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    The Problem

    AI tools have real potential to advance knowledge and education in science, technology, and other fields. Large language models are already changing how people search for information, synthesize research, and work through complex ideas.

    But they also create serious problems for how knowledge gets produced, interpreted, and trusted.

    Large language models are nondeterministic. The same prompt can produce different answers, each delivered with fluency and confidence. These systems routinely present statements without verifiable sources, cite fabricated or incorrect references, blur the line between summarization and invention, and favor what’s statistically popular over what’s trustworthy.

    Even when real citations are included, users often have no easy way to determine whether those references are relevant, reliable, or even supportive of the claim being made.

    Today’s AI systems lack provenance, attribution, and credibility signals where they matter most: at the point of use. You can see the output, but not the sources, the reasoning, or the evidence behind it. That gap affects researchers, business leaders, journalists, educators, and the general public alike.

    Citation and provenance are the debugging tools of scholarly research and other knowledge systems. They make information traceable, auditable, and verifiable. Without them, trust erodes – both in individual claims and in the systems producing them.

    Over the past century, scholarly communication has relied on shared paratextual to perform this debugging function: citations, references, acknowledgments, author and affiliation listings, conflict-of-interest statements. Over the past 25 years, these analog conventions have been adapted to the web through open scholarly infrastructure: persistent identifiers like DOIs, ORCID iDs, ROR IDs, RRIDs, and related metadata systems. These infrastructures are cross-disciplinary and workflow-agnostic on purpose. They don’t prescribe how knowledge is produced; they make it inspectable once it exists.

    As scholarship moves beyond static articles and monographs into dynamic, AI-mediated knowledge systems, this infrastructure needs to evolve again. VRAIX is the next iteration of that paratextual layer: preserving provenance, attribution, and trust so that future science remains intelligible rather than opaque.

    VRAIX: Context Over Text

    Most AI-screening and research-integrity tools look inside the text for stylometric tells – tortured phrases, rhetorical patterns, sentence entropy, hedging frequency, or other statistical traces of machine authorship. But LLMs are also great at detecting patterns, and once they are exposed, LLM model creators can optimize around them by generating content that no longer fits the profile.

    But VRAIX doesn’t take this approach. It prioritizes signals that are harder to fabricate:

    
      	A meaningful citation graph

      	Citations that resolve to identifiers (DOIs, PMIDs, Handles, RRIDs)

      	Identifiers (DOIs, PMIDs, ORCIDs, ROR IDs) that resolve to real metadata

      	A network of co-authors and institutions

      	Histories of corrections and retractions

      	Realistic historical publication patterns

      	The relevance of cited sources to the claims being made

    

    VRAIX’s core question is: “What system of knowledge does this claim belong to, and does it behave in a way consistent with that system?”

    VRAIX gives readers transparent indicators about where information comes from, what supports it, and how it fits into a larger body of knowledge. It’s not a detector or a policing tool. It’s an epistemic support layer, designed to assist human judgment in an era where writing has become cheaper than reading.

    Extending the Paratext

    The signals VRAIX relies on aren’t fixed. Research communication’s paratext has always evolved. Citation conventions that once applied only to articles and books have expanded to cover materials previously considered supplemental: datasets, software, instruments, antibodies, model organisms, and other research resources. This reflects a broader shift from treating knowledge as a static product to treating it as a process with many participants and dependencies – a shift that AI-mediated research is accelerating.

    VRAIX’s techniques will evolve alongside scholarship. New forms of evidence, contribution, and validation are emerging: AI-generated summaries, synthesized claims, hybrid human-machine workflows. These too can be incorporated as provenance signals. VRAIX isn’t tied to any specific research artifact or format, but to the core function scholarly context has always served – making knowledge traceable and interpretable, even as research is increasingly becoming a collaboration between humans and machines.

    This matters beyond scholarly communication. Science, law, politics, journalism, business, and large collaborative communities like Wikipedia and Stack Overflow are all being disintermediated by AI tools that generate, summarize, and circulate claims. These knowledge communities use different conventions, and what counts as valid evidence, authority, or relevance varies across them. VRAIX provides a way to attach, inspect, and reason about provenance signals in AI-mediated contexts across these systems, while leaving normative judgment to human users.

    Summary

    VRAIX continues a long tradition of building shared scholarly infrastructure, extended now to AI-mediated knowledge. By operating at inference time and grounding claims in open, evolving infrastructure, it helps ensure that as scholarship changes form, it doesn’t lose its capacity for attribution, verification, and trust.

    Future knowledge systems should be observable, debuggable, and accountable. VRAIX’s contribution is to make visible how claims are produced and to give AI users the tools to ask not only what to trust, but why.
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    VRAIX Overview Diagram

    Flow diagram of the VRAIX system: a user provides input that leads to both AI-generated answers and supporting documents. These are processed by VRAIX, which connects to open infrastructure sources (such as Crossref, DataCite, ORCID, and correction/retraction data). VRAIX produces credibility signals and annotated results that are returned to the user.
  