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Abstract

Large language models (LLMs) have achieved remarkable
progress, yet their deployment in high-stakes domains re-
mains limited by hallucination risks. Retrieval-augmented
generation (RAG) mitigates these risks but cannot guaran-
tee reliability when queries fall outside the knowledge base,
where abstention is expected. We present a novel methodol-
ogy for evaluating out-of-knowledge-base (OOKB) robust-
ness - assessing whether LLMs know or not - in RAG set-
tings without requiring manually annotated gold answers.
Our approach is implemented in knowornot, an open-
source library for constructing customizable OOKB robust-
ness benchmarks. knowornot features (1) a unified, high-
level API for streamlined evaluation, (2) a modular architec-
ture supporting diverse LLM clients and retrieval configura-
tions, (3) rigorous data modeling ensuring reproducibility and
traceability, and (4) flexible tools for building tailored robust-
ness pipelines. This work enables systematic, reproducible
assessment of abstention behavior in LLM-based RAG sys-
tems, advancing their reliability for high-stakes applications.

1 Introduction

Large language models (LLMs) are prone to hallucination
(Huang et al. 2025). Retrieval-augmented generation (RAG)
(Lewis et al. 2020) mitigates this by grounding responses in
retrieved context, yet real-world Question-Answering (QA)
chatbots still encounter queries outside their knowledge
base. In high-stakes domains, where incorrect answers carry
significant risk, LLMs should abstain when lacking suffi-
cient context (Anthropic 2025). However, models often re-
spond despite uncertainty, underscoring the need to assess
robustness to out-of-knowledge-base (OOKB) queries. Ex-
isting evaluations are labor-intensive, typically requiring hu-
man verification of whether answers are contextually sup-
ported. Scalable, automated, and domain-adaptable frame-
works are therefore needed.

We introduce a methodology for systematically evaluat-
ing OOKB robustness of LLM-based QA systems without
manual gold annotations. Using a controlled leave-one-out
(LOO) setup, our approach constructs grounded QA pairs
from a knowledge base, selectively withholds context, and
measures whether models abstain or hallucinate—yielding
quantitative estimates of OOKB robustness.

We further present knowornot, an open-source library
implementing this methodology. It provides: (1) a unified

high-level API for robustness benchmarking, (2) a modular
architecture supporting diverse LLM clients and RAG con-
figurations, (3) rigorous data modeling for reproducibility
and traceability, and (4) flexible tools for customizing evalu-
ation pipelines. knowornot enables reproducible, extensi-
ble, and automated assessment of LLLM abstention behavior,
advancing reliability in high-stakes RAG applications.

Lastly, we use knowornot to create PolicyBench, novel
benchmark comprising questions from four QA chatbots on
government policies. Our empirical experiments with Pol-
icyBench demonstrate ease of using knowornot to build
OOKB evaluation pipelines.

2 Related Work

Context attribution. ClashEval (Wu, Wu, and Zou 2024)
benchmarked QA pairs with perturbed context to study how
LLMs balance parametric and retrieved knowledge. While
it avoids manual gold annotations, its deliberately contra-
dictory perturbations are unrealistic; in practice, context is
often adjacent yet insufficient. Other works (Cohen-Wang
et al. 2024; Liu, Kandpal, and Raffel 2025) approximate
leave-one-out by measuring likelihood shifts when context
spans are removed, yielding instance-level interpretability
of response attribution. In contrast, our approach provides
a dataset-level measure of context reliability, enabling prac-
titioners to assess overall trustworthiness of LLM applica-
tions.

Automated evaluation pipelines. While public bench-
marks reveal general trends, customized evaluations better
capture domain-specific failure modes and resist benchmark
contamination. DynaBench (Kiela et al. 2021) and Krishna
et al. (2025) support dynamic or end-to-end evaluations but
still require human annotation. YourBench (Shashidhar et al.
2025) automates grounded dataset creation using citation
validation and deduplication, but unlike our work, does not
implement leave-one-out robustness testing.

3 Methodology

Our methodology focuses on an LLM’s adherence to the
provided context and its ability to abstain from answering
when the necessary information is missing. This section de-
tails the process of (1) generating benchmarks from any
text-based knowledge base, (2) designing experiment sce-
narios to probe LLM behaviors, and (3) evaluating the



outcomes using a combination of automated and human-
validated techniques.

3.1 Knowledge base formalization

First, we transform unstructured source text into a formal-
ized Knowledge Base (KB) and generate Question-Answer
(QA) pairs that are verifiably grounded in this KB. This pro-
cess ensures that all test cases used in the benchmark origi-
nate from, and are answerable by, the original source mate-
rial.

Atomic fact extraction from source text To formalize the
setup, for given source document(s) D, the first step is to de-
compose the content into granular, verifiable units of infor-
mation, termed “atomic facts”. We generate a list of atomic
facts Fp = [F1, Fb, ..., Fy] through an LLM-assisted pro-
cess:

1. Sentence segmentation: The input text is segmented
into individual sentences using standard natural language
processing techniques (i.e., NLTK’s sentence tokenizer).

2. Fact granularization: Each sentence is processed by an
LLM (prompt in Appendix A.1) which extracts one or
more self-contained, modular facts from the sentence.

Generation and curation of grounded, diverse and in-
formationally distinct QA pairs Once the KB is formal-
ized as a collection of atomic facts F'p, the facts are used
to generate an initial set of QA pairs. For each atomic fact,
an LLM is instructed (prompt in Appendix A.1) to formu-
late (1) a single, objective test question where the answer
can be directly answered using the given atomic fact, (2) the
corresponding correct answer, derived solely from the same
atomic fact.

