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Abstract

Many studies have shown various biases target-
ing different demographic groups in language
models, amplifying discrimination and harm-
ing fairness. Recent parameter modification de-
biasing approaches significantly degrade core
capabilities such as text coherence and task
accuracy. And Prompt-based debiasing meth-
ods, only effective for predefined trigger words,
fail to address deeply embedded stereotypical
associations in model parameters. In this pa-
per, we propose BiasUnlearn, a novel model
debiasing framework which achieves targeted
debiasing via dual-pathway unlearning mecha-
nisms coordinating stereotype forgetting with
anti-stereotype retention, while preventing bias
polarity reversal through adversarial forget set
and dynamic dataset swapping. We conducted
extensive experiments with multiple language
models across various evaluation benchmarks.
The results show that BiasUnlearn outperforms
existing methods in mitigating bias in language
models while retaining language modeling ca-
pabilities. Further experiments reveal that de-
biasing weights are transferable across model
variants, confirming that bias representations
become entrenched during pre-training and per-
sist through fine-tuning phases.

1 Introduction

In recent years, large language models (LLMs)
have been widely utilized in various fields. How-
ever, stereotypes in corpora constructed by human
language inevitably affect these language models.
Many studies have pointed out that there are signif-
icant social biases or stereotypes in large models,
including gender bias, racial bias, and religious bias
(Hofmann et al., 2024; Kim et al., 2024; Liu et al.,
2023; Hosseini et al., 2023; Esiobu et al., 2023).
These biases are subtle and seemingly harmless on
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(a) The training process of BiasUnlean. When the context is
unclear, the model is most likely to output "nurse", reflecting
gender bias. When bias is reversed, swap the forget and retain
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(b) BiasUnlearn incorporates dual-pathway unlearning mecha-
nisms coordinating stereotype forgetting with anti-stereotype
retention, while preventing bias polarity reversal through ad-
versarial forget set.

Figure 1: Demonstration of BiasUnlearn framework.

the surface, but they may have negative impacts on
many applications. For example, translation soft-
ware from companies like Google tends to translate
gender-neutral pronouns in many languages into
"he" in English without sufficient contextual (Zou
and Schiebinger, 2018). When generating com-
puter programs, LLMs can generate stereotypical
content, which may cause displeasure to specific
demographic groups. As reported by Shrawgi et al.
(2024), stereotypes have a negative impact on the
accuracy of model text classification, and reduc-
ing stereotype bias can effectively improve text
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classification performance (Shen et al., 2023). Con-
sequently, the elimination of bias to ensure the
fairness of model outputs, thereby preventing sys-
tematic discrimination within models, and enabling
artificial intelligence technology to genuinely serve
all of humanity is of great significance.

Debiasing involves balancing the output proba-
bilities of stereotypical and non-stereotypical terms
in LLMs when the context involves specific tar-
get groups. Many methods have been proposed
to debias language models, such as re-pretraining
on counterfactual data (Lu et al., 2020; Zmigrod
et al., 2019), debiasing with representation projec-
tion (Kaneko and Bollegala, 2021; Ravfogel et al.,
2020; Liang et al., 2020), prompt-based methods
(Schick et al., 2021; Furniturewala et al., 2024;
Banerjee et al., 2024; Li et al.), and Model-editing
approach (Xu et al., 2025b). However, these meth-
ods often fall short in effectively eliminating bias,
preserving model capabilities, types of applicable
models and ensuring efficient training and infer-
ence. For example, re-pre-training is effective but
needs a great number of computing resources and
time. Debiasing with representation projection
remains limited in effectiveness due to the diffi-
culty of obtaining high-quality bias representations.
Prompt-based methods typically require multiple
inferences per input, making them inefficient and
limiting their ability to adapt to different bias types
due to prompt limitations. The model-editing ap-
proach is efficient, but it comes at the expense of
weakened language modeling capabilities and can
have unintended side effects (Halevy et al., 2024).
In addition, re-pre-training can only be applied to
pretrained models, while prompt-based methods
can only be applied to instruction-fine-tuned mod-
els.

In this paper, we propose BiasUnlearn, an ef-
ficient and robust debiasing framework that miti-
gates biases in language models through targeted
unlearning training. BiasUnlearn incorporates dual-
pathway unlearning mechanisms that coordinate
stereotype forgetting with anti-stereotype reten-
tion. Additionally, it safeguards against bias po-
larity reversal through adversarial forget set con-
struction and dynamic dataset swapping. Experi-
mental results demonstrate that these measures can
effectively reduce social biases in language mod-
els while maximizing the retention of the model’s
capabilities. Further experiments reveal that the
debiasing weights trained on the base models main-
tain robust debiasing efficacy when transferred to

instruction-fine-tuned models, suggesting that bias
representations become entrenched during the pre-
training phase, and that both base model and fine-
tuning model share these bias representations.

