HERMES: Grounding Fidelity Evaluation in
GraphRAG-Based Marine Knowledge Graphs Across LLM
Configurations

Gustavo Nufiez**, Marcos Zarate’? and Pablo R. Fillottrani**

ICenter for the Study of Marine Systems, (CESIMAR-CONICET), Puerto Madryn, Chubut, Argentina
2Computer Science Research Laboratory, (LINVI-UNPSJB), Puerto Madryn, Chubut, Argentina

3Research and Development Laboratory in Software Engineering and Information Systems (LISSI), Computer Science and
Engineering Department, Universidad Nacional del Sur, Bahia Blanca, Argentina

‘Comisién de Investigaciones Cientificas de la Provincia de Buenos Aires, Buenos Aires, Argentina

Abstract

Knowledge graphs constructed with GraphRAG from unstructured text provide a promising foundation for
grounded natural-language question answering, but lack mechanisms to verify that generated responses ac-
tually respect the retrieved graph evidence. We present HERMES, a web-based platform for querying and com-
parative evaluation of six marine knowledge graphs derived from digitized historical scientific literature in the
marine biology domain, each constructed using a different large language model (LLM). HERMES introduces a
post-generation neuro-symbolic grounding verifier that decomposes responses into atomic claims and classifies
each against retrieved subgraph triples, and two novel metrics — Strict Grounding Fidelity (GF,;,) and Weighted
Grounding Fidelity (GFgnteq) — that quantify response traceability to graph evidence. A full factorial evalu-
ation across 10 competency questions, 6 graphs, and 4 answer-generation LLMs (240 evaluations) shows that
the choice of answer-generation LLM dominates grounding fidelity, that graph-level mean GF varied across the
six KGs, with KG, and KG; outperforming the substantially sparser KG;, and that the best combination (the
knowledge graph constructed with GPT-40-mini, queried with Llama 3.3 70B) achieves near-perfect grounding
(GFyeightea = 0.95). This work presents an innovative faithfulness metric formally defined and evaluated over
GraphRAG-style triple contexts.
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1. Introduction

Large Language Models have demonstrated strong capabilities in knowledge extraction and natural-
language reasoning, and frameworks such as Microsoft GraphRAG [1] now enable the automatic con-
struction of knowledge graphs (KGs) from unstructured text, combining entity and relation extraction
with graph-based retrieval for question answering. In domain-specific and historical corpora, where no
gold-standard reference graph exists and ontological support is absent, this approach offers a practical
pathway to structuring and querying legacy scientific knowledge [2].

A key open problem in this setting is response grounding: when a GraphRAG system retrieves a
subgraph and passes its triples as context to an LLM, there is no guarantee that the generated response
actually draws on that evidence rather than on the model’s parametric knowledge. Hallucination and
faithful-but-unsupported assertions remain significant concerns in LLM-based generation [1]. Exist-
ing evaluation frameworks for Retrieval-Augmented Generation, including RAGAs [3] and ARES [4],
assess faithfulness with respect to retrieved textual contexts rather than graph triples.

The Third International Workshop on Retrieval-Augmented Generation Enabled by Knowledge Graphs (RAGE-KG 2026), co-
located with ISWC 2026, October 25-26, 2026, Bari, Italy

*Corresponding author.

& gnunez@cenpat-conicet.gob.ar (G. Nufiez); zarate@cenpat-conicet.gob.ar (M. Zérate); prf@cs.uns.edu.ar

(P.R. Fillottrani)

® 0009-0007-0215-2699 (G. Nuiiez); 0000-0001-8851-8602 (M. Zarate); 0000-0003-0906-867X (P.R. Fillottrani)

© 2026 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
oY


mailto:gnunez@cenpat-conicet.gob.ar
mailto:zarate@cenpat-conicet.gob.ar
mailto:prf@cs.uns.edu.ar
https://orcid.org/0009-0007-0215-2699
https://orcid.org/0000-0001-8851-8602
https://orcid.org/0000-0003-0906-867X
https://creativecommons.org/licenses/by/4.0/deed.en

We present HERMES', a web-based platform that addresses this gap in the context of marine sci-
ence knowledge graphs. HERMES is built on six KGs derived from a digitized mid-20th-century marine
biology text [5] using different LLMs under a shared prompt configuration [2], and supports natural-
language querying via four answer-generation models. Its central contribution is a post-generation
neuro-symbolic grounding verifier that, given a response R and the retrieved subgraph G, uses the
same LLM in an auditing role to decompose R into atomic claims and classify each as SUPPORTED,
ParTIAL, or UNSUPPORTED against the triples of Gq. From these classifications, we derive two novel
metrics — GFyict and GFyeighted — that quantify the degree to which responses are traceable to graph
evidence. Unlike RAGAs [3] and ARES [4], which evaluate faithfulness with respect to retrieved tex-
tual contexts, GF evaluates generated claims against explicit graph triples and distinguishes among
SUPPORTED, PARTIAL, and UNSUPPORTED claims.

We evaluate the system through a full factorial design across 10 competency questions, 6 knowledge
graphs, and 4 answer-generation LLMs (240 evaluations), reporting grounding fidelity across all graph-
model combinations and identifying systematic effects of both construction LLM and answer LLM on
downstream response grounding.