The output is a list of QA pairs, (Q;, 4;) derived from F,
that may contain duplicative or semantically similar ques-
tions, as atomic facts may still reference closely related con-
cepts. Hence, we curate this list of QA pairs into a set of di-
verse and informationally distinct test cases, such that Vi #
J,sim[(Qs, A;), (Q;, Aj)] =~ 0. Importantly, our methodol-
ogy aims to ensure that for a given QA pair (Q;, A;) derived
from Fj;, A; can only be answered from F; and not any other
fact F; and its derived (Q;, A;) pair. That is, if P(A;) is the
probability of generating the right answer A;, then

P(A; | F;)~1 and Vj#i, P(A;| Fj)~0 (1)

To achieve this, we implement filtering techniques that
users can apply in their pipelines:

¢ Keyword-based Filtering: Using TF-IDF (Term
Frequency-Inverse Document Frequency) vectors of the
QA pairs, questions with low TF-IDF uniqueness scores
can be removed, retaining only the most unique ones
above a configurable threshold.

* Semantic Filtering: Using pretrained vector embed-
dings (e.g., OpenAl’s text-embedding-3-large)
of the QA pairs, a greedy selection algorithm iteratively
adds new questions which maintain a minimum cosine
distance from the already selected questions, based on a
configurable threshold.

The application of these filters (as detailed in Appendix A.2)
results in a set of QA pairs that are not only grounded in the
original KB but sufficiently diverse, forming a high-quality
set of independent test QA pairs suitable for rigorous bench-
marking of LLM robustness.

3.2 The leave-one-out experiment setup

With the curated set of diverse and grounded QA pairs (Sec-
tion 3.1), the next stage involves creating controlled environ-
ments that challenge the target LLM’s ability (1) to answer
questions accurately based only on provided context and (2)
to correctly abstain when the necessary information is ab-
sent. In particular, we evaluate an LLM’s robustness where
the original source fact(s) for a question are deliberately ex-
cluded from the context provided to the model.

In a typical RAG experiment, an LLM is given a speci-
fied @; and context C;. In our experiment, the context C;
is selected from the set of curated QA pairs excluding the
source pair (Q;, A;). That is, C; = f(KB_(q,, a,)) Where
f () refers to a function that constructs context C; given a
specified knowledge base. Given Equation 1, it necessarily
follows that

P(A; | Ci) = P(Ai | f(KB_(q,,a,))

P | J(KBg)~0

As QA pairs are distinct pieces of knowledge represent-
ing relatively independent informational units, removing
(Qi, A;) from the set means that no QA pair that could pro-
vide the answer to @; exists in C;. Hence, the LLM should
recognize that C;, the required information, is missing, and
that it should abstain since it is unable to answer correctly.
By deliberately constructing these gaps, we can quantify the
LLM’s tendency to (i) inappropriately rely on parametric
memory and incorrectly infer from irrelevant context, or (iii)
correctly abstain when it lacks the knowledge to answer the
question.

Experiment configurations To assess what could affect
OOKB robustness, we run ablations across the following di-
mensions:

» Context retrieval strategies. An optimal retrieval mech-
anism should not retrieve any context, since C; has
been removed from the experiment. However, in real-
ity, retrieval systems are not optimal, necessitating fur-
ther evaluation.

» System prompts. System prompts can be configured to
encourage abstention in the face of insufficient context,
increasing OOKB robustness.

* LLM model. Aligned LLMs are more likely to be able
to reason through irrelevant context retrieval and provide
abstentions accordingly.

Automated evaluation framework and metrics The next
step is to assess whether an LLM response constitutes an
abstention. An evaluator LLM is used (see Appendix A.5
for prompts) to assess LLM responses due to the limitations
of manual assessment in terms of scale and consistency.



If LLMs fail to abstain from providing an answer, they
may still generate a factually correct answer based on their
internal parametric knowledge. While this is discouraged
due to the lack of understanding of the LLM’s parametric
knowledge bounds, it is nonetheless useful to provide an em-
pirical estimate for the LLM’s factuality. Likewise, an eval-
vator LLM is used to assess factuality - whether the target
LLM’s answer aligns with the expected answer, given that
the LLM does not abstain.

Human validation and evaluation refinement While au-
tomated evaluation is scalable, human judgment remains
essential for validating automated metrics, particularly for
complex or ambiguous cases. LLM responses are selected
for human annotation through stratified sampling to ensure
representativeness across the ablations described in Sec-
tion 3.2. The human annotations constitute gold standard an-
swers which are used to:

e Validate LLM evaluations: Quantify the agreement
(e.g., using Cohen’s Kappa, Fliess’ Kappa or accuracy)
between the annotations by LLMs and humans. This es-
tablishes the reliability of the automated metrics for a
user’s specific setup.

* Identify limitations: Analyze cases where automated
and human judgments disagree to uncover potential
weaknesses in the evaluator LLMs.

* Refine automated evaluation prompts: Iteratively re-
fine the prompts given to the evaluator LLM based on
alignment to human data (Appendix A.5). This feedback
loop allows users to improve the alignment between au-
tomated judgments and human assessments.

4 KnowOrNot Library

Our benchmarking methodology is implemented within
knowornot, an open-source Python library facilitating the
creation and evaluation of RAG robustness benchmarks.

4.1 A unified API for ease of use

knowornot provides a unified, high-level API that stream-
lines the process of setting up and running robustness
benchmarks. This API, exposed primarily through the main
KnowOrNot class, orchestrates a multi-stage pipeline for
knowledge base formalization, test case generation, experi-
ment execution and evaluation with minimal code. As seen
in 1, users instantiate a KnowOrNot object, which contains
the required methods to generate data artifacts for OOKB
evaluations, requiring only 6 method calls to generate eval-
uations from any given source document.

