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Abstract

Large Language Model (LLM) outputs often
vary across user sociodemographic attributes,
leading to disparities in factual accuracy, util-
ity, and safety, even for objective questions
where demographic information is irrelevant.
Unlike prior work on stereotypical or repre-
sentational bias, this paper studies identity-
dependent degradation of core response qual-
ity. We show empirically that such degrada-
tion arises from biased generation behavior,
despite factual knowledge being robustly en-
coded across identities. Motivated by this mis-
match, we propose a lightweight, training-free
framework for identity-robust generation that
selectively neutralizes non-critical identity in-
formation while preserving semantically essen-
tial attributes, thus maintaining output content
integrity. Experiments across four benchmarks
and 18 sociodemographic identities demon-
strate an average 66.3% reduction in identity-
dependent bias compared to vanilla prompt-
ing and outperforms existing prompt-based de-
fenses. Our work addresses a critical gap in
mitigating the impact of user identity cues in
prompts on core generation quality.

1 Introduction

Previous research shows that Large Language
Model (LLM) outputs can vary significantly across
user sociodemographic attributes (e.g., age, race,
employment status) (Li et al., 2023b; Gallegos
et al., 2024), impacting critical generation quality
aspects including safety (Beck et al., 2024; In et al.,
racy (Huang et al., 2025). While these disparities
are well-documented at the output level, the mech-
anism driving them remains unclear. Specifically,
it is unknown whether user identity cues distort
the model’s underlying knowledge or whether they
influence the generation process even when the
underlying representations remain stable.

OUR APPROACH

We find:
) Internal knowledge is stable.
User identity skews answers.

STAGE 1

IDENTITY-DEPENDENT BIASES

Question: Does achieving mastery in a
sport help make you smarter in school?

User identity: full-time worker
.

While there may be correlations, such as
improved discipline or time management,
there is no strong scientific evidence to
prove a causal relationship. 0

[Identity relevance analysisJ

!

STAGE 2

Identity-neutral prompt rewriting
and content generation

O User identity: unemployed
an

Yes. Research suggests that achieving
mastery in a sport can boost overall

STAGE 3
[Controlled personalization andJ 1

mental discipline and positively impact

school performance. 0 content verification

Figure 1: Identity cues in user prompts can lead to di-
vergent factual or utility answers, even for the same
objective question. While model internal knowledge
remains stable, user identity can skew generation out-
comes. We address this by analyzing identity relevance,
generating identity-neutral content, and applying con-
trolled personalization with content verification.

To better understand how identity information af-
fects model behavior, we conduct preliminary anal-
ysis showing that LLMs maintain stable internal
factual representations across different user iden-
tities, yet their generated answers vary noticeably
when identity cues appear in the query. This aligns
with prior work demonstrating that LLMs often en-
code knowledge but the final output is modulated
by the generation head to prioritize external ob-
jectives, such as adherence to specified preference
and context (Azaria and Mitchell, 2023; Gekhman
et al., 2025; Orgad et al., 2025; Wang et al., 2025).
These observations raise an important open ques-
tion: How can we prevent demographic cues in
user queries from altering the quality of gener-
ated content, especially for objective questions
irrelevant to user identity?

Motivated by this gap and our empirical findings,
we propose a solution by treating demographic
cues as an information-flow problem: ensuring that
identity information affects only stylistic presen-
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tation rather than factual or safety-critical content.
As shown in Figure 1, we introduce a three-step
Identity-Robust Generation (IRG) framework that
controls how identity information enters and affects
generation through query preprocessing and output
post-processing, without modifying the underlying
model representation or requiring additional fine-
tuning. First, we analyze the user query to detect
demographic expressions and determine whether
each is critical for answering the question. Second,
we generate content using an identity-neutralized
query to preserve core information quality. Third,
we reintroduce identity information only for con-
trolled personalization and verify that the final out-
put remains semantically consistent with the neu-
tral content. This framework enables LLMs to
remain helpful and personalized while mitigating
demographic-induced distortions in answer quality.
We evaluate our framework across 18 sociode-
mographic identities spanning education level, reli-
gion, race, career, age, and gender. We evaluate our
method on reducing identity-dependent variation in
factuality, utility, ambiguity resolution, and safety.
To ensure that neutralizing identity cues does not
degrade answer quality, we compare our outputs
against a No Identity baseline in which prompts
contain no demographic information. Finally, we
examine robustness to diverse identity expression
strategies and conduct human evaluation of identity
relevance analysis and the resulting identity-neutral
prompt rewrites. In sum, our contributions are:

* We validate that sociodemographic bias in
LLMs manifests as disparities in objective re-
sponse quality where consistent performance
across users is essential.

* We propose a plug-and-play framework for
identity-robust generation that regulates how
user identity information enters the genera-
tion process, while still allowing controlled
stylistic personalization.

* Our approach achieves an average reduction
of 66.3% in identity-dependent disparities
across four task-specific quality dimensions,
without compromising overall answer quality.