The contributions of this paper are:

1. HERMES: an open, web-based platform for multi-graph, multi-LLM marine knowledge graph
querying and evaluation, including interactive graph visualization and a structured interface that
exposes the full evidence chain from query to response.

2. Grounding Fidelity metrics: two novel metrics — GFyyict and GFyeighted — that quantify the
degree to which claims in a generated response are traceable to triples in the retrieved subgraph,
formally defined and empirically evaluated across 240 graph—-LLM configurations.

3. A factorial evaluation: a controlled N x M x J evaluation across competency questions, knowl-
edge graphs, and answer-generation LLMs, characterizing graph and model effects on grounding
fidelity in a domain-specific historical corpus.

The remainder of this paper is structured as follows. Section 2 reviews related work. Section 3
describes the HERMES system. Section 4 presents the evaluation methodology. Section 5 reports
results. Section 6 discusses findings and limitations. Section 7 concludes.

2. Related Work

Knowledge graph construction from text. The automatic construction of KGs from unstructured
text has received increasing attention with the rise of LLMs [6, 7]. Traditional approaches relied on
predefined ontologies or manually curated schemas [8], limiting their applicability to domains where
such resources exist. Microsoft GraphRAG [1] introduced a schema-free pipeline that combines en-
tity and relation extraction with community detection and hierarchical summarization, enabling KG
construction from arbitrary corpora without ontological alignment. Prior work in the marine domain
demonstrated the feasibility of applying GraphRAG to historical scientific texts and showed that con-
struction LLM choice significantly affects graph structure and downstream QA performance [2].

KG evaluation without gold standards. Evaluating automatically constructed KGs is challenging
when no reference graph exists. Seo et al. [9] propose a taxonomy of six evaluation dimensions —
including structure-based, data quality, and task-based evaluation — applicable when gold standards
are absent. Competency questions, originally introduced for ontology evaluation [10, 11], have been
adapted as an extrinsic evaluation strategy for KGs derived from specialized corpora [12], providing a
user-centered assessment of whether the graph supports the knowledge needs of domain experts.

'https://hermes-project.streamlit.app


https://hermes-project.streamlit.app

Faithfulness and grounding in RAG systems. Retrieval-Augmented Generation (RAG) grounds
LLM responses in externally retrieved evidence, reducing hallucinations compared to purely paramet-
ric generation [13]. As RAG systems have matured, evaluation has shifted beyond answer correctness
toward assessing whether generated responses actually rely on the retrieved context.

RAGAs [3] introduced one of the first automated evaluation frameworks for this purpose by decom-
posing generated responses into atomic claims and measuring the proportion of claims supported by
the retrieved textual context. More recently, ARES [4] extended automated RAG evaluation by training
lightweight judges for context relevance, answer faithfulness, and answer relevance, reducing depen-
dence on large proprietary LLMs while requiring only a small amount of human-annotated data for
calibration.

Recent GraphRAG surveys [7] highlight that, although graph-based retrieval replaces document
chunks with structured knowledge, evaluation methodologies remain largely inherited from traditional
text-based RAG. Existing frameworks evaluate grounding with respect to retrieved textual passages,
whereas graph triples introduce additional structural semantics that are not explicitly considered by
current faithfulness metrics.

The GF metrics introduced in this paper extend the claim-based evaluation paradigm of RAGAs to
GraphRAG settings. Rather than verifying claims against retrieved text chunks, GF evaluates gener-
ated responses directly against retrieved subject—predicate—object triples and introduces a three-way
classification scheme — SUPPORTED, PARTIAL, UNSUPPORTED —, providing finer-grained diagnostic in-
formation while preserving explicit traceability between generated claims and graph evidence.

Neuro-symbolic Al and knowledge grounding. The integration of neural and symbolic compo-
nents for grounded inference is a central concern of neuro-symbolic Al [14]. Recent surveys identify
knowledge graphs as a natural symbolic substrate for neuro-symbolic integration, particularly when
combined with neural retrieval and language models [15]. The HERMES grounding verifier instanti-
ates this paradigm at the response level: neural claims are verified against symbolic triple structures,
combining the generative capacity of LLMs with the explicit, auditable evidence of graph triples.

3. System Description: HERMES

HERMES is a web-based platform for natural-language querying and comparative evaluation of marine
knowledge graphs. The system is built around three tightly coupled components: (i) a collection of six
knowledge graphs constructed from the same historical corpus using different large language models;
(ii) an embedding-based graph retrieval pipeline that selects query-relevant subgraphs at inference
time; and (iii) a post-generation neuro-symbolic grounding verifier that audits each response against
the retrieved evidence. The following subsections describe each component in detail.

3.1. Knowledge Graph Collection

The six knowledge graphs in HERMES were all derived from the same source: a digitized version of
Lobos marinos, pingiiinos y guaneras de las costas del litoral maritimo e islas adyacentes de la Repiiblica
Argentina [5], a foundational mid—ZOth—century survey of marine vertebrate fauna along the Argentine
Patagonian coast. The digitization pipeline—comprising high-resolution scanning, OCR processing,
manual correction, and text segmentation—is described in full in our prior work [2].

