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Abstract—Data Science as a domain is fast gaining 
popularity as data increases manifold, generated and consumed, 
in the current generation of technological advancements. 
Techniques of Data Science can be applied to number of fields 
to extract actionable insights from data. One such field is of 
competitive examinations. In India, a wide variety of 
competitive examinations now-a-days is conducted and 
managed through sophisticated technological platforms 
generating high volumes of data. Analytics, at the core of data 
science can be used to overcome the difficulty of managing this 
data and gaining insights from it. Also, there is a need for a 
state-of-the-art platform to capture, store, preprocess and 
analyze this data, and visualize various outcomes to gain 
insights from different perspectives. This paper talks about a 
web-based analytics framework to analyze and visualize the 
trends with respect to the data of large-scale competitive 
examinations. We also discuss a few studies conducted using 
the framework, using data captured through online 
applications’ processing for GATE, one of India’s most 
prestigious examinations. 

I. INTRODUCTION 
 Every year in India, a number of competitive examinations 
are conducted at a very large scale involving lakhs of students 
participating not only from India but also from all over the 
world. For such examinations, now-a-days almost every 
activity of examination process from enrolment to fee payment 
to seat allotment to examination to result publication is 
performed online generating lots of data at every step. Analysis 
of such data can reveal a lot of information about the profile of 
candidates, their performance, and various trends across time 
and geography etc. But, it is not a straight task to convert this 
kind of data to information and gain knowledge from it. While 
processing data of such nature, it is highly likely that the minute 
details or underlying trends might be overlooked, when using 
large scale applications rendering data at macro level. This 
complex nature of data thus necessitates the use of analytical 
procedures to extract meaningful contexts and derive insights 
from it. Data analysis is the way toward assessing, cleaning, 
transforming and inferring conclusions from data from different 
perspectives related to candidates’ preferences, performance 
patterns, and trends related to unusual behaviors etc., and thus 
supporting decision-making processes [1]. There exists a wide 
variety of analytical procedures. The most commonly known 
three types of analytics are Descriptive, Predictive and 
Prescriptive Analytics [2]. Descriptive Analytics tries to answer 
“What has happened?” and utilizes data aggregation and mining 
to gain insight about historical data. Predictive Analytics looks 
at “What could happen?” and uses statistical models and 
forecasting techniques to understand the future. On the other 
hand, Prescriptive Analytics uses optimization and simulation 
algorithms to make actionable inferences from the data [2] and 

tries to answer “What would it be advisable for us to do?” In 
this paper, we present a Web-based Analytics Framework 
developed to analyze data related to large-scale competitive 
examinations. To demonstrate analytical studies using this 
framework, GATE data is used. We discuss GATE briefly to 
get a picture of what is involved in a large scale competitive 
examination and how is the nature of the data. 

Graduate Aptitude Test in Engineering (GATE) is an all-
India examination that essentially tests the thorough 
comprehension of different undergraduate subjects in 
engineering and science. GATE is conducted together by the 
Indian Institute of Science (IISc) and seven Indian Institutes of 
Technology (IITs) for the National Coordination Board – 
GATE, Dept. of Higher Education, MHRD, GoI [3]. It is 
conducted annually and is completely online from registration 
process, to the examination and result. GATE Online 
Application Processing System (GOAPS) is an online interface 
provided for a candidate's interaction with the GATE office. It 
registers applicants from all over the world as GATE is 
conducted not only in India but also in few select countries like 
Bangladesh, Ethiopia, Nepal, Singapore, Sri Lanka, and United 
Arab Emirates [4][5]. Data being captured through GOAPS can 
provide insights not only related to the efficiency of GOAPS, 
but also related to candidate’s profile, behavior etc. Hence, it 
was decided to understand the nature of data by applying 
analytics on it. Insights discovered through this analytics can be 
useful for policy and decision making processes as well as for 
GOAPS as a whole. However, it becomes tedious and 
cumbersome to analyze such a huge variety of data and run it 
every year through individual analytical software in order to 
visualize trends and make sense of the data. Thus, there was a 
need to have a unified process that pipelines the data to the 
analytics engine to generate reports and graphical visualizations 
without engaging much time and energy on. A framework was 
proposed to retrieve the data from the database accumulating 
data from GOAPS or the likes, analyses it, generates the 
appropriate results and presents it to the end user in a 
comprehensible manner.  
In the next section, we look at some existing similar 
frameworks and how they harness the power of analytics for 
interpretation of the data. In section III and beyond, we provide 
the details of framework, analytical studies conducted etc.  

