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Structured Abstract 

Objectives: Biomedical research workflows are fragmented across tools for literature search, 

data analysis, manuscript authoring, and experiment tracking, creating barriers to 

reproducibility. We developed sciClaw, a lightweight paired-scientist agent that integrates 

these capabilities into a single auditable loop, and evaluated it through a self-authoring case 

study and resource footprint analysis. 

Materials and Methods: sciClaw extends PicoClaw, an open-source Go-based AI assistant, 

with a four-layer architecture: behavior templates, runtime context construction, a thirteen-

skill research toolkit, and a governance layer with hardwired lifecycle hooks for loop-level 

traceability. We evaluated the system by using it to co-author this manuscript (literature 

search, drafting, tracked-change review, figure generation) and by comparing its resource 

footprint against OpenClaw, the dominant open-source agent platform. 
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Results: The paired scientist completed all research workflow tasks without requiring the 

researcher to write code or interact with external APIs directly. sciClaw adds thirteen 

research skills and seven governance hooks while maintaining a 17 MB binary and sub-50 ms 

startup time. A workflow capability comparison showed that sciClaw uniquely supports 

structured PubMed queries with RIS export, native Word documents with tracked changes, 

and cross-artifact provenance trailing, capabilities absent from general-purpose AI assistants. 

Discussion: The paired-scientist model preserves human authority over scientific reasoning 

while delegating tool orchestration to the agent. Limitations include dependence on 

underlying LLM capabilities and the stochastic nature of model outputs. 

Conclusion: sciClaw demonstrates that research-specific agent capabilities can be layered 

onto a minimal framework with negligible overhead, offering clinical and translational teams 

a practical path toward reproducible, auditable biomedical workflows. 

Lay Summary 

Biomedical researchers spend considerable time switching between different software tools: 

searching PubMed for papers, writing manuscripts in Word, managing references, and 

tracking their analyses. Each switch is an opportunity to lose track of what was done and 

why. We built sciClaw, a free, open-source AI research assistant that handles these tasks 

within a single conversation. The researcher gives directions in plain language (like talking to 

a colleague), and sciClaw searches the literature, drafts manuscript sections, creates properly 

formatted Word documents with tracked changes for collaborators, and exports references in 

formats that work with EndNote and Zotero. Everything the assistant does is automatically 

logged, so researchers can trace any result back to the exact search or analysis that produced 

it. sciClaw runs as a small program on the researcher’s own computer, works with multiple 

AI providers (including Anthropic, OpenAI, and Google), and requires no programming 
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skills. We tested it by using it to help write this very paper, demonstrating the complete 

workflow from literature search through final manuscript formatting. 

Background and Significance 

Biomedical research demands coordination of multiple computational tools: literature 

retrieval from PubMed and preprint servers, statistical analysis, manuscript preparation, and 

version control. Every transition between tools introduces opportunities for error, lost 

provenance, and irreproducible shortcuts. The rise of large language model (LLM)-powered 

agents has created new possibilities for automating these transitions; however, existing 

systems are poorly suited to research workflows. 

OpenClaw (a pseudonym used throughout this manuscript to refer to the dominant open-

source personal AI agent platform), which amassed over 180,000 GitHub stars within weeks 

of its January 2026 launch, demonstrated demand for autonomous agents running on users’ 

own hardware [1, 2]. Google’s AI co-scientist [11] and OpenAI’s Deep Research signaled 

that AI-assisted research was entering mainstream discourse. However, these systems either 

target general consumer automation or operate as cloud-hosted services with limited access to 

paywalled literature and no local tool integration. OpenClaw’s TypeScript runtime demands 

over 1 GB of RAM with no built-in support for literature search or manuscript co-authoring. 

Pipeline tools like Nextflow [14] and Snakemake [15] automate computational workflows but 

lack interactive, reasoning-driven capabilities. 

We propose the concept of the paired scientist, analogous to pair programming in software 

engineering [12]. The human researcher serves as navigator (framing questions, evaluating 

evidence, making intellectual judgments) while the AI agent serves as driver (executing 

searches, running analyses, drafting manuscripts, maintaining the evidence trail). This 

preserves human authority over scientific reasoning while delegating mechanical tool 
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orchestration to the agent. To our knowledge, the term “paired scientist” hasn’t appeared in 

prior literature; we introduce it to distinguish this collaborative model from Google’s “co-

scientist” paradigm [11], which emphasizes autonomous hypothesis generation. 

