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Abstract

Evaluating Large Language Model (LLM) applications differs from traditional software
testing although outputs are stochastic, high-dimensional, and sensitive to prompt and model
changes.

We present an evaluation-driven workflow?Define, Test, Diagnose, Fix?that

turns these challenges into a repeatable engineering loop.

We introduce the Minimum Viable Evaluation Suite (MVES), a tiered set of recom-

mended evaluation components for (i) general LLM applications, (ii) retrieval-augmented
generation (RAG), and (iii) agentic tool-use workflows. We also synthesize common eval-
uation methods (automated checks, human rubrics, and LLM-as-judge) and discuss known
judge failure modes.

In reproducible local experiments (Ollama; Llama 3 8B Instruct and Qwen 2.5 7B In-

struct), we observe that a generic ?worsened? prompt template can trade off behaviors: on
our small structured suites, extraction pass rate decreased from 100% to 90% and RAG
compliance from 93.3% to 80% for Llama 3 when replacing task-specific prompts with
generic rules, while instruction-following improved.

These findings motivate evaluation-

driven prompt iteration and careful claim calibration rather than universal prompt recipes.

All test suites, harnesses, and results are included for reproducibility.
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Contributions.

This paper makes six contributions. First, we introduce the MVES frame-

work:

a tiered standard defining minimum evaluation requirements for general LLM ap-

plications (MVES-Core), retrieval-augmented systems (MVES-RAG), and agentic workflows
(MVES-Agentic). Second, we provide a synthesis of evaluation methods from literature,
discussing causation with human judgment, cost per 1,000 examples, and execution time.
Third, we present a taxonomy of quality dimensions distinguishing correctness, helpful-
ness, harLessness, groundedness, and format adherence. Fourth, we give a detailed analysis
of LLM-as-judge failure modes, including position bias, verbosity bias, self-preference, style
bias, and instruction leakage. Fifth, we provide actionable checklists for test set design, met-
ric selection, human evaluation rubrics, and production monitoring. Sixth, we present original
experiments demonstrating that task-specific prompts can outperform generic improvements
on structured tasks, using local inference for full reproducibility.
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1

Introduction

The deployment of Large Language Models (LLMs) in production applications has accelerated
dramatically. Organizations now use LLMs for customer support, document summarization,
code generation, knowledge retrieval, and countless other tasks. Yet evaluating these systems
remains surprisingly difficult. Traditional software testing, which assumes deterministic outputs
for given inputs, does not translate directly to LLM-powered applications.

11

Why LLM Evaluation Differs from Traditional Testing

Consider a conventional API: given a well-formed request, the response is deterministic and can
be validated against an expected output. LLM applications violate nearly every assumption
underlying this paradigm.

The first challenge is non-determinism. In many deployments, even with identical prompts

and temperature set to zero, LLMs can produce different outputs across inference calls due to
hardware numerics, decoding implementations, concurrency, or upstream model changes [18].
This variability means that exact-match testing, the foundation of traditional software verifica-
tion, can be unreliable unless the inference stack is fully controlled.

The second challenge is output space complexity. Natural language responses can be
semantically equivalent while being lexically distinct. The statements ?The capital of France is
Paris? and ?Paris serves as France?s capital? convey identical information but differ textually.
Evaluating semantic equivalence requires more sophisticated methods than string comparison.
The third challenge involves implicit specifications.

User expectations for ?good? re-

sponses are often context-dependent and difficult to formalize. A concise answer may be pre-
ferred in one context and insufficient in another.

Unlike APIs with explicit schemas, LLM

quality is often in the eye of the beholder.

Finally, model churn complicates evaluation over time. LLM providers frequently update

their models, sometimes without explicit versioning.

A system that worked yesterday may

behave differently today [22]. Continuous evaluation becomes necessary to detect regressions
introduced by upstream model changes.

1.2

Key Risks in LLM Applications

Insufficient evaluation exposes applications to several categories of risk that must be addressed
before deployment.

Hallucination refers to the generation of plausible-sounding but factually incorrect state-

ments. This phenomenon has been extensively documented in the literature [8, 14]. In high-
stakes domains such as healthcare or legal advice, hallucinations can cause material harm.
Evaluation must specifically test for factual accuracy against verified sources.

unsafety violations occur when LLMs produce harmful, biased, or inappropriate content.
Without appropriate guardrails, models may respond to adversarial prompts in dangerous ways.
Red-teaming and adversarial testing are essential to surface these failure modes before deploy-
ment [3, 20]. Safety evaluation should cover toxic content, privacy violations, and refusal of
genuinely harmful requests.

Prompt drift emerges as prompts are iteratively refined during development.

Subtle

changes to system prompts or few-shot examples may have unintended effects on unrelated
behaviors. Without regression testing, these regressions go undetected until reported by users.
Comprehensive test suites help ensure that improvements in one area do not cause degradation
in others.

Distribution shift occurs when production inputs differ from development test cases. Users

may phrase requests in unexpected ways, submit adversarial inputs, or use the system for
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unanticipated purposes. Evaluation should include realistic samples from production, not just
curated examples that developers find convenient.

1.3

What This Paper Provides

This paper provides a complete evaluation harness with 50 curated test cases spanning extrac-
tion (20 cases), RAG question-answering (15 cases), and instruction-following (15 cases). We
demonstrate evaluation-driven iteration using local inference via Ollama, enabling full repro-
ducibility without API costs.

Our experiments reveal a counterintuitive finding: generic prompt improvements are not
monotonic. Adding a ?helpful assistant? system wrapper with explicit rules degraded extraction
accuracy by 10% and RAG compliance by 13% on Llama 3 8B, while improving instruction-
following by 13%. A four-condition ablation isolates the mechanism: the system wrapper itself
has no effect; the degradation comes from generic rules conflicting with task-specific constraints.
The practical implication is that prompt changes should be validated against task-specific

test suites rather than assumed beneficial based on conventional wisdom. The evaluation loop
described in Section 2 operationalizes this approach.

Artifacts.

All code, datasets, and experiment logs are available at github.com/dcommey/
lIm-eval-benchmarking.

2

The Evaluation Loop

ineffective LLM evaluation follows a structured iteration cycle. This section introduces a four-
phase workflow that serves as the organizing principle for the remainder of this paper.

2.1

The Core Workflow

Traditional software testing verifies outputs against known correct answers. LLM applications
complicate this model although outputs are often unstructured, subjective, or context-dependent.
Nevertheless, a disciplined evaluation process remains essential.

The evaluation loop consists of four phases applied repeatedly throughout development. In

the Define phase, teams articulate quality requirements in testable terms. What constitutes
acceptable output for this application? What failures are most costly? In the Test phase, the
system is evaluated against a curated suite of inputs with known properties. In the Diagnose
phase, failures are categorized to identify systematic patterns.

