
SCRIBE: STRUCTURED CHAIN 
REASONING FOR INTERACTIVE 
BEHAVIOR EXPLANATIONS USING TOOL 
CALLING 

A multi-hop, tool-augmented, self-reflective 
reasoning framework 
for trustworthy, actionable interactive student 
feedback using 3B–8B models.  

What is SCRIBE? 
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SCRIBE 
shows that different reasoning and 
tool-use paths can yield equally valid 
feedback, focusing on answer quality 
rather than just tool call accuracy

Why do we need SCRIBE? 
1. Education at scale lacks personalized, 

interactive feedback
2. LLMs offer support but often hallucinate 
3.  Need for small, open-source, 

privacy-preserving models 

4.  Existing tool-calling approaches ignore 
output quality 

How can I improve my 
performance to pass the course? 

Useful Relevant Actionable Correct 

Tools 

sort_student_features_with_importance 

Improve your performance by 
watching course videos more regularly 
and following a steady study routine — 
these habits strongly influence learning 
outcomes. 

I need to understand which specific 
behaviors were most affecting your 
performance in the course. 

This helped identify the most 
influential factors—mainly video load 
frequency and the number of study 
sessions. 

Tools 

get_feature_definitions 

I used this to clarify what those features 
represent, confirming they reflect how 
frequently you engage with videos and 
how consistently you study. 

Tools 

To provide meaningful advice, I needed to 
understand which general learning 
behaviors correlate with success. Without 
specific performance data, I looked for 
broad behavioral factors linked to better 
outcomes. 

impact_of_student_behaviors 

This tool mapped the question to the 
assessment dimension (quiz performance 
patterns) and highlighted consistency 
and regularity as the top success factors 
— relating to how students manage their 
time and maintain steady effort across 
the course. 

To improve your performance, focus on 
consistency and regularity — study at 
similar times each week, stick to a 
schedule, and aim to complete quizzes 
with fewer attempts by preparing ahead. 

Reasoning Step Final answer 

Course 
Evaluation 

Where should I 
improve? 

How should I 
improve? 

What should I 
do next time? Student study 

Expert annotations: Feedback category & 
Multi-hop tool labels 

Tools 
Development 

Labeled Human Data Question generation 

Generate Reasoning and 
tool calling chains 

Yes 

No 

Synthetic 
Questions Synthetic Dataset 

Course 
Evaluation 

Where should I 
improve? 

How should I 
improve? 

What should I 
do next time? 

GPT-4o 
GPT-4o 

Filter generated 
chains 

Reasoning 
Chains 

GPT-4.1 

Stage 1: Human Data Collection Stage 2: Synthetic Data Generation 

Tool Functions 

Synthetic Dataset 

Tool Functions 

Finetuning: Multistage LoRA 

LoRA 1 LoRA 2 

…
 

Self-reflection prompting 

Different tool 
functions 

Tool Call 

Error 

Final answer 

Inference: Close Loop Tool Calling with Self-Reflection 

LLM SCRIBE LLM 

Yes 

GPT-4.1 

No 
Judge final answers 

User-Study 1 

5 

Correct Error 

Next reasoning step 

SCRIBE LLM 

Evaluation 

SCRIBE outperforms base models on Relevance, 
Actionability and Tool Relevance and matches larger 

models on Relevance and Actionability
SCRIBE generalizes to unseen course 108 Students find SCRIBE generations on par with 

larger models 

  Conclusion
• SCRIBE: self-reflective, multi-hop tool reasoning with small LLMs.
• Outperforms base models on relevance, actionability, and tool use.
• Matches larger models on key feedback qualities.
• Validated by 108 students: perceived as equally helpful and 

actionable.
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