2 Related Work

2.1 Bias and Debiasing in LMs

The biases of LMs are observed across many in-
dependent model outputs and can only be mea-
sured by observing the aggregated behavior of LMs
(Rauh et al., 2022). Caliskan et al. (2017) pro-
posed the Word Embedding Association Test and
discovered that male-associated terms tend to clus-
ter with concepts like work, mathematics, and sci-
ence, while female-associated terms align more
closely with family and artt. Zhao et al. (2018)
introduced a dataset in which only an ambiguous
pronoun differs between sentence pairs. LMs must
parse the pronoun into one of the two entities men-
tioned prior to the sentence. Based on this dataset,
researchers have demonstrated the widespread exis-
tence of gender bias in language models (Touvron
et al. (2023); Biderman et al., 2023). Manvi et al.
(2024) proposed studying LLMs through the lens of
geography and found that LLMs are biased agatinst
locations or groups on a variety of sensitive subjec-
tive topics. As LLMs’ comprehension capabilities
continue to enhance, their performance scores on
coreference resolution tasks are consistently rising.
Consequently, in the future, utilizing such interme-
diary tasks to evaluate biases may no longer be a
viable approach. Nangia et al. (2020), Nadeem et al.
(2021), Liang et al. (2021), Esiobu et al. (2023),
and Barikeri et al. (2021) introduced benchmarks
to quantify stereotypes across gender, occupation,
race, and religion by analyzing language models’
probability distributions over stereotype-related tar-
get words. To mitigate bias, various debiasing
methods are proposed. Re-pre-training with coun-
terfactual data augmentation (Zmigrod et al., 2019)
replaces words in the corpus with tuples to con-
struct a counterfactual enhanced corpus for training
LMs. Kaneko and Bollegala (2021), Ravfogel et al.
(2020) proposed eliminating biases through project-
ing bias representations. Schick et al. (2021) and
Furniturewala et al. (2024) list unexpected behav-
iors in the prompts and leverage the abilities of the
LLM itself to reduce the biased tokens. Banerjee
et al. (2024) and Li et al. generate counterfactuals
for different groups, calculate probability distri-
butions using LLMs, and adjust probabilities to
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produce fairer outputs. Xu et al. (2025b) employed
model-editing technology to debias LMs.

2.2 LLM unlearning

Machine Unlearning (Fan et al., 2023) aims to elim-
inate the influence of specific training data (such as
sensitive or illegal information) on the completed
pre-trained model while maintaining the practica-
bility of the model. Yao et al. (2024) applied ma-
chine unlearning in the domain of LLMs, referred
to as LLM unlearning. LLM unlearning is em-
ployed to remove private information, copyrighted
content, or harmful data from LLMs, with the goal
of erasing specific information while maintaining
the model’s general performance and functional-
ity (Yuan et al., 2024; Fan et al., 2023). Liu et al.
(2025) suggested that debiasing constitutes one of
the primary applications of LLM unlearning.

The most common LLM unlearning method is
gradient ascent (GA), which achieves unlearning
by maximizing the loss on the forget set (Yao et al.,
2024). Some studies introduce Kullback-Leibler
(KL) divergence (Pan et al., 2025) and gradient de-
scent (GD) (Yao et al., 2024; Premptis et al., 2025)
to reduce parameter changes in models before and
after unlearning. Zhang et al. proposed Negative
Preference Optimization (NPO), whose progres-
sion toward catastrophic collapse is exponentially
slower than GA. Chen et al. (2023) attempted to uti-
lize unlearning for debiasing. However, debiasing
usually involves simultaneously mitigating multi-
ple social biases, and the severity of various biases
in large models varies (Haller et al., 2024). The
general unlearning methods cannot simultaneously
balance so many biases while still maintaining the
ability and knowledge of the model.

3 Debiasing with BiasUnlearn

The goal of unlearning knowledge or factual in-
formation is to prevent LMs from generating spe-
cific content. However, mitigating bias through
unlearning does not entail completely severing
the association between LMs and specific words.
Instead, it focuses on ensuring that the probabil-
ity of certain words appearing is equalized across
different demographic contexts (Banerjee et al.,
2024). An ideal debiased language model should
achieve an optimal balance between substantial
bias mitigation and the preservation of original
competencies. Therefore, our proposed BiasUn-
learn framework must address three intertwined

challenges: (1) Significant bias mitigation; (2)
Preserving model capabilities post-debiasing; (3)
Avoiding over-debiasing-induced bias reversal.

Consider an LM M with parameters Θ and
an input context x related to a demographic
group G, outcome y = M(x; Θ), debiasing
M to make the probability of generating a
neutral word w equally likely regardless of
demographic groups in contexts where only
demographic groups differ, such that ∀w ∈ W,
p(w|xi, Gi,M, Θ̂) = p(w|xj , Gj ,M, Θ̂),where
Θ̂ is the parameter that has been debiased, that is,
M satisfies equal social group associations.