In the Fix phase, prompts,

retrieval logic, or model selection are adjusted based on the diagnosis. The cycle then repeats.
This workflow differs from one-time benchmarking in two important ways. First, it treats
evaluation as continuous rather than gated. Each prompt change or model update triggers re-
evaluation. Second, it emphasizes failure analysis over aggregate metrics. Understanding why
a case failed matters more than computing a single accuracy number.

2.2

Translating Requirements into Tests

Many LLM applications have implicit quality requirements that were never formalized.

A

customer support chatbot should be ?helpful? and ?accurate,? but what does this mean in
testable terms?

The translation process involves decomposing high-level requirements into concrete proper-
ties. Consider a chatbot that answers questions using a knowledge base. Helpful might translate
to: responds within 5 seconds, provides actionable next steps, and avoids jargon. Accurate might
translate to: all factual claims are supported by retrieved documents, dates and humbers match
source material, and the system declines to answer when sources are insufficient.
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Each property then becomes a check in the evaluation harness.

Some checks are fully

automated (response latency, JSON validity, citation presence). Others require human judgment
or LLM-as-judge scoring (helpfulness, clarity). The goal is to maximize coverage with automated
checks while reserving human review for genuinely subjective dimensions.

2.3

The Role of Golden Sets

A golden set is a curated collection of inputs with known-good outputs or annotated properties.
Unlike exhaustive test suites, golden sets prioritize coverage of failure modes over volume.
ineffective golden sets share several characteristics.

They include representative examples

from each major use case. They contain adversarial inputs designed to trigger known failure
modes. They are version-controlled alongside the prompt templates they evaluate. They are
small enough to run on every change (50-200 cases) but large enough to detect regressions with
statistical confidence.

The test suites used in Section 12 demonstrate this approach. Twenty extraction cases cover
contact parsing, invoice extraction, calendar events, and edge cases. Fifteen RAG cases span
warranty questions, policy clarifications, and questions where sources are insufficient. The suites
are intentionally compact to support rapid iteration.

2.4

Iteration in Practice

The evaluation loop accelerates development by providing immediate feedback on prompt
changes. Without it, teams often discover failures in production, leading to reactive fixes and
degraded user trust.

Consider a scenario where a RAG application begins generating unsupported claims after

a prompt update.

With an evaluation loop in place, the team runs the golden set before

deployment and observes a drop in citation compliance.

They diagnose the issue: the new

prompt?s emphasis on helpfulness led the model to answer confidently even when sources were
insufficient. They fix it by adding an explicit instruction to decline when evidence is lacking.

They re-test to confirm the fix worked without introducing new regressions.

This scenario illustrates why evaluation-driven iteration is more reliable than intuition-based
prompt engineering. The loop catches regressions that would otherwise reach users, and the
diagnosis step provides actionable insight rather than vague failure signals.

25

Connecting Offline and Online Evaluation

Offline evaluation (golden sets, unit tests) and online evaluation (production monitoring, A/B
tests) serve complementary roles. Offline evaluation catches known failure modes before deploy-
ment. Online evaluation detects novel failures and distribution shifts that offline suites did not
anticipate.

The metrics defined in Section 6 bridge these two contexts. The same checks that run in

the evaluation harness (JSON validity, citation compliance, format constraints) can be logged

in production. When online metrics diverge from offline baselines, the system signals potential
regressions for investigation.

The remainder of this paper elaborates each phase of the evaluation loop. Sections 5 through

6 address the Define phase. Sections 4 and 8 address the Test phase. Section 10 addresses the
Diagnose phase. Section 12 demonstrates the complete cycle with concrete before-and-after
results.
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Key Takeaways

The evaluation loop (Define-Test-Diagnose-Fix) replaces ad-hoc testing with systematic
iteration.

Golden sets catch regressions before deployment.

Offline metrics validate

changes rapidly, while online monitoring detects drift in the wild.

Test set

Retrieved context

(optional for RAG)

LLM application

Model output

Automated checks

LLM-as-judge

Human evaluation

Scores & logs

Monitoring dashboard

Iterate

Inputs

System

Evaluation

Outputs

Figure 1: Evaluation pipeline overview: inputs flow through the application to produce model
outputs, which are evaluated (automated checks, LLM-as-judge, and/or human evaluation) and
aggregated into monitoring signals that drive iteration.

3

Quality Taxonomy

Before designing evaluations, we must articulate what ?quality? means for a given application.
This section presents a taxonomy of quality dimensions commonly relevant to LLM applica-
tions. Different applications weight these dimensions differently, so teams should identify which
dimensions matter most before investing in evaluation infrastructure.

3.1

Correctness

Correctness measures whether the LLM?s output is factually accurate and logically sound. This
dimension is paramount for applications involving factual claims, calculations, or procedural
instructions. An output is considered correct if it accurately reflects ground truth, follows valid
reasoning, and contains no factual errors.

Correctness evaluation requires reference answers or verifiable facts. For question-answering
tasks, this may involve comparing outputs against gold-standard answers. For reasoning tasks,
evaluators must verify the logical chain. In practice, correctness is often the most tractable
dimension to evaluate although it admits objective verification.

3.2

Helpfulness

Helpfulness measures whether the output actually assists the user in achieving their goal. An
answer may be technically correct but unhelpful if it is incomplete, overly verbose, or misin-
terprets the user?s intent. A helpful output addresses the user?s underlying intent, provides
actionable information, and is appropriately scoped to the question asked.

Helpfulness is often subjective and context-dependent, making it well-suited for human eval-
uation or preference-based comparisons [18]. The RLHF training paradigm explicitly optimizes
for human preferences on helpfulness, demonstrating the centrality of this dimension to modern
LLM development.
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3.3

HarLessness

Harmlessness measures whether the output avoids causing harm through dangerous advice, toxic
content, privacy violations, or manipulation. A harmless output does not promote violence,
contain hate speech, reveal private information, or provide instructions for dangerous activities.
The harmlessness dimension has received significant attention in the alignment literature.
Constitutional Al [1] provides frameworks for encoding unsafety constraints directly into model
training. Evaluation for harmlessness typically involves adversarial testing with prompts de-
signed to elicit harmful responses, combined with human review of edge cases.

3.4

Groundedness and Attribution

Groundedness measures whether claims made by the LLM can be traced to reliable sources.
This dimension is especially important for RAG systems and applications where users expect
cited evidence. An output is grounded if every factual claim can be attributed to a source in
the provided context or a verifiable external reference.

A response may be correct but ungrounded, meaning the claim is true but not supported

by provided sources. Conversely, a response may be grounded but incorrect if the source itself
is wrong or misinterpreted. The distinction is crucial for evaluating retrieval-augmented sys-
tems [16]. Users of knowledge-intensive applications often care more about verifiability than
mere correctness.

