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SciGLM: Training Scientific Language Models with
Self-Reflective Instruction Annotation and Tuning

Dan Zhang' ', Ziniu Hu?®, Sining Zhoubian'?, Zhengxiao Du'*1,
Kaiyu Yang®, Zihan Wang'->f, Yisong Yue®, Yuxiao Dong', Jie Tang'
The Knowledge Engineering Group (KEG), Tsinghua University; *Zhipu Al;
#California Institute of Technology

Abstract

Large Language Models (LLMs) have shown
promise in assisting scientific discovery. How-
ever, such applications are currently limited
by LLMs' deficiencies in understanding in-
tricate scientific concepts, deriving symbaolic
equations, and solving advanced numerical cal-
culations. To bridge these gaps, we introduce
SciGLM, a suite of scientific language models
able to conduct college-level scientific reason-
ing. Central to our approach is a novel self-
reflective instruction annotation framework to
address the data scarcity challenge in the sci-
ence domain. This framework leverages ex-
isting LLMs to generate step-by-step reason-
ing for unlabelled scientific questions, followed
by a process of self-reflective critic-and-revise.
Applying this framework, we curated Sciln-
struct, a diverse and high-quality dataset en-
passing math ics, physics, chemistry,
and formal proofs. We fine-tuned the Chat-
GLM family of language models with Sciln-
struct, enhancing their capabilities in scien-
tific and mathematical reasoning. Remark-
ably, SciGLM consistently improves both the
base model (ChatGLM3-6B-Base) and larger-
scale models (12B and 32B), without sacri-
ficing the language understanding capabilities
of the base model. This makes SciGLM a
suitable foundational model to facilitate di-
verse scientific discovery tasks. For the ben-
efit of the wider research community, we re-
lease Scilnstruct, SciGLM, alongside a self-
reflective framework and fine-tuning code at
https://github.com/THUDM/ SciGLM.

1 Introduction

Large language models (LLMs) have shown po-
tential to assist and accelerate scientific discov-
ery (Taylor et al., 2022; Al4Science and Quantum,
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Figure 1: Average accuracy on CEval-Sci and SciEval
benchmarks of different LLMs. Our SciGLM Models
fine-tuned on ChatGLM3 are shown in bold.

geoscience understanding (Deng et al., 2023). De-
spite these promising proof-of-concept trials, re-
cent studies (Sun et al., 2023; Wang et al., 2023c;
Rein et al., 2023} indicate a significant performance
gap in LLMs when answering basic scientific prob-
lems. According to SciBench, even advanced mod-
els like ChatGPT and GPT-4 struggle with college-
level scientific problems, achieving only 28.52%
accuracy even with the Chain of Thought (CoT)
prompting strategy. These scientific questions,
such as using the Planck distribution for energy
output calculations (Wang et al., 2023¢), require
an in-depth understanding of complex scientific
concepts, rigorous numerical computing, and so-
phisticated reasoning skills. Without equipping
these capabilities to solve basic scientific questions,
all ambitious visions of LLMs assisting scientific
discovery could be unreliable. This creates a sub-
stantial incentive for developing a foundational sci-
entific langnage model.

However, training LLMs to understand science
is much more challenging than many general rea-

arXiv: 2401.07950 v1 [cso CL] 20244E1H15H
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