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ABSTRACT

University and college admission is a complex decision process that goes beyond simply

matching  test  scores  and  admission  requirements.  For  an  aspiring  graduate  student,

choosing which universities to apply to is really a difficult problem. Often, the students

wonder if their profile is good enough for a certain university. In this project, this problem

has been addressed by modeling a recommender system based on various classification

algorithms. The required data was obtained from thegradcafe.com. Based on this data set,

various  models  were  trained  and  one  best  and  some  other  similar  properties  carrying

universities are suggested for the students such that it maximizes the chances of a student

getting an admit from that university list. Classification algorithms have also been used to

predict the acceptance chance of any student on any individual university.

To predict the best University for the particular student his/her GPA score, GRE(Verbal and

Quant)  Score,  TOEFL score  has  been  used  as  attributes  for  classification.  K  nearest

neighbor has been used to predict best University and K means clustering has been used to

find more similar universities. Support Vector Machine and Random forest has been used

to predict the admission chance of particular student on specific University.

Keywords: college admission, aspiring graduate student, recommender system, 

classification algorithm 



VI

TABLE OF CONTENTS

LETTER OF APPROVAL.....................................................................................................II

COPYRIGHT.......................................................................................................................III

ACKNOWLEDGMENTS....................................................................................................IV

ABSTRACT..........................................................................................................................V

TABLE OF CONTENTS.....................................................................................................VI

LIST OF FIGURES..............................................................................................................IX

LIST OF TABLES.................................................................................................................X

LIST OF SYMBOLS AND ABBREVIATIONS.................................................................XI

1. INTRODUCTION..............................................................................................................1

1.1 Problem Statement...............................................................................................1

1.2 Purpose of the Project...........................................................................................1

1.3 Significance of the Project...................................................................................2

1.4 Limitations and Delimitations..............................................................................2

1.5 Objectives.............................................................................................................3

1.6 Definitions of Terms.............................................................................................3

1.7 Summary..............................................................................................................4

2. LITERATURE REVIEW...................................................................................................5

2.1 Recommendation Problem...................................................................................5

2.2 Related Work........................................................................................................6

2.3 Data Mining Techniques.......................................................................................6

2.4 Data Mining Applications in Higher Education...................................................8

3. SYSTEM ANALYSIS........................................................................................................9

3.1 Requirement Analysis...........................................................................................9

3.2 Feasibility Analysis............................................................................................10

           3.2.1 Operational Feasibility.........................................................................10

           3.2.2 Technical Feasibility.............................................................................10

           3.2.3 Economical Feasibility.........................................................................10

3.3 Software Development Approach......................................................................10



VII

4. METHODS AND PROCEDURES..................................................................................12

4.1 Theoretical Background.....................................................................................12

           4.1.1 K-Nearest Neighbor.............................................................................12

           4.1.2 Support Vector Machine.......................................................................14

           4.1.3 Random Forest.....................................................................................16

           4.1.4 K-Means Clustering.............................................................................17

4.2 Data Collection...................................................................................................18

           4.2.1 Data Source..........................................................................................18

           4.2.2 Data Set................................................................................................18

           4.2.3 Assumptions.........................................................................................20

           4.2.4 Attributes..............................................................................................20

4.3 Data Preprocessing.............................................................................................20

           4.3.1 Data Cleaning.......................................................................................20

           4.3.2 Data Reduction.....................................................................................21

           4.3.3 Data Transformation.............................................................................21

           4.3.4 Data Sampling......................................................................................22

4.4 Model Creation...................................................................................................23

           4.4.1 K Nearest Neighbors............................................................................23

                      4.4.1.1 Handling datasets...................................................................23

                      4.4.1.2 Similarity Measurement.........................................................24

                      4.4.1.3 Locating neighbors & getting response..................................25

                      4.4.1.4 Accuracy Calculation.............................................................25

                      4.4.1.5 Choosing value of K for KNN...............................................26

   

           4.4.2 Support Vector Machine.......................................................................26

                      4.4.2.1 Training datasets.....................................................................27

                      4.4.2.2 Testing datasets.......................................................................27

                      4.4.2.3 Prediction................................................................................27

           4.4.3 Random Forest.....................................................................................28



VIII

                      4.4.3.1 Boot strapping/Bagging..........................................................28

                      4.4.3.2 Developing the model............................................................28

                      4.4.3.3 Formulation............................................................................29

           4.4.4 K Means Clustering..............................................................................29

                      4.4.4.1 Data Assignment Step............................................................30

                      4.4.4.2 Centroid Update Step.............................................................31

5. SYSTEM DESIGN...........................................................................................................32

5.1 System Architecture...........................................................................................32

5.2 Activity Diagram................................................................................................33

5.3 Use case Diagram...............................................................................................34

5.4 Sequence Diagram..............................................................................................35

5.5 User Interface.....................................................................................................35

6. TOOLS AND TECHNOLOGIES....................................................................................38

6.1 Platforms Used...................................................................................................38

6.2 Programming Languages Used..........................................................................38

6.3 GitHub................................................................................................................39

7. RESULTS.........................................................................................................................40

7.1 Graphical Representation of Different Features.................................................40

7.2 KNN...................................................................................................................43

7.3 SVM...................................................................................................................46

7.4 Random Forest...................................................................................................48

7.5 K Means Clustering............................................................................................48

8. CONCLUSIONS AND FURTHER WORK....................................................................51

8.1 Conclusions........................................................................................................51

8.2 Further Work......................................................................................................51

REFERENCES.....................................................................................................................53

APPENDIX A: UI Block Diagram.......................................................................................55



IX

LIST OF FIGURES

Figure 2.1       Relationship between data mining and knowledge discovery........................7

Figure 3.1       Iterative Software Development Model........................................................11

Figure 4.1       SVM classification example.........................................................................14

Figure 5.1       System Block Diagram.................................................................................32

Figure 5.2       Activity Diagram of the System...................................................................33

Figure 5.3       Use Case Diagram of the System..................................................................34

Figure 5.4       Sequence Diagram of the System.................................................................35

Figure 5.5       System User Interface (Home Page).............................................................36

Figure 5.6       System User Interface (User Profile)............................................................36

Figure 5.7       System User Interface (University Dashboard Page)...................................37

Figure 5.8       System User Interface (University Search Details Page).............................37

Figure 7.1       Avg, Max and Min GRE Score for accepted student in database.................41

Figure 7.2       Avg, Max and Min GPA Score for accepted student in database..................41

Figure 7.3       Avg, Max and Min TOEFL Score for accepted student in database.............42

Figure 7.4       Variation of GPA and GRE Verbal Score for two universities......................42

Figure 7.5       Variation of accuracy with diff. values of K for Computer Engineering......43

Figure 7.6       Variation of accuracy with diff. values of K for Electrical Engineering.......43

Figure 7.7       Variation of accuracy with diff. values of K for Mechanical Engineering.. .44

Figure 7.8       Admission Prediction Result for Florida State University (FSU)................45

Figure 7.9       Admission Prediction Result for Georgia Institute of Technology...............45

Figure 7.10     University Recommendation Result.............................................................46

Figure 7.11     Data points for different universities before clustering.................................49

Figure 7.12     Result after K means clustering(k=5)...........................................................49

Figure 7.13     Result after K means clustering(k=2)...........................................................50



X

LIST OF TABLES

Table 4.1       Majors with highest records on dataset..........................................................18

Table 4.2       Universities with highest records on dataset..................................................19

Table 4.3       List of attributes contained in dataset.............................................................20

Table 4.4       Sample Data frame Before Normalization.....................................................21