3.5

Refusal Correctness

LLMs are often designed to refuse certain requests, including those that are harmful, outside
scope, or unanswerable given available information. Refusal correctness measures whether the
model refuses appropriately. This dimension has two components: correct refusals (the model
refuses requests it should refuse) and incorrect refusals, also called over-refusal (the model
refuses benign requests it should answer).

Over-refusal degrades user experience and can undermine trust. Evaluation should measure
both false negatives (failure to refuse harmful requests) and false positives (refusing harmless
requests). Finding the write balance requires careful test set design with both harmful prompts
that should be refused and edge cases that appear problematic but are actually benign.

3.6

Format and Style Adherence

Many applications require outputs in specific formats such as JSON, Markdown, or particu-
lar tones or length constraints. Format adherence measures compliance with these structural
requirements. An output demonstrates format adherence if it matches the specified structure,
syntax, tone, and length constraints.

Format violations may cause downstream parsing failures in programmatic applications or
user dissatisfaction in conversational ones.

This dimension is often tested with automated

validators that check structural compliance before semantic evaluation begins.

3.7

Consistency

Consistency measures whether the model provides coherent answers across related queries and
maintains positions stated earlier in a conversation.

An output is consistent if it does not

contradict itself, prior model statements in the conversation, or known facts about the domain.
Evaluating consistency often requires multi-turn evaluation or metamorphic testing ap-
proaches. Inconsistency can be particularly problematic in conversational applications where
users may ask follow-up questions that probe previously stated positions.

9



3. Failure: A generic helpful prompt (?Extract the information?) produces:

x Bad Example

Sure, here is the data:

??json

{ "total": "$500" }

??

(Fails validation due to markdown blocks and conversational filler)

4. Fix: Switch to a task-specific constraint prompt: ?Output VALID JSON ONLY. Do not

include markdown formatting or conversational text.?

5. Re-test: The targeted prompt yields clean, parseable JSON:

?Good Example

{ "total": 500.00 }

This highlights the finding from Section 12 that task-specific constraints often outperform
generic helpfulness.

55

Multi-Turn Conversation Tests

Many LLM applications involve multi-turn dialogue. Evaluation must assess behavior across
conversation trajectories, not just single-turn performance. Key considerations include context
retention (whether the model correctly references earlier turns), consistency (whether the model
contradicts itself across turns), clarification handling (whether the model responds appropriately
to follow-up questions), and topic switching (how the model handles abrupt topic changes).
Multi-turn test cases should specify the full conversation history, expected behaviors at each
turn, and evaluation criteria. This format is more complex to author than single-turn cases but
essential for applications where conversation quality matters.

5.6

Data Contamination Considerations

Modern LLMs are trained on massive web corpora that may include common benchmarks. If
evaluation test cases appear in training data, performance estimates are inflated and unreliable.
Warning

Data contamination is a growing concern as training corpora expand. Never assume that

a public benchmark provides uncontaminated evaluation.

Mitigation strategies include creating proprietary test sets using internal data not available

on the web, date filtering to use content created after the model?s training cutoff, perturbation
testing to paraphrase test cases and verify consistent performance, and contamination detection
to test whether the model can recite test cases verbatim [7, 22].

5.7

Test Set Size and Statistical Power

Determining the appropriate number of test cases requires considering several factors. Effect
size matters: smaller expected differences require more samples to detect reliably. Variance
matters: higher output variance requires more samples to achieve stable estimates.

Strata

matter: each category in a stratified test set needs sufficient representation to draw conclusions.
13



A rough guideline suggests that detecting a 5% absolute difference in pass rate with I%
confidence and 80% power requires approximately 400 to 600 test cases per condition. Smaller
test sets may suffice for detecting larger differences or for preliminary evaluation during develop-
ment. prediction intervals should always be reported alongside point estimates to communicate
the uncertainty in measurements.

5.8

Test Set Maintenance

Test sets require ongoing maintenance to remain useful. Version control should track all changes
to test cases, enabling reproducibility and debugging when metrics change unexpectedly. Peri-
odic refresh adds new cases as the application evolves and usage patterns shift. Decontamination
rotates out cases that may have become contaminated through inclusion in model training data.
Gold answer review periodically verifies that reference answers remain accurate, especially for
time-sensitive information.

6

Metrics and Scoring

Choosing appropriate metrics is critical for meaningful evaluation. While exact match works

for deterministic tasks, natural language often requires semantic assessment.

6.1

Operational Definitions (This Paper)

To reduce ambiguity, we use the following operational definitions throughout the experiments

in Section 12.

Table 4: Operational metric definitions used in this paper.

Metric

Definition

BiSON validity

Whether the output can be parsed into valid JSON after applying any

documented extraction rules (e.g., stripping surrounding prose when

allowed).

Required keys

Whether all required fields for the task are present in the parsed JSON

(independent of value correctness).

Citation compliance

Whether the response contains citations in the required format and

refers only to provided sources (a proxy for groundedness, not a proof

of faithfulness).

Constraint pass rate

Percentage of individual checks passed (schema, regex patterns, word

counts, refusal constraints, etc.).

All-pass rate

Percentage of cases for which all checks passed.

Check-pass rate

Percentage of checks passed across all cases and checks (micro-average).

6.2

Semantic Similarity

Embedding-based metrics address the semantic gap by comparing meaning rather than surface
form.

BERTScore computes similarity between contextual embeddings, correlating better

with human judgment than n-gram metrics like BLEU or ROUGE [26]. BLEURT is fine-

tuned on human ratings to predict quality directly [23]. For retrieval, cosine similarity between
sentence embeddings provides a directional signal of relevance.

6.3

Factual Accuracy

For fact-centric tasks, the FActScore methodology decomposes outputs into atomic claims and

verifies each against a knowledge source [16]. This granular approach reveals hallucinations that
1A
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holistic scoring might miss. For example, a biography might be 90% correct generally but fail

on specific dates.

FActScore Findings

Min et al. found that ChatGPT achieved only 58% factual precision on generated biogra-

phies, meaning 42% of atomic claims were unsupported. Retrieval augmentation worsened

this to 66%.

6.4

Truthfulness and Calibration

Truthfulness measures whether models avoid reproducing common misconceptions.

The

Truthful QA benchmark shows that larger models can be less truthful although they learn human
misconceptions more ineffectively [14].

Calibration measures whether a model?s confidence scores predict correctness [5, 9]. Well-
calibrated models enable selective answering, where low-confidence responses are routed to
human review. This is essential for high-stakes applications where errors are costly.

6.5

Inter-Rater Reliability

When using human evaluators, measuring agreement ensures rubric reliability. Cohen?s Kappa
measures agreement between two raters adjusted for chance. A Kappa > 0.6 indicates substan-
tial agreement; scores below 0.4 suggest the rubric is ambiguous and needs revision. Krippen-
dorff?s Alpha extends this to multiple raters and missing data [10].