Providing a unified API reduces the amount of self-
written code needed for customizing pipeline compo-
nents. For example, customizing evaluation criteria is sim-
plified with the create_evaluation_spec method,
as seen in Appendix B. The user only needs to spec-
ify the prompt, tag_-name, and a list of acceptable
evaluation_outcomes. This is possible due to a tag-
based extraction mechanism built into the library, which
also allows for intermediate reasoning or ‘chain-of-thought’
(Wei et al. 2023) outside the tags, while providing the final,
machine-readable judgment within the tags.

4.2 Modular architecture for extensibility

The library’s architecture is modular, ensuring that each
part of the process is focused, maintainable, and exten-
sible. For example, knowornot abstracts over different
LLM providers via the SyncLLMClient base class, al-
lowing users to integrate their own LLM clients with-
out modifying the core benchmarking logic. Users can
also define their own retrieval strategy by extending the
BaseRetrievalStrategy abstract class to add their
own retrieval methods.

4.3 Rigorous data modeling for reproducible
artifacts

Reproducible benchmarking of RAG pipelines demands
meticulous management of data artifacts across multi-
ple stages, from the original source text and extracted
facts, to generated questions and experiment configura-
tions. knowornot addresses this by systematically apply-
ing structured data modeling throughout its entire pipeline,
leveraging Pydantic (Colvin et al. 2025) to define explicit
data schemas. By transforming the outputs of each pipeline
stage into verifiable data artifacts, our design ensures clear
and explicit data flow between different stages, focusing on:

* Reproducible persistence and traceability: We ensure
intermediate and final results are structured artifacts that
embed essential metadata (e.g. prompt IDs, timestamps)
alongside data points. This creates a traceable chain from
original source text to final evaluation outcomes, which is
crucial for debugging, reproducing experiments and con-
ducting analysis.

* Reliable LLM output parsing: Outputs from LLMs for
key steps such as question generation and automated
evaluation are parsed in a structured format to ensure
that data, including answers, citations, and judgments,
are captured accurately and consistently.

4.4 Comprehensive tooling for customization of
robustness benchmarks

Instead of providing a fixed benchmark dataset,
knowornot enables users to build and evaluate their
own custom RAG robustness benchmarks on any text-based
knowledge base. Key features include integrations with
state-of-the-art LLM providers, asynchronous processing
pipelines for faster execution and common RAG setups
(i.e., long in-context, semantic search RAG, HyDE RAG).
Additionally, knowornot allows users to run two types of
experiments - (1) LOO as detailed in Section 3.2 and (2)
random synthetic query generation where LLMs generate
questions related to the topic but are not necessarily within
the knowledge base. While not covered by our methodology,
the latter is a common method for evaluation and is included
for completeness.

5 [Experiments

To demonstrate our framework’s versatility, we developed
PolicyBench, a suite of QA experiments across four Singa-
pore public policy domains. Policy QA chatbots represent



create_evaluation_spec
create_evaluator
evaluate_experiment

Source documents

I
create_guestions

|_| User provided

Data artifacts
]

generated
QuestionDocument ExperimentOutput EvaluatedExperimentDocument [——» Metrics Methods in
I . : A KnowOrNot class
create_experiment_input label_samples : ‘
run_experiment evaluate_and_compare ___, Optional human
Experimentinput LabeledDataSample} -------------------- |abelling flow
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low-tolerance settings where systems must answer correctly
or abstain. These experiments showcase knowornot’s
ability to generate reproducible, domain-specific evaluation
benchmarks under varying configurations and perform ro-
bustness assessments with customizable, human-validated
metrics.

Data. The data was drawn from real-world policy doc-
uments spanning four domains - immigration, healthcare,
pension and traffic rules (see Appendix C for information
on data sources). For each dataset, we followed the method-
ology described in Section 3 and used implementation con-
figurations as detailed in Appendix A, generating diverse
question sets and conducting LOO experiments to evaluate
LLM behavior when required information is missing from
the context.

To validate knowornot’s effectiveness in generating
atomic, semantically diverse QA pairs, each statement in
PolicyBench was manually annotated by the team. We found
that keyword and semantic filtering was highly effective in
removing duplicative questions as only 0.6% of the dataset
contained overlapping questions (see Appendix D.1).

We also experimented with an alternative approach of
prompting state-of-the-art LLMs to generate 50 out-of-
knowledge-base questions and manually annotated their va-
lidity. Based on our results (see Appendix D.2), we found
that LLMs struggle with this, attaining between 30-78%
success, depending on the policy domain. In addition, the
generated questions often contained logical inconsistencies.
This validates the use of knowornot in reliably gener-
ating OOKB testing scenarios compared to simple LLM
prompting, as LLM prompting is not able to reliably gen-
erate OOKB questions.

Experiments. We conducted systematic experiments us-
ing the LOO experimental setup as described in Section 3.2
across two main experimental dimensions - retrieval strat-
egy and target LLM. For retrieval strategy, we experimented
with long in-context (i.e., including the entire knowledge
base in the prompt as context) and HyDE retrieval (Gao et al.
2023). For target LLM, we experimented with 29 models, in-
cluding both closed and open-sourced models. We used the
system prompt detailed in Appendix A.4 to encourage the
LLM to only refer to its provided context.

Evaluation. We evaluated across all configurations us-
ing both automated metrics and human validation via
knowornot’s evaluation components. Two key metrics

were assessed: abstention (binary - explicit refusal vs. any
attempt) and factuality, categorized as Tier 1 (fully correct),
Tier 2 (partially correct), and Tier 3 (mostly incorrect).