Each graph was constructed independently using Microsoft GraphRAG with a fixed prompt config-
uration derived from the autotuning and prompt-engineering methodology introduced in [2], which
yields concise, RDF-style predicates from the raw LLM extractions. The only variable across runs was
the underlying language model. Table 1 lists the six configurations.

Because every graph is built from the same corpus with the same prompt configuration, differences
in graph structure and downstream retrieval quality are attributable exclusively to the choice of con-
struction LLM—a property that makes HERMES a controlled testbed for comparative evaluation. Ta-



Table 1
Knowledge graphs available in HERMES. Each graph was generated from the Carrara corpus using Microsoft
GraphRAG with the indicated LLM and a shared prompt configuration.

Graph ID LLM used for KG construction

KG, GPT-40-mini [16]

KG, Mixtral 8x7B Instruct [17]
KG, Mistral 7B Instruct [18]
KG, Ministral 14B [19]

KGs Mistral Large 3 [20]

KGq LLaMA 3 8B Instruct [21]

ble 2 reports the structural properties of all six graphs (node and edge counts, density, average degree,
connected components, and diameter).

Table 2
Structural properties of the six knowledge graphs in HERMES. Each graph was constructed from the same
corpus using the indicated LLM.

Graph Nodes Edges Density Avg. Degree Components Diameter
KG, (GPT-40-mini) 631 840 0.0042 2.66 90 12
KG, (Mixtral 8x7B) 1007 875 0.0017 1.74 234 16
KG; (Mistral 7B) 218 68 0.0029 0.62 167 11
KG, (Ministral 14B) 1669 2406 0.0017 2.88 264 10
KGs; (Mistral Large 3) 906 1660 0.0040 3.66 39 9
KG; (LLaMA 3 8B) 129 131 0.0159 2.03 7 13

3.2. Node Embedding and Indexing

To support semantic retrieval at query time, each graph is indexed offline as a set of node-level vector
embeddings. For every node v in a graph G, its label is encoded using OpenATI’s text-embedding-3-
small model, producing a dense vector e,. Embeddings are computed once per graph upon first access
and persisted to disk; they are never recomputed or modified thereafter.

Only node labels are embedded in this initial implementation, as the most direct textual entity repre-
sentation. Descriptions, predicates, neighborhood context, and degree are excluded. This unevaluated
design is not claimed to be optimal; richer representations are future work.

Crucially, the same embedding model is used for all six graphs. This design choice ensures that
any observed differences in retrieval quality across graph configurations reflect differences in graph
structure and content, not differences in the embedding space.

3.3. Query-Time Retrieval Pipeline

At inference time, a user query gq is processed through the following steps.

Step 1 — Query embedding. The query is encoded with the same text-embedding-3-small model
used during indexing, producing a query vector e, in the same embedding space.

Step 2 —Top-k node selection. Cosine similarity is computed between e, and each node embedding
e,:

e, e

Sim(% V) = L
legl - levl + ¢

where ¢ > 0 is a small constant added to the denominator for numerical stability. Nodes are ranked by
similarity and selected greedily: all nodes with sim(g,v) > 7 are included, with a minimum of k = 10



nodes guaranteed regardless of threshold. The threshold 7 = 0.55 was selected through a sensitivity
analysis described in Section 4.

Step 3 — Structural expansion. The selected seed nodes are expanded by traversing the graph
topology. Let h denote the expansion depth. HERMES uses an initial, unvalidated query-length heuris-
tic: h=1 below 80 characters, h=2 from 80 to 199, and h=3 from 200 onward. It assumes that longer
queries may mention more entities or relations and benefit from broader context, but was not empiri-
cally optimized as a proxy for reasoning complexity. All ten evaluation questions used h=2; hence, the
experiment does not compare traversal depths.

HERMES jointly expands the complete seed set for h iterations. Because the GraphML files are loaded
as undirected graphs, every adjacent node is considered. Sets remove duplicates caused by cycles or
converging paths. Relations are treated uniformly, with no degree-based pruning or neighbor cap; thus,
all neighbors of a reached hub are included. The retrieved context G is the induced subgraph over the
accumulated nodes. This expansion captures multi-hop relational context that would be invisible to
flat document-chunk retrieval.

Step 4 — Triple serialization. All edges in G are serialized as Subject --relation--> Object
triples and concatenated into a context string passed to the answer-generation model.

Graph structure contributes during retrieval: label similarity finds the seeds, while topology selects
neighboring entities and relations through multi-hop expansion. The induced subgraph preserves
relations among accumulated nodes, organizing the evidence before its triple serialization.

3.4. Answer Generation

The context string derived from G, together with the original query g, is submitted to the selected
answer-generation LLM. HERMES currently supports four models for this role: GPT-40-mini (Ope-
nAl) [16], Llama 3.3 70B [22] and Llama 3.1 8B [23] (via Groq), and Gemini 2.5 Flash [24]. The choice
of answer-generation LLM is independent of the graph construction LLM, enabling a full M x J factorial
evaluation across M=6 graphs and /=4 answer models (Section 4).

This design follows the graph-based RAG paradigm introduced in [1], where retrieved graph context
replaces or augments parametric knowledge during generation.

HERMES uses graph structure for retrieval, not formal graph reasoning. Once retrieved, G is seri-
alized as textual triples for the LLM; the system executes no path inference, logical rules, ontological
reasoning, or symbolic entailment. Answers are therefore grounded in graph-derived evidence but are
not produced by an inference procedure over the graph.