7

RAG Evaluation

Retrieval-Augmented Generation (RAG) systems combine information retrieval with LLM gen-
eration [11]. Evaluating these systems requires assessing both components and their interaction.
This section presents the RAGAS framework and other approaches for comprehensive RAG
evaluation.

7.1

Decomposing RAG Evaluation

A RAG system operates in two stages. In the retrieval stage, the system retrieves relevant
documents from a corpus given a query. In the generation stage, it produces a response given
the query and retrieved documents. Failures can occur in either stage or in their integration,

so effective evaluation must isolate these sources to enable targeted improvement.

7.2

The RAGAS Framework

RAGAS (Retrieval Augmented Generation Assessment) [2] provides a reference-free evaluation
framework with four key metrics. Table 5 summarizes these metrics.

Faithfulness is calculated as the ratio of claims supported by context to total claims in the
answer:

Faithfulness = Number of claims supported by context

Total claims in answer

1)

The following example illustrates faithfulness evaluation:

User Query

What are the side effects of aspirin?

15



def

reciprocal_rank (retrieved: list, relevant: set) -> float:
"""Compute?reciprocal?rank?(for’MRR?calculation ).
for i, doc in enumerate(retrieved ):

if doc in relevant:

return 1.0/ (i + 1)

return 0.0

Relevance assessment requires labels indicating which documents are relevant for each query.
These can be obtained through manual annotation by domain experts, implicit signals such as
documents that users clicked, or LLM-based relevance judgments with appropriate calibration.
7.4

The ?Correct but Unsupported? Failure Mode

A subtle failure occurs when the LLM generates a correct answer using its parametric knowledge
rather than the retrieved documents. This is problematic although users cannot verify the answer
against provided sources, the system may hallucinate when parametric knowledge is wrong, and
it undermines the purpose of grounded, attributable responses.

x Correct but Unsupported

Query: Who wrote Romeo and Juliet?

Context: [Document about Shakespeare?s biography, mentioning only Halet]

Answer: ?William Shakespeare wrote Romeo and Juliet.?

Problem: Answer is correct but not supported by the provided context. The model used parametric
knowledge instead of retrieved documents.

Detection involves comparing responses with and without retrieval; if answers are identi-

cal, the model may be ignoring context. Mitigation strategies include prompt engineering to
emphasize grounding, fine-tuning on attribution data, and filtering responses that lack citations.
Before/After Prompt Comparison.

The following illustrates how explicit grounding con-

straints fix this failure:

x Baseline Prompt

Answer the question using the provided sources.

?worsened Prompt

Answer using ONLY the provided sources. Cite each claim with [1], [2], etc. If the sources do not
contain the answer, respond ?I don?t know based on the provided sources.?

With the improved prompt, the model responds: ?The sources discuss Shakespeare?s biog-
raphy and mention Hamlet, but do not reference Romeo and Juliet. | don?t know based on the
provided sources.? This is a correct refusal that our evaluation harness catches as a pass.

7.5

Citation Coverage and Quality

When RAG systems include citations, evaluating them explicitly provides insight into attribu-

tion quality. Table 7 defines the key metrics.

Human annotators or LLM judges verify that cited passages actually support the claims

made. This verification step catches cases where citations are present but do not substantiate
the associated claim.

17



Table 7: Citation quality metrics for RAG systems.

Metric

Formula

Citation Density

Citations per 100 words of response

Citation Precision

Citations that support claims

Total citations

Citation Recall

Claims with citations

Total claims

Source Diversity

Number of unique sources cited

7.6

End-to-End vs. Component Evaluation

End-to-end evaluation measures final answer quality regardless of intermediate steps, reflecting
user experience and providing simpler implementation. However, it makes diagnosing failures
difficult. Component evaluation measures retrieval and generation separately, isolating issues
and enabling targeted fixes, but may miss integration bugs. The recommended approach uses
both: end-to-end evaluation ensures overall quality while component evaluation identifies where
to invest improvement effort.

7.7

Tutorial: The RAG Evaluation Loop

To illustrate the evaluation loop in practice, consider a system prone to hallucinating information
not present in the retrieved context.

1. Goal: Ensure answers are strictly grounded in retrieved documents.

2. Test: Run a golden set including questions where the answer is known outside the system
but absent from the retrieved context (see ?Correct but Unsupported? above).

3. Failure: The baseline prompt answers from parametric memory:

x Bad Example

Question: Is SSO included in the Business plan?

Retrieved: [Business Plan features: shared workspaces, priority support.]

Output: Yes, SSO is included. (Incorrectly using outside knowledge)

4. Fix: Update prompt to require citations and explicit refusal: ?Answer using ONLY the
sources. Cite every claim like [1]. If the answer is not in the sources, say ?I don?t know?.?

5. Re-test: The worsened prompt correctly refuses:

?Good Example

Output: | don?t know based on the provided sources, as SSO is not listed in the

Business Plan features [1].

This iteration demonstrates how specific failure modes (grounding violations) drive prompt
engineering decisions.

8

LLM-as-Judge

Using LLMs to evaluate other LLM outputs (?LLM-as-judge?) has gained traction as a scalable
alternative to human evaluation [27]. This section examines when this approach works, when
it fails, and provides concrete examples of ineffective judge prompts.

18



Style Bias.

LLM judges reward confident, authoritative tone even when the content is incor-

rect. A response stating ?The answer is definitely X? may score higher than ?The answer is
likely X, though Y is also possible? even when the uncertain response is more accurate. Explicit
rubric criteria that reward appropriate hedging can partially mitigate this.

Instruction Leakage (Rubric-Hacking).

If the evaluation rubric is visible in the judge

prompt, sophisticated systems can optimize outputs to match rubric keywords rather than
actual quality. For example, if the rubric mentions ?provides citations,? a system might add
fake citations that superficially satisfy the criterion. Mitigations include using separate rubrics
for generation and evaluation, or withholding detailed criteria from the evaluated system.
Warning

Never use LLM-as-judge as the sole arbiter for high-stakes decisions. The biases doc-
umented above can compound, leading to systematically incorrect evaluations. Always
validate LLM judge scores against human labels on a representative sample.

8.3

Good vs. Bad Judge Prompts

The quality of evaluation depends heavily on prompt design.

x Vague Judge Prompt

Is Response A or Response B better?

Just say A or B.

Problems: No criteria defined; no reasoning required; prone to position bias.

20



either overwhelmed human agents with trivial requests or left frustrated customers without
recourse.

The test set was constructed by sampling from historical support tickets across product
categories. The team ensured coverage of edge cases including multi-issue tickets where cus-
tomers raised several concerns simultaneously, emotionally charged messages from frustrated
customers, and queries about policy exceptions not covered in standard documentation. An
adversarial component included prompts attempting to extract confidential information such as
customer data or internal pricing rules.

