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Small Language Models (SLMs), typically under 1B pa-
rameters, provide valuable, interpretable, and efficient
alternatives to large models. They are especially suit-
able for proprietary, task-specialised applications such
as query routing in chatbot systems or edge/on-device
learning.
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A Modular Framework for Hypothesis-Driven
Small Language Model Research

The Buttery Group has developed Pico, an open-source
framework with two libraries for hypothesis-driven pre-
training of small language models from scratch [1].
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Figure 1:Best performance of fixed-size SLMs and LLMs on MMLU per year, size of the circles rep-
resents model size. Note that the size of GPT-4 models is speculative 1 and has not been confirmed

by OpenAl. Figure by Richard Diehl Martinez

Pico computes quantitative metrics— such as sparsity,
rank, similarity, and norm measures— on different model
components throughout small model pretraining, where
components refer to specific elements like weight ma-
trices, gradients, or higher-level structures that combine
multiple parts (e.g., attention circuits), enabling fine-
srained and customizable interpretability analyses.

To support reproducible experimentation, we also release
a suite of baseline models, pico-decoder, trained under
standardized conditions and open-sourced for the com-
munity. Case studies highlight how Pico can support it-
erative small LM design and analysis.

Problem: High-precision learner representations are
essential for aligning LLMs to be more human-
centered and inclusive across different learner capa-
bilities and attributes (e.g., in personalised and adaptive
automated learning and assessment).

Solution: I propose bilingual SLMs for second language
adaptation — or L2L.Ms — which simulate the develop-
mental trajectories of second-language learners. Model
design retflects the diversity of backgrounds of language
learners (over 55 distinct L1 language families in learner
corpora) [2,3].

Aims: Rich Learning Dynamics and Checkpointing of
L2L.Ms for enhanced interpretability, as a multilingual
extension to the Pico Framework [3]. Design priori-
tises developmental interpretability to see exactly
where models begin to represent certain linguistic fea-
tures, how representations stabilise (or oscillate) over
training, and which parts of the network converge faster
than others to develop more cognitively-aligned pretrain-
Ing strategies.

Figure 2:Proposed Framework for LLM-L2LM Alignment and LLM Interaction with CEFR-
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Neural Cognitive Proxies of Multilingual Developing Grammars
Simulating Successive/Simultaneous Bilingualism and Second
Language Acquisition
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