Table 4.5       Sample Data frame after Normalization.........................................................22

Table 4.6       Value of K providing highest accuracy for different Majors..........................26

Table 4.7       Features taken into consideration for prediction for SVM.............................26

Table 4.8       Kappa Agreement...........................................................................................29

Table 4.9       Features used for K Means Clustering...........................................................29

Table 7.1       Statistics of Dataset for System......................................................................40

Table 7.2       Sample of User Profile...................................................................................44

Table 7.3       Result of SVM model.....................................................................................46

Table 7.4       Confusion Matrix for SVM............................................................................47

Table 7.5       Re-sampling results across tuning parameters................................................48



XI

LIST OF SYMBOLS / ABBREVIATIONS

GRE Graduate Record Examinations

TOEFL Test of English as a Foreign Language

PhD Doctorate of Philosophy

GPA Grade Point Average

AWA Analytical Writing Assessment

SVM Support Vector Machine

KNN K-Nearest Neighbor

US United States

USA United States of America

SOP Statement of Purpose

LOR Letter of Recommendation

GUI Graphics User Interface

$ US Dollar

% Percentage



1

1.  INTRODUCTION

1.1.  Problem Statement

Every year thousands of college graduates apply for the master and PhD programs in US

universities from all around the world.  Applying to US universities is not an easy task, it

involves many steps and procedures to follow.  Choosing the right universities or colleges

is  definitely  an  another  hurdle  students  have  to  face.  Many  students  apply  for  the

universities in which they have little chance of acceptance.  This leads students of poor

economic  backgrounds  to  frustration  and anxiety  as  they  only  lose  surplus  amount  of

money just for applying to those universities. This is because overall university application

cost  is  not  affordable  for  students  with  low  economic  backgrounds.  US  universities

application cost for top level universities range from $70 to $90. In the same way total cost

to send GRE scores to any individual University is $27 and cost of sending TOEFL score

to any individual university is $19. These stats show students have to throw away lots of

hard works and hard-earned money for nothing if they got rejected in universities they

have applied for. 

What if there is a system that could guide students and recommend best universities list

and predict  their  admission  chance  in  those  universities  according  to  their  profile  and

scores.  So,  the  idea  behind  ‘University  Recommendation  and  Admission  Prediction

System’  is the context mentioned above. 

1.2.  Purpose of the Project

University  and College research being one part  of the university  application process is

itself an arduous and lengthy task. This issue being a big problem for students have not

been solved till  now. There are  recognized sites  which filters  the best  universities  and

colleges based on the location, tuition fees, major and degree but none of them have use

machine learning algorithm to solve the issue. 
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Hence, we have done this research project to solve that issue to some extent with the use of

data mining techniques. 

1.3.  Significance of the Project

University Application process itself being a tedious task students needs lots of endeavor

and determination for completing overall  application process. Application packet to US

universities and colleges consists of following essential things. It seems students have to

work on lots of things when  he/she prepares for application process. It would definitely be

easier  for students if  they get  relief  from step of  selecting  best  suited  universities  and

colleges  for  application.  This  would  encourage  them  to  work  vigorously  on  other

application components so that their  application candidacy will be potent enough to be

selected.

List of University Application Components:

1. Application Form

2. Application Fee

3. Attested Transcripts

4. Financial Documents

5. GRE Score Report

6. TOEFL Score Report

7. Statement of Purpose

8. Letters of Recommendations

9. Supporting Materials

1.4.  Limitations and Delimitations

Results of this project are not applicable to college graduates of each and every major. As

there  was  limitation  of  information  on  dataset  this  system  could  not  predict  and

recommend  universities  to  students  of  every  major.  Nevertheless,  the  statistical  data

mining techniques used in this project can be applicable to all majors. If any universities

have insufficient data on the major chosen by the student it will return insufficient data for

prediction to the user. 
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1.5.  Objectives

The main objectives of this project are listed below:

1. Learning data mining algorithms and implementing them in the real data sets.

2. Building  an  efficient  university  research  site  for  the  students  who  have  been

planning to apply for master programs in various disciplines. 

3. Recommending best suitable universities to students based on their GRE, GPA and

TOEFL scores and also predicting admission probability.

1.6.  Definitions of Terms

Data Mining. Frawley et al. (1991) defined data mining as the non trivial extraction of

implicit, previously unknown, and potentially useful information from data.

Algorithm. A process or set of rules to be followed in calculations or other problem solving

operations, especially by a computer.

K-Nearest Neighbor.  In pattern recognition, the k-nearest neighbors algorithm is a non-

parametric method used for classification and regression.

Support  Vector  Machine.  In  machine  learning,  support  vector  machines (SVMs,  also

support  vector  networks)  are  supervised  learning models  with  associated  learning

algorithms that analyze data used for classification and regression analysis.

Random Forest. Random Forest Tree is a Machine Learning Algorithm Based on Decision

Trees. Random Trees lies in one of those Class of ML Algorithms which does 'ensemble'

classification.

K  means  algorithm. The  K-means  algorithm  involves  randomly  selecting  K  initial

centroids where K is a user defined number of desired clusters. Each point is then assigned

to a closest centroid and the collection of points close to a centroid form a cluster.
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1.7.  Summary

The purpose of this research project is to compare data mining techniques in analysis of the

students GPA, GRE , AWA and TOEFL scores to find out best suited university for the

student  and  to  predict  the  acceptance  chance  of  student.  This  project  research  will

contribute to the meager  research in effectiveness of data mining techniques applied in

higher education. It will motivate other researchers to work on data mining techniques and

algorithms for solving various issues related to higher education.  
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2.  LITERATURE REVIEW

Every year the number of students seeking admission for the graduate studies is constantly

increasing. As a result the competition gets tougher and the chances of admission becomes

unpredictable. Given the growth of new programs and number of admission,  a student is

often unaware of the existence of such programs.  As university education has become a

basic  part  of  most  people’s  preparation  for  working  life,  admission  to  university  is

henceforth a topic of importance. How a student chooses a university, and conversely how

a university chooses a student, determines the success of both sides in carrying through the

education.

2.1.  Recommendation Problem

In today’s fast-paced world, every technological innovation influences the importance of

higher  education.  Being the top destination  for higher  education  universities  of United

States enroll thousands of international students every year. For students across the world

who  wish  to  pursue  graduate  studies  in  the  USA,  choosing  a  suitable  college  and

universities and earning an admit is a challenge. Although, many Internet resources and

forums are available, they do not offer satisfactory suggestions, as most of them are based

on  assumptions  from college  rankings  and  not  the  actual  statistical  relations.  From a

student’s perspective cost of application and amount of dedication and determination to the

process is also high. Hence, to guide the students in an efficient manner, the University

Recommendation  and Admission Prediction  System has  to  be developed,  based on the

input of the students’ academic data. [1]

The choice of a university that is suitable for a any undergraduate student can be difficult

decision to make. Reputation of the university, perceived difficulty of the degree program,

distance from home, tuition and living cost, student’s areas of academic strength as well as

actual  scores  achieved  are  just  some  of  the  factors  that  may  be  considered  by  a

undergraduate  student.  Likewise,  the  university  has  its  own  set  of  admission  criteria,

mainly based on academic standard of the student  to be admitted,  admission based on
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minority  and gender  representation,  local  vs.  domestic  vs.  overseas  student  proportion.