Recent work on LLM agents for scientific workflows includes the EXHYTE framework 

formalizing discovery cycles [1], multi-agent systems for earth science [2], retrieval-

augmented strategies for materials design [3], and Biomni for biomedical task execution [4]. 

Domain-specific applications have extended these approaches to drug discovery pipelines [5], 

bioinformatics benchmarking [6], radiology workflow governance [8], and broader healthcare 

agent architectures [10]. In reproducibility, dtoolAI implements automatic provenance 

capture aligned with FAIR principles [7], Vitlov et al. articulate how executable workflows 

and provenance-preserving computation are redefining responsible data sharing under FAIR 

guidelines [9], and Scherbakov et al. found that 73% of LLM-assisted literature reviews use 

GPT-based architectures but focus on individual stages rather than end-to-end workflows 

[13]. sciClaw differs by operating as a single lightweight binary that integrates research tools 

directly into the agent loop while preserving upstream compatibility. 

A central design tension is that researchers are deeply technical users (expert in biostatistics, 

clinical trial design, and domain-specific methodologies such as neuroimaging or genomics) 

but aren’t necessarily programmers. They can reason about MeSH hierarchies, critique study 

designs, and interpret complex biological data, yet may not be comfortable writing Python 

scripts or debugging API integrations. This distinction pervades sciClaw’s design: workspace 

behavior is defined in Markdown files any researcher can edit, skills are authored as natural-

language specifications rather than code, and the agent is accessed through familiar 

messaging applications (Discord, Telegram, Slack) rather than a command-line terminal. 

A critical gap in existing AI assistants concerns the workflows biomedical researchers 

actually use daily. Scientists routinely query PubMed with MeSH terms, fetch structured 



sciClaw 

Page 5 of 20 

metadata by PMID, export citations in RIS format for reference managers, and trace citation 

graphs to map a field. Manuscript review in biomedicine revolves around Microsoft Word 

documents with tracked changes and reviewer comments, not Markdown or web-based 

editors. No current general-purpose AI assistant supports structured PubMed queries, citation 

graph traversal, RIS export, or native Word document creation with tracked changes. sciClaw 

addresses this through dedicated CLI tools as primitive building blocks. pubmed-cli provides 

native PubMed search, article fetch, citation graph traversal, MeSH lookup, and RIS export. 

docx-review enables Word document creation and editing with tracked changes, anchored 

comments, and semantic diffing. These tools are surfaced to the agent through the Anthropic 

Agent Skills standard, an open specification released in December 2025, where each skill is a 

SKILL.md file containing YAML frontmatter and Markdown instructions that domain 

experts can author without writing code. 

Security is a systemic challenge for autonomous agents. OpenClaw’s rapid adoption has been 

accompanied by security incidents including CVE-2026-25253 (one-click RCE, CVSS 8.8), 

over 21,000 publicly exposed instances leaking credentials, and 341 malicious skills on its 

community registry. sciClaw adopts a defense-in-depth approach: workspace sandboxing, 

messaging channel allow-lists, SHA-256 checksums for skill integrity verification, and the 

governance layer’s unconditional audit logging. Credential management is deliberately 

separated from workspace templates to prevent accidental exposure. 
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Figure 1. The paired scientist model. The human researcher serves as navigator while the AI agent serves as 

driver. The four-stage loop (Frame, Propose, Execute, Update) maintains continuous collaboration with human 

authority over scientific reasoning. 

Objectives 

This work addresses three objectives: (1) design and implement a paired-scientist agent 

architecture that integrates literature search, manuscript authoring, document review, and 

experiment provenance into a single reproducible workflow; (2) evaluate the system through 

a self-authoring case study demonstrating end-to-end research task completion; and (3) 

quantify the resource overhead of adding research-specific capabilities to a minimal agent 

framework. 