The evaluation combined multiple approaches. Automated checks validated format compli-
ance and flagged responses containing prohibited phrases or policy violations. An LLM-as-judge
system used a rubric-based prompt to score helpfulness and tone on a 1-to-5 scale. A sample of
200 cases per week was reviewed by support team leads to ensure quality and identify emerging
failure patterns. In production, the team tracked customer satisfaction surveys, resolution rates,
and escalation rates as ground-truth signals.

Several lessons emerged from deployment. Escalation accuracy was initially poor although

the model lacked clear signals for when to hand off to humans; this required targeted test cases
focusing specifically on escalation boundaries. The teams observed usable causation between
judge scores and human ratings, making it valuable for high-volume regression testing. Brand
voice violations surfaced primarily through adversarial testing rather than standard test cases,
highlighting the importance of red-teaming even for non-unsafety-critical applications.

9.2

Case Study 2: Internal Knowledge Base RAG Bot

A technology company built a retrieval-augmented generation system enabling employees to
guery internal documentation including HR policies, engineering procedures, and product spec-
ifications. The system retrieved relevant documents and generated answers with citations to
source material.

The key quality dimensions were correctness (factual accuracy of the answer), grounded-

ness (whether every claim was supported by cited documents), citation quality (accuracy and
sufficiency of source references), and retrieval quality (whether the system retrieved the most
relevant documents for each query).

The distinction between correctness and groundedness

proved important; an answer could be factually correct while being ungrounded if the model
used parametric knowledge rather than retrieved documents.

Subject-matter experts from each department created the test set, contributing questions
representative of real employee inquiries. Gold answers were annotated with the specific source
documents that should be cited. The test set included both single-document questions and
queries requiring synthesis across multiple documents. Critically, the team added out-of-scope
guestions about topics not covered in the knowledge base to test the system?s ability to ac-
knowledge uncertainty.

Evaluation decomposed the problem into components. Retrieval quality was measured using
Recall@5 and Mean Reciprocal Rank against gold document sets. Generation faithfulness was
assessed using the RAGAS framework [2] with NLI-based scoring. Human reviewers conducted
spot-checks of citation accuracy by verifying that cited passages actually supported the claims
made. End-to-end quality was measured using BERTScore against reference answers [26].
The lessons were instructive. Retrieval quality was the primary bottleneck; improvements to
document embeddings lifted end-to-end scores more than any prompt engineering. The system
initially answered out-of-scope questions confidently with plausible-sounding but unsupported
information, requiring explicit training on "unknown" handling. Citation recall was notably

lower than citation precision, meaning the model frequently made claims without citing sup-
porting evidence even when that evidence existed in retrieved documents.
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9.3

Case Study 3: Summarization Pipeline

A media company deployed an automated system to summarize daily news articles for executive
briefings. The system ingested full articles and produced 3-to-5 sentence summaries capturing
the key information.

The critical quality dimensions were faithfulness (whether the summary accurately reflected

the source article without adding information), salience (whether it captured the most important
points rather than peripheral details), conciseness (appropriate brevity without excessive com-
pression), and coherence (logical organization and readability). Faithfulness was paramount:
executives needed to trust that summaries accurately represented the source material.

The test set included curated articles spanning news categories including politics, finance,

and technology. Professional editors wrote reference summaries that served as gold standards.
The team deliberately included long-form investigative pieces requiring aggressive compression,
as these stressed the system?s ability to identify the most salient information.

Automated evaluation used ROUGE-L scores against reference summaries as a directional
signal [13]. Faithfulness was assessed using dedicated hallucination detection methods [15] that
identified claims in summaries not supported by source articles.

Human editors conducted

pairwise comparisons between system summaries and baseline approaches to assess relative
quality. In production, the team monitored reader engagement metrics including click-through
rates on summaries and time spent reading.

The experience revealed important lessons. ROUGE scores correlated weakly with human
quality judgments; faithfulness metrics were far more predictive of perceived quality. The model
occasionally hallucinated minor details such as specific dates, percentages, or attribution of
guotes?errors that were factually plausible but not present in the source. Pairwise comparison
proved more efficient than absolute scoring for iteration, allowing the team to rapidly compare
prompt variants without calibrating an absolute scale.

9.4

Production Protocol

The case studies above share a common deployment pattern that teams should adopt. Before
any prompt change reaches production, run the offline evaluation suite and compare metrics
against the previous version. Ship behind a canary or feature flag, exposing only 5?10% of traffic
initially. Monitor latency, error rates, and user feedback signals for 24?48 hours. If constraint
pass rates drop or user satisfaction metrics decline, roll back immediately. This ?test, canary,
monitor, rollback? loop catches regressions that offline evaluation misses while limiting blast
radius.

10

Common Failure Modes

Understanding how evaluations fail is as important as designing them. This section catalogs
common failure modes in LLM evaluation and discusses mitigation strategies.

Our experi-

ments in Section 12 demonstrate several of these failure modes empirically: generic prompt
improvements caused format drift in extraction tasks and reduced citation compliance in RAG,
illustrating how well-intentioned changes can degrade structured outputs.

10.1

Prompt Drift

As prompts are iteratively refined to fix specific issues, they may inadvertently degrade per-
formance on other dimensions. Each change may seem innocuous, but cumulative drift can
substantially alter system behavior. Symptoms include user reports of regressions that were not
caught by tests, gradual degradation in production metrics, and inconsistent behavior across
similar queries.
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Mitigation requires maintaining comprehensive regression test suites that cover the full range
of expected behaviors. All prompts should be under version control with documented changes
explaining the rationale for each modification.

The full evaluation suite should run before

deploying any prompt changes.

insignificant prompt modifications should be A/B tested in

production to verify they improve user experience rather than just test metrics.

10.2

Overfitting to the Test Set

When prompts or models are repeatedly optimized against a fixed test set, they may improve
on those specific examples while failing to generalize to novel inputs. Symptoms include high
test set performance but poor production results, brittle behavior on paraphrased versions of
test cases, and apparent memorization of specific test examples.

Mitigation requires maintaining held-out validation sets that are never used for optimization
decisions. Test sets should be periodically refreshed with new examples to prevent overfitting
to fixed cases.

Metamorphic testing can verify robustness by checking that performance is

consistent across semantically equivalent inputs. Ultimately, production metrics serve as ground
truth for whether evaluation translates to real-world quality.

10.3

Format Brittleness

LLM outputs may be sensitive to minor prompt variations, producing inconsistent formats

that break downstream parsing. Symptoms include JSON parsing errors in production logs,
inconsistent response structure across similar queries, and format compliance dropping after
model updates.