3.5. Neuro-Symbolic Grounding Verifier

A key limitation of embedding-based retrieval systems is the absence of a mechanism to verify that the
generated response actually respects the evidence it was given. To address this, HERMES incorporates
a lightweight post-generation neuro-symbolic grounding verifier.

The component is neuro-symbolic in an architectural grounding sense: the neural element is the
LLM that generates and audits claims, and the symbolic element is the explicit KG structure encoded by
the triples in G;. The LLM relates claims to this inspectable evidence; HERMES performs no symbolic
inference, rule execution, or ontology-based entailment [14].

Design. Given a response R and the subgraph G, that produced it, the verifier uses the same
answer-generation LLM in a second, auditing role. The LLM is prompted with a strict system in-
struction that (i) prohibits the use of any external knowledge and (ii) requires conservative clas-
sification: a claim is SuPPORTED only when direct, traceable evidence exists in the triples. The
verifier decomposes R into a set of atomic factual claims {cy,...,c,} and assigns each one a status
s; € {SuPPORTED, PARTIAL, UNSUPPORTED}, along with the specific triples that serve as evidence (or



an empty list when none exist). Output is constrained to structured JSON to facilitate deterministic
parsing.

llustrative example. For CQ1, submitted in Spanish to KG; with Llama 3.3 70B, G, contained the
triples OBSERVACIONES COPROLOGICAS --son estudiadas en--> LOBOS MARINOS DE UN PELO and
OBSERVACIONES COPROLOGICAS --son estudiadas en--> LOBOS MARINOS DE DOS PELOS. The
generated claim states that both species were studied along the Argentine coast and adjacent islands.
It is PARTIAL: the triples support the studies but not that geographical scope, contributing 0 to GFict
and 0.5 to GFyeighted-

Grounding Fidelity metrics. From the claim-level annotations we derive two scalar metrics. Strict
Grounding Fidelity counts only fully supported claims:

[{c; : s; = SUPPORTED}|

GF, strict(R’ Gq) = n

Weighted Grounding Fidelity assigns partial credit to partially supported claims:

l{c; - s; = SUPPORTED}| + 0.5 - [{¢; : s; = PARTIAL}|

GFweighted(R: Gq) = "
Both metrics take values in [0, 1] for n > 1, and are defined as 0 when no claims are extracted (n =
0), where 1.0 indicates that every claim in the response is fully traceable to triples in the retrieved
subgraph.

These metrics are conceptually related to the faithfulness score in RAGAs, which also measures the
proportion of claims in a generated answer that are supported by retrieved context. However, GF
differs in two important respects: (i) the retrieval unit is a graph triple (subject—predicate—object), not
a text chunk, and (ii) the three-way classification (SUPPORTED/PARTIAL/UNSUPPORTED) provides more
diagnostic information than the binary supported/not-supported scheme used in RAGAs. This work
presents an innovative faithfulness metric formally defined and evaluated over GraphRAG-style triple
contexts — to our knowledge, the first of its kind in this setting.

Beyond evaluation, the verifier contributes to the explainability of the system: by decomposing
responses into atomic claims and citing specific triples as evidence, HERMES makes the reasoning
chain from query to response fully auditable. This transparency-by-design principle is particularly
relevant in scientific domains where response provenance is as important as response correctness.

3.6. User Interface and Transparency Layer

HERMES exposes the full evidence chain from query to grounded response through a structured, step-
by-step interface organized into two phases: graph selection and question answering.

Phase 1 — Graph selection and exploration. Upon loading the application, the user selects a
knowledge graph and an answer-generation LLM from the side panel and presses Load Graph. The
system then displays two components. First, an interactive graph visualization renders the selected KG
directly in the browser, allowing the user to zoom, drag nodes, and inspect individual nodes and edges
by clicking on them to display their metadata. Second, a structural metrics panel reports the topological
properties of the selected graph — nodes, edges, density, average degree, connected components, and
diameter — giving the user immediate quantitative context about the graph they are querying. A
natural-language text input is presented below these components, ready to receive a query.

Phase 2 — Question answering and grounding verification. After the user submits a query,
the system executes the full retrieval and generation pipeline (Section 3.3 and 3.4) and displays four
consecutive panels.



Answer panel. The natural-language response R generated by the selected LLM, grounded in the
retrieved subgraph G;.

Knowledge Graph Triplets panel. A tabular view of all SPO triples in G, displayed in Subject
/ Predicate / Object columns. This panel makes the retrieval step fully inspectable: the user can see
exactly which triples were passed as context to the LLM, providing direct evidence of what information
was available during generation.

Neuro-Symbolic Grounding Verification panel. An aggregated metrics summary displaying
total claims, supported, partial, and unsupported counts, together with both GFyyict and GFyeighted
scores. Below the summary, a claim-level table lists each atomic claim extracted from R, its verification
status (SUPPORTED, PARTIAL, or UNSUPPORTED), and the specific triples cited as evidence.

Grounding Summary panel. A brief natural-language explanation generated by the verifier, sum-
marizing the overall grounding quality of the response and the reasoning behind the claim-level clas-
sifications. This panel makes the verification outcome interpretable to non-technical users who may
not wish to inspect the claim-level table directly.