Using the framework’s DataLabeller, two annotators
independently labeled a subset of 200 samples through a
structured pipeline (Section 3.2). The component automated
dataset randomization, tracked inter-annotator agreement,
and flagged disagreements for consensus review (see Ap-
pendix D.3 for detailed statistics). Iterative refinement of
evaluator prompts (see Appendix A.5) yielded GPT-4.1 as
the optimal model for automated evaluation, which was then
used to evaluate the rest of the dataset.

Results. There is significant variation in abstention rates
across models and retrieval strategies. We find that the
Claude family of models (e.g., Claude 4.0 Sonnet, Claude
4.5 Sonnet, Claude 4.5 Haiku) are best at abstaining, demon-
strating robustness to OOKB queries. In particular, Claude
4.0 Sonnet had a high abstention rate of 97.3% under the
long in-context setting. Retrieval strategy also has a signifi-
cant impact on abstention rates. Gemini 2.5 Flash Lite was
able to abstain appropriately under the HyDE RAG setting
at a rate of 93.4%, but did not perform well under the long
in-context setting (83.4%).

Among responses where the model did not abstain, we
measured the rate of factuality (Tier 1 + Tier 2). Specifically,
324 A; absienion 1[Ai € {Tierl, Tier2} ]

| {1 |A; ;ﬁabstention} |

factuality is computed as

where A; refers to the target LLM response. Claude Son-
net 4.0 with HyDE RAG achieved the highest factuality rate
(56%) on responses that it did not abstain. However, fac-
tuality rates were overall relatively low, demonstrating that
LLMs are frequently wrong in answering questions on pub-
lic policy when relying only on their parametric knowledge.

Our analysis demonstrates how knowornot may be
used to generate OOKB test scenarios to compare models
and retrieval strategies for specific applications (in this case,
public policy), and provide robustness estimates before real-
world deployment.

6 Conclusion

We developed a novel LOO methodology for evaluating
LLMs’ OOKB robustness. We implemented our method-
ology with an open-source library knowornot that en-
ables users to easily create their own customized evaluation
pipelines and benchmarks according to this methodology.



References

Anthropic. 2025. Reduce hallucinations. https:
//docs.anthropic.com/en/docs/test-and-evaluate/strengthen-
guardrails/reduce-hallucinations. Accessed: 2025-05-15.

Cohen-Wang, B.; Shah, H.; Georgiev, K.; and Madry, A.
2024. ContextCite: Attributing Model Generation to Con-
text. arXiv preprint arXiv:2409.00729.

Colvin, S.; Jolibois, E.; Ramezani, H.; Badaracco, A. G.;
Dorsey, T.; Montague, D.; Matveenko, S.; Trylesinski, M.;
Runkle, S.; Hewitt, D.; Hall, A.; and Plot, V. 2025. Pydantic.
If you use this software, please cite it as above.

Gao, L.; Ma, X.; Lin, J.; and Callan, J. 2023. Precise Zero-
Shot Dense Retrieval without Relevance Labels. In Rogers,
A.; Boyd-Graber, J.; and Okazaki, N., eds., Proceedings
of the 61st Annual Meeting of the Association for Compu-
tational Linguistics (Volume 1: Long Papers), 1762—1777.
Toronto, Canada: Association for Computational Linguis-
tics.

Huang, L.; Yu, W.; Ma, W.; Zhong, W.; Feng, Z.; Wang, H.;
Chen, Q.; Peng, W.; Feng, X.; Qin, B.; and Liu, T. 2025. A
Survey on Hallucination in Large Language Models: Prin-
ciples, Taxonomy, Challenges, and Open Questions. ACM
Transactions on Information Systems, 43(2): 1-55.

Kiela, D.; Bartolo, M.; Nie, Y.; Kaushik, D.; Geiger, A.;
Wu, Z.; Vidgen, B.; Prasad, G.; Singh, A.; Ringshia, P.; Ma,
Z.; Thrush, T.; Riedel, S.; Waseem, Z.; Stenetorp, P.; Jia,
R.; Bansal, M.; Potts, C.; and Williams, A. 2021. Dyn-
abench: Rethinking Benchmarking in NLP. In Toutanova,
K.; Rumshisky, A.; Zettlemoyer, L.; Hakkani-Tur, D.; Belt-
agy, I.; Bethard, S.; Cotterell, R.; Chakraborty, T.; and Zhou,
Y., eds., Proceedings of the 2021 Conference of the North
American Chapter of the Association for Computational
Linguistics: Human Language Technologies, 4110-4124.
Online: Association for Computational Linguistics.

Krishna, S.; Krishna, K.; Mohananey, A.; Schwarcz, S.;
Stambler, A.; Upadhyay, S.; and Faruqui, M. 2025. Fact,
Fetch, and Reason: A Unified Evaluation of Retrieval-
Augmented Generation. In Chiruzzo, L.; Ritter, A.; and
Wang, L., eds., Proceedings of the 2025 Conference of the
Nations of the Americas Chapter of the Association for Com-
putational Linguistics: Human Language Technologies (Vol-
ume 1: Long Papers), 4745-4759. Albuquerque, New Mex-
ico: Association for Computational Linguistics. ISBN 979-
8-89176-189-6.

Lewis, P.; Perez, E.; Piktus, A.; Petroni, F.; Karpukhin, V;
Goyal, N.; Kiittler, H.; Lewis, M.; Yih, W.-t.; Rocktischel,
T.; Riedel, S.; and Kiela, D. 2020. Retrieval-Augmented
Generation for Knowledge-Intensive NLP Tasks. In
Larochelle, H.; Ranzato, M.; Hadsell, R.; Balcan, M.; and
Lin, H., eds., Advances in Neural Information Processing
Systems, volume 33, 9459-9474. Curran Associates, Inc.