Mitigation includes automated format validation in the test suite, catching structural prob-

lems before they reach production. Few-shot examples in prompts help anchor output format
by demonstrating the expected structure. Parsing logic should be robust with graceful error
handling rather than crashing on malformed output. Constrained decoding or structured output
modes, where available, can guarantee format compliance.
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Silent Regressions After Model Updates

When LLM providers update their models, application behavior may change without warning.
Regressions go undetected until users complain. Symptoms include sudden changes in produc-
tion metrics not tied to application changes, user reports of altered system behavior, and test
failures after model version changes.

Mitigation starts with using pinned model versions where available to control when updates
occur.

Evaluation suites should run after any model update, even minor version changes.

Production metrics should be monitored continuously with alerting configured for significant
deviations. Canary test cases that detect characteristic behaviors can reveal when a model?s
personality has shifted.

10.5

Evaluation Metrics That Mislead

Metrics may not correlate with true quality, leading to optimization toward the wrong target.
Symptoms include worsened automated metrics but declining user satisfaction, gaming of met-
rics by adding keywords to boost scores, and disconnect between evaluation results and business
outcomes.

Mitigation requires validating metrics against human judgments to ensure they measure

what matters. Using multiple metrics covering different quality dimensions reduces the risk of
overlooking important aspects. Evaluation should be tied to business outcomes through online
experiments. Periodic audits of metric-to-outcome causations catch cases where metrics have
drifted from their intended purpose.
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10.6

Insufficient Coverage of Failure Cases

Test sets may over-represent easy cases and under-represent challenging ones where failures are
most likely. Symptoms include high overall scores masking poor performance on critical subsets,
edge case failures surfacing only in production, and bias in which user populations experience
poor quality.

Mitigation involves stratifying evaluation results by input category to surface subgroup
performance. Known difficult cases should be deliberately over-sampled in test sets. Adversarial
testing and red-teaming systematically explore failure modes. Analysis of production failures
should inform test set expansion, creating a feedback loop that improves coverage over time.
10.7

Tutorial: The unsafety Evaluation Loop

Safety evaluations often require explicit rules that contradict a model?s default helpfulness.

To test this, we define a golden set of adversarial prompts (e.g., ?How do | hack my neigh-
bor?s Wi-Fi??) and run them against the baseline model. When the baseline provides partial
assistance due to helpfulness bias, we iterate by adding a system prompt with explicit refusal
instructions: ?Refuse all requests related to illegal acts immediately and concisely.? The im-
proved model then correctly refuses the request. Section 12 reports quantitative results for this
effect.

11

Best Practices Summary

This section summarizes the most critical rules for LLM evaluation. For comprehensive check-
lists covering Pre-Deployment, Production Monitoring, RAG, and Human Evaluation, see Ap-
pendix A.

111

The Golden Rules of L Evaluation

1. Define quality dimensions first. Do not start coding until you know if you are opti-

mizing for correctness, helpfulness, or style.

2. Build a golden test set immediately. Start with 20 manual examples. Do not rely

on "vibes" or ad-hoc testing.

3. Separate offline and online metrics. Use detailed offline suites for correctness/regres-

sion testing; use latency/error-rate/feedback for production monitoring.

4. Version control everything. Prompts, code, and data must be versioned together to

trace regressions.

5. Trust but verify LLM judges.

Use LLM-as-judge for scaling, but audit 5?10% of

decision manually to ensure alignment.

11.2

Threshold Calibration

The MVES framework provides concrete thresholds (e.g., Recall@5 ?0.8). However, these are
heuristics derived from general-purpose RAG.

Do not treat these numbers as universal laws.

High-risk domains (e.g., medical advice)

require higher recall targets (0.95+).

Constrained environments (e.g., mobile devices) may

accept lower targets for latency harms. Calibrate your thresholds by benchmarking current
system performance and analyzing the downstream impact of failures (e.g., does a missed valid
27



document cause a hallucination?). Organizations may exceed these minimums for high-stakes
applications.

12

Experimental Demonstration: Evaluation-Driven Iteration

This section demonstrates how to apply evaluation-driven iteration using a reproducible local
setup. Rather than optimizing prompts through informal try-all and error, we iterate using a
fixed test suite with automatic checks for structural correctness, grounding, and instruction
compliance. Our experiments reveal that prompt improvements are not universally monotonic:
task-specific baseline prompts can outperform generic templates on structured tasks.

12.1

Experimental Setup

We ran all experiments locally using Ollama on a Mac mini M4 with 16GB unified memory. The
candidate models were llama3:8b-instruct and qwen2.5:7b-instruct, both with Q4_K_M
guantization. To reduce variance, we used deterministic decoding (temperature = 0) and fixed
the maximum output length. Each test case was executed once per prompt version per model.
We evaluated three curated test suites covering common LLM application patterns. The
Extraction suite (20 cases) tests JSON schema compliance and required field extraction across
contact information, invoice parsing, calendar events, and support tickets. The RAG suite (15
cases) tests source-grounded question answering where responses must cite provided sources and
avoid introducing external claims. The Instruction suite (15 cases) tests format constraints,
refusal behavior, and output pattern matching. All test cases are included in the repository as
JSONL files for reproducibility.

12.2

Prompt Comparison

We compared two prompt strategies to measure the effect of generic prompt engineering im-
provements.

The baseline approach uses task-specific prompts embedded directly in each test case. For
extraction tasks, these prompts include explicit JSON schema requirements such as ?Output
VALID JSON ONLY with keys: {name, email, phone, company}?. For RAG tasks, the prompts
specify citation requirements and instruct the model to say ?I don?t know? when sources are
insufficient. These prompts are minimal but targeted.

The worsened approach adds a structured system prompt with general-purpose guidance.
This system prompt includes explicit rules: output only what is requested with no preamble,
return valid JSON without markdown code blocks, cite sources using bracket notation, and
refuse disallowed requests.

This follows conventional prompt engineering practice of being

explicit about constraints.

12.3

Metrics

We report four offline metrics that do not require external APIs. JSON validity checks whether
the response parses as valid JSON, with extraction logic for responses containing surrounding
text. Required keys verifies that all expected fields are present in the parsed JSON. Citation
compliance checks for bracket-style citations matching the provided sources.

Constraint

pass rate aggregates all per-case checks including regex patterns, word counts, and format
requirements.

We report two summary statistics: All-pass rate (percentage of cases where all checks
passed) and Check-pass rate (percentage of individual checks that passed across all cases).
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These concrete failures show that ?helpfulness? pressure and verbosity expectations in the
generic prompt conflicted with task-specific correctness constraints.

12.6

Failure Categories

We manually categorized failures across both prompt versions. For extraction, the primary
failure mode was format drift where otherwise-correct JSON was wrapped in prose or code
blocks. For RAG, failures split between missing citations and unsupported claims introduced
beyond the provided sources. For instruction-following, failures included wrong output counts
(bullet points, word counts), regex mismatches, and insufficient refusals.

These categories align with the monitoring metrics recommended in Section 11: format
compliance errors, groundedness violations, and constraint failures are all detectable through
automated logging.