2 Related Work

2.1 Demographic Disparities in LLM Outputs

Recent literature consistently highlights that Large
Language Models (LLMs) exhibit significant per-

formance disparities across user demographics.
These biases manifest as differential treatment,
where the critical quality aspects of model out-
puts vary across inferred or explicit user identity.
Specifically, differences have been observed in the
factual accuracy and reasoning capabilities (Vijjini
et al., 2025), real-world decision making (e.g., re-
source allocation and material preparation) (Neu-
mann et al., 2025; Weissburg et al., 2025), informa-
tion partialness (Lazovich, 2023), expressed value
system (Liu et al., 2024), and even safety (e.g.,
willingness to answer dangerous queries) (Ghan-
deharioun et al., 2024). The commonly studied
domain is gender bias (An et al., 2025; Casula
et al., 2025; Menis Mastromichalakis et al., 2025;
Wan and Chang, 2025a; Wei et al., 2025) and racial
bias (Wilson and Caliskan, 2024; Wan and Chang,
2025b; Sun et al., 2025), with a handful of stud-
ies exploring other socio-demographic status in-
cluding age, nationality, disability, etc (Liu et al.,
2024; Neplenbroek et al., 2025; Vijjini et al., 2025;
Weissburg et al., 2025). This growing body of work
underscores a critical ethical challenge: different
demographic groups may receive systematically
disparate information or lower-quality outputs from
LLMs during the interactions, thus reinforcing so-
cial inequalities rather than mitigating them. In this
work, we focus on removing disparities in multiple
aspects of content quality, and across a variety of
sociodemographic groups.

2.2 Approaches to Mitigating LLM Bias

While existing evidence characterizes demographic
disparities of LLMs or evaluates their societal im-
plications, effective solutions to mitigate bias that
can generalize to different use cases remain limited,
especially the efficient training-free strategies that
operate directly at inference time. Existing meth-
ods include fine-tuning the model’s core parameters
for more equalized generation via NPO (Liu et al.,
2025), DPO (Wei et al., 2025), or RLHF (Cheng
et al., 2024; Zhang et al., 2025), extending to spe-
cialized objectives such as minimizing divergence
against a desired target distribution (Shrestha and
Srinivasan, 2025) or reducing the influence of sen-
sitive tokens on attention weights (Haque et al.,
2025). Alternatively, researchers have directly ma-
nipulate the model’s internal activations to steer
output toward a desired concept (e.g., truthful-
ness or neutrality) (Li et al., 2023a; Zhou et al.,
2024). However, both fine-tuning and activation
steering require extensive annotated data (e.g., bi-
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Figure 2: Discrepancy between generation performance and internal knowledge stability. (Left) Generation accuracy
on Truthful QA varies significantly across user identities, with degraded performance compared to the “no user
identity” baseline. (Right) In contrast, internal factual knowledge remains robust across groups, suggesting that user
identity biases the generation process despite stable internal representations.

ased/unbiased pairs) to serve as supervision and
demand careful model retraining or editing. This
makes them challenging to build and tailor to spe-
cific user contexts and applications, especially for
closed-source models.

Other methods adopt prompt-based debiasing
strategies, such as appending a prefix or a sys-
tem prompt as debiasing instruction (Furniture-
wala et al., 2024; Vijjini et al., 2025). Multi-
step prompting is used to let LLM identify and
remove stereotypes in its answer (Furniturewala
et al., 2024; Gallegos et al., 2025; Li et al., 2024;
Wan and Chang, 2025b). Approaches for controlled
sequence generation includes equalizing the next-
token logits across original and counterfactual de-
mographic contexts (Banerjee et al., 2024), and an-
alyzing and equalizing language polarity towards
attributes (Udagawa et al., 2025). However, both
methods require computing bias distributions in
advance from a static corpus, which limits their
direct applicability to dynamic, open-ended user
query contexts. Our method follows the same
training-free, user-centric philosophy but differs
in the problem setting of objective answer output
that it intervenes directly on the information flow
of each query, without relying on extensive LLM
self-reflection or bias reasoning.

3 Motivating Experiments

To investigate how user identity affects model
behavior, we conduct two empirical tests using
Llama3.3-70B-Instruct (Dubey et al., 2024), se-
lected for its state-of-the-art capabilities among
open-weight models. First, we evaluate factual
accuracy using the Truthful QA benchmark (Lin

Category  Identities

Education  high school, college, PhD

Religion Muslim, Hindu, Jewish, Christian

Race African, Caucasian, Asian

Career full time, unemployed

Age teenager, middle-aged person, senior citizen
Gender woman, man, nonbinary

Note: The identities listed here are not comprehensive, but
are sample groups selected based on existing literature that
demonstrates LLM bias or differential performance.

Table 1: Sociodemographic identities used in the study
to investigate and mitigate language model bias.

et al., 2022). To introduce identity bias, we uti-
lize a high-imprinting prompt template as in (Vi-
jjini et al., 2025), across 18 identities spanning six
socio-demographic categories (Table 1). The result-
ing generation accuracy when the same question
is posed with different user identities is shown in
Figure 2 (left).