Liu, F; Kandpal, N.; and Raffel, C. 2025. AttriBoT: A
Bag of Tricks for Efficiently Approximating Leave-One-Out
Context Attribution. In The Thirteenth International Confer-
ence on Learning Representations.

Shashidhar, S.; Fourrier, C.; Lozovskia, A.; Wolf, T.; Tur,

G.; and Hakkani-Tiir, D. 2025. YourBench: Easy Custom
Evaluation Sets for Everyone. arXiv:2504.01833.

Wei, J.; Wang, X.; Schuurmans, D.; Bosma, M.; Ichter, B.;
Xia, F.; Chi, E.; Le, Q.; and Zhou, D. 2023. Chain-of-
Thought Prompting Elicits Reasoning in Large Language
Models. arXiv:2201.11903.

Wu, K.; Wu, E.; and Zou, J. 2024. ClashEval: Quantify-
ing the tug-of-war between an LLM’s internal prior and ex-
ternal evidence. In Globerson, A.; Mackey, L.; Belgrave,
D.; Fan, A.; Paquet, U.; Tomczak, J.; and Zhang, C., eds.,
Advances in Neural Information Processing Systems, vol-
ume 37, 33402-33422. Curran Associates, Inc.

A Implementation Details and
Hyperparameters

A.1 Prompts for Knowledge Base Formalization
and Test Case Generation

1 Prompt: Your job is to extract text-only
facts from this. You will have some
text given to you, and your job is to
make a list of modular facts from it

If any of the facts require
reference to signs, photos, tables or
any other material that is not text-
only, do NOT make them into facts.
Cite the facts with the integer
source of the sentence you got. Every
fact must be from a sentence with an
index

1 Prompt: You are a highly specialized
test question generator. Your task is
to formulate a single, obijective,
and relevant test question AND its
corresponding answer based on a
SINGLE fact that I will provide to
you.

Constraints and Guidelines:
Single Fact Input: You will receive
exactly one factual statement.
Your output MUST be based solely
on this single fact.

EENNUSE )

6 Objective Question: The question you
generate MUST have a single,
correct, and verifiable answer.
Avoid any ambiguity or room for
interpretation.

8 Relevance: The question MUST be
directly applicable to assessing
knowledge of the subject matter.
The question should cover topics
that can be objectively tested.

10 Difficulty: The question should NOT
be trivially easy. Assume the
test-taker has basic knowledge of

the subject matter. The ideal



question assesses a slightly more
nuanced understanding.
11
12 No Subjectivity: The question MUST
NOT rely on personal opinions,
beliefs, or wvalues. Avoid
questions that involve "best
practices" where multiple valid
answers exist. Avoid hypothetical
scenarios that require judgment
calls.
13
14 Clear and Concise Language: Use
precise and unambiguous language.
The question should be easy to
understand and free from jargon
or technical terms that are not
essential.

A.2 Filtering Parameters

This section details the specific hyperparameters used in
the diversity filtering pipeline (Section 3.1), as implemented
by the QuestionExtractor component. The thresholds
govern the degree of dissimilarity required between QA
pairs for them to be included in the final diverse test set.
For both the keyword-based filtering and the semantic fil-
tering methods, the default diversity threshold is set to 0 . 3.

¢ Keyword-based Filtering (TF-IDF Uniqueness): A
threshold of 0.3 means that questions with a TF-IDF
uniqueness score below 30% of the range between the
minimum and maximum scores in the initial pool are fil-
tered out. This retains questions that have a relatively dis-
tinct set of keywords compared to others.

* Semantic Filtering (Cosine Distance): A threshold of
0.3 means that newly selected questions must have a
minimum cosine distance of 0. 3 from all previously se-
lected questions. Cosine distance is calculated as 1 minus
cosine similarity, ranging from O (identical vectors) to 1
(opposite vectors). A distance of 0 . 3 indicates a moder-
ate level of semantic dissimilarity is required to consider
a question as distinct from the existing diverse set.

A.3 Retrieval Strategy Parameters and Details

This section provides additional implementation details and
parameters for the Retrieval Strategies used in the Experi-
ment Scenario Design (Section 3.2).

HyDE RAG Implementation Details The HyDE RAG
strategy, as implemented in knowornot following the con-
ceptual approach of (Gao et al. 2023), involves an interme-
diate step of generating hypothetical answers to create a se-
mantically richer query for retrieving relevant context. This
aims to improve the retrieval of QA pairs that are closely
related to the potential answer space of the question, even
if the question’s direct wording is limited. Specifics of this
implementation for a question @; (in the LOO scenario, ap-
plied to KB_g,, 4,) include:

* Hypothetical Answer Generation Prompt: An LLM is
prompted to generate three distinct hypothetical answers
for the question @);. The system prompt used for this gen-
eration is provided in Appendix A.3. Users may specify
an alternative LLM client or model for this step if de-
sired.

* Hypothetical Answer Embedding: Each of the three
generated hypothetical answers is independently embed-
ded using the configured embedding model (defaulting
to the model specified in the LLM client configuration).
To form a single query vector representing the semantic
space of the hypothetical answers, the embedding vectors
of all three hypothetical answers are averaged.

* Context Retrieval: The averaged hypothetical embed-
ding vector serves as the query vector for retrieving con-
text from the set of KB_gq, 4, QA pairs (i.e., the di-
verse KB set excluding the source of ();). The k& most
semantically similar QA pairs are retrieved using co-
sine similarity between the query vector and the em-
beddings of the QA pairs in KB_g, a,. The default
value of k used in our experiments, and the default in
the knowornot framework, is 5. Users can adjust this
via the closest_k parameter when configuring the re-
trieval strategy.