II. LITERATURE REVIEW 
An analytics framework comprises software tools and 

methods which help gather insights and aid visualizations of the 
data. It consists of tools, for instance; dashboards, data views 
and the likes, which can be used to make critical decisions 
regarding the policies implemented in an organization. One of 
the objectives of analysis is to display the discoveries to an 
audience in a comprehensible fashion and a dashboard can 
provide this utility in the framework.  Dashboards can act as a 



tool in the framework allowing the user to view and track 
performance of all parameters of interest. There are various 
types of dashboards which give distinct functionalities as 
indicated by business necessities. Operational reporting 
dashboards are agile and help coordinating the strategies of 
quick paced groups like sales and customer service. Strategic 
dashboards are perfect for officials hoping to screen KPIs (Key 
Performance Indicator) and metrics across the organization. 
Analytical or tactical dashboards are frequently utilized by 
business analysts to set up and convey business targets across 
the organization [6]. A look at the existing analytical tools was 
carried out to get an idea of the template and structure of an 
analytical dashboard. Tableau is one of the speediest advanced 
Business Intelligence and Data Visualization tool [7]. Although 
Tableau gives business client a great deal of flexibility from IT 
once the dataset is made, the client still needs the assistance of 
somebody knowledgeable in SQL to make the dataset to begin 
with. This is the significant disadvantage of Tableau, 
particularly for this venture as it requires a data pipeline and 
dynamic visualization. QlikView is a Business Intelligence data 
discovery product to create guided analytics applications and 
dashboards tailor-made for business challenges [8]. But, it is 
not easy enough for clients to fabricate their own diagrams or 
identify patterns. Any change should be re-coded and deployed. 
SAS empowers clients to screen key performance indicators 
that pass on how well an association is performing [9]. But, it 
additionally requires administrators to set up and maintain the 
product, thus not being user friendly and difficult to use and 
interact with. Google Analytics is a web analytics service from 
Google to track and report site traffic [10]. It gives insights and 
basic analytical tools for search engine optimization and 
marketing purposes. It works as an operational or strategic 
dashboard as opposed to an analytical one by giving insights 
about the website by directly connecting to it using an API 
rather than retrieving the data from a data source or spreadsheet. 
There are other packages like Weka, Mahout, Scikit-learn etc. 
for specific purposes based on the scale, nature of problem, and 
language of interest [11] [12] [13]. However, all these tools and 
packages, although impactful, did not have the elements key to 
this venture, thus requiring a more specialized and skillful way 
to deal with the proposed initiative. 

III. ANALYTICS FRAMEWORK FOR LARGE-SCALE 
COMPETITIVE EXAMINATIONS 

The analytics framework implemented by us consists of 
methods relevant to analytics of examination data and a 
customizable analytical dashboard. The objective of this 
framework is to simplify the process of examination data 
pipelining, analysis and visualization. Provisioning of 
dashboard into the framework provides a tool for a user, even 
from non-technical background, to easily gain insights without 
going through the entire process of data analytics manually. 
Such kind of dashboards bolsters interactions with the data, like 
drilling down or rolling up with respect to points of interest 
[19]. With an analytical framework, an organization can 
determine why certain processes are working in some 
departments and not in others, identify patterns and 
opportunities in data, and align strategic objectives with 
performance initiatives.  

The following subsections describe the design, architecture 
and features of the framework in detail. In next section, we talk 
about the some analysis done using this analytics framework.  

A. Design and Architecture of the Framework 
 The framework consists of three major components- the 

backend database, the analytical pipeline and the 
frontend dashboard. The database gets information from 
GOAPS system, the data wrangling and analysis is 
performed by the analytical engine and outputs the data 
in a format compatible to be displayed on the frontend 
dashboard. Changes in database, if any, are reflected to 
the dashboard, when refreshed. 