Choosing  the  most  suitable  among  the  many  thousands  of  candidates  that  apply  to  a

university every year is not a trivial matte. [2]

2.2.  Related Work

In the past,  a lot  of work on employing data  mining techniques  in  the field of higher

education were done. Few recommender systems to suggest course and university based on

a  student’s  academic  record  were  developed.  Those  systems  employed  decision  tree

classifier and fuzzy c-means clustering techniques using WEKA tool kit and it was aimed

to help  the students  choose  a  stream which  will  suit  their  skill  sets.  Another  different

recommender system was built to help students with their academic stats. They help in

making decisions about what course to select based on a student’s schedule, stream and

professors. Here the model was trained based on past 7 years data for particular university

and classifiers for every subject  was modeled based on cumulative GPA. On the other

hand, some recommendation system were modeled to help university to know about their

students by keeping track of their  time, extra-curricular  activities  and achievements,  in

addition to their academic potential. This helps them to identify and categorize the students

depending on the need using two step algorithm and K-means.  However, there was no

access to any of the data-set used in the above mentioned works. [2]

2.3.  Data Mining Techniques

Finding patterns in data dates back to 6th century BC succeeding the invention if the abacus

made of bamboo rod in ancient China. Ancient China and Greece used statistics to help

administrators  govern  monetary  and  military  matters.  In  the  eighteenth  century,  two

branches  of statistics  evolved.  The two branches  were classical  statistics  and Bayesian

statistics. Classical statistics was inspired from mathematical works of Laplace and Gauss,

which considered the joint probability. Bayesian statistics, on the other hand, considered

the probability of an event occurring will be equal to the probability of its past occurrence

multiplied by the likelihood of its future occurrence. Data mining techniques use either

approach.
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Data mining is a comparatively new field in statistics. One of the early definitions of data

mining from Frawley et  al.(1991)  defined data  mining as  the non trivial  extraction  of

implicit,  previously unknown, and potentially  useful information from data.  John(1997)

explained data mining as a new name for a previous process of finding patterns in data.

John clarifies that the search for patterns in data has neen going in in different fields for a

long time, but a common name like data mining brought all these different fields together

to focus on universal resolutions.

Knowledge discovery and data mining are very closely related. “Knowledge discovery in

databases  is  the  non-trivial  process  of  identifying  valid,   novel,  potential  useful  and

ultimately  understandable  patterns  in  data”(Fayyad,  Piatetsky-Shapiro,  Smyth  &

Uthurusamy, 1996). The relationship between knowledge discovery in database (KDD) and

data mining is shown in fig: 2.3.

Fig: 2.1: Relationship between data mining and knowledge discovery

 

Most definitions of data mining focus on finding patters in the data and model building.

Initial definitions of data mining was confined to the process of model building but was

later extended to model evaluation. Finding patterns in data is a complicated process that
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can be accomplished by statistical algorithms that can also evaluate variable relationships.

The modern knowledge discovery process combines the algorithms to find patterns and

also evaluates the entire process of building and evaluating models (see Figure 2.1)

Hand et al.(200) summarized some of the major data mining activities as follows: 

1. Exploratory data analysis:  includes  techniques that  help in inspecting a data set

using      graphical charts and descriptive statistics.

2. Descriptive  modeling:  includes  finding  probability  distributions,  finding

relationships between models and partitioning the data into groups.

3. Predictive modeling: includes building a statistical model to predict one variable

using another variable.

4. Discovering patterns  and rules:  includes  activities  from finding combinations  of

items that occur frequently in transaction databases.

5. Retrieval by content: includes activities of finding patterns in a new data set similar

to some know pattern of interest. [3]

2.4.  Data Mining Applications in Higher Education

Data  mining  techniques  are  extensively  used  in  business  applications.  Nearly  all  data

mining techniques used in business applications can be applied in solving higher education

problems. Luan (2002) clarifies some data mining questions in the business sector and their

equivalent in higher education:

1. Business question: Who are my most profitable customers? (Equivalent in higher

education: Who are the students taking more credit hours?)

2. Business question: Who are my repeat website visitors? (Equivalent in higher

education: Which students are likely to return for more classes?)

3. Business question: who are my loyal customers? (Equivalent question in higher

education: Which students persist and graduate?) 

4. Business question: who is likely to increase their purchase? (Equivalent in higher

education: Which alumni are likely to donate?)

5. What clients are likely to defect to my rivals? (Equivalent in higher education:

what type of courses can we offer to keep our students?) [3]
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3.  SYSTEM ANALYSIS

3.1.  Requirement Analysis

Requirement  analysis  basically  provides  detail  information  about  functional  and  non-

functional requirements. The functional requirement of this system are discussed below:

1. Interface  Requirement: User  Interface  should  have  home  page  and  clear  

navigation links for user to understand where to go. It should have simple and 

comfortable view so that user can easily use the system features. 

2. User Requirement:  A User can be registered or guest user. If user is guest user  

he/she can only search universities and check details. To feel the full functionality 

user  should  have  created  user  account  in  the  system.  User  should  also  have  

provided all necessary information asked while registering.

3. Data Requirement:  Dataset for training the model should be available and should 

be  error  free.  While  user  checks  for  the  admission  prediction  or  university  

recommendation model should work fine with the dataset and should return result 

to the user.

4. Device Requirement: In order to use the system functions and features a web  

browser is required. Results can be viewed on any devices like laptop, desktop or 

mobile phones if devices have Internet access.

The non-functional requirements of the system are discussed below:

1. Availability: The system should be available any time. User should take advantage 

of the system at any given time.

2. Capacity: System should be able  to  store information  of any number of  user.  

System should provide results to any number of user at a given time.

3. Performance: System should provide result in a effective way and should 

not take long time. Results should be accurate and user friendly.
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3.2.  Feasibility Analysis

3.2.1.  Operational Feasibility

Operational  feasibility  studies  make  sure  that  reference  to  the  operational  cost  and

efficiency for the proposed project is effective or not. It also gives description about how

project operates and what resources will the system be using while performing it job. As

recommendation  system  is  a  simple  machine  learning  implemented  system,  it  is

operationally feasible and can be run on low price and resources

3.2.2.  Technical Feasibility

Technical feasibility of any project asks weather the given project is technically feasible to

be completed or not. University Recommendation and Admission Prediction System has

been built using machine learning algorithm. Algorithms like KNN, SVM, Random Forest

and K Means Clustering  has  been used.  Implementation  of  those  algorithms  has  been

successfully  made  and  now users  can  get  recommendation  and  can  predict  admission

probability.  For more accurate result huge amount of dataset will be required. In future

this project can continued and can be made more advanced with the use of  huge datasets

and implementing more advanced algorithms.

3.2.3.  Economic Feasibility

Economic  feasibility  of  a  project  indicates  weather  the  given project  can  be sustained

economically or not. As, while developing our project we have used free dataset, free and

open source softwares, free and open source programming languages and libraries, the only

cost is of web hosting and domain name. Since, the web space required is not huge. We can

say that project is economically feasible to run.

3.3.  Software Development Approach

Software  development  approach  we  have  taken  is  the  iterative  and  incremental

development model. As, iterative model has been implemented for software development,
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we first build a prototype and that prototype was enhanced and build further into a more

advanced and complete form . 

Figure: 3.1:  Iterative Software Development Model
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4.  METHODS AND PROCEDURES

4.1.  Theoretical Background

4.1.1.  K-Nearest Neighbor

K nearest neighbors is a simple algorithm that stores all available cases and classifies new

cases  based  on  a  similarity  measure  (eg:  distance  functions).  KNN has  been  used  in

statistical estimation and pattern recognition already in the beginning of 1970’s as a non-

parametric technique.

