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Abstract

Large Language Models (LLMs) exhibit strong capabilities across
various Information Retrieval (IR) and natural language process-
ing tasks. However, they are highly sensitive to prompt variations,
where slight rephrasings can significantly alter responses, leading
to inconsistent or incorrect outputs. This variability poses chal-
lenges for response reliability in real-world applications. Inspired
by Query Performance Prediction (QPP) in IR, we focus on Prompt
Performance Prediction (PPP), which estimates whether an LLM
will generate a correct response for a given prompt before execution.
We propose VAP3 (Variation-Aware Prompt Performance Prediction),
a novel pre-generation PPP approach that integrates prompt varia-
tions with adversarial training to enhance robustness against trivial
modifications and better capture prompt sensitivity. Evaluating
VAP3 against LLM-based self-evaluation, QPP-inspired baselines,
and supervised classification models on the PromptSET-HotpotQA
and PromptSET-TriviaQA datasets, we demonstrate that VAP3 con-
sistently outperforms all baselines, achieving stable and reliable
performance across datasets.

1 Introduction

Large Language Models (LLMs) have recently demonstrated strong
performance in question answering, information retrieval (IR), and
broader natural language processing tasks [12, 15, 32, 38, 50, 60].
Their ability to generate fluent and contextually relevant responses
has led to their widespread adoption across various applications
[8, 26, 29, 56]. However, a significant challenge remains: prompt
sensitivity, the phenomenon where negligible changes in the word-
ing or structure of a prompt can lead to dramatically different
responses [14, 39, 61]. There have been many attempts to study
the impact of prompting on the output of different tasks [37, 55].
For example, in the IR community, at the LLME4val workshop
at SIGIR 2024 [44] and for the task of LLM-based relevance judg-
ment, different research groups were asked to formulate a prompt
for a well-understood objective of providing relevance judgments.
Despite all participants being familiar with the task, sharing a back-
ground in computer science, and having experience with LLMs, the
prompts they generated for the same language model resulted in
significantly different performance outcomes and varying levels of
agreement with human annotations [45]. This inconsistency raises
concerns about the reliability and robustness of LLMs, particularly
in domains that demand high precision and accuracy [53].

The IR community has already extensively researched the dis-
tinct yet conceptually similar task of Query Performance Prediction
(QPP), which aims to estimate the effectiveness of a query without
having access to ground truth [3, 18, 22, 28]. Inspired by QPP, we
focus on Prompt Performance Prediction (PPP) as the task of predict-
ing whether an LLM will effectively generate a correct response
to a given prompt. Here, we assume that the effectiveness of a
prompt is quantifiable and that a correct response exists. Similar
to QPP, which is categorized into pre-retrieval and post-retrieval
strategies [11], PPP can also be divided into pre-generation PPP, and

post-generation PPP. In QPP, post-retrieval methods benefit from
additional contextual information, i.e., retrieved results, allowing
for more accurate predictions [17, 34, 41]. We expect a similar trend
in PPP, where post-generation approaches would provide more
reliable predictions compared to pre-generation ones. However,
pre-generation PPP is particularly valuable and it has more ap-
plications in real-world scenarios because it enables performance
estimation before generation occurs. This can significantly reduce
computational cost and save system generation time. Additionally,
it allows the system to make informed decisions before presenting
an answer to the user. For example, it can guide users or the system
to refine prompts [42, 59], ask clarification questions [4, 48], or even
select a different LLM to generate the response before execution
[52].

To our knowledge, there has been limited research on this topic.
In [10, 43], the authors explored prompt performance prediction
for image generation. Some studies have explored LLM-based self-
evaluation strategies, where the model assesses its own ability to
respond to a given prompt [2, 25, 31], but extensive research in this
area is still lacking. Additionally, efforts have been made to quantify
and understand prompt sensitivity [13, 62]. For instance, Chatter-
jee et al. [13] introduced a metric to measure prompt sensitivity,
analyzing how slight variations in prompts affect LLM responses.
Their findings indicate that certain LLMs exhibit inherent sensitiv-
ity, leading to inconsistent or incorrect outputs even with minor
modifications. Overall, predicting whether a prompt will effectively
satisfy a user’s information need remains a challenging task.