 The framework follows a layered architecture based on 
MVC design pattern. The model classes reflect the 
database structure, controllers pass information and the 
view displays the graphs and details about the data. It has 
multiple layers each performing a specific function, thus 
keeping separation of concerns as the basic design 
principle of the framework. Figure 1 shows the 
architecture of the framework. 

 Technologies lying at the core of framework are Java and 
R. Java provides a general development platform, while 
R provides analytics platform. This framework can be 
deployed through Apache Tomcat as a web-based 
platform. It uses Rserve as a server to connect between 
R and Java. It is multi-threaded and maintains 
concurrency control for serving multiple requests at the 
same time. The framework is also dynamic and 
programmed to run on any machine (installed with pre-
requisite software) as it is web-based. 

 The proposed system needs to support dynamic and 
interactive visualizations, and textual summaries. The 
package Plotly was considered apt for this as it supports 
web-based graphs, interactive interface and support for 
popular programming and scripting languages like R, 
Python, and JavaScript etc. [15]. Plotly can return Plotly 
objects and also convert the Plotly objects into JSON 
format which can be interpreted by other languages and 
plotted on a web page. Another method Plotly offers is 
to export the graphs in an HTML format and display it 
on the dashboard. 

 

 
Fig. 1: Architecture of the Framework 

B. Features of Framework 
A few common features accessible throughout the 

dashboard include switching the year of the examination, 
scaling and zooming the graphs, drilling down and rolling up, 
textual summaries on hovering mouse over the plots, tooltips 
for every feature to guide the user, downloading the graphs for 
offline view, navigating between previous and next graphs and 



a code book to help understand the terminologies used in the 
analysis. Specific features of the framework include: 

 Summarized view of noteworthy facts and figures, as shown 
in figure 2, is displayed as a dashboard. 

 
Fig. 2: UI of Framework with landing page as an operations dashboard 

 Summary of Data, where a five point summary of a 
numerical variable and number of applicants in a categorical 
variable are displayed with a bar graph as shown in figure 3. 
Options for other graphs like pie are also provided. 

 
Fig. 3: Data Summary of Age in a bar graph 

 Comparison of Data, where the comparison between 
different fields are plotted on a bar graph and grouped by 
different colors or another field value as shown in figure 4.  

 
Fig. 4: Paper and Gender comparison using a stacked bar chart 

 Time Series of Data, where the data is plotted against time 
to get a visualization of the frequency of events at a 
particular time. It has options to even filter the time series of 
only a particular category. There is also an option to forecast 
the frequency of an event for the next day based on the data 
from the previous 3 days. 

 
Fig. 5: Payment attempts plotted on a daily basis using a grouped bar chart 

 Viewing the profile history of an applicant, includes all the 
details of an applicant with the applicant’s payment attempt 
plot and login attempt plot as shown in figure 6. This is 
useful for analyzing the various aspects of an individual 
candidate and addressing queries raised by the applicants. In 
Figure 6, the blue dots symbolize false/failed payment 
attempts whereas the red dots denote the true/successful 
payments by an individual. 

 
     Fig. 6: Payment attempts and login attempts plot of a candidate 

 View data of specialized cases, include viewing the data in 
a tabular format for cases like the rejection list, duplicate list 
or applicants with high payment attempts as shown in figure 
7. 



 
Fig. 7: View data of duplicate candidates 

 Statistical analysis of examination scores, includes using 
estimation statistics to get an average of the score and 
confidence interval for a population’s subset.  

 
Fig. 8: Estimation statistics of GARTE scores for male belonging to Aerospace 
Engineering 

IV. DATA ANALYSIS AND RESULT INTERPRETATION 

A. Nature of Data 
As mentioned above, we used GATE data to perform 

analytical studies using framework. GATE data comprises of 
approximately 10 lakh records every year. It consists of around 
40 database tables with interdependencies amongst each other. 
This huge data is stored in a PostgreSQL database. There are 
many missing records and discrepancies which need to be 
handled during the analysis of this data. 

