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Modelling Students’ Source Code Evolutions To 
Provide Personalised Guidance In Introductory 
Programming Courses 

o The High demand for skilled professionals in Computing has led to large 

classrooms, which exhibit diversity in problem-solving approaches and 

learning behaviours.

o Learning Management Systems(LMS) collect valuable data that could offer 

insights into students’ behaviour and interactions with programming tasks.

o However, this data is underutilized offering limited personalized guidance 

and leaving students stuck in a state of prolonged uncertainty during 

practical activities.
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Study 1: Development and Assessment of 
Model Accuracy 

Research Design

Study 2: Analysing Patterns in Students’ Problem-
Solving Behaviours Using Markov Models 
Visualised as FSMs 

Study 3: Implementing and Assessing the Impact of the 
Personalised Guidance Tool on Programming Processes 
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o Assist students' progress from stuck states in programming tasks 

o Explore novel approaches that make use of Markov models in 

analysing the evolution of source codes

2 Aim

Background & Problem Statement

5 Results : Sample hints generated

o Kandjimi, H., Suleman, H. (2024). Investigating Markov 

Model Accuracy in Representing Student Programming 

Behaviours. In: Gerber, A. (eds) South African Computer 

Science and Information Systems Research Trends. 
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Inquiry based hints

Generic conceptual hints

Precise technical hints

𝘎𝘳𝘦𝘢𝘵 𝘫𝘰𝘣 𝘰𝘯 𝘴𝘵𝘢𝘳𝘵𝘪𝘯𝘨 𝘵𝘩𝘦 𝘗𝘪𝘨 𝘓𝘢𝘵𝘪𝘯 𝘵𝘳𝘢𝘯𝘴𝘭𝘢𝘵𝘰𝘳! 𝘠𝘰𝘶'𝘷𝘦 𝘤𝘰𝘳𝘳𝘦𝘤𝘵𝘭𝘺 𝘪𝘮𝘱𝘭𝘦𝘮𝘦𝘯𝘵𝘦𝘥 𝘵𝘩𝘦 𝘪𝘯𝘱𝘶𝘵 𝘩𝘢𝘯𝘥𝘭𝘪𝘯𝘨 𝘢𝘯𝘥 𝘤𝘢𝘴𝘦 

𝘤𝘰𝘯𝘷𝘦𝘳𝘴𝘪𝘰𝘯. 𝘓𝘦𝘵'𝘴 𝘧𝘰𝘤𝘶𝘴 𝘰𝘯 𝘪𝘮𝘱𝘳𝘰𝘷𝘪𝘯𝘨 𝘵𝘩𝘦 𝘵𝘳𝘢𝘯𝘴𝘭𝘢𝘵𝘪𝘰𝘯 𝘭𝘰𝘨𝘪𝘤:

o  𝘏𝘰𝘸 𝘤𝘢𝘯 𝘸𝘦 𝘦𝘧𝘧𝘪𝘤𝘪𝘦𝘯𝘵𝘭𝘺 𝘱𝘳𝘰𝘤𝘦𝘴𝘴 𝘦𝘢𝘤𝘩 𝘸𝘰𝘳𝘥 𝘪𝘯 𝘵𝘩𝘦 𝘴𝘦𝘯𝘵𝘦𝘯𝘤𝘦 𝘳𝘢𝘵𝘩𝘦𝘳 𝘵𝘩𝘢𝘯 𝘤𝘩𝘢𝘳𝘢𝘤𝘵𝘦𝘳 𝘣𝘺 𝘤𝘩𝘢𝘳𝘢𝘤𝘵𝘦𝘳?

o 𝘞𝘩𝘢𝘵'𝘴 𝘢 𝘣𝘦𝘵𝘵𝘦𝘳 𝘸𝘢𝘺 𝘵𝘰 𝘵𝘳𝘢𝘤𝘬 𝘸𝘰𝘳𝘥 𝘣𝘰𝘶𝘯𝘥𝘢𝘳𝘪𝘦𝘴 𝘵𝘩𝘢𝘯 𝘶𝘴𝘪𝘯𝘨 𝘢 𝘧𝘭𝘢𝘨 𝘷𝘢𝘳𝘪𝘢𝘣𝘭𝘦 𝘭𝘪𝘬𝘦 `𝘷𝘢𝘳4`?

o 𝘏𝘰𝘸 𝘴𝘩𝘰𝘶𝘭𝘥 𝘸𝘦 𝘩𝘢𝘯𝘥𝘭𝘦 𝘸𝘰𝘳𝘥𝘴 𝘵𝘩𝘢𝘵 𝘴𝘵𝘢𝘳𝘵 𝘸𝘪𝘵𝘩 𝘮𝘶𝘭𝘵𝘪𝘱𝘭𝘦 𝘤𝘰𝘯𝘴𝘰𝘯𝘢𝘯𝘵𝘴 𝘥𝘪𝘧𝘧𝘦𝘳𝘦𝘯𝘵𝘭𝘺 𝘧𝘳𝘰𝘮 𝘵𝘩𝘰𝘴𝘦 𝘵𝘩𝘢𝘵 𝘴𝘵𝘢𝘳𝘵 𝘸𝘪𝘵𝘩 𝘢 𝘴𝘪𝘯𝘨𝘭𝘦 𝘤𝘰𝘯𝘴𝘰𝘯𝘢𝘯𝘵?

o 𝘏𝘢𝘷𝘦 𝘺𝘰𝘶 𝘤𝘰𝘯𝘴𝘪𝘥𝘦𝘳𝘦𝘥 𝘶𝘴𝘪𝘯𝘨 𝘴𝘵𝘳𝘪𝘯𝘨 𝘴𝘭𝘪𝘤𝘪𝘯𝘨 𝘵𝘰 𝘮𝘢𝘯𝘪𝘱𝘶𝘭𝘢𝘵𝘦 𝘵𝘩𝘦 𝘸𝘰𝘳𝘥𝘴 𝘮𝘰𝘳𝘦 𝘦𝘧𝘧𝘦𝘤𝘵𝘪𝘷𝘦𝘭𝘺?

- Student’s initial solution path

- MDP suggested path

Software Stack7

Student's source code transformed 
into Abstract Syntax Tree(AST)

AST clustered using MinhashLSH to 
form states in Markov model(MDP)

MDP runs training episodes to 
update the model policy

Best path selected based on optimal 
policy and state-action reward

Edit script derived by differencing 
the source codes

LLM generates hint using edit script, 
source code and task description
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You've got the right idea with case conversion and input handling. Here are some 

conceptual improvements:

o Consider processing the sentence word by word instead of character by character

o Use string slicing to separate consonants from vowels at the start of each word

o Implement different transformation rules based on whether a word starts with 

vowels or consonants

o Track word positions using string methods like `find()` to locate spaces between 

words

o Store the translated words in a new string to build the final output

You've done well with the basic structure. Here are specific 

improvements to make:

o Convert the input to lowercase immediately after receiving it

o Use `find(" ")` to locate word boundaries in the sentence

o Create a loop that processes one word at a time based on space positions

o For each word, check if it starts with a vowel or consonant(s)

o Apply the appropriate Pig Latin transformation:

o Vowel-start: add "way” to the end

o Single consonant: move it to the end and add "a" + consonant + "ay"

o Multiple consonants: move them all to the end and add "a" + consonants + "ay"

o Build the translated sentence by concatenating the transformed words with 

spaces
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