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Guiding Observations

1. LLMs perform better when prompted to generate rationale/reasoning chain
• Not only through prompting but during Training/IFT (CoT dataset is widely used)

• Such reasoning chains are necessary to ground the tasks where the LLM cannot simply learn the input-to-

output paired mappings

2. Human annotations are difficult to obtain. Annotations for reasoning chain are even harder ...
• Can there be a way to automate to some extent?
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Can SLMs Improve Reasoning Without Using External LLMs?

• Lack of transparency in the pre-training data of larger (often closed) LMs (e.g. GPT4) prevents their 

use in commercial settings due to legal constraints

• SLMs (≤13B parameters) struggle with complex reasoning, often producing shallow or redundant rationales. 
• Existing methods rely on LLM supervision or task-specific ground-truth (GT) rationales, both of which are 

impractical—GT rationales are scarce, and LLM dependence introduces legal and cost constraints.

• Research Question: Can we train the SLMs without relying on external LLMs and task-specific GT rationales to 
• generate (and, refine) diverse rationales, and 
• select the high-quality rationales leading to improved performance on end-tasks.
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Inference Flow Through COALITION

• Schematic flow of inference using COALITION which leverages two variants of the same LM. 

o The sample is fed to a controller (step 1) to select the variant (steps 2-3) that generates a rationale (step 
4). 

o The generated rationale is then fed to the controller to select the variant (steps 5-6) to refine the 
rationale (step 7) 

o Refined rationale is used to obtain the final answer (step 8).
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Selective Rationale Optimisation (SRO)

• Each SLM variant generates an initial rationale for a given task instruction. The rationales are then refined 
through self-refinement and cross-refinement, ensuring diverse reasoning paths.

• Each rationale is evaluated based on its effectiveness in deriving the correct answer. A utility score is 
computed, and rationales are ranked to identify high-quality reasoning paths.

• DPO optimizes the LLM variants to prefer high-scoring rationales in both generation and refinement steps
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Training the Controller 

• Training via Rationale Preference Data 
o The controller is trained using preference data from SRO training, learning to select the variant that 

generated the winning rationale.

• Two-Step Classification
o Controller first predicts the best variant for rationale generation and then, conditioned on the generated 

rationale, selects the variant for refinement.
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Does COALITION Help Improve Performance?
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Rationales from COALITION are better than SPIN
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How Does COALITION Work With Different Model Families and Across 
Varying Parameter Scales?
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Variant Selection via Controller Boosts Accuracy
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Conclusion

• SRO Improves COALITION: A trainable framework that enhances smaller LMs on complex tasks by using 
distinct model variants for rationale generation and refinement.

• No External Supervision Required: Achieves high-quality reasoning without relying on external LLMs or 
ground-truth rationale annotations, addressing legal and ethical constraints.
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