B. Analysis 
A set of relevant questions were framed for addressing 

certain issues and analysis was conducted on the data. Some of 
the key questions included: 

 Rate of rejections of applications in a particular category 
 Number of duplicates and identification of potential 

duplicate candidates. 
 Number of payment attempts by candidates, cases of double 

payment. 
 Potential number of applications/payment attempts in an 

hour. 
The data analysis performed on the data for the purpose of 

deriving answers to these questions provided some interesting 
results from the point of view of GATE examination. Issues 
highlighted through these results would have been overlooked 
had they not been subjected to such an analysis. 

C. Rejections 
   A candidate having a status id 7 or 8 is categorized as a 
rejected applicant from the application process. To measure the 
rejection rate in each category, a formula is derived to calculate 
the deviation from the rejection rate of the whole population. 
Therefore, a surprise value is the extent to which an observed 
value exceeds/exceeded by the expected value based on the full 
sample. If there are N applications and n are rejected, the 
expected probability of rejection is n/N. A particular category, 
for example, Computer Science paper, will have a rejection 
rate, say, c/C where c is the number of applications rejected for 
Computer Science and C is the total number of Computer 
Science papers. Thus, one expects that, P(n/N)  P(c/C). If this 
difference is huge, there is deviation/surprise in that category. 
Using this formula, it was seen that amongst all the categories, 
the Four Year B.Sc. (Research)/B.S. (Post diploma/4 years after 
10+2) had a high surprise value. Further investigation on high 
rejection rate for this category led to the finding that the 
eligibility certificates of such candidates were rejected on the 
grounds being invalid. 

D. Duplicates 

A candidate’s record can be marked as a duplicate if 
multiple records containing duplicate details for key attributes 
are found. On analysis of dataset, 1.24% records of total 
population were found to be duplicates. A predictive model was 
also developed to identify duplicate candidates, but the data 
being a bit biased did not produce the desired results. The 
accuracy of the model, when tested, was around 67%. For 
testing, a subset of the total population of size 284881, was 
considered. A Naïve Bayes model was implemented to test if 
the candidate is a duplicate or not. This model gives a binary 
classification in the form of TRUE or FALSE values with 
respect to whether or not the candidate is a duplicate. The 
results of testing in the form of confusion matrix are given 
below: 

TABLE 1: CONFUSION MATRIX OF A NAIVE BAYES MODEL FOR 
IDENTIFYING DUPLICATE CANDIDATES 

n=284881 Predicted 

 
 

Actual 

 False True 

False 191494 93173 

True 46 168 

E. Payment attempts 
Payment attempts are the attempts made by a candidate to 

pay the examination fee. Graph in figure 9 depicts the high rate 
of failure in the online mode of transaction as opposed to the 
offline mode. Even though the number of applicants opting for 
the offline mode is less compared to the online mode, the offline 
mode remains highly reliable in terms of success of payment. 
So analysis was conducted to identify the root cause of this high 
failure rate of the online payment mode. Bar graph in figure 9 
depicts payment modes on the X axis and the bar color 
corresponds to whether the payment is received or not in TRUE 
or FALSE values. 



 
Fig. 9: Payment mode and payment received comparison 

The high rate of failure of online payment mode as 
compared to offline payment mode led to further investigation 
on this matter. It was found that certain candidates, who made 
payments online, had a high payment attempt count. Also, there 
were many candidates who had attempted payment even after a 
successful payment. So, individual candidate’s payment 
attempts were plotted to investigate this matter as depicted in 
figure 10. The scatter plots in figure 10 shows the unsuccessful 
payment attempts in blue whereas the red markers denote the 
successful payment. 

 

 
Fig. 10: Distribution of payments attempts of a candidate 

    The straight blue lines of dots signify that most of these 
candidates had attempted, on an average, more than one 
payment in less than a millisecond, which was not humanly 
possible. Hence, it was assumed that it was either a bug in the 
browser that made it run continuously or that it was a script/bot 
trying to make multiple payments. Further investigation 
regarding this is in process. 

F. Probabilities 
   Probabilistic predictions or predictions made on the basis of 

probability give an insight as to how the data would look given 
certain conditions. Conditional probability, hypothesis testing, 
calculating confidence interval and averages are the few 
methods used for making these kinds of predictions. A set of 
relevant questions were framed and divided into 3 sections: 
appearance-based questions, application-based questions and 
performance-based questions. Some of the key questions and 
its results are described below: 
1. What is the average number of candidates in an exam city? 