Materials and Methods 

System Architecture 

sciClaw extends PicoClaw, an ultra-lightweight Go-based AI assistant developed by Sipeed, 

with a four-layer architecture (Figure 2): 
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Figure 2. sciClaw four-layer architecture. The Behavior Layer defines agent identity through editable 

Markdown files. The Runtime Layer dynamically constructs system prompts. The Skills Layer provides thirteen 

research capabilities. The Governance Layer hardwires seven lifecycle hooks producing append-only JSONL 

audit logs. 

Behavior Layer. Six Markdown template files (IDENTITY.md, SOUL.md, AGENTS.md, 

TOOLS.md, USER.md, MEMORY.md) define the agent’s identity, values, operating 

protocol, and user preferences, editable by any researcher without code changes. 

Runtime Layer. A context builder dynamically synthesizes the system prompt from 

workspace templates, skill documentation, session history, and persistent state. 

Skills Layer. Thirteen biomedical research skills organized into five categories: Research 

and Literature (pubmed-cli, biorxiv-database, scientific-writing); Writing and Documents 

(docx-review, pptx, pdf, xlsx); Visualization and Authoring (quarto-authoring, beautiful-

mermaid, humanize-text); Clinical Data (phi-cleaner); Reproducibility (experiment-

provenance, benchmark-logging). 

Governance Layer. Seven lifecycle hook events (before_turn, after_turn, before_llm, 

after_llm, before_tool, after_tool, on_error) are hardwired into the Go binary. Each fires with 
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an immutable context snapshot capturing turn ID, model, tool name, arguments, results, and 

timing. Append-only JSONL audit entries are written unconditionally, with automatic 

redaction of sensitive fields (Figure 3). 

 
Figure 3. Governance and audit trail flow. Seven lifecycle hooks fire at each stage of the agent turn, writing 

immutable snapshots to the append-only JSONL audit log. Sensitive fields are automatically redacted. 

A provider-agnostic LLMProvider interface abstracts model interactions, with 

implementations for Anthropic, OpenAI, Google Gemini, Groq, DeepSeek, and others. 

Model resolution is automatic from name prefix (e.g., claude-* routes to Anthropic). 

Reasoning effort is configurable per task (six levels from none through xhigh for GPT-5.2). 

The self-authoring case study described below used OpenAI GPT-5.2 as the primary LLM, 

accessed through sciClaw’s provider abstraction. 

A sciclaw service command manages the messaging gateway as a background service using 

platform-native init systems: launchd on macOS and systemd --user on Linux. Operations 

include install, uninstall, start, stop, restart, status, and log viewing. The service auto-

generates platform-appropriate configuration files (a LaunchAgent plist on macOS, a systemd 
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user unit on Linux), with graceful degradation and guidance for unsupported environments 

such as WSL without systemd. 

Companion CLI Tools 

Three of sciClaw’s skills depend on custom-developed companion CLI tools distributed as 

standalone binaries via Homebrew: 

pubmed-cli (https://github.com/drpedapati/pubmed-cli): A Go binary providing structured 

PubMed search with MeSH term expansion, article fetch by PMID, citation graph traversal 

(cited-by and references), related-article discovery, MeSH hierarchy lookup, and RIS/CSV 

export. It implements direct NCBI E-utilities API integration with automatic rate limiting, 

structured JSON output, and human-readable formatting. 

docx-review (https://github.com/drpedapati/docx-review): A C#/.NET 8 binary that adds 

tracked changes and anchored comments to existing Microsoft Word documents via JSON 

manifests. It supports semantic diffing between document versions, document content 

extraction (read mode), and a git textconv driver for version-controlled .docx files. This tool 

bridges the gap between AI-generated edits and the tracked-change review workflow 

standard in academic publishing. 

phi-cleaner (https://github.com/drpedapati/phi-cleaner): A Python tool using BERT-based 

named entity recognition models to de-identify clinical text by detecting and redacting 

protected health information (PHI) including patient names, dates, provider names, and 

institutional identifiers. It enables researchers to share clinical notes and free-text data while 

maintaining HIPAA compliance, a prerequisite for reproducible clinical research. 

A fourth companion tool, IRL (https://github.com/drpedapati/irl-template), is a Go binary 

providing Idempotent Research Loop project lifecycle management with auto-naming from 

purpose strings (YYMMDD-slug format), template-based scaffolding, and git-based version 
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control. All four tools are installed automatically as Homebrew dependencies and verified by 

the sciclaw doctor command. 