Together, these panels implement a layered transparency architecture: the Triplets panel exposes
what evidence was retrieved, the Verification panel quantifies how well the response is grounded in that
evidence, and the Grounding Summary explains why each claim received its classification — making
every step from query to grounded response visible and auditable.

4. Evaluation Methodology

Our evaluation framework assesses the degree to which generated responses are grounded in the re-
trieved subgraph evidence across all combinations of knowledge graph and answer-generation LLM,
using the Grounding Fidelity metrics introduced in Section 3.5. The following subsections describe the
competency questions, parameter selection, evaluation matrix, and scoring scheme.

4.1. Competency Questions

Following established methodology for knowledge graph evaluation [10, 11], we assess each graph-
LLM configuration using ten competency questions (CQs) that reflect the knowledge needs of a domain
expert consulting the Carrara corpus. Ten competency questions were selected to balance domain cov-
erage with evaluation tractability. The questions were formulated by marine science domain experts
at CESIMAR-CONICET who are familiar with the Carrara corpus, ensuring that they reflect genuine
knowledge needs rather than arbitrary retrieval tasks. The set spans the main knowledge types present
in the corpus — taxonomic, morphological, geographic, procedural, temporal, and institutional — while
keeping the total number of evaluations (NxMx J = 240) within a range that allows systematic analysis
without being computationally prohibitive. Each question type is represented at least once, ensuring
that grounding fidelity is assessed across structurally diverse retrieval scenarios rather than concen-
trated on a single knowledge category.

The CQs are presented in English for readability; all experiments were conducted using Spanish-
language queries to ensure semantic alignment with the node labels in the knowledge graphs, which
are encoded in Spanish. This decision is motivated by a cross-lingual retrieval gap identified during
parameter selection (Section 4.2): when queries are issued in English against Spanish-language graphs,
cosine similarity scores remain consistently below any tested threshold, causing k;,, to dominate node
selection and rendering the threshold parameter ineffective. The full list of competency questions is
provided in Appendix B.

4.2. Parameter Selection

Two retrieval parameters required empirical justification prior to the main evaluation: the cosine sim-
ilarity threshold 7 and the minimum node count k;,.



We conducted a sensitivity analysis over two representative graphs (KG; and KG,) and four com-
petency questions (CQ1, CQ3, CQ7, CQY), varying 7 € {0.45,0.50, 0.55, 0.60, 0.65} with k.,;, = 10 fixed,
and measuring subgraph size and GFyeighted for each configuration. The analysis was run twice: once
with queries in English and once with queries in Spanish.

The English-query run revealed the cross-lingual retrieval gap described above: across all threshold
values, virtually no node exceeded the similarity threshold (n,pove = 0), causing ky;, to govern node
selection in every case and producing identical subgraphs and GF scores regardless of 7. This confirmed
that English queries are semantically misaligned with the Spanish node labels and that the evaluation
must be conducted in Spanish.

The Spanish-query run showed meaningful threshold sensitivity for queries whose relevant nodes
are densely represented in the graph. The most informative case was CQ7 on KGy: at 7 = 0.45, the
retriever selected 13 seed nodes, producing a subgraph of 308 nodes and GFyejghted = 0.28, indicative
of retrieval noise from over-inclusion; at 7 = 0.55, seed nodes collapsed to 10 (governed by k,;,,) and
GFyeighted TOS€ to 0.67. However, results were not uniformly monotone across graphs and queries: for
KGy/CQ7, GFyeighted Was 0.875 at 7 = 0.45 but collapsed to 0.0 from 7 = 0.50 onward, suggesting that
retrieval quality under threshold variation is graph- and query-dependent.

Based on these observations, 7 = 0.55 was selected as a conservative default. It avoids the retrieval
noise observed at lower thresholds (over-inclusion of weakly similar nodes) while preventing ki,
from dominating excessively at higher thresholds where relevant nodes may be filtered out. We do
not claim 7 = 0.55 to be globally optimal; rather, it represents a reasonable operating point for the
main evaluation. Full sensitivity results for both language conditions are available as supplementary
material in the project repository (see Appendix A).

4.3. Evaluation Matrix

The main evaluation is structured as a full factorial design over three dimensions:

« N = 10 competency questions (CQ1-CQ10)
« M = 6 knowledge graphs (KG;-KGg, one per construction LLM)
« J = 4 answer-generation LLMs (GPT-40-mini, Llama 3.3 70B, Llama 3.1 8B, Gemini 2.5 Flash)

This yields NxMxJ = 10x6x4 = 240 individual evaluations. For each evaluation cell (g, KG,,, LLM;),
the system executes the full pipeline described in Section 3: query embedding, top-k node retrieval,
structural expansion, answer generation, and post-generation grounding verification. All evaluations
use Spanish-language queries and a fixed configuration of 7 = 0.55, ky;,, = 10.

The factorial design enables analysis along three axes: (i) graph effect — does the choice of construc-
tion LLM affect downstream GF scores?; (ii) model effect — does the choice of answer-generation LLM
affect grounding fidelity independently of the graph?; and (iii) interaction effect — do specific graph—
LLM pairings produce GF scores that diverge significantly from what the individual graph and model
effects would predict in isolation?