 4302 is the average number of candidates per exam city 
with a 95% confidence interval of 3474.202 to 5129.680 

2. What is the probability and confidence interval of a 
candidate not attending the exam? 

 13.28% probability with a confidence interval of 13.21% to 
13.35% 

3. What is the probability that a candidates will be issued 
duplicate admit card? 

 There’s a 1.31% chance that a candidate will be issued a 
duplicate admit card with a confidence interval of 1.28 to 
1.33 (Over 98% chance that a candidate will not get a 
duplicate admit card) 

4. Probability that the performance of a candidate who 
changed his state of residence for education is better than a 
candidate who didn't as shown in TABLE 2 

TABLE 2: PERFORMANCE OF CANDIDATES WHO CHANGED OR 
DID NOT CHANGE STATES FOR EDUCATION 

Condition Average 
score 

95% confidence  
interval 

Score of candidates 
who shifted 208.147 207.0256 - 209.2699 

Score of candidates 
who did not shift 167.927 166.9754 - 168.8794 

Thus, candidates who changed states for education performed 
better. 
5. Probability that the performance of fresh candidates is 

better than repeaters as shown in TABLE 3. 
TABLE 3: PERFORMANCE OF FRESH CANDIDATES AND 

REPEATERS 

Condition Average 
score 

95% confidence  
interval 

Score of Fresher 148.6611 147.7977 - 149.5244 

Score of Repeaters 212.0762 210.9784 - 213.1739 

Thus, candidates who repeated the examination performed 
better. 

6. What is the overall probability of qualifying the exam? 
 20% chance of qualifying the exam with a 95% confidence 

interval between 20.06 to 20.25 

G. Forecasting 
   Forecasting is about anticipating the future as precisely as 
expected under the given circumstances, given that historical 
data, time horizon and knowledge of any future occasions that 
may affect the forecasts are known [14]. Such forecast can help 
managing the server load and allocating resources early on as 
necessary. Thus, it may improve utilization of resources. 
Exponential Smoothing model (ETS) and Seasonal Naïve 
Bayes model were fitted and tested for accuracy. An 
Exponential Smoothing model using Holt-Winters seasonal 



method along with a Seasonal Trend decomposition was chosen 
to get as accurate forecast as possible[16] [17]. The graph in 
figure 11 shows a comparison of the observed hourly time 
series (blue color), the forecasted hourly time series for the next 
day (red color) as well as the actual time series (green color) for 
the same day for number of applications. The X-axis depicts the 
hourly forecasts and the Y-axis depicts the hourly number of 
applications for each day in a week. 

 
Fig. 11: ETS model-based forecast in the sam week 

The actual and the forecast depicted by the green and red 
markers respectively denote a high correlation. This shows a 
good accuracy of the model in predicting future events. But this 
model also has a shortcoming that it cannot estimate the 
intensity of increase adequately for the next week as the 
applications surge or decline steeply. A large portion of the 
forecasting models are careless in regards to external factors 
impacting the peak or decline in the frequency of the time 
series, thus influencing the estimating model. Forecasts 
delivered utilizing exponential smoothing techniques are 
weighted averages of past observations, with the weights 
decaying exponentially as the observations get older. In other 
words, the more recent the observation, the higher the 
associated weight [18] [20]. Here, the model cannot foresee the 
sharp rise for next week as depicted in figure 12.  

 
Fig. 12: Actual and forecast do not tally for the next week 

V. FUTURE WORK AND CONCLUSION 
The analytics framework developed for large scale competitive 
examinations acts as a tool for simplifying visualization of huge 
data, identifying trends, patterns, issues and anomalies, if any 
in data. The scope of this type of framework is not just limited 
to one type of examination like GATE, but can be extended to 
data from other type of national examinations entailing large 

amounts of data. It is interoperable and can be integrated easily 
with any platform. To enrich the framework, more features like 
predictive models, maps for visualizations etc. can be added. 
Existing features like forecasting models etc. can be fine-tuned 
and their accuracy can be improved further. Establishing a data 
pipeline and adding an analytics end for any kind of system not 
only helps manage data but also gather insights and implement 
better policies for the future. 
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