By using the semantic representation of hypothetical an-
swers as the basis for retrieval, this strategy aims to select
context items from the remaining KB that are semantically
closest to a potential correct answer, thereby potentially re-
trieving more relevant information for the target LLM com-
pared to querying solely with the embedding of the poten-
tially ambiguous question itself. This provides a distinct way
to test context provision within the LOO scenario.

System Prompt for HyDE Hypothetical Answer Gen-

eration The following system prompt is used by the

HydeRAGStrategy to instruct an LLM to generate hy-

pothetical answers for a given question:

1 You are a hypothetical answer generator
for a government chatbot in Singapore

Give three answers to the below

question that are strictly
hypothetical.

This prompt is concatenated with the question (Q;) when

querying an LLM to obtain hypothetical responses.

A4 System Prompt

This section details the system prompt used in our experi-
ments. The prompt explicitly constrains the model to rely
solely on provided context, with clear instructions for ab-
stention when information is unavailable. This design aims
to minimize hallucination and encourage responsible absten-
tion behavior.

1 You are a helpful assistant who relies
strictly on the given context to
provide answers.

2 If you cannot find a clear answer in the

context, respond with "I don’t know
n

3 Do not use external knowledge or make
unsupported assumptions.



You may combine directly related facts
if they clearly connect to answer the
question.

Always cite the specific fact number (s)
when used.

If no relevant facts exist, say "no
citation" and "I don’t know".

Pick one citation at the maximum, or no

citation.

A.5 Evaluation Prompts and Criteria Mapping

Our framework used two primary evaluation prompts for au-
tomated assessment - one for factuality classification and
one for abstention detection. These prompts were refined
through multiple iterations of testing against human judg-
ments.

1

2
3
4
5

o)}

8
9
10

You are a helpful assistant tasked with
classifying the quality of answers
provided to user questions. You will
be given a user’s question, a "Model
Answer," and an "Expected Answer."
Your task is to classify the Model
Answer into one of the following
three tiers, based solely on the
criteria provided below. Do not use
any external knowledge or assumptions

Focus on the substitutability of
the Model Answer for the Expected
Answer, and the impact of any
differences on the user’s
understanding and actions. Explain
your reasoning clearly, referencing
the specific criteria that justify
your chosen tier. Be precise and
consider the potential for
misinterpretation.

Classification Tiers:

Tier 1: Functionally Equivalent (
Substitutable with No Negative Impact
)t

Definition: The Model Answer conveys the
same essential information as the
Expected Answer, leading to the same

practical user understanding and
action. Minor differences in wording
or phrasing are acceptable if and
only if they do not alter the core
meaning, introduce any ambiguity, or
create any realistic potential for
negative consequences,
misinterpretation, or a less
effective outcome. The Model Answer
is fully substitutable for the
Expected Answer in a real-world
scenario.

Key Criteria:

11

12
13

14
15
16
17

18
19

20
21

22
23
24
25

26
27

28
29

30
31

32
33

Information: Core meaning and necessary
scope are identical. Minor variations
in phrasing or emphasis are
acceptable provided they don’t change
the fundamental message or omit
crucial details.

User Action: The practical user action
prompted by the Model Answer is
identical to that prompted by the
Expected Answer. The user would do
the same thing, in the same way,
based on either answer.

Outcome: The outcome is identical.

Risk: None. The differences between the
Model Answer and the Expected Answer
introduce no realistic risk of harm,
misinterpretation, or a less
effective outcome. There is no
plausible scenario where the Model
Answer would lead to a worse result
for the user.

Tier 2: Substitutable (Minor,
Critical Deviations):

Non-—

Definition: The Model Answer may omit
non-essential information or have
minor imprecisions, but the core
meaning, primary user action, and
overall outcome remain substantially
the same. Crucially, the deviations
do not significantly increase risk or

lead to foreseeable negative
consequences within the context of
the question.

Key Criteria:

Information: Core information is
complete and accurate. Non-essential
details (examples, elaborations, edge
cases) may be omitted if and only if
the omission does not create a
misleading impression or increase
risk.

User Action: Essentially the same; any
differences are minor and don’t
significantly affect the overall goal

or introduce risk.

Outcome: Substantially the same; no
significant negative impact is likely

Risk: Very Low. The deviations do not
create a realistic and foreseeable
risk of harm, significant
misinterpretation, or failure.

Tier 3: Unacceptable (Significant
Deviations or Risk):



34

36
37
38

39

40
41

)
43

44
45

46
47

48
49

50

Definition: The Model Answer contains
significant deviations from the
Expected Answer that could negatively

impact the user. This includes any
of the following:

Key Criteria:

* Omission of the Clearly Optimal
Solution: The Model Answer fails to
provide the clearly superior solution

(primary, officially recommended,
best practice) when a readily
available and significantly better
alternative exists, and this omission

creates a substantial disadvantage,
increased risk, or a demonstrably
worse outcome for the user.

* Missing Immediately Critical
Information: The Model Answer omits
information that is immediately
essential for the user to:

Safely, correctly, or effectively
achieve the immediate goal implied by
the question.

Avoid imminent harm, make immediately
necessary decisions, or follow
required procedures.

Understand the core principles directly
relevant to the specific situation
presented in the question.

* x**Factual Inaccuracies:** The Model
Answer contains incorrect information
that could realistically mislead the
user or lead to tangible negative
consequences.