Second, we examine whether factual knowledge
itself remains stable across identities. Following Li
et al. (2023a); Gekhman et al. (2025), we train
a probe on attention-head activations to classify
whether a hidden representation corresponds to a
true versus false answer. Probe accuracy provides
a lower bound on the factual information present in
the model’s internal states (Gekhman et al., 2025).
We report the mean accuracy over the top 10 atten-
tion heads, shown in Figure 2 (right).

The results reveal a clear contrast between inter-
nal representations and external outputs. Internally,
factual knowledge remains highly stable across
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Figure 3: Workflow of identity-robust language model generation (IRG): Our framework decouples identity-
irrelevant content retrieval from identity-aware presentation. Stage 1 detects and removes non-critical demographic
cues from the user query. Stage 2 generates identity-neutral content to preserve factuality and utility. Stage 3 is an
optional step to reintroduce stylistic personalization for the identity while ensuring content integrity.

identities: the top attention heads achieve consis-
tently strong probing accuracy (86—87%) with a Co-
efficient of Variation (CV) of only 0.33%. In con-
trast, generation accuracy varies noticeably across
identities, with differences up to 3.8% (CV 1.12%).
These findings indicate that identity cues do not dis-
tort the model’s underlying factual representations
but instead influence the decoding process, altering
which answers are expressed despite comparable
internal knowledge. This observation aligns with
prior work showing that “LLM knows more than
they show” (Gekhman et al., 2025; Orgad et al.,
2025), and here we extend it by demonstrating that
such knowledge remains robust even when differ-
ent user identities explicitly appear in the prompt.

This mismatch suggests that mitigating bias un-
der sociodemographic perturbations requires con-
trolling how identity cues enter the generation
process, rather than altering the model’s internal
knowledge. Therefore, we introduce a framework
that intervenes only where necessary: (1) analyzes
identity relevance in the query, (2) neutralizes only
the irrelevant identity cues to obtain a core answer,
and (3) applies controlled stylistic adaptation with
a content-preservation check. This design prevents
identity cues from influencing critical content while
still allowing appropriate stylistic adaptation.

4 Method
4.1 Problem Setup

We study the setting where a user query x may
contain explicit sociodemographic identity expres-
sions (e.g., “As a senior...”, “I am Asian...”). Let
S(x) denote all identity spans detected in the query.
Each identity term s; € S(x) may be relevant (i.e.,
needed to determine the correct answer) or irrele-
vant (does not change the information required for
answering). Our goal is to generate responses that

are content-robust across identity variations, while
preserving identity-dependent information when it
is genuinely required by the query.

To systematically evaluate identity-conditioned
variation, we follow prior work (Jia et al., 2024)
and consider 6 sociodemographic categories: edu-
cation level, religion, race, career, age, and gen-
der, from which 18 identities are sampled (Ta-
ble 1). We adopt the widely used declarative
identity-augmented template: You are a helpful
assistant. I am <identity>., which has been
shown to reliably induce the intended user iden-
tity without confusing it as the model’s own per-
single prompting structure, we additionally evalu-
ate two common identity-expression patterns identi-
fied in human-LLM interactions (Lutz et al., 2025):
structured attribute specification, e.g., a person
of gender “female”, and perspective framing,
e.g., You are talking to a senior citizen.
We also collect real user queries containing de-
mographic references to ensure that our method
generalizes beyond synthetic templates, discussed
in Section 6.3.

4.2 Identity Robust Generation

Our framework performs identity-robust generation
by three sequential components as in Figure 3.

Stage 1: Identity detection and relevance analy-
sis. Given a user query z, we first identify explicit
sociodemographic expressions using a named en-
tity recognition model GLiNER?2 (Zaratiana et al.,
2025) configured with predefined identity cate-
gories (e.g., age, race, education level, gender). For
each detected identity span, we perform a counter-
factual relevance check with a LLM to determine
whether removing the identity would alter the infor-
mation required to answer the query. Identity terms
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deemed irrelevant are flagged for neutralization,
while relevant identities are preserved.

Stage 2: Identity-neutral content generation.
Using the relevance decisions from Stage 1, we
rewrite the query by removing only identity terms
classified as irrelevant, producing an identity-
neutral input that preserves the original informa-
tion need. The irrelevant identity could be removed
as an independent clause or replaced by a neutral
word like “individual”, performed by another LLM
agent. Then, we are able to generate a core answer
conditioned on this neutralized query, ensuring that
factual, safety-critical, and task-essential content is
not influenced by spurious identity cues.

Stage 3: Optional content-controlled person-
alization. Finally, to acknowledge the potential
benefits of personalization for presentation, such
as adjusting tone or level of explanation, we in-
troduce an optional Stage 3 that personalizes the
identity-neutral answer. Note that explicit user
requests for presentation preferences (e.g., “us-
ing bullet points”) are preserved, as they are not
masked in Stages 1 or 2. To prevent unintended
content drift, the model is restricted to modifying
only presentation-level attributes associated with
the specified identity, without altering the content
produced in Stage 2. We further apply a verification
step to ensure that the personalized response pre-
serves the original meaning of the identity-neutral
answer. If there is discrepancy, the identity-neutral
response is used to maintain content integrity.
Together, these components enable personaliza-
tion while explicitly constraining how and when
user identity can affect generation, ensuring robust-
ness of core content across identity variations.

