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Abstract

freeda is an early-stage prototype Al information retrieval system that improves trust through trans-
parent metadata. Its Explainability Layer reveals provenance paths, confidence scores, timestamps, and
sources behind each answer. This approach shows how structured metadata can support more reliable
and accountable Al use.

1. Introduction

As Al systems increasingly mediate access to information, the question of what metadata
can do for human trust has become urgent. In an environment where misinformation
spreads precisely because sources and certainty are obscured, making Al retrieval sys-
tems transparent is not a technical nicety but a public good. Existing research shows that
transparency mechanism can reduce trust callibration error and improve appropriate
reliance on Al outputs [1]. freeda (free data, free science, free society) is an early-
stage prototype! that addresses this challenge directly. It is a natural language retrieval
information system designed to surface fragmented research data from distributed insti-
tutional sources while making the reasoning behind each answer fully visible to users.
Developed initially in the context of connecting research data across universities in the
Rhein-Main region (Germany) freeda treats metadata transparency as a primary design
requirement. Its central contribution is an Explainability Layer that grounds obtained
answers in structured metadata (provenance paths, confidence scores, indication of
source, and timestamps) giving users the tools to evaluate, verify, and act on retrieved

information responsibly.

2. System Overview

freeda is built on LightRAG, a retrieval framework that constructs knowledge graphs
over indexed source documents and traverses them at query time. Unlike vector match-
ing, this graph-based approach enables reasoning over explicit entities and relations,
making the system’s inference chain traceable and its outputs anchored in structured
metadata. [2] Users interact through a conversational web interface: Responses consist
of an Al-generated answer (quick response), a set of source URLs indicating where the

information was retrieved from, and an explainability layer. (see Figure 1).

Ifreeda can be explored as a prototype at: https://rmu-freeda.de
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3. Explainability Layer: Metadata in Service of Human Judgment

The Explainability Layer operationalises four categories of meaning-driven metadata,

each addressing a distinct condition of trustworthy information use.

Knowledge graph provenance path. "How did the system reach this answer?" Each
response displays the graph traversal that produced it—for example: Goethe Univer-
sity — has library — University Library — has biological collections — Louise von
Panhuys [temporal coverage: 1763-1844]. Provenance paths let users trace and correct
problematic sources or reasoning steps, supporting fairness and accountability in

downstream use [3].

Confidence score. "Should I rely on this answer?" A numeric score reflects retrieval
certainty based on the coverage and consistency of supporting graph nodes. Offering
provenance-backed rationales alongside numeric uncertainty gives users both why and
how much to trust an assertion, reducing both overtrust and undertrust [1]. Confidence
scores also enable configurable acceptance thresholds, so users can determine when

the system acts autonomously versus when human review is required [4].

Source timestamp. "How current is this?" Each response displays the date on which
the underlying source data was indexed. Temporal metadata signals the freshness or
staleness of evidence and supports time-aware filtering [5]. In research contexts, where
temporal scope matters, making this visible by default treats currency as a baseline

transparency requirement rather than an optional annotation.

Source links. "Where can 1 verify this?" Alongside each response, freeda surfaces the
URLs from which information was retrieved. Direct source links make underlying docu-
ments immediately inspectable, supporting verification and contestability by users [6].
Combined with the provenance path, they close the loop between Al-generated answer

and primary evidence.

4. Current Status and Next Steps

freeda is currently an early-stage proof of concept. The system has been demonstrated
with digitized (botanical) collections held at Goethe University Frankfurt as well as per-
son-related data from the Technical University Darmstadt. Planned next steps include
expanding coverage across the Rhein-Main universities, developing a formal evaluation
framework for retrieval accuracy and provenance completeness, and conducting struc-

tured user studies with researchers, students, and general public audiences.

5. Conclusion

freeda demonstrates that Al-powered retrieval and metadata transparency are comple-
mentary rather than competing goals. Explainability can be built into the retrieval
architecture through structured metadata (provenance paths, source timestamps, indi-
cation of source, confidence scores) rather than added as an afterthought. As research

data continues to fragment across platforms and institutions, systems that surface not
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fFeeda Which botanical collections exist at Goethe University?

Quick Response Resources

At Goethe University, there is the Louise von 1 Louise von Panhuys - Sammlungen - Goethe Universitit
Panhuys collection and German botanical https://sammlungen.ub.uni-frankfurt.de/panhuys
journals. 2 Deutsche botanische Zeitschriften - Sammlungen - Goethe

Universitat
https: //sammlungen. ub. uni-frankfurt . de/botanik/nav/
Jall

iversititsbibliothek > Sammlungen 1

Louise von Panhuys (1763-1844)
Universitétsbibliothek Goethe Universitat

ATAY

Goethe Universitit > Universititsbibliothek > Sammlungen @

Deutsche botanischer Zeitschriften (1753-1914)
Universitatsbibliothek Goethe Universitét

Explainability Layer v

Goethe University has library Sl University Library e has biological collections Louise von Panhuys L temporal Coverage 3 -1753—154&
"

Figure 1. freeda Interface featuring a metadata-driven Explainability Layer and Knowledge Graph Provenance
path.

just answers but the provenance of those answers will become increasingly important

for trustworthy open science. freeda is an early step toward that vision, and this POSTER
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