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THE FOUR ENGINES

03

04
Online Tools

Adoption of online tools 
for remote, hybrid and 

face-to-face teaching

Educational Data
Interaction data, user data, tests 

and submissions, correctness and 
errors

Learning Analytics
Predictions, descriptions, 
interventions, recommendations, 
customization, etc.

Gamification
To encourage and engage
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THE FOUR ENGINES
LEARNING ANALYTICS

02
03

04Adoption of online tools 
for remote, hybrid and 

face-to-face teaching

Educational Data

Learning Analytics
Predictions, descriptions, 
interventions, recommendations, 
customization, etc.

In 
computer courses,
online judges are 
essential tools to 

support teaching and 
learning activites

01
Online Tools

Gamification
To encourage and engage

Interaction data, user data, tests 
and submissions, correctness and 

errors



10  

Through online judge 
systems, teachers can 

design and make 
programming 

exercises available to 
their students.

https://codebench.icomp.ufam.edu.br/
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https://codebench.icomp.ufam.edu.br/

Students code 
solutions for the 

proposed exercises 
in our system
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When the student 
submits the solution of 

a given exercise, the 
system instantly 

informs if his solution is 
correct or wrong.

https://codebench.icomp.ufam.edu.br/



13  

DATA COLLECTION IN ONLINE JUDGES
LEARNING ANALYTICS IN ONLINE JUDGE SYSTEMS

Data generated by online judges differs 

from data generated by other types of web 

applications

Tests and submissions

Compiler/interpreter error messages

Code development process

Research opportunities on the use of 
Learning Analytics in online judge systems 
are wide and diverse
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DATA GRANULARITY
LEARNING ANALYTICS IN ONLINE JUDGE SYSTEMS

The code development process can be collected at 

different levels of granularity

Each level is associated with a data size and 

collection frequency

Test codes and submissions

Snapshots

Online editions

Keystrokes

In CodeBench , this collection is done at 

keystroke granularity

Mouse movements and clicks in the interface

Learning resources accessed

Logins and logouts

Activities on the gamification platform

In addition to the activities in the environment, 

the following are collected:
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https://codebench.icomp.ufam.edu.br/dataset

Since 2013, 
CodeBench has been 
used by about 6700 

students and has 
more than 5600 

exercises.
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https://codebench.icomp.ufam.edu.br/dataset
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DASHBOARDS IN ONLINE JUDGE SYSTEMS

High rate of failures and dropouts in programming 

disciplines, notably for STEM courses, is a serious and 

recurring problem.

One way to deal with this problem is to provide 

information and recommendations that help teachers 

to mitigate student difficulties.

Which students are having difficulty in the subject?

What are the best exercises for each student?

What aspects does the student need to improve to do well in the 

discipline?
Which students are 'cheating' on assignment lists?

LEARNING ANALYTICS IN ONLINE JUDGE SYSTEMS



18  
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LEARNING ANALYTICS IN ONLINE JUDGE SYSTEMS

Would it be possible 
to answer all these 
questions through 

the usage of logs of 
online judges?
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PROGRAMMING PROFILES

attempts

syntaxError

To answer the questions, we generate a programming profile for each student. from attributes 

extracted from the online judge's logs

Time between the start of coding and 

the deadline

Ratio between pasted 

characters and typed 

characters

procrastination

Average number of submissions per 

exercise

Proportion of submissions with errors

propPaste

Code changes between 

submissions changes

Number of events during 

development qtyEvents

LEARNING ANALYTICS IN ONLINE JUDGE SYSTEMS
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EFFECTIVE AND INEFFECTIVE 
ATTITUDES

The graph on the side shows that the student's grade 

is directly related to the student's behavior in the 

online judge

Using clustering techniques (K-means) on 

programming profiles, students are grouped into 3 

large groups:

WHO ARE THE STUDENTS WITH DIFFICULTY?

Effective, average and non-effective students

Pereira, Filipe D.; OLIVEIRA, ELAINE HT ;OLIVEIRA, DAVID BF; CRISTEA, ALEXANDRA I. ; CARVALHO, LEANDRO SG ; FONSECA, SAMUEL C.; TODA, ARMANDO; ISOTANI, SEIJI. Using learning 
analytics in the Amazon: understanding students? behavior in introductory programming . British Journal of Educational Technology, vol. 51, p. 955-972, 2020.
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PERFORMANCE PREDICTION

To deal with the high failure and dropout rates, it is essential to identify 

struggling students in advance.

Using Deep Learning around programming profiles, it was possible to 

predict student performance with an accuracy of 82.5% in the first two 

weeks of class.