Original Contributions 

Table 3 provides a comprehensive inventory of sciClaw’s modifications and additions 

relative to the PicoClaw base system. All components listed represent original work 

developed for this project. 

Category Components Original Work 

Governance system 5 Go packages, 7 hook 
events 

Lifecycle hooks hardwired into binary, JSONL audit logger, 
plain-language and YAML policy engine, provenance 
handler, automatic secrets redaction 

CLI commands 8 new commands 
doctor (deployment verification), service (background 
lifecycle), channels (setup wizards), models (switching + 
reasoning effort), auth (OAuth device-code and token-paste), 
onboard (interactive first-run), backup, migrate 

Companion CLI tools 4 custom-developed tools 

pubmed-cli (Go; PubMed search, citation graphs, RIS 
export), docx-review (C#/.NET 8; Word tracked changes, 
comments, semantic diff), phi-cleaner (Python; BERT-based 
clinical text de-identification), IRL (Go; project lifecycle, 
template scaffolding) 

Research skills 13 SKILL.md files 
pubmed-cli, biorxiv-database, scientific-writing, docx-
review, pptx, pdf, xlsx, quarto-authoring, beautiful-mermaid, 
humanize-text, phi-cleaner, experiment-provenance, 
benchmark-logging 

Workspace templates 7 Markdown files IDENTITY.md, SOUL.md, AGENTS.md, HOOKS.md, 
TOOLS.md, USER.md, MEMORY.md 

Provider system 6 LLM backends 
Anthropic (SDK + OAuth), OpenAI (streaming + device-
code), Google Gemini, Groq (+ Whisper voice), DeepSeek, 
OpenRouter; per-task reasoning effort 

Service lifecycle 3 platform backends launchd (macOS), systemd --user (Linux), graceful WSL 
fallback 

New Go packages 15 packages hooks, hookpolicy, service, irl, heartbeat, cron, voice, bus, 
session, state, migrate, skills, models, auth, logger 

Channel 
enhancements 8 messaging platforms 

Telegram (+ voice transcription), Discord (+ typing 
indicators), Slack, QQ, DingTalk, Feishu, LINE, WhatsApp; 
interactive setup wizards 

Security hardening 6 measures 
Config permissions (0600), skill catalog pinned to 
immutable commit refs, SHA-256 checksums, channel 
allow-lists, automatic secrets redaction, heartbeat disabled by 
default 

Infrastructure 4 components 
Homebrew formula with dependency chain, Docker 
Compose profiles, CI/CD release automation, documentation 
site 

 

Table 3. Comprehensive inventory of sciClaw modifications and additions relative to PicoClaw base. All items 

represent original work developed for this project. 
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Self-Authoring Case Study 

To demonstrate the paired-scientist workflow in a realistic setting, we used sciClaw to co-

author this manuscript. The researcher served as navigator throughout, framing the argument, 

selecting content, evaluating drafts, and making editorial decisions. The agent served as 

driver, executing six task categories under human direction: 

1. Literature search. The pubmed-cli skill searched PubMed across four query domains 

(agentic AI for scientific discovery, domain-specific agents, reproducibility 

frameworks, and pair programming). The agent retrieved candidate papers, fetched 

abstracts, and presented ranked results. The researcher selected 12 references (later 

expanded to 13) for inclusion. 

2. Manuscript drafting. Starting from a bullet-point outline in a Quarto (.qmd) file, the 

agent expanded each section into prose, producing a complete Markdown draft. The 

researcher reviewed each section and directed revisions across multiple conversation 

turns. 

3. Document review. The docx-review skill generated a formatted Word document with 

tracked changes, enabling the researcher to accept, reject, or modify edits using 

standard Word review tools. Two rounds of tracked-change edits covered narrative 

framing, security analysis, and governance details. 

4. Language polishing. The humanize-text skill performed a final editorial pass, 

removing AI writing artifacts while preserving academic register. Word counts were 

compared before and after to verify no content loss. 