4.4. Scoring Scheme

Each evaluation cell is assessed on two Grounding Fidelity variants as defined in Section 3.5: GFgyict
which counts only fully supported claims, and GFyejghted, Which assigns partial credit to partially
supported claims. Both are computed automatically by the neuro-symbolic grounding verifier and
require no manual annotation.

We report both variants throughout: GFjyyic serves as a conservative lower bound, while GFyeighted
is the primary metric. The latter is preferred because partial evidence is common in knowledge graphs
derived from historical narratives, where explicit statements are often distributed across multiple
triples rather than captured in a single SPO assertion.

Aggregate results are reported as mean GFyyicy and mean GFyeighted Per graph (KGy,), per answer-
generation LLM (LLM;), and per competency question (g,), enabling fine-grained analysis of where
grounding succeeds or fails across the evaluation matrix.



5. Results

We report results for 235 valid evaluations out of 240 total (N x M x J = 10 x 6 x 4). Five cells
produced parse errors during grounding verification and are excluded from all aggregations: four in-
volved 11ama-3.1-8b-instant as the answer-generation LLM (on KG;/CQ7, KGs/CQ8, KG4/CQ2, and
KGg/CQ10), and one involved 11ama-3.3-70b-versatile (KGs/CQ?7). These failures are attributable
to malformed JSON output from the verifier in specific graph—CQ combinations.

5.1. Overall Grounding Fidelity

Across all 235 valid evaluations, the mean GFyeighted s 0.50 and the mean GFyet is 0.47, indicating
that on average half of the atomic claims in generated responses are fully or partially traceable to
triples in the retrieved subgraph. The gap between the two variants (0.03) is small, suggesting that
partially supported claims are relatively rare and that most claims are either clearly supported or clearly
unsupported.

Table 3 reports mean GFyeighted @nd GFyicer for every graph-LLM combination, together with
marginal means per graph and per answer-generation LLM.

Table 3
Mean GF,eighted / GFytrice per knowledge graph and answer-generation LLM, averaged over 10 compe-
tency questions. Each cell reports GFcighted / GFstrice- Bold indicates the highest GFighted per row.

Graph GPT-40-mini Llama3.370B Llama 3.1 8B Gemini 2.5 Flash Mean
KG, (GPT-40-mini) 0.29/0.29 0.95/0.91 0.69/0.60 0.74/0.73 0.67/0.63
KG, (Mixtral 8x7B) 0.10/0.10 0.56/0.52 0.62/0.47 0.57/0.56 0.46/0.41
KG; (Mistral 7B) 0.18/0.17 0.30/0.30 0.57/0.51 0.46/0.45 0.38/0.36
KG, (Ministral 14B) 0.10/0.10 0.73/0.72 0.71/0.62 0.54/0.53 0.52/0.49
KGs; (Mistral Large 3) 0.08/0.08 0.75/0.72 0.66/0.51 0.78/0.77 0.57/0.52
KG; (LLaMA 3 8B) 0.25/0.25 0.46/0.46 0.59/0.52 0.45/0.44 0.44/0.42
Mean 0.17/0.17 0.62/0.60 0.64/0.54 0.59/0.58 0.50/0.47

5.2. Effect of the Answer-Generation LLM

The choice of answer-generation LLM has a strong and consistent effect on grounding fidelity across all
graphs. Llama 3.1 8B and Llama 3.3 70B achieve the highest mean GFyeighted (0.64 and 0.62 respectively),
followed by Gemini 2.5 Flash (0.59). GPT-40-mini performs substantially below the other three, with
a mean GFyejghted 0f only 0.17 — a gap of 0.45 points relative to the next-lowest model.

This result is counterintuitive given that GPT-40-mini is generally considered a highly capable model.
An inspection of the claim-level data reveals a likely explanation: GPT-40-mini produces an average
of only 1.6 atomic claims per evaluation, compared to 3.7 for Llama 3.3 70B, 6.6 for Llama 3.1 8B, and
6.4 for Gemini 2.5 Flash. This suggests that GPT-40-mini tends to generate shorter, more cautious
responses that frequently acknowledge the limits of the retrieved subgraph rather than committing to
positive factual assertions. Such negative meta-claims interact with the verifier’s handling of negative
assertions — where a claim stating that the subgraph lacks information about a topic is classified as
SuPPORTED if no relevant triples exist — and the resulting low claim count amplifies any individual
unsupported claim’s impact on the final GF score. This behavior is discussed further in Section 6.

5.3. Effect of the Knowledge Graph

Graph construction quality also affects downstream grounding fidelity, though the effect is smaller than
the LLM effect and interacts with the choice of answer model. KG; (constructed with GPT-40-mini)
achieves the highest mean GFyejghted across answer-generation LLMs (0.67), followed by KGs (Mistral
Large 3, 0.57) and KG, (Ministral 14B, 0.52). KG;3 (Mistral 7B) performs worst (0.38), consistent with
the lower structural quality reported for that graph in prior structural analyses.



These results suggest that graphs constructed by more capable models provide denser, more seman-
tically coherent triple sets that are easier for the verifier to match against generated claims. KG; in
particular benefits from the same model that produces the highest-quality triples in our corpus, con-
sistent with findings in Section 3.1.