A recent study introduced PromptSET (Prompt Sensitivity Evalu-
ation Task) [47], a specifically designed to examine prompt sensitiv-
ity. Constructed from HotpotQA and TriviaQA benchmarks [33, 57],
PromptSET comprises a diverse collection of short-form question-
answer pairs. Each question is accompanied by slight variations
that preserve the same underlying information need. The dataset
also includes labels indicating whether an LLM correctly answered
each prompt variation. The study aimed to identify prompts that
are more sensitive to variations and determine which reformula-
tions of the same information need can be consistently answered
by the same LLM. We adopt PromptSET for the PPP task. In ad-
dition to providing a large-scale question-answering dataset with
LLM-generated responses, PromptSET offers structured prompt
variations. These variations are particularly valuable for PPP, en-
abling us to analyze factors influencing prompt effectiveness and
develop robust prediction models.

In addition, Razavi et al. [47] have attempted to apply QPP-
inspired baselines on the PromptSET dataset. Their findings indi-
cate that unsupervised QPP methods perform poorly on predicting
prompt sensitivity, likely due to the complexity of language gen-
eration compared to retrieval. However, supervised approaches
demonstrated better performance, suggesting that learned repre-
sentations are crucial for effective prediction. Building on these
insights, we propose a PPP method that integrates prompt variations
with adversarial training to effectively predict prompt performance.
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Our PPP method is inspired by findings in [47], which show that
when an original prompt is answered correctly, its variations are
also likely to receive correct responses. Similarly, LLMs generate
more accurate responses for prompts with high similarity to their
variations [20, 47], indicating a direct correlation between prompt-
variation similarity and response correctness. Incorporating these
variations enhances performance estimation and better captures
prompt sensitivity. A similar principle in QPP uses query perturba-
tions to estimate retrieval performance [1, 51], where comparing
retrieved results from original and perturbed queries provides a
strong retrieval effectiveness signal [59]. These insights motivate
our multi-prompt learning framework, leveraging prompt variations
to improve prediction accuracy.

We propose VAP3 (Variation-Aware Prompt Performance Pre-
diction), a novel approach to pre-generation PPP that moves be-
yond treating prompts in isolation. By incorporating prompt vari-
ations, VAP3 more effectively captures sensitivity patterns, lead-
ing to more accurate performance predictions. Additionally, our
transformer-based model leverages adversarial training to enhance
robustness against trivial modifications, ensuring that only slight
prompt differences are taken into consideration when predicting
prompt performance. We systematically evaluate VAP3 against
both LLM-based and QPP-inspired baselines using PromptSET, a
dataset derived from HotpotQA and TriviaQA. Experimental re-
sults show that VAP3 significantly outperforms existing methods,
providing a more reliable approach for predicting prompt effec-
tiveness. To ensure reproducibility, we have released our code at
https://anonymous.4open.science/r/vap3-3042.

2 Proposed Approach

Problem Definition. Let p be a prompt and let G be a language
model that generates a response G(p) for p. We assume that each
prompt p has an associated set of ground truth responses Ry,. The
generated response G(p) is considered correct if: G(p) € Ry. We
define the prompt performance predictor p(p) as a function that
quantifies the likelihood of G(p) € Ry, i.e., u(p, G(p)) — [0,1]

