are ready to 
create and develop this technique furthermore in their 
job life.  Following technology is an important way to 
create a developed community and the best way to 
teach technology all over the world is having simple 
tools like the Automated Educational Tool for Big 
Data. 
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