5.4. Interaction Effects

The best single graph-LLM combination is KG; x Llama 3.3 70B, achieving GFyeighted = 0.95 and
GFrict = 0.91 — near-perfect grounding across 10 competency questions. The second and third best
combinations are KGs x Gemini 2.5 Flash (0.78) and KG5 x Llama 3.3 70B (0.75), both involving KGs.

The worst combinations all involve GPT-40-mini as the answer-generation LLM: KGs x GPT-40-mini
(0.08), KGy x GPT-40-mini and KG4 x GPT-40-mini (both 0.10).

A notable interaction pattern is that KG; (Mistral 7B) shows the lowest mean GF across all answer
models, but Llama 3.1 8B achieves a relatively competitive 0.57 on this graph — suggesting that certain
answer models may be more robust to lower-quality graph structures.

5.5. Results by Competency Question

Table 4 reports mean GFyeighted and GFyyrict per competency question, averaged over all graph-LLM
combinations.

Table 4

Mean Grounding Fidelity per competency question, averaged over all 24 graph—LLM combinations, sorted by

GFweighted'
CQ GFweighted GFstrict
cQi 0.737 0.681
CQo6 0.640 0.628
CQs8 0.534 0.524
CQ4 0.512 0.484
cQ7 0.505 0.468
CQ5 0.484 0.454
cQ3 0.468 0.434
CcQo 0.390 0.345
cQio 0.389 0.353
CcQ2 0.356 0.328

CQ1 (pinniped species studied) achieves the highest mean grounding fidelity (GFyeighted = 0.74),
likely because species names and their locations are densely represented as explicit triples across all
graphs. CQ6 (sexual dimorphism in Otaria flavescens) also scores well (0.64), reflecting the detailed
morphological descriptions present in the Carrara corpus.

The lowest-scoring questions are CQ2 (years of official investigations, 0.36), CQ9 (locomotion of
Mirounga leonina, 0.39), and CQ10 (role of aerial photography, 0.39). These questions target procedural,
temporal, or contextual information that may be distributed across the corpus in ways that GraphRAG’s
entity-relation extraction does not consistently capture as explicit triples, resulting in subgraphs with
limited direct evidence for the verifier to match against.

6. Discussion

6.1. Graph Construction Quality and Downstream Grounding

The results in Section 5 reveal a clear relationship between graph construction quality and down-
stream grounding fidelity. KG; (GPT-40-mini) consistently achieves the highest mean GFyeighted
across answer-generation LLMs, which aligns with its structural properties: 840 edges, an average
degree of 2.66, and only 90 connected components — the best balance of connectivity and cohesion



among the six graphs. In contrast, KG; (Mistral 7B), with only 68 edges and 167 components, produces
the lowest GF scores, consistent with its sparse and fragmented structure limiting the availability of
direct triple evidence for the verifier.

This pattern extends findings from prior structural analysis [2]: models that generate more con-
nected, semantically coherent graphs also produce better downstream retrieval and grounding out-
comes, suggesting that graph construction quality propagates through the full pipeline to the final
response. Notably, KGs (Mistral Large 3) — the second-best graph by mean GF — combines a high
edge count (1660) with low fragmentation (39 components), reinforcing the importance of both den-
sity and cohesion in graph construction.

6.2. The GPT-40-mini Anomaly

The most striking finding is the consistently low GFyejghteq 0f GPT-40-mini as an answer-generation
LLM (0.17 mean, compared to 0.59-0.64 for the other three models). As discussed in Section 5.2, the
claim-level data points to a behavioral explanation: GPT-40-mini produces an average of only 1.6
atomic claims per evaluation — less than half the next-lowest model — suggesting it generates shorter,
more cautious responses that frequently acknowledge the limits of the retrieved subgraph rather than
committing to positive factual assertions.

This behavior interacts with the verifier’s handling of negative assertions: when the Q&A LLM
states that the subgraph does not contain sufficient information on a topic, the verifier evaluates this
claim solely against the retrieved triples — its operational scope — and classifies it as SUPPORTED if no
relevant triples exist. How to handle such cases optimally remains an open question that we identify as
a direction for future work. However, models that generate such meta-claims produce fewer positive
assertions overall, and any individual unsupported claim has a disproportionate impact on the final GF
score when the total claim count is low.

This reveals a non-trivial design tension in LLM-based grounding evaluation: models that accurately
acknowledge the limits of retrieved evidence may score lower than models that generate more (poten-
tially unsupported) positive claims. Resolving this tension requires a more expressive claim taxonomy
— for instance, distinguishing between epistemic claims (about what the graph contains) and factual
claims (about domain content) — which we identify as a promising direction for future work.

6.3. Limitations

Self-consistency bias. The verifier uses the same LLM that generated the response, introducing a
potential self-consistency bias: a model may rate its own claims more favorably than an independent
judge [25]. The strict system prompt and the requirement to cite specific triples mitigate but do not
eliminate this bias. GF scores have not yet been validated against independent human judgments. A
natural extension is to use a fixed, independent LLM as verifier across all evaluation cells, enabling a
controlled comparison of verifier behavior.