Transformer-Based Prediction Model. In the context of QPP in
IR [11], several efforts have been made to develop retrieval per-
formance predictors using neural models [27, 49, 58]. Building on
these approaches, Khodabakhsh et al. [35] introduced a predictor
namely BERTPE, denoted as y, defined as:

j(p) = o(Wy - (Wi K (p)icrs) +b1) +b2) (1)

where: _h)(p)[CLS] is the final hidden representation of the special
[CLS] token of the prompt p from a transformer encoder, e.g., BERT
[19], and Wi, W; are trainable weight matrices, and b1, by are bias
terms, @(-) is a non-linear activation function, such as ReLU, and
finally, o(-) is the sigmoid function, ensuring the output is in the
range of [0, 1]. The prediction model is trained using a binary cross-
entropy loss:

Lppp(0) == ) yplogu(p) + (1= yp) log(1 - p(p))  (2)
PeET

Prompt Variations. To account for prompt sensitivity, we utilize
variations of each prompt to assess performance consistency. In the

Anon.

context of the PromptSET dataset, v(p) is defined as a set of varia-
tions for a given prompt p, ensuring that each variation vy, € v(p)
maintains the same intent while differing in phrasing or structure.
For each prompt p, an LLM is used to generate a set of |o(p)| prompt
variations (in order of 10). To ensure meaningful transformations,
each variation vy, is required to preserve the original information
need while maintaining a semantic similarity above a threshold
7,1i.e., Sim(p,vp,) > 7. This step ensures that generated variations
retain the intent of the original prompt without introducing am-
biguity. Variations that fail to meet the similarity threshold 7 or
deviate from the original intent are discarded.

Using variations of prompts introduced in PromptSET, we can
consider 7~ to represent the training dataset, which consists of
prompts p € P, their variations v(p), and the corresponding ground
truth labels yp ie.;

T =A{lpi-yp;] | pi € {p Vo(p)¥p € P}} 3)

Each training sample #; € 7 is accompanied by a binary label
yp, that indicates whether the generated response is correct. yp, is
only 1if G(p) € Rp. This formulation ensures that the model learns
to predict whether the response G(p) produced by the language
model G aligns with the ground truth response set Rp.

In this work, we extend the input of the predictor y beyond
a standalone prompt p by incorporating its variations v(p). As
discussed in the introduction, leveraging prompt variations and
modeling their interactions with the original prompt can enhance
performance prediction. To this end, we propose incorporating
prompt variations directly into the prediction model. Instead of
making independent predictions for each prompt, we estimate the
performance by considering both p and its variations, formulating
1(p) as the expected value over all pairs of p and its variations:

5
1(p) =By, ~o(p) [o(Wa - §(WLh (p ® vp;)[cLs] +b1) +b2) | (4)

Here, _h>(p ® vp,)[cLs] is the final hidden representation of the
[CLS] token obtained from encoding the concatenation of the
prompt p and its variation vy, separated by a special token [SEP].
) denotes the expected value taken over all variations
p; € v(p). The network applies a non-linear transformation ¢(-)
followed by a sigmoid activation o(+) to produce the probability es-
timate. This approach ensures that instead of making independent
predictions for each prompt variation, we model the joint impact
of variations on prompt performance.

Additionally, we want to make our model aware of trivial modi-
fications, such as typos or minor word substitutions, that do not
significantly impact LLM responses [9]. A naive prediction model
may overfit to these minor variations, misinterpreting them as
meaningful differences and introducing unnecessary sensitivity. To
mitigate this issue, we incorporate an adversarial training module
that systematically refines the training process by reducing the
model’s sensitivity to irrelevant changes [30, 40]. In addition, this
ensures that the model can generalize beyond seen prompt vari-
ations. To achieve this, we employ the Fast Gradient Sign Method
(FGSM) [24] to perturb the token embeddings and generate adver-
sarial prompts. Given an input prompt p, we define its adversarial
version p as:

p=p+e-sign(VyL(0)) (5)


https://anonymous.4open.science/r/vap3-3042

VAP3: Variation-Aware Prompt Performance Prediction

Conference’17, July 2017, Washington, DC, USA

Table 1: Examples of Original prompts and their variations from PromptSET-HotpotQA and PromptSET-TriviaQA dataset. The
variations were generated by LLaMA 3.1. On average each prompt is accompanied by 9 different variations.