KNN falls in the supervised learning family of algorithms. Informally, this means that we

are  given  a  labeled  dataset  consisting  of  training  observations  (x, y)  where  x denotes

feature (aka. Predictor, attribute) and y denotes the target (aka. Label, class) and would like

to capture the relationship between x and y. More formally, our goal is to learn a function

h:x  →  y  so  that  given  an  unseen  observation  x,  h(x) can  confidently  predict  the

corresponding output y. 

KNN is called as lazy classifier as it does lazy classification. While in training process it

only stores data points and it classifies data only when new data is fed to it. Based on the

value of K provided, it takes K number of nearest  neighbors to the test data and decides in

which  class  it  belongs.  Class  which  have  the  greater  number  of  neighbors  will  be

categorized as the class of the test data. [4]

The KNN algorithm goes like this:

1. Sorts the data in ascending order.

2. Determines the distance of given test data with all points on dataset.

3. Selects the K nearest points from the given data points.

4. Counts the distinct classes of the K Nearest Neighbors and assigns the class with

the maximum number of count to the given data point.
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The algorithm uses different measures to calculate the similarity between any two given

data instances. This is needed so that we can locate the k most similar data instances in the

training dataset for a given member of the test dataset and in turn to make prediction.

Similarity is defined according to a distance metric between two data points. A popular

choice  is  the  Euclidean  distance. Some  other  distance  functions  include  Manhattan,

Minkowski  and  Hamming  distance.  Euclidean,  Manhattan  and  Minkowski  distance

measure are only suitable for continuous variables. [5]

Euclidean: d ( p ,q)=√(q1−p1)
2+(q2− p2)

2+...+(qn− pn)
2  = √∑i=1

n

(q i−pi)
2.

Manhattan: ∑
i=1

k

|x i− yi|

Minkowski: (∑
i=1

k

(|xi− yi|)
q)

(
1
q
)

In addition to Euclidean, Manhattan and Minkowski KNN algorithm also uses Hamming

distance. Which is basically used for categorical variables. It also brings up the issue of

standardization  of  the numerical  variable  between 0 and 1 when there  is  a  mixture  of

numerical and categorical variables in the dataset. Hamming Distance is given by:
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4.1.2.  Support Vector Machine

Support  vector  machine  is  a  advance  binary  machine  learning  classification  algorithm.

SVM technique can be use for both linear  and non linear  classification  problems. The

linear SVM can be extended to a nonlinear classifier by first using a kernel function to map

the input pattern into a higher dimensional space.

Fig: 4.1  SVM classification example

The required hyperplane equation is 

    w.x+b = 0 ------ (i)

Here w is parameter/weight of the hyperplane and b  represents the bias function. The

closest data points from the hyperplane are the support vectors. In SVM we try to find

optimum values of  w and b  by using some optimization technique. Our whole goal is to

find the values of w and b that maximizes the margin betweens the support vectors. SVM

classifies the data set into two group 1. positive  i.e  (w.x +b) >0 and 2.  negative i.e (w.x

+b) < 0.
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Finding margin, for positive support vectors:

(w.x +b) = 1 --- (ii)

For negative support vectors:

(w.x +b ) = -1----(iii)

 Let,  Yi be the class label  and equal  to  1 for positive class and -1 for negative class.

Multiplying  by Yi both side in (ii) and (iii)

Yi(w.x +b) = 1 ----(iv)

and 

Yi(w.x +b) =  -1-----(v)

Now let  x1 and x2 be two points on  negative and positive support vector hyperplane

respectively.

Now, 

width =  w(x1-x2) = 2

Now dividing by magnitude of w on both side

w/ ||w|| * (x1 – x2) = 2/ ||w||----(vi)

This equation tells us that in order to maximize width  we need to  find value of  w with

minimum magnitude. 

Here, we need to find minimum value of w and maximum value of b that satisfies the

constraints of support vector machine .

  yi(x.w +b) ≥ 1,   1≤ i ≤ n------(vii)

In this  constraint  yi  is  class  value  i.e   1  for  (+ve)  class  and  -1  for  (-ve)  class.  This

constraints make sure that no  data points lies between two parallel support hyperplane.  
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Starting from some value of w and b  we  try to satisfy the constraint and descend the value

of w using smaller steps  and finding b accordingly that satisfies  above constraints and

store in dictionary and find  the values of w and b that gives minimum magnitude of w  i.e

||w|| and maximizes margin. The optimization becomes a quadratic programming problem.

Using quadratic programming  we can solve for the optimum values of  weight w and bias

b. Here w  is parameter or slope for the hyperplane and b is just axis intercept by the

hyperplane. [6]

4.1.3.  Random Forest

Random  forests  or  random  decision  forests are  an  ensemble  learning method  for

classification,  regression  and  other  tasks,  that  operate  by  constructing  a  multitude  of

decision trees  at  training time and outputting  the class  that  is  the  mode of the classes

(classification) or mean prediction (regression) of the individual trees. Random decision

forests correct for decision trees' habit of over-fitting to their training set. [7]

The first  algorithm for random decision forests was created by Tin Kam Ho using the

random  subspace  method, which,  in  Ho's  formulation,  is  a  way  to  implement  the

"stochastic discrimination" approach to classification proposed by Eugene Kleinberg.

An extension  of  the  algorithm was developed by  Leo Breiman  and Adele  Cutler, and

"Random Forests" is their  trademark. The extension combines Breiman's "bagging" idea

and random selection of features, introduced first by Ho and later independently by Amit

and Feman in order to construct a collection of decision trees with controlled variance.

The  training  algorithm  for  random  forests  applies  the  general  technique  of  bootstrap

aggregating or bagging, to tree learners. Given a training set X = x1, (xn) with responses Y

= y1 (yn), bagging repeatedly (B times) selects a random sample with replacement of the

training set and fits trees to these samples:

For b = 1, ...B:

1. Sample, with replacement, B training examples from X, Y; call these Xb, Yb.

https://en.wikipedia.org/wiki/Random_subspace_method
https://en.wikipedia.org/wiki/Bootstrap_aggregating
https://en.wikipedia.org/wiki/Trademark
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2. Train a decision or regression tree fb on Xb, Yb.

After training, predictions for unseen samples x' can be made by averaging the predictions

from all the individual regression trees on x':

or by taking the majority vote in the case of decision trees. [8]

4.1.4.  K-Means Clustering

K-means  clustering is  a  type  of  unsupervised  learning,  which  is  used  when  you have

unlabeled data which means data with out any defined class or categories. This algorithm

mainly focus on finding the groups in the data with similar properties, with the number of

groups represented by the variable K. The algorithm works iteratively to assign each data

point to one of K groups based on the features that are provided. Data points are clustered

based on feature similarity. The result of K-means clustering are:

1. The centroids of the K number of clusters, which can be further used to label or

categorize new set of data.

2. Labels for the training data( Each data point is assigned to a single cluster)

K-means clustering uses Euclidean distance for the assignment of the data points to certain

cluster which is given mathematically as:

d ( p ,q)=√(q1− p1)
2+(q2−p2)

2+...+(qn−pn)
2  

= √∑i=1

n

(q i−pi)
2.

Where,

qi denotes the ith  attribute of the data point and

pi denotes the ith  attribute of certain cluster centroid.

The K-means clustering algorithm uses iterative refinement to produce a final result. The

algorithm inputs are the number of cluster K and the data set. The data set is a collection of

features for each data point. The algorithm starts with initial estimates for the K centroids,
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which  can  either  be  randomly  generated  or  randomly  selected  from the  data  set.  The

algorithm works through following steps:

1. Get value of K and choose n random centroids.

2. Assigns each data point to the nearest centroid. Iteration through this step gives

final cluster.