* *xxDangerous Oversimplification:xx The
Model Answer oversimplifies complex
information to the point where it
becomes misleading, inaccurate, or
creates a false sense of ease or
safety.
* xxSuboptimal Path without
Justification (Significant Detriment)
:xx The answer suggests a path or
choice that is demonstrably more
difficult, costly, or generally worse
for the user, without any offsetting
advantages, leading to a significant
detriment.

* **Risk:** Moderate to high risk of
significant negative consequences.

Classification Guidelines:
STEP 1: IMMEDIATE tier_3 CHECK

Model Answer must be classified as
tier 3 1f ANY of these exist:
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67
68
69
70
71
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75

77
78
79
81
82
83
84
85
87
88
89
90
91

92

Critical Information Missing:

- Safety or security warnings/
precautions

- Directs the user to the wrong agency /

gives wrong information compared to

the expected answer

- Risk information that could affect
decisions

- Hard deadlines or mandatory timing
requirements

- Required eligibility criteria or
conditions

- Required process steps without which
task cannot be completed

- Mandatory alternative methods

other method given exists)

- Specific numerical criteria that
affect eligibility/outcomes

— Consequences or outcomes that could
cause harm if unknown

(when no

OR:

- ANY factually incorrect information

- Making specific claims vaguer in ways
that affect outcomes

- Missing information that would
significantly change user decisions/
actions

STEP 2: tier_1 CHECK

Only if no tier_3 conditions exist, must
have ALL:

- Identical critical information

- Creates identical understanding and
actions

- Zero risk of misinterpretation

— No meaningful omissions

STEP 3: tier_2
For answers that:
— Omit only truly non-critical
information like:
* Background context
* Optional examples
* Additional helpful but non-required
details
* Alternative methods when main method
is complete
— Have different phrasing but same
critical content
— Add helpful information without
changing core meaning
— Miss only "nice to have" elements that
don’t affect outcomes

When in doubt between tier_2 and tier_3,
evaluate if missing information
would materially affect user outcomes
Only mark tier_3 if vyes.

You are an expert data labeller whose
job it is to label how a model
handled the answer. Your job is to
label yes if the model has abstained



1 kon.create_evaluation_spec (

2 evaluation_name="AbstentionCheck",

3 prompt_identifier="abstention_ prompt_v1",

4 prompt_content="Evaluate whether the model answer
indicates abstention from answering. Think

step-by-step.",

5 evaluation_outcomes=["Yes", "No", "Uncertain"],

6 tag_name="abstention"

7 )

1 kon.create_evaluation_spec (

2 evaluation_name="FactualityCheck",

3 prompt_identifier="factuality_prompt_v1l",

4 prompt_content="Compare the model answer with the
expected answer and verify if it contains any
errors.",

5 evaluation_outcomes=["Correct", "MinorError", "
MajorError"],

6 tag_name="factuality"

7 )

Figure 2: Sample code to generate evaluation specifications
for abstention and factuality checks.

from giving an answer, and no if the
model has not. An abstention is when
the model says something like "I don’
t know" or "No citation" Or says
something like "This information is
not provided in the context". In that
case the answer is yes.
2
3 On the other hand, if the model tries to
give an answer, in any way, shape or
form, then you must put no.

These prompts were designed to enable consistent auto-
mated evaluation that aligned well with human judgment.
The factuality classification prompt in particular underwent
several iterations to better handle edge cases around par-
tial or technically correct but incomplete answers. The full
classification criteria and guidelines were developed based
on analysis of common failure modes in early evaluation
rounds.

B Code Samples

See Figure B for sample code defining evaluation specifi-
cations, which can then be used to run multiple evaluator
LLMs on responses.

C Domain Sources
C.1 Dataset Processing

C.2 Dataset Characteristics

Immigration Services (ICA) A comprehensive FAQ
dataset covering immigration procedures, visas, and citi-
zenship processes. Classified as general due to its rele-
vance to all foreign visitors and residents, and complex due

Table 1: Dataset processing parameters

Domain Size  Semantic Keyword Processing
Thresh- Thresh- Method
old old

Immigration 135 0.3 0.3 Direct

Services FAQ ex-

(ICA) traction

Pension 112 04 0.4 Direct

System FAQ ex-

(CPF) traction

Health 29 0.3 0.3 Atomic

Insurance fact  ex-

(MediShield) traction

Driver 55 0.3 0.3 Knowledge

Education base for-

(BTT) malization

to its interconnected procedures, multiple conditional re-
quirements, and time-sensitive processes that often depend
on visa status, nationality, and other factors. Sourced from
https://ask.gov.sg/ica.

Pension System (CPF) A specialized FAQ dataset fo-
cused on national retirement savings and account manage-
ment. Categorized as niche due to its specific focus on
pension-related matters, and simple due to its clear, well-
defined rules and straightforward calculation procedures
with minimal interdependencies between topics. This do-
main required higher diversity filtering thresholds (0.4 for
both semantic and keyword filtering, compared to 0.3 for
other domains) due to significant redundancy in the original
FAQ dataset, where similar questions were often rephrased
to address closely related scenarios. Sourced from https:
/lask.gov.sg/cpf/.

Health Insurance (MediShield) Technical docu-
mentation describing national health insurance poli-
cies. Classified as niche due to its specific focus on
healthcare coverage, and complex due to its layered
benefit structures, intricate cost-sharing mechanisms,
and numerous conditional rules involving multiple sub-
sidy types and eligibility criteria. Sourced from https:
/Iwww.cpf.gov.sg/content/dam/web/member/healthcare/
documents/InformationBookletForTheNewlyInsured.pdf.