Original Prompt Variation 1

Variation 2

What party is Sarah Coburn’s father a member of?
Coburn’s dad.

Identify the political affiliation of Sarah Determine the parental politics of Sarah Coburn.

1998 was the Chinese year of which creature?

What is the zodiac animal for the Chi- Which animal represents the Chinese New Year that
nese year that started in 1998?

began in 1998 according to the traditional calendar?

Which Monkee was born in Maryland but grew up in  Who is the Monkee with a connection Can you name the Monkee with roots in Washington

Washington DC?

to the nation’s capital?

DC?

where € is the perturbation factor that controls the intensity of
adversarial modifications. V,.£(6) is the gradient of the loss func-
tion with respect to the input embeddings and sign(-) extracts the
direction of gradient updates to perturb the most sensitive tokens.
We train the model using both original and adversarial variations.
Given a batch of training data 7, we extend the dataset to include

adversarial perturbations:
Toav =T U{[Bypl | p € T} ©)

The adversarial loss is computed similar to the PPP loss in Equation
2 but on perturbed versions, i.e.,:

Lodo(0) =~ ) yplogu(p) + (1~ yp) log(1 - p(§)) (7)
PE€Tado
The final training objective combines both the standard and
adversarial losses where A is a hyperparameter controlling the
contribution of adversarial training:

Liotal = -Eppp +ALadv (®)
3 Experiments

3.1 Dataset

We evaluate our proposed approach using PromptSET generated by
LLaMA [47]. PromptSET is derived from two widely used question-
answering benchmarks: HotpotQA[57] and TriviaQA [33]. It con-
sists of original prompts and their systematically generated vari-
ations, ensuring that all variations retain the same underlying in-
formation need while differing in surface form. Each prompt and
its variations are labeled based on whether an LLM successfully
generates the expected answer. This dataset provides a robust large-
scale evaluation setting for prompt performance prediction. Table
1 shows some prompts and their variations in PromptSET dataset.
These variations are generated by LLaMA 3.1 after being prompted
to generated alternative variations for the original prompt. Prompt-
SET comprises 8,028 original prompts in the training set and 3,441
original prompts in the test set, each accompanied by nine auto-
matically generated variations by LLaMA. The questions and their
variations were then answered by the LLM and the responses were
compared against human-annotated answers from HotpotQA and
TriviaQA. A variation is labeled correct if the LLM-generated re-
sponse matches the expected answer. This dataset allows for the
evaluation of pre-generation PPP, enabling models to predict perfor-
mance before response generation. For more details on this dataset,
we refer to the original paper.

3.2 Baselines

Since there is no existing method specifically designed for PPP, we
explore a set of potential QPP and LLM-inspired baseline. We note
that corpus-based qpp metrics are inapplicable in our scenario since

no document collection is available. Instead, we focus on query-only
metrics, which rely on prompt terms (and their variations).

1. LLM-Based Self-Evaluation: In this baseline, the LLM is explicitly
asked to predict its ability to generate a correct response to the given
prompt. This self-evaluation strategy has been employed previously
[2, 25,31] and is known for exhibiting overconfidence, as LLMs tend
to overestimate their own reliability. This is implemented using
LLaMA 3.1, where the model outputs a confidence score reflecting
its perceived capability to produce an accurate response.

2. Text-Based Classification: This baseline introduced in PromptSET,
frames PPP as a binary text classification task, where a classifier is
trained to predict whether a given prompt will be successfully. The
baseline fine-tunes a BERT-based classifier from simple transform-
ers [46] that learns from different prompts and their corresponding
answerability labels.