5. Figure generation. The agent authored detailed figure briefs for illustrations, then 

generated draft figures through an image generation API. The researcher reviewed 

each for accuracy. 
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6. Iterative refinement. The researcher directed additional content and revised the 

evaluation framing through conversational instructions. Each change was applied to 

both Markdown source and Word document, maintaining consistency. 

All agent actions were logged through the governance layer’s JSONL audit trail. 

Representative Research Workflows 

We identified three workflows central to biomedical research that sciClaw supports natively 

but remain fragmented across existing tools: 

Workflow A (Literature Review): PubMed search with MeSH terms and Boolean 

operators, structured metadata retrieval, citation graph traversal, and RIS export for 

EndNote/Zotero, all within a single conversation. 

Workflow B (Manuscript with Tracked Changes): Markdown drafting, formatted .docx 

generation with academic styling, and tracked-change revisions reviewable in Microsoft 

Word. No current AI assistant bridges AI-generated content and the tracked-change review 

workflow standard in academic publishing. 

Workflow C (Multi-Format Output): Single-session generation of Word manuscript, 

PowerPoint slides, Excel data summary, and RIS citations, with cross-artifact provenance 

logging. 

Resource Footprint Analysis 

We measured binary size, cold-start time, peak memory, dependency count, and skill count 

for sciClaw, PicoClaw (upstream base), and OpenClaw on an Apple M3 Max workstation 

with 64 GB unified memory running macOS 15.6. 

Results 
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Case Study Outcomes 

The paired scientist completed all six task categories without requiring the researcher to write 

code, run shell commands, or interact with external APIs directly. The researcher’s role was 

limited to intellectual direction: framing questions, evaluating outputs, and approving or 

rejecting proposed changes. 

Provenance continuity. The governance layer captured every tool invocation across the 

manuscript’s development. Any sentence in the final document can be traced through the 

JSONL log to the specific conversation turn, LLM call, and tool execution that produced it, 

including the literature search queries that identified each reference and the docx-review 

commands that applied tracked changes. 

Iterative convergence. The manuscript required multiple revision cycles, each initiated 

through natural-language instructions (“add discussion about secret management,” “rewrite 

the methods section”). The agent applied changes to both Markdown source and Word 

document in a single pass, maintaining consistency between representations. This 

conversational refinement pattern reflects the navigator/driver dynamic. 

Self-referential bootstrapping. The agent used its pubmed-cli skill to find references for the 

Background and Significance section, its docx-review skill to format the document it 

describes, and its humanize-text skill to polish the prose explaining how skills work. If the 

system can produce a publishable manuscript about itself, it should be capable of producing 

manuscripts about other research topics using the same workflow. 

Workflow Capability Comparison 

Table 1 compares sciClaw against general-purpose AI assistants (ChatGPT, Claude, Gemini) 

and cloud research tools (Google AI co-scientist, Elicit, Semantic Scholar) across 

representative research workflow capabilities. 
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Capability General-purpose AI Cloud research tools sciClaw 
PubMed structured query 
(MeSH) No Limited Yes 
Citation graph traversal No No Yes 
RIS export for reference 
managers No No Yes 
Native .docx with tracked 
changes No No Yes 
Multi-format output 
(docx+pptx+xlsx) No No Yes 
Local execution No No Yes 
Clinical text de-
identification (PHI) No No Yes 
Cross-artifact provenance 
trail No No Yes 
 

Table 1. Workflow capability comparison across existing AI tools and sciClaw. 

The most pronounced gap is in manuscript authoring with tracked changes. No current AI 

product produces a Word document with tracked changes reviewable in Microsoft Word, 

despite this being a routine workflow for academic researchers. 

Resource Footprint 

Table 2 compares resource characteristics across agent platforms. 

Metric OpenClaw PicoClaw sciClaw 
Language TypeScript Go Go 
Install size ~500 MB ~15 MB 17 MB 
Cold-start time >60 s <50 ms <50 ms 
Peak memory >1 GB <10 MB <15 MB 
Dependencies ~1,200 (npm) ~30 (Go) 38 (Go) 
Research skills 0 0 13 
Governance hooks 0 0 7 (hardwired) 
 

Table 2. Resource footprint comparison. sciClaw adds research capabilities with negligible overhead. 