3. From the clusters formed, calculate centroid for each of the clusters.

4. Repeat steps 2 and 3 until the centroids converge to certain points in the space. [9]

4.2.  Data Collection

4.2.1.  Data Source

The data analyzed in this project was obtained from thegradcafe.com. GradCafe is a forum

that  allows  prospective  graduate  students  to  submit  their  graduate  school  admissions

decisions and details about their scores. It has been running since early 2006 and since

early 2010 has been accepting structured GRE and GPA data.  It has almost 500 thousand

entries today. The data we are working on was scraped and posted by  Debarghya Das a

former Facebook engineer and current software engineer at Google. We have downloaded

it from here: https://github.com/deedy/gradcafe_data 

4.2.2.  Data Set

Data set  we are working has almost  130k records.  We have features  like name of the

university, intended major master degree, degree either master or PhD, season either fall or

spring, Undergrad GPA score, GRE verbal score, GRE Quantitative score, GRE writing

score, and TOEFL score.

SN. Major Total Counts on Database

1 Computer Science 25836

2 Electrical Engineering 7493

3 Speech Language Pathology 7328
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4 Management Information System 5727

5 Mechanical Engineering 5047

6 Computer Engineering 5041

7 Electronics and Communication Engineering 4132

8 Electrical and Computer Engineering 3510

9 Economics 3456

10 Psychology 3420

11 Physics 3367

12 Industrial  Engineering 2692

13 Chemical Engineering 2390

14 Chemistry 2351

Table 4.1: Majors with highest records on dataset

SN. University Total Counts on Database

1 North Carolina State University 4679

2 Arizona State University (ASU) 3601

3 University of Texas, Dallas 3237

4 University of Southern California 2879

5 Georgia Institute of Technology 2745

6 Stanford University 2739

7 Carnegie Mellon University 2694

8 Columbia University 2624

9 SUNY Buffalo 2620

10 University of Texas, Austin 2587

11 University of Michigan, Ann Arbor 2548

12 Texas A and M University, College Station 2533

13 Northeastern University 2376

14 University of Wisconsin Madison 2313

15 Cornell University 2313

Table 4.2: Universities with highest records on dataset
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4.2.3.  Assumptions

It was assumed that prospective graduate students have filled the correct data in admission

result forum. Also any errors and corrections were assumed to be minor and will not have

significant effect on the result of this project.

4.2.4.  Attributes:

The dataset contains admission result of students from 2006-2016. The attributes included

in the project were associated with students’ profile like scores (GPA, GRE, TOEFL) and

other factors like season of application, major applying for, status of students (International

or American) . It includes following list of attributes:

Name Data Type Description

University Name Categorical Name of the University

Major Categorical Course Student intending to join

Degree Categorical Master programs or PhD programs

Season Categorical Semester : Fall or Spring

GPA Continuous Grade Point Average of Student

GRE Verbal Score Continuous GRE verbal score of student

GRE Quantitative Score Continuous GRE Quantitative score of student

GRE AWA Continuous GRE writing score of student

TOEFL Continuous TOEFL score of student

Table 4.3: List of attributes contained in dataset

4.3.  Data Preprocessing

4.3.1.  Data Cleaning

Original Dataset obtained had lots of missing values, outliers and errors. Data was cleaned

by  filling  missing  values  applying  forward  fill,  backward  fill  functions  of  the  python

library called as pandas. In other hand data records with rows which had all  important

features missing has been removed. 



21

4.3.2.  Data Reduction

Original dataset had lots of irrelevant attributes like ids and timestamps which has been

removed and only important attributes were  kept for training and testing.

4.3.3.  Data Transformation

Min-Max normalization method was applied for scaling the important  features.  All  the

Numerical features has been normalized to a scale of 0-1 based on Min-Max normalization

given by the formula:

zi=
xi−min(x)

max (x )−min (x)

Where x=(x1 , . . . , xn) , zi is new ith normalized data

Index GPA GRE(Verbal) GRE(Quant) AWA TOFEL

0 3.60 166 163 4.5 107

1 4.00 159 167 4.0 100

2 4.00 159 167 4.0 100

3 4.00 159 167 4.0 100

4 4.00 159 167 4.0 100

5 3.56 152 166 3.5 97

6 2.70 150 161 3.5 96

7 3.50 156 169 3.5 100

8 3.50 156 169 3.5 100

9 3.50 156 169 3.5 100

10 3.50 156 169 3.5 100

Table 4.4:  Sample Data frame Before Normalization
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Index GPA GRE(Verbal) GRE(Quant) AWA TOEFL

0 0.89 0.90 0.82 0.73 0.78

1 1.00 0.72 0.92 0.64 0.60

2 1.00 0.72 0.92 0.64 0.60

3 1.00 0.72 0.92 0.64 0.60

4 1.00 0.72 0.92 0.64 0.60

5 0.88 0.55 0.90 0.56 0.53

6 0.65 0.50 0.77 0.56 0.51

7 0.86 0.65 0.97 0.56 0.60

8 0.86 0.65 0.97 0.56 0.60

9 0.86 0.65 0.97 0.56 0.60

10 0.86 0.65 097 0.56 0.60

Table 4.5:  Sample Data frame After Normalization

4.3.4.  Data Sampling

The usual practice for cross-validating models is to split the data randomly into 70%-80%

to build the model  and then use the rest  20%-30% for model  evaluation.  The random

sample  used  for  training  or  evaluation  might  not  be  a  good  representation  of  the

population. This method of splitting the data had reliability problems and did not produce

good results and varied accuracy rate. Stratification ensures that each class is appropriately

represented in training and testing datasets. Data can be split ‘K’ different times so that

each case is in the test data once, this method is known as K-fold cross validation. When

‘K’ is equal to 10, the method is known as ten-fold cross validation.

The cross-validation method gives better accuracy because the mean is more accurate than

a single experiment. K-Nearest Neighbors, Support Vector Machine and Random Forest

models were built using the 25-fold cross-validation method.
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4.4.  Model Creation

Three  different  models  namely  K-Nearest  Neighbors,  Support  Vector  Machine  and

Random Forest has been built for this project. We will optimize each of these models to fit

the student admission data  and then the best  data  mining model  will  be evaluated.  K-

Nearest Neighbors and Support Vector Machine predictive models used in this project are

the most popular models used in the statistical data mining process and random forest is a

relatively recent data mining model, which has not been applied in higher education data

mining applications. These data mining models are designed to extract useful information

and make inference from large datasets.  Data mining is inspired by the computing and

storing  power  of  computers  therefore,  analyzing  data  and  creating  many  models  and

evaluating the best model are familiar methods in a data mining project design.

4.4.1.  K-Nearest Neighbors

The output  of the KNN is the prediction  of class of the given test  set.  A test  point  is

classified by a majority vote of its neighbors, with the test point being assigned to the class

most common among its K nearest neighbors. Here, K is a user defined constant and value

of K is determined by calculating the accuracy percent of model at different values of K.

Value of K which gives the highest accuracy is chosen for the training and testing purpose.

4.4.1.1.  Handling Dataset

Our dataset contain total of One Hundred and Thirty Thousand records (130K), but dataset

fed to the classifier model will be far less than that as it is filtered based on the Major of

the student. For example, if the major of the student is Electrical Engineering then records

having major as a Electrical Engineering is filtered which led data record value to 7493

which is the total count of the Electrical Engineering major in the whole dataset.  

In every model used in this project dataset is first filtered based on the major of the student.

As being accepted in certain university is highly dependable on the major of the student. 