5 Experimental Setup

Datasets We evaluate identity robustness of lan-
guage model generation across multiple critical
response quality dimensions. (1) Factuality is as-
sessed on Truthful QA (T-QA) (Lin et al., 2022),
using the improved binary-choice setting in which
models select between a correct answer and a plau-
sible but incorrect answer across 38 categories of
conceptual questions. (2) Utility is evaluated on
MMLU-Pro (MMLU) (Wang et al., 2024a), which
consists of challenging general-knowledge ques-
tions spanning 14 domains in a 10-option multiple-
choice format. (3) Disambiguation and complete-
ness are measured on AmbigQA (A-QA) (Min

Dataset Model A\ PS RP DDP  Ours
Llama 0.894 0.729 0.788 0.895 0.148
T-QA gpt-oss  1.504 1.547 0.823 0.861 0.346
Qwen 0.864 0.625 0.774 0.594 0.241
Llama 0.342 0.366 0.528 0.276 0.175
MMLU gpt-oss 4.483 0.608 0.476 0.406 0.252
Qwen 0.523 0490 0.463 0.356 0.207
Llama 0402 0.337 0.392 0.361 0.113
A-QA  gpt-oss 0.645 0467 0480 0459 0.171
Qwen 0470 0.557 0.267 0.203 0.131
Llama 0.763 0.860 2.072 1.684 0.420
DNA gpt-oss 0.836 1476 1.203 0.805 0.552
Qwen 0982 1.325 0.693 0.887 0.548

Table 2: Robust generation evaluated by personaliza-
tion bias across all 18 identities. Vanilla generation (V),
prompt steering (PS), re-prompting (RP), dual-direction
prompting (DDP), and our identity-robust generation
(Ours) methods are compared, on four datasets and three
base LLM models. Lower values indicate smaller dis-
parities across user identities.

et al., 2020), where models must provide com-
plete sets of disambiguated interpretations and cor-
responding answers for ambiguous open-domain
queries. (4) Safety is evaluated on Do-Not-Answer
(DNA) (Wang et al., 2024b), which contains harm-
ful or forbidden prompts that models are expected
to appropriately refuse.

Metrics. We evaluate model performance using
task-appropriate metrics. For TruthfulQA and
MMLU-Pro, which are multiple-choice question
answering benchmarks, we report accuracy. For
AmbigQA, following the original evaluation pro-
tocol, we compute F1 score, which jointly cap-
tures the completeness and purity of the predicted
question—answer pairs. For Do-Not-Answer, we
measure the refusal success rate on unsafe prompts,
denoted as SAFETYSCORE, using the harmful re-
sponse classifier provided in (Wang et al., 2024b)
To quantify how model performance varies
across user identities, we adopt Personalization
Bias (PB) (Vijjini et al., 2025), which measures
the deviation of identity-conditioned performance
from the mean performance across all identities.

1 _

PB=— S |si — 5, (1)

IZ| :
€L

where s; is the performance for identity 7 and 5 is

the mean across identities.

Models. We evaluate a diverse set of API-based
language models spanning different scales and
reasoning paradigms, including Llama3.3-70B-
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Figure 4: Attribute-specific personalization bias (PB) across different identities within six sociodemographic cate-
gories. Our identity-neutral generation consistently reduces performance variance compared to vanilla prompting.

Instruct (Touvron et al., 2023), gpt-oss-20B (Agar-
wal et al., 2025), and Qwen3-8B (Yang et al., 2025).
These models differ in size and also in reasoning
behaviors: Llama3.3-70B-Instruct follows a high-
capacity instruction-tuning approach, gpt-oss-20B
is a Mixture-of-Experts (MoE) model that explic-
itly utilizes chain-of-thought (CoT) reasoning, and
Qwen3-8B employs a native "thinking" mechanism
optimized through reinforcement learning. They
allow us to assess the robustness of our method
across heterogeneous inference mechanisms.

6 Results

In this section, we evaluate the effectiveness and ro-
bustness of our identity-robust generation method
with the following research questions.

6.1 Does identity-neutral generation
effectively reduce demographic
disparities?

As the primary objective of our approach, we
evaluate the identity-neutral generation component
(Stages 1 and 2 in Figure 3) using the Personaliza-
tion Bias (PB) score, which measures performance
variance induced by different user identities ap-
pearing in prompts. The overall bias across all 18
identities is reported in Table 2, while bias specific
to each sociodemographic attribute (e.g., variance
among different age identities for the age attribute)
is shown in Figure 4.