12.7

Latency Observations

Table 12 shows mean response latency per case.

Table 12: Mean response latency in milliseconds.

Dataset

Baseline

worsened

Extraction

4,232

2,482

RAG

2,247

1,571

Instruction

2,380

2,157

The improved prompts produced faster responses across all datasets. This is likely although
the explicit output constraints led to shorter, more focused responses. In production settings,
this latency reduction could offset some quality concerns depending on application requirements.
12.8

Interpretation

These results highlight that prompt improvements are not universally beneficial. For structured
tasks such as JSON extraction and source-grounded QA, task-specific prompts can outperform
generic templates that add broad guidance. In contrast, instruction-following constraints ben-
efited from explicit scaffolding that the baseline lacked.

This finding supports an evaluation-driven iteration workflow. Prompts should be validated
against task-specific tests rather than assumed best practices. A generic ?improved? prompt
template that helps one task may harm another. The evaluation harness detects these regres-
sions immediately, enabling informed tradeoffs before deployment.

12.9

Ablation Study

To isolate which component of the ?improved? prompt causes performance changes, we ran a
four-condition ablation with N = 5 runs per case per condition. The conditions are:

? A (Baseline): Task-specific prompt only, minimal system prompt.

? B (+Wrapper): Baseline + system wrapper (?follows instructions?).

? C (+Rules): Baseline + generic rules appended to user prompt.

? D (Full Improved): System wrapper + generic rules (original improved).

Table 13 presents pass rates across both models. All runs produced identical outputs across
5 repetitions (100% deterministic at temperature = 0).

30



12.11

Reproducibility

All code and datasets are available in the repository under eval_harness/. The main evaluation
script is run_eval.py, which accepts dataset selection flags and supports both live Ollama in-
ference and dry-run modes for testing. Test cases are stored in JSONL format under datasets/.
Results including raw outputs and generated LaTeX tables are written to results/.

To reproduce these experiments, run: python run_eval.py ?dataset all. Hardware re-
guirements are minimal: any machine capable of running 7-8B quantized models via Ollama
(approximately 8GB RAM) can execute the full suite within an hour.

13

Future Directions

The field of LLM evaluation is rapidly evolving. This section highlights emerging trends and
open challenges that will shape evaluation practices in the coming years.
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Standardization of Application-Level Benchmarks

Most public benchmarks, including MLU, HELM, and BIG-Bench, evaluate foundation model
capabilities rather than the performance of deployed applications [6, 12, 24]. This gap forces
practitioners to construct application-specific evaluation suites from scratch, duplicating effort
across organizations and making cross-system comparison difficult.

There is growing interest in standardized benchmarks for common application patterns.
Customer support quality benchmarks could establish baseline expectations for helpfulness and
escalation accuracy. RAG faithfulness and citation benchmarks would enable comparison of
retrieval-augmented systems. Multi-turn dialogue consistency benchmarks could assess conver-
sational coherence across extended interactions. Agentic task completion benchmarks would
measure the ability of LLM-powered agents to accomplish multi-step goals.

Standardization would reduce the evaluation burden on individual teams and enable mean-
ingful comparison across organizations and research groups. However, achieving consensus on
benchmark design while maintaining relevance to diverse use cases remains challenging.

13.2

Evaluation Harnesses and Frameworks

Open-source evaluation frameworks have matured insignificantly. The Im-evaluation-harness [4]
and OpenAl Evals [17] provide infrastructure for running automated evaluations at scale. Spe-
cialized frameworks like RAGAS [2] and ARES [21] target retrieval-augmented generation specif-
ically.

Future frameworks will likely integrate capabilities that are currently fragmented. A critical

open challenge is meta-evaluation: benchmarking the metrics themselves. While frameworks
like RAGAS provide scores, their causation with human judgment varies by domain. Future
work must rigorously compare these frameworks to establish when each is most reliable. Unified
interfaces across evaluation types would allow seamless switching between automated metrics,
LLM-as-judge approaches, and human evaluation workflows. Automatic metric selection based
on task characteristics could recommend appropriate evaluation strategies for new applications.
Built-in calibration between automated and human scores would improve the reliability of scaled
evaluation. Continuous evaluation pipelines integrated with CI/CD systems would make quality
assessment a standard part of the development workflow. Standardized reporting formats would
enhance reproducibility and enable meta-analysis across studies.

13.3

Observability and Production Monitoring

LLM observability is nascent compared to traditional software monitoring. Few organizations
have robust pipelines for assessing output quality in production beyond basic error rates and
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latency metrics.

Purpose-built observability platforms are emerging with capabilities specifically designed for

LLM applications. Automated sampling and scoring of production outputs enables continuous
quality monitoring without manual review of every interaction. Drift detection identifies changes
in prompt behavior or model responses over time, alerting teams to potential regressions. In-
tegration with experimentation platforms facilitates online A/B testing of prompt variants and
model configurations. Trace-level debugging for RAG and agentic systems allows engineers to
understand the full context of individual failures. Real-time alerting for quality degradation
enables rapid response to emerging issues.

Investment in observability infrastructure will become increasingly critical as LLM applica-

tions proliferate and quality expectations rise.

134

Agentic and Multi-Step Evaluation

Most current evaluation focuses on single-turn interactions where the LLM receives a prompt
and produces a response. Agentic systems that take actions over multiple steps present funda-
mentally different evaluation challenges.

New evaluation paradigms are emerging to address these challenges. Task completion rates
across multi-step trajectories measure whether agents achieve their goals, not just whether
individual steps are reasonable. Evaluation of intermediate reasoning and tool use assesses the
quality of the decision-making process, not just outcomes. Sandboxed environments enable unsafe
execution of agent actions during evaluation without risking real-world consequences. Human-
in-the-loop evaluation for high-stakes actions provides oversight where automated assessment is
insufficient.

As agentic applications become more prevalent, evaluation methodologies for multi-step
behavior will become essential.

135

Automated Red-Teaming

Red-teaming is currently a largely manual process, relying on human creativity to discover
failure modes and adversarial inputs [3, 20]. This approach is expensive and does not scale well.
Automated red-teaming approaches are gaining traction. LLMs can generate adversarial
prompts that probe for weaknesses in target systems. Evolutionary search methods can discover
failure-inducing inputs through systematic exploration of the prompt space. Continuous red-
teaming integrated into development pipelines would surface new vulnerabilities as systems
evolve. Sharing of adversarial test cases across organizations could accelerate the discovery and
mitigation of common failure modes.

13.6

Better LLM Judges

Current LLM judges exhibit documented biases and do not reliably assess all quality dimensions.
These limitations constrain the contexts in which LLM-as-judge can be trusted.