After we get the filtered dataset we fed it to the KNN classifier from which 80% is used for

the training purpose and rest of the 20% is used  for the validation purpose.
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The important features used for building KNN model are Student GPA, GRE Verbal score,

GRE Quantitative score, GRE writing score and TOEFL score.  University name has been

taken as class. The important factors affecting admission are GPA, GRE, TOEFL, Major of

student, Status of Student(American,  International,  International with American degree),

Degree applying for(Master  or  PhD).  We first  filter  the  database  based  on the student

profile  like  Major, Status  and Degree and we took other  features  like  GPA, GRE and

TOEFL for the model implementation and prediction.

4.4.1.2.  Similarity Measurement

As  a distance metric of KNN we have chosen Euclidean distance which is mathematically

described as:

d ( p ,q)=√(q1−p1)
2
+(q2−p2)

2
+...+(qn−pn)

2

= √∑i=1

n

(q i− pi)
2.

Where,

qi denotes the ith  attribute of the training data point and

pi denotes the ith  attribute of user’s data point.

In our case, p1 = User’s GPA

       p2  = User’s GRE Verbal Score

       p3  = User’s GRE Quantitative Score

       p4  = User’s  GRE Writing Score

       p5  = User’s  TOEFL Score

And, 

      q1 =  Train Dataset’s GPA

      q2 =  Train Dataset’s GRE Verbal Score

      q3 =  Train Dataset’s GRE Quantitative Score

      q4 =  Train Dataset’s Writing Score

      q5 =  Train Dataset’s TOEFL Score
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For University Recommendation:

Class = University

Features Used for Classification = GPA, GRE Verbal, GRE Quantitative, GRE Writing and

TOEFL

For Admission Prediction

Class = Admission Decision

Features Used for Classification = GPA, GRE Verbal, GRE Quantitative, GRE Writing and

TOEFL

4.4.1.3.  Locating neighbors and getting response

After we got the similarity measure, we have used it to collect the k most similar instances

for  a given unseen instance. This is a straight forward process of calculating the distance

for all instances and selecting a subset with the smallest distance values. 

Once we have located the most similar neighbors for a test instance , the next task was to

devise  a  predicted  response  based  on  those  neighbors.  We did  this  by  allowing  each

neighbor to vote for their class attribute, and take the majority vote as the prediction. A

data point was classified by a majority vote of its neighbors, with the data point being

assigned to the class most common amongst its K nearest neighbors. 

4.4.1.4.  Accuracy Calculation

Accuracy of the model was calculated by counting the total correct predictions out of all

predictions made from test set. It is called classification accuracy.

Accuracy is defined by:

Accuracy=
TotalCorrect Predictions

TotalTest Dataset
∗100
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4.4.1.5.  Choosing value of K for KNN

Like most machine learning algorithms, the K in KNN is a hyper parameter that we as a

designer must pick in order to get the best possible fit for the data set. K is like a factor

controlling the shape of the decision boundary of prediction. 

When K is  small,  we are restraining  the  region of  a  given prediction  and forcing  our

classifier to be more blind to the overall distribution. A small value for K provides the most

flexible fit, which will have low bias but high variance. On the other hand, a higher K

averages more voters in each prediction and hence is more resilient  to outliers.  Larger

values  of  K will  have  smoother  decision  boundaries  which  means  lower  variance  but

increased bias. 

We have run the algorithm iteratively through several values of  K ranging from 1 to 100

and following result have been obtained. We have used value of K which has given highest

accuracy for train and test purpose.

SN. Major Value of K Accuracy

1 Computer Science 11 75.5%

2 Electrical Engineering 10 76.5%

3 Speech Language Pathology 9 85.7%

4 Management Information System 9 83.1%

5 Mechanical Engineering 10 80%

6 Computer Engineering 11 73.9%

Table 4.6: Value of K providing highest accuracy for different Majors

4.4.2.  Support Vector Machine

Features taken into consideration for Support vector machine are also same as in KNN.

Intended major Computer Science

Undergraduate GPA 3.60
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GRE Verbal Score 160

GRE Quantitative Score 166

GRE AWA Score 4.5

TOEFL Score 102

Degree PhD

Status International

Table: 4.7:  Features taken into consideration for prediction for SVM

4.4.2.1.  Training

Before training we need to separate the dataset into training set and testing set. We can

choose 80% of data for training and 20 % for testing. Now the training data is feed into

algorithm , which will generate the required  SVM model for our data set.

4.4.2.2.  Testing

Testing  is done to check the model performance. After the SVM model is trained , we can

test the model on 20%  testing data. Accuracy of model can be calculated as,

Accuracy=
Total Correct Predictions

TotalTest Dataset
∗100

4.4.2.3.  Prediction

After optimizing  we can use this model for prediction for unclassified data by simply

inserting the unclassified data x in to  the equation (x.w +b) . if the sign of (x.w + b ) is

negative  that data is classified as negative class else  if sign of (x.w +b) is positive we

classify the unclassified data as positive class. 
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4.4.3.  Random Forest

Random Forest is an ensemble of decision trees. Unlike single decision trees which are

likely  to  suffer  from high  Variance  or  high  bias  (depending  on  how they  are  tuned).

Random Forests use averaging to find a natural balance between the two extremes. Since

they have  very  few parameters  to  tune  and can  be  used  quite  efficiently  with  default

parameter settings (i.e. they are effectively non-parametric). Random Forests are good to

use as a first cut when you don’t know the underlying model, or when you need to produce

a decent model in a short time. The Random forest model was run by varying the number

of trees  that  were used and it  was  found that  the accuracy range from 55%-65% was

obtained for different major. 

Steps applied for implementing Random Forest:

4.4.3.1.  Boot strapping/Bagging

Boot strapping\Bagging From a standard data set with records of 70,000, generating new

sample data sets taking 60% of records. Sampling was done with replacement. There will

be many samples each with size more than 55,000 records. Here, these numerous training

sets leads to forest of decision trees. Here we use around 8000 number of decision trees for

prediction which usually depends on size & nature of training set.

4.4.3.2.  Developing the model

Data was split into training and testing set as well as various packages needed was loaded.

Next, we setup the model we want to run using Random Forest. The coding is similar to

that which is used for regression.

Model1<-  train(Acceptance~GPA+GRE+Major+status,  data=training  set,  method='rf',

prox=TRUE)

We are using 4 variables to predict whether a decision will be accepted or not. The method

is ‘rf’ which stands for “Random Forest”.
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4.4.3.3.  Formulation

We  use  kappa  statistic  calculation  with  each  training  set  for  prediction  and

recommendation which can be described as follows:

Kappa statistic calculation

Kappa=
(observed accuracy−expectedaccuracy)

(1−expectedaccuracy)

The value of kappa ranges from -1 to 1

Value of Kappa Meaning

< 0 Poor Recommendation

0.01–0.40 Weak Recommendation

0.41– 0.80 Moderate Recommendation

0.81–0.99 Strong Recommendation

Table: 4.8:  Kappa Agreement

4.4.4.  K Means Clustering

Using KNN model we have predicted the best suited university for the user. As, we need to

recommend  some  more  universities  having  similar  features,  we  have  used  K  means

clustering. Features used for the K Means Clustering are:

SN. Features Name Data Type Description

1 University Categorical University

2 Acceptance Rate Continuous Acceptance rate of university

3 Average GRE Continuous Average GRE score of university

4 Minimum GRE Continuous Minimum GRE score of university

5 Maximum GRE Continuous Maximum GRE score of university

6 Average GPA Continuous Average GPA score of university

7 Maximum GPA Continuous Maximum GPA score of university
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8 Minimum GPA Continuous Minimum GPA score of university