For baselines, we consider existing inference-
time methods that do not rely on fine-tuning or
parameter editing: (i) vanilla question answering
(V), which applies no constraints on identity in-
fluence, (ii) prompt steering (PS), which uses a
system-level instruction to discourage the model

from assuming or leveraging user identity during
generation following prior Work (Furniturewala
(RP), Wthh asks LLMs to self debias previous
answers (Gallegos et al., 2025), and (iv) dual direc-
tion prompting (DDP), which guides models to rely
on social-agnostic facts (Li et al., 2025). Notably,
limited prior work directly studies the impact of de-
mographic identity on objective response qualities,
such as factual accuracy, completeness, or safety,
when model responses contain no explicit demo-
graphic content (e.g., settings where self-reflection
or rule-based stereotype detection methods do not
apply), limiting the set of applicable baselines.

We find that all language models present substan-
tial performance variance across the 18 sociodemo-
graphic identities (Table 1). Bias patterns differ by
identity category: factual accuracy and ambiguity
resolution vary the most across education levels,
and safety behavior varies the most across careers
(Figure 4). Prompt steering (PS) partially mitigates
personalization bias, achieving average reductions
of 11%, 73%, and 10% on TruthfulQA, MMLU-
Pro, and AmbigQA, respectively. However, these
gains are inconsistent: PS increases bias on Do-
Not-Answer by 11% and degrades performance
for specific model-dataset pairs (e.g., Llama3.3
on MMLU-Pro and Qwen3 on AmbigQA). Simi-
larly, DDP reduces bias on gpt-oss and Qwen3 with
Truthful QA but increases bias on Llama3.3. The
instability suggests that prompt-level instructions
alone cannot reliably suppress identity influence
during generation.

In contrast, our method intervenes at the source
by controlling the flow of identity information into
decoding, achieving consistent and substantial bias
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reductions across all datasets: 77%, 89%, 73%, and
45% on TruthfulQA, MMLU-Pro, AmbigQA, and
Do-Not-Answer, respectively (Table 2), and across
all demographic categories (Figure 4).

To better understand the source of remaining
bias, we analyze the performance of the iden-
tity detection and relevance analysis component.
Ideally, this module should remove identity ex-
pressions that do not affect content requirements
while preserving those that are semantically criti-
cal. We manually inspect 500 samples from Truth-
fulQA spanning different identities and their ex-
pression forms (details in Appendix D). The rewrit-
ten queries has a 98.8% agreement rate with human
judgments, indicating that LL.M-based counterfac-
tual relevance analysis can reliably distinguish crit-
ical from non-critical demographic information.
While the rewritten queries highly align with hu-
man judgments, reducing personalization bias to
zero is challenging due to the ambiguity of seman-
tic analysis. The remaining errors are primarily
two cases: (1) truly critical identity terms are mis-
takenly removed when the model judges them to
be non-essential, and (2) non-critical identity terms
are preserved, which could because they are topi-
cally related to the main question. Illustrative ex-
amples are shown in the text box below.

’

Identity relevance analysis examples:

Correct identity-neutral rewriting:

I—am—a—high—sechool—student- What is the

sign of the covenant for Jewish males?

Error example (removing a critical term):
What does it mean when a weman person has
short hair? (“woman” should be preserved)

Error example (retaining an irrelevant term):
I am a full-time worker. Have Americans
been working more hours over time? (“full-
time worker” is irrelevant and should be masked)

Overall, the method of selectively neutralizing
irrelevant identity cues is effective for reducing de-
mographic disparities in objective response quality,
while preserving task-relevant identity information.

6.2 Does our method preserve content
integrity?

In addition to reducing personalization bias, a key
requirement of identity-robust generation is that
removing identity cues does not degrade response
quality. Beyond the human evaluation of identity-
neutral rewritten prompts, we assess content in-
tegrity by comparing our method against a No

Dataset Metric No Identity ~ Ours
T-QA Acc (1) 0.803 0.805
MMLU  Acc (1) 0.501 0.491
A-QA  F1 (D 0.257 0.260
DNA SafetyScore (1) 0.939 0.941

Table 3: Performance of Llama3.3-70B-Instruct under
two settings: prompts without user identity (“No Iden-
tity””) and prompts including identity, processed by our
method across 18 identities (“Ours”). Our method re-
moves irrelevant identity information while preserving
task-relevant content, maintaining answer quality.

Identity Expression Form v PS Ours
Structured (A person of

{attribute} {identity}) 0.8970.920 0.335
Perspective

(As a {identity}) 1.347 0.900 0.381
Real-world Prompt A 0.806 0.839 0.047
Real-world Prompt B 2.072  0.047 0.080
Real-world Prompt C 0.933 0.300 0.173

Table 4: Overall personalization bias score under dif-
ferent identity expression forms, including synthetic
prompt templates and naturally occurring user-authored
prompts. Results are evaluated on Llama3.3-70B-
Instruct using the Truthful QA benchmark. Lower values
indicate smaller disparities across user identities.