3. Specificity-Based QPP Methods: Inspired by specificity metrics
[5-7], we explore prompt specificity as a proxy for performance.
The intuition is that specific prompts, being less ambiguous, are
easier to address, whereas broader prompts introduce interpretative
uncertainty. We implement four neural-based specificity QPP meth-
ods—Closeness Centrality (CC), Degree Centrality (DC), Inverse
Edge Frequency (IEF), and PageRank—quantifying the centrality
of prompt terms in the embedding space, with the hypothesis that
higher specificity correlates with greater answerability.

4. Clarity Score: In QPP, the query clarity hypothesis posits that
queries with lower Kullback-Leibler (KL) divergence from a docu-
ment corpus retrieve more relevant results [16]. Inspired by this,
we introduce the Prompt Clarity Score, which quantifies the KL
divergence between a prompt and its variations. A low divergence
indicates semantic consistency across rephrasings, suggesting a
well-defined concept that is easier for an LLM to address. We evalu-
ate KL divergence as a predictor of prompt performance. 5. Entropy:
Entropy has been used in prior work as a signal for detecting hal-
lucination in LLM-generated responses [23, 36, 54], where higher
entropy indicates greater uncertainty in the model’s predictions.
The underlying intuition is that a prompt with higher entropy sug-
gests lower predictability and answerability, meaning that the LLM
is more uncertain about producing a relevant and precise response.
Following this intuition, we hypothesize that by measuring entropy
in token representations, we capture query variability and uncer-
tainty. Significant entropy shifts across prompt variations indicate
instability, suggesting lower reliability and response quality.

6. Geometric-Based Methods: Faggioli et al. [21] have introduced
a geometric framework for QPP, measuring query-document em-
bedding volumes to assess retrievability. We adapt it for PPP by
constructing embedding volumes from prompts and their variations.
We explore two methods: (i) Reciprocal Volume, which measures
the inverse hypercube volume around a query and its variants,
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Table 2: Results of baselines and VAP3 on TriviaQA and HotPotQA.
TriviaQA HotPotQA
Category Method Accuracy F1 %ecall Precision Accuracy F1 }%ecall Precision
Random Random 0.5017 0.507 0.580 0.510 0.498 0.308 0.485 0.226
LLM-based Self-evaluation 0.4656 0.6239 0.9798 0.4577 0.1696 0.2050 0.9419 0.1150
CcC 0.506 0.453 0.452 0.454 0.549 0.209 0.524 0.130
Specificity-based DC 0.484 0.448 0.463 0.434 0.565 0.199 0.475 0.126
IEF 0.505 0.462 0.469 0.455 0.535 0.204 0.526 0.127
PageRank 0.481 0.444 0.458 0.431 0.533 0.153 0.370 0.096
Geometric-based ~ Reciprocal Volume 0.5629  0.532  0.594 0.512 0.533  0.320 0.477 0.241
Discounted Matryoshka 0.5526 0.529 0.592 0.511 0.532 0.326 0.491 0.244
Query-variations  Query Clarity 0.5503  0.538  0.606 0.532 0.520  0.350  0.561 0.254
Interactions Entropy 0.4554 0.502 0.606 0.559 0.424 0.300 0.536 0.209
Text Classification BERT 0.660  0.659  0.620 0.654 0.526  0.360  0.017 0.813
Supervised BERTPE 0.648 0.627 0.644 0.611 0.710 0.318 0.594 0.217
Proposed VAP3 0.693 0.781 0.819 0.746 0.730  0.501 0.589 0.436

with smaller volumes indicating higher semantic coherence; and
(i) Discounted Matryoshka Representation, which progressively
aggregates volumes to capture retrieval consistency. These methods
hypothesize that compact prompt embeddings indicate higher an-
swerability, while greater dispersion suggests increased uncertainty
and low answerability.

