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

A HIPDF |

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 symbolic
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 sei-
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-
compassing mathematics, 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

Dan Zhang'*', Ziniu Hu*, Sining Zhoubian'*', Zhengxiao Du
Kaiyu Yang®, Zlhan Wang' %1, Yisong Yue?, Yuxmo Dong!, Jie Tang
'The Knowledge Engineering Group (KEG), T‘singhua University; “Zhipu Al;
ICalifornia Institute of Technology
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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
discoverv could be unreliable This creates a sub-
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Recently. remarkable progress has been made on automated problem solving through societies of agents
based on large language models (LLMs). Previous LLM-based multi-agent systems can already solve simple
dialogue tasks. More complex tasks, however, face challenges through logic inconsistencies due to cascading
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Immersive Invaders: Privacy Threats from Deceptive Design
in Virtual Reality Games and Applications

HILDA HADAN, Stratford School of Interaction Design and Business, University of Waterloo, Canada
MICHAELA VALIQUETTE, Human-Computer Interaction, Carleton University, Canada

LENNART E. NACKE, Stratford School of Interaction Design and Business, University of Waterloo, Canada
LEAH ZHANG-KENNEDY, Stratford School of Interaction Design and Business, University of Waterloo,

Canada

Virtual Reality (VR) technologies offer immersive experiences but collect substantial user data. While deceptive
design is well-studied in 2D platforms, little is known about its manifestation in VR environments and
its impact on user privacy. This research investigates deceptive designs in privacy communication and
interaction mechanisms of 12 top-rated VR games and applications through autoethnographic evaluation of the
applications and thematic analysis of privacy policies. We found that while many deceptive designs rely on 2D
interfaces, some VR-unique features, while not directly enabling deception, amplified data disclosure behaviors,
and obscured actual data practices. Convoluted privacy policies and manipulative consent practices further
hinder comprehension and increase privacy risks. We also observed privacy-preserving design strategies and
protective considerations in VR privacy policies. We offer recommendations for ethical VR design that balance
immersive experiences with strong privacy protections, guiding researchers, designers, and policymakers to
improve privacy in VR environments.

CCS Concepts: « Security and privacy — Human and societal aspects of security and privacy; «
Human-centered computing — Virtual reality; Empirical studies in HCI; « Applied computing —
Computer games.

Additional Key Words and Phrases: User Privacy, Dark Patterns, Deceptive Design, Virtual Reality, Games
User Research
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Hilda Hadan, Michaela Valiquette, Lennart E. Nacke, and Leah Zhang-Kennedy. 2025. Immersive Invaders:
Privacy Threats from Deceptive Design in Virtual Reality Games and Applications. Proc. ACM Hum.-Comput.
Interact. 9, 7, Article CSCW431 (November 2025), 54 pages. https://doi.org/10.1145/3757612

1 Introduction

Deceptive Design (formerly “dark patterns”)* refers to design practices that distort or impair users’
ability to make informed decisions, regardless of the design intent [8, 12, 77]. Users face privacy
harms when deceptive tactics, such as bad defaults, mandatory registrations, and social pyramid, im-
pair their decision-making and lead to unintended data disclosures [8, 48, 54, 101]. Deceptive designs

'We follow the ACM Diversity and Inclusion Council’s guideline for inclusive language and adopt the term “deceptive
design” instead of “dark patterns” in our study. See: https://www.acm.org/diversity-inclusion/words-matter

Authors’ Contact Information: Hilda Hadan, hhadan@uwaterloo.ca, Stratford School of Interaction Design and Business,
University of Waterloo, Waterloo, Canada; Michaela Valiquette, michaelavaliquette@cmail.carleton.ca, Human-Computer
Interaction, Carleton University, Ottawa, Canada; Lennart E. Nacke, lennart.nacke@acm.org, Stratford School of Interaction
Design and Business, University of Waterloo, Waterloo, Canada; Leah Zhang-Kennedy, Izhangke@uwaterloo.ca, Stratford
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