9 Average TOEFL Continuous Average TOEFL score of university

10 Maximum TOEFL Continuous Maximum TOEFL score of university

11 Minimum TOEFL Continuous Minimum TOEFL score of university

Table 4.9: Features used for K Means Clustering

4.4.4.1.  Data Assignment Step

Each data Point is Assigned to its nearest centroid by computing Euclidean distance

d ( p ,q)=√(q1− p1)
2+(q2−p2)

2+...+(qn−pn)
2

In our case, p1 = Data Point’s Acceptance rate

       p2  = Data Point’s Average GRE

       p3  = Data Point’s Maximum GRE

       p4  = Data Point’s Minimum GRE

       p5  = Data Point’s Average GPA

       p6  = Data Point’s Maximum GPA

       p7  = Data Point’s Minimum GPA     

       p8  = Data Point’s Average TOEFL

       p9  = Data Point’s Maximum TOEFL

       p10  = Data Point’s Minimum TOEFL

And,       q1 =  Centroid's Acceptance rate

      q2 =  Centroid’s Average GRE

      q3 =  Centroid’s Maximum GRE

      q4 =  Centroid’s Minimum GRE

      q5 =  Centroid’s Average GPA

      q6 =  Centroid's Maximum GPA

      q7 =  Centroid’s Minimum GPA

      q8 =  Centroid’s Average TOEFL
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      q9 =  Centroid’s Maximum TOEFL

      q10 =  Centroid’s Minimum TOEFL

4.4.4.2.  Centroid Update Step

In this step when any data point is assigned to any centroid, centroids are recomputed. This

is done by taking the mean of all the data points assigned to that centroid’s cluster.

Example: (taking only two data Average GRE and Average GPA)

Initial Centroids:  A(315, 3.40) and  B(325,  3.70)

After One iteration: Let data point X(313, 3.30) is assigned to Cluster A

Now, New Centroids will be calculated by taking mean:

A=
315+313

2
,
3.40+3.30

2
=A (314, 3.35)

and B will be same as B(325, 3.70)
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5.  SYSTEM DESIGN

University  recommendation  and  admission  prediction  system  uses various  machine

learning algorithms like KNN, SVM, Random Forest and K Means Clustering in order to

analyze, train and evaluate the user data. After the required result is obtained it is shown to

the user via User Interface with different visualization. The admission prediction in any

university is  shown in bar graph as  a probability  while  recommended universities  are

listed with levels  best recommended university and some other recommended university.

5.1.  System Architecture

The figure  shown below is  the  system block diagram of  the  project  which  shows the

overall processes involved in the system design. Which includes all steps including data

collection,  preprocessing,  training  and  testing  with  algorithm,  extracting  features  and

providing result to the user.

Figure 5.1: System Block Diagram
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5.2.  Activity Diagram

The diagram below shows the activity diagram of the system. It shows how three main

activities, User and interact. The user log in activity initiates the system and the system

starts other activities in the sequence as show in the figure below. 

Figure 5.2: Activity Diagram of the System
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5.3.  Use Case Diagram

Figure 5.3: Use Case Diagram of the System

Use case diagram consists of different actors performing different roles in the system. Here

in our case we have user(registered or guest), admin and system. User can login to the

system and then check admission prediction and get recommended universities. Admin can

manage  user  accounts.  While  system  analyzes  the  user  profile  and  provide

recommendation to user and predict user’s admission probability using machine learning

algorithms.
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5.4.  Sequence Diagram

A sequence diagram shows how objects interact with each other and in what order.  The

Sequence diagram of our University Recommendation and Admission Prediction System is

shown below:

Fig 5.4: Sequence Diagram of the System

5.5.  User Interface

User  interface  is  how  public  users  see  our  system.  User  Interface  of  University

Recommendation  and Admission  Prediction  System is  a  website  where guest  user  can

search name of different universities and view detail information related to that university.

Guest  user  can  also  view  the  ranking  of  university  but  in  order  to  get  university

recommendation  and  to  predict  admission  probability  they  have  to  sign  up  first  by

providing their GRE, GPA, TOEFL scores and Major they are choosing for master degrees.

A logged in user can get university recommendation, check admission prediction in any

university, save universities  in  dashboard if  he/she thinks university  is  worth applying,

delete universities added in dashboard. 
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Screen shot of  System User Interface is given below:

Figure 5.5: System User Interface (Home Page)

Figure 5.6: System User Interface (User Profile)
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Figure 5.7: System User Interface (University Dashboard Page)

Figure 4.8: System User Interface (University Search Details Page)
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6.  TOOLS AND TECHNOLOGIES 

6.1.  Platforms Used

1. LINUX:  Linux  is  a  open  source  operating  system,  freely  distributable,  cross-

platform operating system based in Unix that can be installed on PCs, laptops,  

netbooks, mobile and tablet devices, video game consoles, servers, supercomputers 

and more. 

2. Windows:  Windows is an operating system created by Microsoft  that provides  

interface  known  as  Graphical  User  Interface  (GUI),  for  computers.  Windows  

eliminates the need to memorize commands for the command line (MS-DOS) by 

using a mouse to navigate through menus, dialog boxes, buttons, tabs and icons. 

6.2.  Programming Languages Used

1. Python:  Python  is  an  interpreted,  object-oriented,  high-level  programming  

language with dynamic semantics. Its high-level built in data structures, combined 

with  dynamic  typing  and  dynamic  binding,  make  it  very  attractive  for  Rapid  

Application Development, as well as for use as a scripting or glue language to  

connect  existing  components  together.  Python's  simple,  easy  to  learn  syntax  

emphasizes readability and therefore reduces the cost of program maintenance.  

Python supports modules and packages, which encourages program modularity and 

code reuse. The Python interpreter and the extensive standard library are available 

in source or binary form without charge for all major platforms, and can be freely 

distributed.

2. Scikit-learn: Scikit-learn is a free software machine learning library for the Python 

programming language. It features various classification, regression and clustering 

algorithms including support vector machines, random forests, gradient boosting, k 

means and DBSCAN, and is designed to interoperate with the Python numerical  

and scientific libraries NumPy and SciPy.
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3. Pandas: Pandas is  a software library written for the Python programming language

for  data  manipulation  and  analysis.  In  particular,  it  offers  data  structures  and  

operations for manipulating and analysis. In particular, it offers data structures and 

operations for manipulating and analysis. In particular, it offers data structures and 

operations  for  manipulating  numerical  tables  and  time  series.  Pandas  is  free  

software released under the three-clause BSD license. The name is derived from the

term “Panel Data” , an econometrics term for multidimensional, structured data  

sets. 

4. Numpy: Numpy is a library for the Python programming language, adding support 

for large, multi-dimensional arrays and matrices, along with a large collection of  

high level mathematical functions to operate on these arrays. 

5. Django:  Django is  a  high-level  Python Web framework that  encourages  rapid  

development and clean, pragmatic design. Built by experienced developers, it takes 

care of much of the hassle of Web development, so you can focus on writing your 

app without needing to reinvent the wheel. It’s free and open source.

6. HTML/CSS/Boostrap:  HTML  (Hypertext  Markup  Language)  and  CSS  

(Cascading Style Sheets) are two of the core technologies for building Web pages. 

HTML provides the structure of the page, CSS provides the visual layout, for a  

variety of devices. Along with graphics and scripting, HTML and CSS are the basis 

of building Web pages and Web applications. Bootstrap is the most popular HTML, 

CSS, and JavaScript framework for developing responsive, mobile-first web sites.