With advance performance prediction, teachers can:

Provide extra assignments for students who do well in the class

Provide personalized support for struggling students

PEREIRA, FILIPE DWAN ; FONSECA, SAMUEL C. ; OLIVEIRA, ELAINE HT ; OLIVEIRA, DAVID BF ; CRISTEA, ALEXANDRA I. ; CARVALHO, LEANDRO SG. Deep learning for early performance 
prediction of introductory programming students: a comparative and explanatory study . BRAZILIAN JOURNAL OF COMPUTING IN EDUCATION, v. 28, p. 723-748, 2020.



22  EXPLAINING EFFECTIVE AND 
INEFFECTIVE BEHAVIORS

In addition to predicting performance, 

prediction methods such as SHAP, 

based on games theory, are able to 

explain the results of their predictions.

Early prediction empowered by its 

explanation may lead to better 

interventions.

PEREIRA, FILIPE DWAN ; FONSECA, SAMUEL C. ; OLIVEIRA, ELAINE HT ; CRISTEA, ALEXANDRA I. ; BELLHAUSER, HENRIK ; RODRIGUES, LUIZ ; OLIVEIRA, DAVID BF ; ISOTANI, SEIJI ; 
CARVALHO, LEANDRO SG Explaining Individual and Collective Programming Students? Behavior by Interpreting a Black-Box Predictive Model. IEEE Access v. 9, p. 117097-117119, 2021.



23  STIMULATING 
EFFECTIVE BEHAVIORS

We already know what behaviors lead to good 

performance in programming disciplines

Gamification in CodeBench is based on RPG games, 

in which students need to learn programming to 

break free from a virtual world where they are 

trapped.

In this way, would it be possible to use customized 

gamification to encourage each student to behave in a 

more effective way?

PESSOA, MARCELA ; MELO, RAFAELA ; HAYDAR, GABRIEL ; OLIVEIRA, DAVID BF DE ; CARVALHO, LEANDRO SG ; OLIVEIRA, ELAINE HT DE ; CONTE, TAYANA ; PEREIRA, FILIPE DWAN ; 
RODRIGUES, LUIZ ; ISOTANI, SEIJI. An analysis of player types on a gamification platform incorporated into an online judge system . In: Brazilian Symposium on Informatics in Education, 2021, 
Brazil.
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28  DETECTING PLAGIARISM USING 
LEARNING ANALYTICS

In the initial programming classes, the codes developed by the students tend to 

be simple and small, making it difficult to use conventional plagiarism detection 

techniques.

In this way, instead of using traditional techniques, we chose to analyze the students' 

behavior during the creation of codes in the online judge's IDE

Starting from the premise that the behavior of those who are pasting is different from 

those who are actually solving the exercises, we arrived at the following results:

OLIVEIRA, DAVID BF DE; LAVAREDA FILHO, RONEM M. ; OLIVEIRA, ELAINE HT ; CARVALHO, LEANDRO SG ; PEREIRA, FILIPE DWAN ; COLONNA, JUAN G. ; MENEZES, ADRIA. A Plagiarism 
Detection Method for Online Judge Systems Based on Student Behavior. In: Brazilian Symposium on Informatics in Education, 2021, Brazil. P. 836.



29  



30  



31  OTHER RESEARCH INVOLVING 
LEARNING ANALYTICS

Classification of difficulty of programming exercises: by analyzing the 

behavior of students when proposed to an exercise, it is possible to infer 

the difficulty of it.

Detecting plagiarism: by analyzing the behavior of students in the 

system, we're trying to identify the characteristics of who is 'cheating'.

Automatic detection of students feeling confused: by analyzing the behavior 

of students in the system, it is possible to identify students who are feeling 

confused in a given exercise.

Group formation: by analyzing the students' learning paths, we'll analyse the 

best collaborative  techniques and group arrangements.
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NEW CODEBENCH

In 2023, version 3.0 of the CodeBench system will be launched, which is more secure, 

scalable and modern

LEARNING ANALYTICS IN ONLINE JUDGE SYSTEMS

Some features of the new system:

Support for multiple languages

Support for multiple institutions

Support for creating study materials and interactive 

learning objects

Classroom (similar to Google Classroom)

The new system will be released to institutions that want to conduct research 

involving online judges and learning analytics
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THE NEW CODEBENCH
WRITE SOMETHING HERE

Francis

michael
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THE NEW CODEBENCH
WRITE SOMETHING HERE

Possibility of 
creating group work, 
where students will 

develop the code 
collaboratively

Francis

michael
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THE NEW CODEBENCH
WRITE SOMETHING HERE

Possibility of 
creating multiple 

source codes for the 
same exercise

Francis

michael
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