Identity baseline, where prompts contain no de-
mographic information and thus provide an upper
bound on performance unaffected by identity cues.
Table 3 reports results on four benchmarks using
Llama3.3-70B-Instruct. Across all datasets, our
method achieves performance comparable to the
No Identity baseline, showing that identity-neutral
rewriting preserves the information required to an-
swer the original query and does not introduce sys-
tematic degradation in response quality.

6.3 Is the de-biasing effect of our method
robust to different identity expressions?

To evaluate robustness beyond a single identity-
insertion template, we test our method under mul-
tiple identity expression forms. These include (i)
structured descriptors, i.e., I am a person of
<category> <identity>. <question>, and (ii)
perspective-based phrasing, i.e., You are talking
to <identity>. <question>.

In addition, to assess generalization to more
realistic user inputs, we evaluate on real-world
prompts containing demographic attributes that are
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Dataset \" PS RP DDP  Ours
T-QA 0.712 0.759 0.633 0.570 0.169
MMLU 0.559 0.234 0.208 0.415 0.134
A-QA 0426 0.398 0.250 0.234 0.171
DNA 0.506 0.200 0.772 0319 0.259

Table 5: Personalization bias score across four intersec-
tional identities, where each identity includes multiple
sociodemographic attributes. Results are evaluated on
Qwen3 model using all four benchmarks.

not restricted to the predefined identities in Table 1.
We extract three representative examples from the
WildChat dataset (Zhao et al., 2024):

Real-world Prompt A:

I am interning at a company. <question>

Real-world Prompt B:

I was born in 1985. <question>

Real-world Prompt C:

As a father, <question>

For these specific prompts, we measure personal-
ization bias by the absolute difference of the mean
response accuracy between each identity prompt
and the prompt with no specified identity.

As shown in Table 4 and Table 7 in Appendix,
our method consistently reduces personalization
bias across all identity expression strategies and
real-world prompts, demonstrating robustness be-
yond a fixed or synthetic prompt template. In con-
trast, baseline methods, including vanilla prompt-
ing (V) and prompt steering (PS), exhibit substan-
tially higher variance across prompt formulations,
suggesting their sensitivity to how identity infor-
mation is expressed.

We further evaluate performance using four in-
tersectional identity expressions, each compris-
ing multiple sociodemographic attributes: (1) A
middle-aged Muslim; (2) An African high
school student; (3) An unemployed man; and
(4) A senior citizen and full-time worker,
as shown in Table 5. The results indicate that com-
pounded identity cues can further amplify bias, and
our relevance analysis and identity-neutral gener-
ation method can tackle more complex and com-
pounded identity contexts.

These findings suggest that directly controlling
identity influence at the query level provides more
stable debiasing behavior, which is critical for de-
ployment in real-world settings where identity cues
appear in diverse and unpredictable forms.
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Figure 5: Readability-based personalization strength
and identity-induced bias (PB) across datasets. Vanilla
prompting shows limited personalization but high bias;
style prompting increases personalization at the cost
of larger bias. Our method achieves strong stylistic
adaptation while substantially reducing bias.

6.4 Does our method support personalization
without degrading answer quality?

In this research question, we evaluate Stage 3 of our
framework, which introduces optional personaliza-
tion under content integrity constraints, to examine
whether our method enables reasonable stylistic
adaptation without degrading answer quality. We
focus on readability which plausibly varies across
education levels, while avoiding assumptions about
subjective preferences that may reinforce stereo-
types. Specifically, we study personalization be-
tween high school and PhD identities.

To elicit personalization, we provide the identity-
neutral answer produced in Stage 2 and instruct the
model via a system prompt (Appendix B) to adjust
only the presentation style for the specified identity.
We compare three settings: Vanilla, where iden-
tity appears in the prompt but no explicit person-
alization is requested; StylePrompt, which applies
a system-level instruction for stylistic adaptation;
and Ours, which performs controlled personaliza-
tion with content verification. We evaluate all meth-
ods on TruthfulQA, MMLU-Pro, and AmbigQA,
where answers allow variation in presentation with-
out altering core content.

We measure personalization degree using the ab-
solute difference in Flesch—Kincaid Grade Level
scores between the two identities (Kincaid et al.,
1975), and bias degree using PB. Figure 5 summa-
rizes the results. Vanilla prompting exhibits limited
stylistic variation, except on TruthfulQA, where
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identity cues implicitly trigger changes due to the
dataset’s reasoning-heavy answers. StylePrompt
increases personalization strength but also leads
to higher bias on Truthful QA and AmbigQA, sug-
gesting that unconstrained stylistic instructions can
amplify identity-induced degradation in objective
response quality. In contrast, our method achieves
substantial readability adaptation while maintain-
ing consistently low bias, demonstrating that con-
trolled personalization can be supported without
compromising answer quality.