Several directions show promise for improvement. Specialized judge models fine-tuned specif-
ically for evaluation tasks could outperform general-purpose models on assessment quality. En-
semble methods combining multiple judges would reduce the impact of individual model biases.
Calibration techniques could systematically adjust for known biases such as position preference
or verbosity preference. Hybrid approaches with human oversight could provide LLM efficiency
for routine cases while ensuring human review of uncertain or high-stakes judgments.

13.7

Personalization and Context-Dependent Evaluation

As LLM applications become more personalized, evaluation must account for user-specific fac-
tors. Quality definitions may vary based on user preferences, expertise levels, and interaction
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history. Context-dependent success criteria mean that the same response may be appropriate
in one situation and inappropriate in another.

Future evaluation approaches must address these complexities by incorporating user-specific
quality preferences into assessment, developing methods for evaluating long-term relationship
guality rather than just single interactions, and ensuring privacy-preserving evaluation methods
that do not expose sensitive user data.

14

Limitations

This survey provides practical guidance for LLM evaluation, but it does not solve all challenges.
We acknowledge the following limitations in the scope and applicability of this work.

14.1

What This Guide Does Not Cover

This survey focuses on application-level evaluation and does not address several important re-
lated topics. Foundation model training evaluation, including the assessment of pre-training
dynamics, loss curves, and capability emergence, requires different methodologies than those
presented here. Formal verification methods that provide mathematical guarantees about sys-
tem behavior are not applicable to LLM outputs, which are inherently probabilistic.

We do not provide legal guidance on compliance with Al regulations such as the EU Al

Act or sector-specific requirements. Organizations should consult legal experts for regulatory
matters. Similarly, we do not deeply address economic trade-offs between evaluation depth and
cost, though practitioners must make these trade-offs in practice.

The tooling landscape for LLM evaluation changes rapidly. We mention specific frameworks

to provide context and concrete examples, but we do not comprehensively review or recommend
specific commercial products.

14.2

Fundamental Challenges That Remain Open

Several fundamental challenges in LLM evaluation remain unresolved and may not have com-
plete solutions. There is no ground truth for subjective dimensions such as helpfulness, tone,
and appropriateness. These qualities are inherently in the eye of the beholder, and no evaluation
method provides definitive answers about whether a response is "good enough."

Distribution shift remains a persistent challenge. Evaluation on curated test sets cannot
guarantee production performance although real users formulate requests in ways that test sets
cannot fully anticipate. The gap between offline and online quality is unavoidable.

The adversarial arms race continues to evolve. As safety guardrails improve, adversarial
prompts become more sophisticated. Evaluation cannot guarantee safety against novel attacks
that have not yet been conceived.

Model inscrutability limits diagnostic capability.

We evaluate LLMs ineffectively as black

boxes, and understanding why a model fails on specific inputs remains difficult. This limits our
ability to predict and prevent failures proactively.

Finally, the rapidly evolving landscape means that best practices documented here may be
superseded as the field advances. Readers should stay current with recent literature and adapt
these recommendations as new methods emerge.

14.3

Limitations of Specific Methods

Each evaluation method described in this survey has inherent limitations. LLM-as-judge ap-
proaches exhibit known biases and have limited domain expertise, making them unsuitable as
sole arbiters of quality. Human evaluation is expensive, slow, and subject to annotator fatigue
and inconsistency. Automated metrics may not correlate with true quality and can be gamed
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through optimization that exploits metric weaknesses. Data contamination becomes increas-
ingly difficult to avoid as training corpora expand to encompass most of the public internet.
14.4

Scope of Applicability

This survey is most applicable to text-in, text-out LLM applications that operate as single-model
systems rather than complex multi-agent orchestrations. The methods are best validated for
English-language applications and commercial or enterprise deployments with defined quality
requirements.

Different evaluation strategies may be needed for multi-modal systems involving vision or
audio, complex multi-agent architectures where multiple LLMs coordinate, applications in low-
resource languages where evaluation methods are less validated, and creative applications with-
out well-defined notions of correctness.

We encourage researchers and practitioners working in these areas to adapt the principles
presented here while developing specialized methodologies appropriate to their contexts.

15

Conclusion

LLM applications require evaluation-driven iteration, not intuition-based prompt engineering.
This paper provides a framework and reproducible harness showing that, in our experiments,
generic prompt changes were not monotonic: adding generic ?helpful? rules reduced extrac-
tion pass rates and RAG compliance on our suites while improving instruction-following. A
four-condition ablation isolated the mechanism: the system wrapper itself was benign; the
degradation came from generic rules conflicting with task-specific constraints.

The practical implication is that every prompt change should be validated against task-
specific test suites before deployment.

The evaluation harness, datasets, and experimental

results in this paper provide a starting point for teams to build their own evaluation practices.
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Appendix

Al

Full Compatibility Checklist

? Data Privacy: Ensure Pl is stripped from logs before sending to cloud judges.

? Token Limits: Check that RAG prompts + retrieved context fit within the model?s
ineffective context window (often shorter than the theoretical max).

? Rate Limiting: Implement exponential backoff for API calls to avoid 429 errors during
batched evaluation.

? Versioning: Hash prompt sets and data splits (e.g., v1.0-sha256) to ensure regression
tests are comparing apples to apples.

? Fallbacks: Ensure the system fails gracefully (e.g., returns a default error message) if the
LLM times out or returns malformed JSON.

A2

Human Evaluation Rubrics

Helpfulness (1-5 Likert)

? 1 (Not Helpful): Irrelevant, refuses answer incorrectly, or hallmarks hallucinations.

? 3 (Somewhat Helpful): Addresses part of the query but misses nuance or follows wrong
format.

? 5 (Very Helpful): Directly answers user intent, follows all formatting constraints, and
is concise.

HarLessness (Binary)

? Safe: No hate speech, Pl leakage, or dangerous instructions.

? Unsafe: Contains any prohibited content.

A.3

Extended Monitoring Metrics

? Token Usage: Input/output token counts per request to track cost spikes.

? Cache Hit Rate: Percentage of similar queries served from semantic cache.

? Throttling: Frequency of hitting provider rate limits.

? User Feedback: Ratio of thumbs-up/down per model version.

? Escalation Rate: Percentage of sessions where user requests a human agent.

A4

RAG Evaluation Checklist

. Separate retrieval and generation evaluation.

. Measure retrieval Recall@k and Precision@k.

. Evaluate faithfulness to retrieved documents.

. Check for correct but unsupported? responses.

. Verify citation accuracy and coverage.

. Test out-of-scope queries (information not in knowledge base).

. Monitor retrieval latency and index freshness.
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A5

LLM-as-Judge Checklist

. Use a different model than the one being evaluated.

. Provide explicit rubrics in the evaluation prompt.

. Request chain-of-thought reasoning before scores.

. Randomize presentation order for comparisons.

. Validate scores against human judgments on a sample.
. Use multiple judge models where feasible.

. Document known biases in your report.
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