Research-specific capabilities increased binary size by only 2 MB over baseline PicoClaw, 

reflecting additional Go code for hook handling, provider routing, and project lifecycle 

management. Skill definitions (SKILL.md files) are loaded on demand and don’t contribute 

to binary size. Installation requires a single Homebrew command (brew install 
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drpedapati/tap/sciclaw) with no additional runtime dependencies, Docker containers, or 

cloud infrastructure. 

Discussion 

sciClaw demonstrates that a paired-scientist architecture can be implemented as a lightweight 

behavioral extension of an existing open-source agent framework. The four-layer design 

allows researchers to customize the agent through Markdown files rather than code, 

accommodating life scientists who are expert in their domains but may not be programmers. 

The self-authoring case study provides practical evidence that the paired-scientist workflow 

can produce a complete manuscript, from literature search through formatted Word 

document, within a single auditable session. The governance layer’s unconditional logging 

creates provenance records that support reproducibility at the tool-execution level. The 

bootstrapping property, where sciClaw uses its own skills to build the manuscript that 

describes those skills, demonstrates that the system’s capabilities generalize beyond any 

single research domain. 

Several limitations merit discussion. The system’s effectiveness depends on the underlying 

LLM’s capabilities; model-specific failure modes (hallucination, reasoning errors, tool 

misuse) propagate through the agent loop. The provider abstraction mitigates vendor lock-in 

but doesn’t solve capability gaps. The reproducibility guarantees apply to the tool execution 

trail but not to stochastic LLM outputs; identical prompts may produce different responses 

across runs. A significant limitation of the current evaluation is that the system developer 

served as the sole user and evaluator of the self-authoring case study. This introduces 

potential bias: the developer’s familiarity with the system’s internal architecture, command 

syntax, and failure modes likely produced more effective navigator behavior than would be 

expected from a naive user. Workflow friction, error recovery patterns, and learning curve 
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effects that independent researchers would encounter are not captured. Planned next steps 

include structured user studies with clinical and translational researchers across multiple 

biomedical institutions, using standardized task suites and think-aloud protocols to assess 

usability, task completion rates, and perceived utility independent of developer expertise. 

Security considerations include the defense-in-depth approach inherited from PicoClaw’s 

minimal surface area, workspace sandboxing, messaging channel allow-lists, and SHA-256 

checksums for skill integrity verification. Secret management is addressed by separating 

credential storage from workspace templates: API keys are read from environment variables 

or the system keychain, never written to workspace files. 

A practical concern for agent-based workflows is secret management. Agents need 

credentials: LLM provider keys, PubMed API tokens, messaging bot tokens. Scientists 

accustomed to pasting API keys into configuration files adopt practices that don’t scale 

safely. sciClaw reads credentials from environment variables or the system keychain, never 

writing them to workspace files that might be committed to version control. A sciclaw doctor 

command validates credential security and checks for required companion tools. 

The architecture is designed to accommodate a future in which local LLM capabilities 

approach cloud model performance. The same LLMProvider interface that routes to 

Anthropic or OpenAI can route to a local model via Ollama, enabling fully private operation 

without changing skills or workflows. The paired scientist’s competence also grows 

incrementally: the sciclaw skills install command fetches new skill definitions, validates their 

SKILL.md structure, records provenance metadata (source URL, SHA-256 hash, timestamp), 

and makes them available in the next conversation turn. 

Conclusion 
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We have presented sciClaw, a paired-scientist agent extending PicoClaw with thirteen 

research skills, seven hardwired governance hooks, and a provider-agnostic model 

abstraction, all within a 17 MB binary requiring no coding expertise. The self-authoring case 

study and workflow analysis demonstrate practical utility for literature search, manuscript 

authoring with tracked changes, and reproducible research documentation. For clinical and 

translational teams, sciClaw offers auditable, reproducible workflows installable via a single 

command. Future work will focus on user studies across diverse biomedical research 

domains, expanding the skill library to additional life science databases and analysis tools, 

and validating the paired-scientist model at scale in clinical and translational settings. 

Data Availability 

sciClaw is open source under the MIT license. Source code is available at  

Repository: https://github.com/drpedapati/sciclaw 

Upstream base: https://github.com/sipeed/picoclaw 

The governance layer audit logs generated during this manuscript’s preparation are available 

in the project repository. 
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