6.3. GitHub: It is an open source project started by Linux creator Linus Torvalds.  

Git like other version control systems, manages and stores revisions of projects.  

Although it’s mostly used for code, Git could be used to manage any other type of 

file, such as Word documents or Final Cut projects. 

https://techcrunch.com/2012/04/19/an-interview-with-millenium-technology-prize-finalist-linus-torvalds/


40

7.  RESULTS

Three different models K Nearest Neighbors(KNN), Support Vector Machine(SVM) and

Random Forest were built. KNN was used to predict Best University, SVM and Random

forest was used to predict the admission acceptance chance. To recommend similar other

universities like best predicted university K Means Clustering has been implemented.

The dataset contains records with 1,29,841 records with total 721 universities and 8091

Majors. Admission Decision categories are Accepted or Rejected and Other features like

GPA, GRE and TOEFL are continuous data. Statistics of the dataset is given below:

GPA GRE(Verbal) GRE(Quant) GRE(AWA) TOEFL

count 129841.00 129841.00 129841.00 129841.00 129841.00

mean 3.60 157.41 160.88 4.00 103.00

std 0.28 7.14 6.38 0.80 6.80

min 0.25 130.00 131.00 0.30 57.00

25% 3.46 152.00 157.00 3.50 100.00

50% 3.63 158.00 162.00 4.00 103.00

75% 3.83 163.00 166.00 4.50 108.00

max 4.00 170.00 170.00 6.00 120.00

Table 7.1: Statistics of Dataset for System

7.1.  Graphical Representation of Different Features

Following graphs show the average, maximum and minimum scores of accepted student on

data base for GRE, GPA and TOEFL score.
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Figure 7.1: Average, Maximum and Minimum GRE Score for accepted student in database

Figure 7.2: Average, Maximum and Minimum GPA Score for accepted student in database
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Figure 7.3: Avg, Maximum and Minimum TOEFL Score for accepted student in database

Variation of GPA and GRE Verbal Score for two universities namely Stanford University

and Indiana University indicating Stanford accepts students mostly with high  scores while

Indiana University accepted students even with low scores.

Fig: 7.4:  Variation of GPA and GRE Verbal Score for two universities
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7.2.  KNN

KNN algorithm has  been  implemented  for  best  university  prediction.  For  determining

value of K which gives highest accuracy algorithm was run through several value of K.

Results of values of K versus accuracy percent for different majors are given below:

Figure 7.5: Variation of accuracy with different values of K for Computer Engineering

Figure 7.6: Variation of accuracy with different values of K for Electrical Engineering
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Figure 7.7: Variation of accuracy with different values of K for Mechanical Engineering

Result of KNN algorithm for University Recommendation and Admission Prediction for

the user with following details:

SN. Features Value

1 Major Economics

2 Undergrad GPA 3.2

3 GRE Verbal Score 150

4 GRE Quantitative Score 155

5 GRE Writing Score 4

6 TOEFL Score 95

Table 7.2: Sample of User Profile
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Admission Prediction Result for above user accepted and rejected:

Figure 7.8: Admission Prediction Result for Florida State University (FSU)

Figure 7.9: Admission Prediction Result for Georgia Institute of Technology
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University Recommendation Result

Figure 7.10: University Recommendation Result

7.3.  SVM

Our system filters the database based on Major of User and University requested by user 

for Admission prediction and then filtered database is fed to the model. 

The result of SVM for University= University of Florida and Major=Computer Science are

obtained as follows:

University University of Florida

Major Computer Science

Total number of Samples 981

Cross Validation Accuracy 74.2 %

Table 7.3: Result of SVM model
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Confusion matrix

 For the total 197 test set  , confusion matrix is given below,

                                     Target
positive negative

positive 110 25

negative 31 31

Table 7.4: Confusion Matrix for SVM

Accuracy=
(true positive+truenegative)

total
    = 141/197
    = 71.5 % 

Prediction

 For a dummy user with stats GPA = 3.4, GRE_Verbal = 167, GRE_Quant = 147, 
GRE_AWA = 4 and TOEFL = 97

The Prediction is [-] or Rejected  for University of Florida , Computer Science major.

For another user with stats GPA = 3.6, GRE_Verbal = 167, GRE_Quant = 165, GRE_AWA

= 4 and TOEFL = 106 

The prediction is 1 or Accepted for University of Florida, Computer Science major.

     model
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7.4.  Random Forest

      Samples taken:    700 samples 

           4 predictors 

     2 classes: 'No', 'Yes'     Yes: Accepted, No: Rejected

 

Summary of sample sizes: 42000, 42000, 42000

 Re sampling results across tuning parameters:  

Run Accuracy Kappa Accuracy SD Kappa SD  

2 0.662 0.599 0.013 0.040

9 0.636 0.592 0.017 0.038

12 0.629 0.586 0.011 0.041

Table 7.5: Re-sampling results across tuning parameters

Here, the accuracy states how well the model predicted accurately whether a user will be

accepted or rejected while the kappa shares the same information but it calculates how well

a model predicted while taking into account chance or luck. As such, the Kappa should be

lower than the accuracy but it should be close to the accuracy. 

In above result, 2 is the best run since it has both accuracy and kappa highest among all run

at 0.662 and 0.599 respectively. 

7.5.  K Means Clustering

When we obtained the best suited university for the student we then apply clustering with

all the  universities to find the similar properties carrying universities. 

Result of Clustering with K=5 and 2 and number of samples n=200
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Fig: 7.11 Data points for different universities before clustering

Figure 7.12:  Result after K means clustering(k=5)
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Figure 7.13: Result after K means clustering(k=2)
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8.  CONCLUSIONS AND FURTHER WORK

8.1.  Conclusions

K-Nearest Neighbor, SVM and Random Forest model have been successfully used for the

university recommendation and admission prediction system. Accuracy ranging from 75%

to 90% has been obtained for different majors in KNN model, similarly accuracy obtained

from SVM was 70% to 85% and accuracy range for Random Forest model was between

70%-80% for different majors.

Our  project  have  focused  on  features  like  GPA,  GRE  and  TOEFL  score  which  are

obviously the most significant factors for college admission. But Higher education research

desires more sophisticated models that can take into account multiple variables that relate

to university and admission prediction. 

This research project has analyzed most important features of student profile and used data

mining techniques to get the desired prediction. Till now we have been able to predict the

Best suitable university and admission prediction of any university using KNN model. We

have been able to predict admission chance using SVM and Random Forest model. 

8.2.  Further Work

University Admission depends on many factors, among them GPA, GRE and TOEFL are

most important. We have used these three features in this project but more features can be

implemented to get more accurate result. Other features could be  Statement of Purpose

(SOP),  Letter  of  Recommendation  (LOR),  industry  experience,  internship  experience,

papers  published,  journals  published  etc.  Also,  as  an  extension  to  this  work,

recommendation of university with respect to research interest can be made with further

study.
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As mentioned before the data we actually fed to model is far less than the total data set as

we first filter it based on user’s intended major . So, we are working on insufficient dataset.

Even though the accuracy is ranged between 70 % - 85%. the result will never be satisfied

to  the  user.  So,  we can  work  on huge data  set  for  that  we can  scrape  the  data  from

thegradcafe.com  and  edulix.com.  We can  also  add  more  features  to  our  system  like

University ranking, University News feed. 

This project is focused for the students intending to pursue master and PhD degrees, we

can use dataset of undergraduate college admission and use it for the students intending to

pursue bachelor degree. 
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APPENDIX A: UI Block Diagram