Single corpus. All six knowledge graphs are derived from the same historical source (Carrara, 1952).
While this enables a controlled comparison of construction LLMs, it limits the generalizability of GF
scores to other corpora, domains, or languages. Extending the evaluation to additional marine science
texts and to graphs derived from structured observational data (e.g., OBIS occurrence records) is a
priority for future work. A natural next step is to perform a staged evaluation by first incorporating
additional historical documents from the marine science domain, followed by contemporary biodiver-
sity datasets and multilingual corpora. This would allow assessing the robustness of the proposed
metrics across different writing styles, knowledge densities, and graph topologies, while determining
whether the observed behavior of GF generalizes beyond the specific corpus considered in this study.

Cross-lingual retrieval gap. Node labels in all six graphs are in Spanish, while the system is de-
signed for multilingual use. The sensitivity analysis (Section 4.2) demonstrated that English queries



produce near-zero cosine similarities against Spanish node labels, effectively disabling threshold-based
filtering. Addressing this limitation through multilingual sentence embedding models capable of align-
ing semantically equivalent concepts across languages (e.g., LaBSE [26]) or through cross-lingual
knowledge graph alignment techniques (e.g., BootEA [27]) represents an important direction for fu-
ture work. Such approaches could improve cross-lingual retrieval while preserving the original graph
structure and avoiding manual translation of node labels.

Parse errors. Five out of 240 evaluations produced malformed JSON output from the verifier, all
involving Llama 3.1 8B and Llama 3.3 70B on specific graph—CQ combinations. These failures suggest
that JSON output compliance under strict formatting constraints varies across models regardless of
parameter count, and that robust output parsing and fallback verification strategies should be incor-
porated in future versions of the pipeline. For the five affected cells, grounding fidelity could not be
computed automatically; manual annotation by a domain expert would allow these cases to be scored
and would additionally serve as a validation mechanism for the automatic GF scores across the full
evaluation matrix — an assessment we identify as a priority for future work.

7. Conclusions and Future Work

This paper presented HERMES, a web-based platform for natural-language querying and compara-
tive evaluation of marine knowledge graphs built with Microsoft GraphRAG. The system introduces a
post-generation neuro-symbolic grounding verifier that audits generated responses against retrieved
subgraph triples, and two novel metrics — GFgyict and GFyejghted — that quantify the degree to which
response claims are traceable to graph evidence.

A full factorial evaluation across N=10 competency questions, M=6 knowledge graphs, and J=4
answer-generation LLMs (240 individual evaluations) produced three main findings. First, the choice
of answer-generation LLM has a stronger and more consistent effect on grounding fidelity than the
choice of construction LLM: Llama 3.1 8B and Llama 3.3 70B achieved mean GFyejghteq of 0.64 and
0.62 respectively, while GPT-40-mini scored only 0.17, a result attributed to its tendency to generate
cautious, low-claim responses rather than positive factual assertions. Second, mean GF varied across
graph configurations: KG; and KGs achieved the highest graph-level means, whereas the substantially
sparser and more fragmented KG; obtained the lowest mean GF. Third, the best single combination
— KG;x Llama 3.3 70B — achieved near-perfect grounding (GFyeighted = 0.95), demonstrating that
high-fidelity graph-grounded generation is attainable in domain-specific historical corpora.

Future work will pursue five directions. First, applying a fixed, independent LLM as verifier across
all evaluation cells to eliminate self-consistency bias and enable controlled comparisons of verifier be-
havior. Second, extending the evaluation to additional marine science corpora — including structured
observational data from OBIS and Argo — to assess the generalizability of GF beyond historical texts.
Third, investigating multilingual embedding strategies to address the cross-lingual retrieval gap iden-
tified between English queries and Spanish graph node labels. Fourth, developing a more expressive
claim taxonomy that distinguishes epistemic claims (about graph content) from factual claims (about
domain content), enabling fairer evaluation of models that accurately acknowledge retrieval limits.
Fifth, conducting expert human annotation of a representative subset of evaluation cells to validate
the automatic GF scores and establish inter-annotator agreement — providing an independent qual-
ity assessment of the neuro-symbolic grounding verifier and a benchmark for future iterations of the
metric.

Declaration on Generative Al

During the preparation of this work, the authors used ChatGPT (GPT-4) and Claude in order to: Para-
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A. Online Resources

The following resources support reproducibility of the experiments reported in this paper:

HERMES platform (live system): https://hermes-project.streamlit.app
Source code, evaluation scripts, and supplementary material (including sensitivity analy-
sis results and evaluation CSV files): https://github.com/gustavomarcelonunez/hermes

B. Competency Questions

CQi1

CQ2

CQs.
CQa4.

CQs.
CQe.
cQz7.

CQs.

CQo
CQi

. What species of pinnipeds were studied along the Argentine maritime coast and adjacent is-
lands?

. During which years were the official investigations on pinnipeds, penguins, and seabird guano
conducted?

Which governmental body endorsed and facilitated the investigations described in the text?

What were the main methods and means of transportation used during the different research
commissions?

How are southern sea lions (Otaria flavescens) morphologically and behaviorally characterized?
What are the main physical differences between male and female Otaria flavescens?

Where were the colonies of two-haired sea lions (Arctocephalus australis) located according to
the study?

What reasons does the text give for the prohibition of hunting Arctocephalus australis?
. How is the locomotion of southern elephant seals (Mirounga leonina) described in the document?

0. What role did aerial photography and mapping play in the data collection of the investigations?
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