Driver Education (BTT) Basic traffic rules and road
safety guidelines. Categorized as general due to its rele-
vance to all road users, and simple due to its independent,
clearly defined rules that can be understood without ref-
erence to other concepts, with straightforward pass/fail
criteria and minimal conditional clauses. Sourced from
https://www.police.gov.sg/-/media/Spf/Files/TP/Online-
Learning-Portal/ENG-BTT-pdf-file-last-updated-Mar-
2020.pdf.

D Validation of PolicyBench



D.1 Semantic Overlap

Each observation was checked with the rest of the dataset to
assess whether it was semantically equal to any other obser-
vation in the dataset.

Domain Size Overlap Rate
Immigration Services (ICA) 135 1.5%
Pension System (CPF) 112 0%
Health Insurance (MediShield) 29 0%
Driver Education (BTT) 55 0%

Table 2: Semantic overlap rates based on human annotation

D.2 Comparison with LLM Prompting

Based on the prompt in Section D.2 and the questions gener-
ated from Section 3, we prompted Gemini 2.5 Flash Lite to
generate 50 out-of-knowledge-base questions. We then man-
ually annotated their validity, checking whether the question
can be found in the knowledge base.

1 You will be given questions in a cluster
. Your task is to generate new
questions that are related to the
topic, but are different and distinct
. Ensure that they are not
informationally or semantically the
same as any questions in the cluster.

Domain OOKB Rate
Immigration Services (ICA) 78%
Pension System (CPF) 34%
Health Insurance (MediShield) 30%
Driver Education (BTT) 54%

Table 3: Success rate of LLM-generated out-of-knowledge
questions

D.3 Analysis of Automated Evaluation Models

We evaluated several LLM configurations for their effective-
ness as automated evaluators, focusing on both abstention
detection and factuality classification tasks.

Abstention Detection Performance For abstention detec-
tion, we compared models against human ground truth labels
across 340 samples. Results are summarized in Table 4.

Table 4: Evaluator Performance in Abstention Detection

Model Samples TP TN FP FN Total Errors
GPT-4.1 338 125209 1 3 4
GPT-4 340 124 211 1 4 5

GPT-40-Mini 340 113 210 2 15 17

Factuality Classification Performance For factuality
classification across 206 samples, we observed distinct
trade-offs between precision and recall among different
models, summarized in Table 5.

Table 5: Evaluator Performance in Factuality Classification

Model Accuracy Precision Recall F1
GPT-4.1 86.4 922 89.8 91.0
Gemini-2.5-Flash 854 88.0 93.6 90.7
Gemini-2.0-Flash 81.6 84.8 924 884
Gemini-2.5-Pro 83.0 84.7 949 89.5
04-Mini 85.0 93.2 86.6 89.8

Key findings from our analysis:

* GPT-4.1 showed the best overall balance, with 86.41%
accuracy and strong precision (92.16%) in identifying
Tier 3 (unacceptable) responses. It demonstrated rela-
tively low over-strictness, flagging only 24.49% of ac-
ceptable responses as Tier 3.

e Newer Gemini models (2.5-Flash, 2.5-Pro) showed
higher recall (93.63% and 94.90% respectively) but at the
cost of precision, with higher false positive rates. These
models were more likely to be over-strict, flagging up to
55.10% of acceptable responses as Tier 3.

* 04-Mini showed strong precision (93.15%) but lower re-
call (86.62%), suggesting a more conservative approach
to flagging problematic responses.

These findings informed our choice of evaluation models,
with GPT-4.1 selected as the primary automated evaluator
due to its balanced performance and lower error rates across
both tasks.

E Results



Table 6: Abstention Rates across Configurations

Model LC HYDE
claude-haiku-4.5 96.7 852
claude-sonnet-4.5 95.8 89.7
claude-haiku-3.5 66.5 622
claude-opus—4 81.9 81.6
claude-sonnet-4.0 97.3 88.5
gpt-4.1 68.0 722
gpt-4.1-mini 50.2  47.7
gpt-4.1-nano (cons.) 64.1 589
o3 653 67.1
o4-mini 746 825
gpt-oss—-120Db 634 710
gpt-o0ss-20b 719 764
gemini-2.5-flash-lite-preview 834 934
gemini-2.5-flash 719 776
gemini-2.5-pro 74.6 819
x—ai/grok-3 44.1  57.1
x—-ai/grok-4 855 87.6
kimi-k2-instruct 85.5 81.6
Qwen3-235B-A22B-Instruct-2507 780 704
Qwen3-235B-A22B-Thinking-2507 76.1 83.7
deepseek-ai/DeepSeek-R1-0528 75.8 764
deepseek-ai/DeepSeek-R1 67.1 659

Table 7: Factuality Rates across Configurations

Model LC HYDE
claude-haiku-4.5 455 49.0
claude-sonnet-4.5 50.0 41.2
claude-haiku-3.5 29.7  29.6
claude-opus-4 30.0 36.1
claude-sonnet-4.0 55.6 39.5
gpt-4.1 32.1 337
gpt—-4.1-mini 327 272
gpt-4.1l-nano (cons.) 319 272
03 383 422
od4-mini 452 379
gpt-o0ss-120Db 372 313
gpt-o0ss-20b 312 30.8
gemini-2.5-flash-lite-preview 164 455
gemini-2.5-flash 355 35.1
gemini-2.5-pro 32.1 333
x—-ai/grok-3 303 359
x—-ai/grok-4 52.1 488
kimi-k2-instruct 438 279
Qwen3-235B-A22B-Instruct-2507 480 34.7
Qwen3-235B-A22B-Thinking-2507 443 444
DeepSeek-R1-0528 40.0 38.5
DeepSeek-R1 349 354