7. Supervised QPP Baseline (BERTPE): Finally, we include BERTPE,
a state-of-the-art supervised QPP model that has shown strong
performance in prior studies [35]. BERTPE learns to predict re-
triever performance by fine-tuning contextualized representations
of queries. In our setting, BERTPE is trained on individual prompts
(both original and variations) to learn their intrinsic difficulty. This
serves as a strong supervised baseline for PPP.

3.3 Experimental Setup

For training, we tuned key hyperparameters, including the number
of epochs € [1,2,3,4,5],e € [1le—5,5e—5, le—4,5e—4, 1le—3,5¢ —3]
(from Equation 5), and A € [0.1,0.3,0.5,0.7,0.9] (from Equation 8),
the learning rate [1le — 6, 1e — 5, le — 4], batch size [8, 16,32], and
dropout rate [0.1,0.2, 0.3] for fine-tuning bert-base-uncased with
adversarial training. We conducted a hyperparameter sweeping
using 10% of the training set as a validation set, optimizing for the
lowest validation loss. The best-performing configuration, selected
based on validation performance, was then applied to the full test
set of each dataset.

4 Results

In Table 2, we present the performance of all baseline models in-
troduced in the previous section on the PromptSET-TriviaQA and
PromptSET-HotpotQA [47]. The evaluation metrics include accu-
racy, F1-score, recall, and precision. To provide a reference point,
we include a random baseline in the first row, which assigns labels
randomly. From this table, we make the following observations:
(1) Among the baselines, the unsupervised methods exhibit no-
tably poor performance, with accuracy values hovering around
50%, which is close to random chance. Geometric-based methods,
perform slightly better than specificity-based methods but still
fail to provide meaningful predictive power. Furthermore, query-
variant interaction-based approaches, including Clarity Score and
Entropy, also fail to yield effective predictions for the PPP task.

While these features have demonstrated strong correlations with
QPP in the retrieval setting, their predictive effectiveness does not
translate well to prompt performance prediction, highlighting fun-
damental differences between retrieval-based and generation-based
performance prediction paradigms.

(2) The LLM self-evaluation baseline exhibits extremely high recall
but very low precision and accuracy. This confirms that the model
overestimates its ability to answer prompts correctly, predicting
most prompts as answerable even when they are not.

(3) The supervised baselines, including BERT-based text classi-
fication and BERTPE [35], perform significantly better than the
unsupervised baselines. The BERT-based text classification model
achieves 66.0% accuracy on TriviaQA, outperforming all other base-
lines. However, it struggles on HotpotQA, with accuracy dropping
to 52.6%, indicating a lack of robustness across datasets.

(4) Our proposed method, VAP3, achieves the highest accuracy, F1-
score, and a balanced recall-precision tradeoff across both datasets.
VAP3 reaches 69.3% accuracy on TriviaQA and 73.0% on HotpotQA,
outperforming BERTPE, which achieves 64.8% on TriviaQA and
71.0% on HotpotQA. F1-scores follow a similar trend, reflecting a bal-
anced ability to predict both answerable and unanswerable prompts.
This indicates that VAP3 is more robust to dataset variations, likely
due to its use of prompt variations and adversarial training, which
improve generalization. Overall, our findings demonstrate that
VAP3 significantly outperforms all existing baselines, effectively
addressing the prompt sensitivity issue in LLMs.

5 Concluding Remarks

In this paper, we propose the task of Prompt Performance Predic-
tion (PPP), which aims to predict whether an LLM will generate a
correct response to a given prompt or not. By enabling proactive
performance estimation, PPP allows for better prompt formula-
tion, adaptive model selection, and efficient resource utilization.
We proposed VAP3 (Variation-Aware Prompt Performance Predic-
tion), a novel pre-generation PPP approach that integrates prompt
variations with adversarial training to effectively estimate prompt
performance. Our experimental results on PromptSET (HotpotQA
& TriviaQA) demonstrate that by leveraging prompt variations,
VAP3 consistently outperforms existing baselines, achieving higher
accuracy and better generalization.
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