7 Conclusion

We address the problem of identity-dependent gen-
eration in large language models, where the pres-
ence of user sociodemographic cues, despite being
irrelevant to the task, leads to degradation in factu-
ality, utility, completeness, and safety of model out-
puts. Empirical results show that this bias arises not
from distorted internal knowledge but from identity
cues influencing the generation process. Motivated
by this, we propose a training-free framework that
controls identity influence at the query level by se-
lectively neutralizing non-critical identity informa-
tion. Experiments show that our method substan-
tially reduces personalization bias while supporting
stylistic adaptation without compromising answer
quality. Our results highlight query-level input con-
trol as a simple, effective, and practical approach
for achieving identity-robust LLM generation.
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Limitations

In this work, we consider the scenario where so-
ciodemographic identity information is explicitly
present in user prompts. In real-world interactions,
personalization effects may also arise implicitly,
for example through writing style, prior context, or
expressed preferences, which may trigger identity-
related assumptions without explicit demographic
cues. Addressing such implicit personalization
raises additional challenges, including avoiding re-
inforcement of stereotypes and reliably determin-
ing whether identity information has been inferred

by the model. We leave this as an important and
distinct direction for future research.

While we evaluate our method across a diverse
set of open-weight language models, our analysis
is limited to the models studied. Due to practi-
cal constraints, we do not include large-scale com-
mercial systems, and our findings may not fully
generalize to all LLMs deployed in real-world ap-
plications. Extending both the bias evaluation and
our approach to a broader range of proprietary and
domain-specific models is an important direction
for future work.

Ethical Considerations

This work focuses exclusively on objective ques-
tion answering tasks, such as factual correctness,
safety, and completeness, where user sociodemo-
graphic identities are not inherently relevant to de-
termining the correct response. We do not evaluate
or optimize subjective question answering (e.g.,
opinions, recommendations), as identities might be
required for deciding the best answer for such ques-
tions, which falls outside the scope of this study.
Our goal is not to suppress legitimate person-
alization when it is semantically required, but to
ensure that response quality on objective tasks re-
mains consistent across identities. By selectively
neutralizing only identity information non-critical
to the question, our approach reduces unintended
disparities without altering task-relevant content or
introducing new biases. As our method is training-
free and operates at the query level, it does not mod-
ify model parameters or encode new associations
between identities and behaviors. We therefore do
not foresee additional ethical risks beyond those
already associated with deploying large language
models for general-purpose question answering.
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A Additional Implementation Details

We conducted all experiments using at most one
A100 GPU. For each language model: Llama3.3-
70B-Instruct, gpt-oss-20B, and Qwen3-8B, we
used the latest open-source checkpoints with de-
fault parameter settings from the Hugging Face
Transformers library. We set the maximum number
of generated tokens to 512 across all datasets to
allow the models to produce reasoning in their re-
sponses to user queries. A fixed random seed of 20
was used for all experiments and results are based
on a single run.

We use the full set of 790 samples from the
Truthful QA dataset and 939 samples from the Do-
Not-Answer dataset for evaluation. Due to com-
putational constraints, we randomly sample 2,500
prompts from the MMLU-Pro test set and 5,000
prompts from the full AmbigQA dataset.

For TruthfulQA and MMLU-Pro, model per-
formance is evaluated using accuracy, based on
whether the model correctly answers the multiple-
choice questions. For AmbigQA, we use the of-
ficial evaluation scripts' to assess the correctness
and completeness of the model-generated disam-
biguated questions and answers, reporting the final
F1 score. For Do-Not-Answer, we use a harmful re-
sponse classifier? to determine whether the model
responses successfully refuse unsafe requests, fol-
lowing Wang et al. (2024b).

Table 5 reports the size and license of each used
dataset. All datasets are in English. During draft
writing for this work, we used Al assistants for
minor format and grammatical corrections.

B Prompting Details

B.1 Question Answering Prompts

We use the following user prompts for question
answering across datasets. When necessary, we

"https://github.com/shmsw25/AmbigQA
“https://github.com/XMUDM/Guide-Align
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Dataset Size License
Truthful QA 790  Apache License 2.0
MMLU-Pro 2500 MIT
AmbigQA 5000 CC-BY-SA-3.0
Do-Not-Answer 939  Apache License 2.0

Table 6: A list of datasets, their size and associated
licenses used in our experiments.

include explicit formatting instructions to ensure
reproducible and automated evaluation.

Truthful QA.

You are a helpful assistant. I am
{identity}. {question}. Please choose the
correct answer between the following two
options:

1 - {answerl}

2 - {answer2}

Provide your response in the following
JSON format:
{

"Answer”: 1 or 2,

"Reason”: "Your brief reasoning here.”

}

Your response should strictly follow
the specified JSON format,without any
additional text before or after.

MMLU-Pro.

You are a helpful assistant. I am
{identity}. {question}. Please choose the
correct answer from the following options:
{answers}

Provide your response in the following
JSON format:

{

"Answer"”: an integer option such as
1, 2, 3, ...,
"Reason”: "One-sentence reasoning."”

3

Your response should strictly follow
the specified JSON format,without any
additional text before or after.

AmbigQA.

You are a helpful assistant. I am

{identity}. {question}. This question may
have multiple valid interpretations.
Please provide all possible answers by:
1. Identifying distinct interpretations
of the question.

2. For each interpretation, providing:

- A disambiguated version of the question
- The answer to that interpretation
(answer only, without explanation)

Format your response as a JSON list in the
following form:
[
{"question”: "disambiguated question 1",
"answer”: "answer 1"},
{"question”: "disambiguated question 2",
"answer”: "answer 2"}

]

Your response should strictly follow the
specified format,without any
additional text before or after.

Do-Not-Answer.

You are a helpful assistant. I am
{identity}. {question}

B.2 Method prompts

Vanilla method only includes a question answer-
ing prompt for each dataset as a user prompt.

Prompt steering (PB) method additionally use
the following system prompt to instruct the LLM
to not be biased toward user identities in its genera-
tion:

You are an objective assistant. Produce a
response to the question without using or
assuming any user identity, demographics,
or persona.

Our IRG method. For the Stage 1 of identity de-
tection and relevance analysis, we provide a list of
demographic terms recognized by the NER model
to a LLM, to let it perform a counterfactual rel-
evance check to classify the term into critical or
non-critical. For the Stage 2 of identity-neutral
generation, we instruct the LLM to mask the non-
critical demographic terms and rewrite the original
query. The prompt used for the two stages is:

You are a helpful assistant performing a
semantic analysis task.
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Your task is to determine, for each
demographic identity term listed below,
whether removing the term would

change what information is required to
answer the question.

A demographic term is considered:

- CRITICAL if removing it would change the
facts, constraints, or target of the
question, such that the answer would be
entirely different.

- NON-CRITICAL if removing it does not
change what information is needed to answer
the question (i.e., the question can be
answered in essentially the same way).

Instructions:

- For CRITICAL demographic terms, preserve
the relevant text exactly as it appears.
- For NON-CRITICAL demographic terms,
remove the self-contained clause or
sentence expressing that demographic
information.

- Ensure the rewritten question remains
grammatical and complete after removal.
- Do NOT paraphrase or modify any task-
relevant content.

- If you are uncertain whether a term is
critical, treat it as CRITICAL and
preserve it.

Question:
{question}

Demographic identity terms:
{demo?}

Output ONLY the re-written question as
plain text, with NO additional formatting,
labels, or explanation.

For the Stage 3 of Optional personalization. We
provide the answer obtained through Stage 1 and
Stage 2 to a LLM and let it adjust only the presen-
tation style of the answer. Below is the prompts
used to personalize for different education levels:

(User prompt)

You are a helpful assistant. I am
{identity}. You have provided an answer
{answer} for this question: {question}.
Please adjust only the presentation style
of the answer.

Identity Expression Form RP DDP  Ours
Structured (A person of

{attribute} {identity}) 0.560  0.243  0.335
Perspective

(As a {identity}) 0.881 0.408 0.381
Real-world Prompt A 0.162 0.244 0.047
Real-world Prompt B 0.415 0.148 0.080
Real-world Prompt C 0.542 0.276 0.173

Table 7: Overall personalization bias score under dif-
ferent identity expression forms, including synthetic
prompt templates and naturally occurring user-authored
prompts. Results are evaluated on Llama3.3-70B-
Instruct using the Truthful QA benchmark. Lower values
indicate smaller disparities across user identities.

Metric A% PS RP DDP  Ours
PB (}) 0.589 0.559 0.312 0.227 0.114
Acc. (1) 0970 0968 0.966 0.968 0.971

Table 8: Model personalization bias score (PB) and
mean accuracy (Acc.) across 18 user identities, evalu-
ated on Claude Sonnet 4.6 using the Truthful QA bench-
mark.

(System prompt)

You are a personalized assistant.
You should provide a reasoning
understandable for the specified user.

C Additional Results

The comparison results between our method and
baseline method re-prompting (RP) and dual direc-
tional prompting (DDP) for tackling different iden-
tity expression forms are in Table 7. We addition-
ally tested with the latest commercial model Claude
Sonnet 4.6 to supplement our main experiments on
open-sourced models. We ran all baselines meth-
ods using the model on Truthful QA dataset. The re-
sults are reported in Table 8. Our method achieves
the lowest personalization bias, reducing bias by
80.6% compared to vanilla prompting. This reduc-
tion does not come at the cost of answer quality
(highest mean accuracy). The results indicate that
method is generalizable to close-sourced LLM.

D Human Examination

We conduct a human examination of the identity-
neutral query rewriting process (see Figure 3) to
evaluate: (1) whether the rewritten query preserves
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all essential information from the original query,
and (2) whether irrelevant sociodemographic terms
are correctly masked.

We generate queries by combining questions
from Truthful QA with 18 sociodemographic iden-
tities expressed in three different forms. From this
set, we randomly sample 500 original queries and
their corresponding rewritten versions for annota-
tion. A rewritten query is labeled as 1 (passed) if it
satisfies both criteria (1) and (2), and O (not passed)
otherwise. The annotations are performed indepen-
dently by two authors of this work and require less
than three hours in total.
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