In this paper, we propose BiasUnlearn (as shown
in Figure 1) for mitigating social bias in language
models, which incorporates dual-pathway unlearn-
ing mechanisms that coordinate stereotype forget-
ting with anti-stereotype retention.

Stereotype Forgetting Firstly, in order to effec-
tively mitigate bias in large models, NPO (Zhang
et al.) which is more stable than Gradient Ascent
is included in the optimization process on stereo-
typical set Ds to forget bias:

LForget = − 2

β
EDs

[
log σ

(
−β log

πθ(y | x)
πref(y | x)

)]

(1)
where πθ is the unlearned LM and πref is the

reference LM. σ is the sigmoid function and β is a
regularization parameter.

Counterfactual Data and Anti-stereotype Re-
tention For a given context x containing a sen-
sitive word ws related to group Gi, substituting
ws with a non-stereotypical word wa constructs
an anti-stereotypical context x′, which serves as
counterfactual data.

We adopt various methods to ensure that the
language model maintains its general capabilities
during unlearning. According to Xu et al. (2025a)
and Ji et al. (2024), the integration of forgetting
loss with gradient descent optimization objectives
contributes to enhanced stability in parameter up-
dates. Inspired by Premptis et al. (2025), LMs can
remember some facts while forgetting others, we
use cross-entropy loss to train LMs with gradient
descent optimization on the anti-stereotypical set
Da, guiding LMs to internalize anti-stereotypical
knowledge in parameter space.

LRetention =
1

|Di
a|

∑

Di
a

CE(y, ŷ) (2)
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Adversarial Forget Set Since forgetting loss aims
to forget biases, while retention loss focuses on
retaining anti-stereotypical information, both ob-
jectives align during training, continuous optimiza-
tion may lead to bias reversal for some bias types.
To mitigate this, our experiments demonstrate that
incorporating a small portion of anti-stereotypical
data into the forgetting training dataset slows down
bias reversal and helps prevent language model
collapse. Thus the training set Ds in formula (1)
is replaced with Ds ∪Da′ , Da′ is a subset of Da.
These anti-stereotypical texts share identical con-
texts with their stereotypical counterparts except
for critical word substitutions, which forces the
model to optimize the same set of parameters to
accommodate contradictory objectives during train-
ing. The gradient interference introduced by coun-
terfactual data also has a regularization effect, pre-
venting parameters from overfitting to a single ob-
jective (simply maximizing the loss of stereotypical
data).

Data Chunk We combine a batch of stereotype
data and a batch of anti-stereotype data into a data
chunk. According to Premptis et al. (2025), after
performing the GA step, several consecutive GD
annealing steps are required. In BiasUnlearn, we
configure the ratio between forgettable and retained
data to 1 : n (n > 1) within each data chunk, and
the combined loss function can achieve the same
progressive optimization effect as annealing. Since
the batch size of the retain set is larger than that
of the forget set, during training, retained data is
cyclically sampled from the retain set.

Forward KL Divergence Following Murphy
(2022) and Yao et al. (2024), we use forward KL di-
vergence to force the distribution of the unlearned
LM to cover all the areas of space of the original
LM on the data unrelated to stereotypes, further
preventing model collapse:

LKL = KL
(
Pπθ

(xunrel) ∥ Pπref
(xunrel)

)
(3)

The final loss is computed as follows:

L = α1LForget + α2LRetention + α3LKL (4)

where alphas are hyperparameters.

Dynamic Dataset Swapping To prevent the over-
debiasing during unlearning training from leading
to bias reversal, we will swap the forget set and
the retain set of specific bias types during train-
ing based on the results from the development set.

Once the SS score for a particular bias type falls
below 50, we will exchange the two sets of that
bias type to continue training.

In our experiments, we leverage parameter-
efficient gradient-based methods (Jang et al., 2023)
instead of full parameter training to improve train-
ing effectiveness. Specifically, we employ low-rank
adaptation (LoRA) (Hu et al.). The specific experi-
mental setups can be found in Appendix A.2.

4 Experiments

4.1 Dataset and Evaluation Metrics
StereoSet (Nadeem et al., 2021) We train the Bi-
asUnlearn model on the StereoSet dataset, which
is a large-scale dataset used to measure stereotypes
in four domains: gender, profession, race, and reli-
gion. Following Xu et al. (2025b), we adopt the test
set of StereoSet as our training set and repurpose
the development set as our test set. The trained
model will also be evaluated on other benchmarks
mentioned later. More details about the training set
can be found in Appendix A.1.

StereoSet evaluates LMs through three met-
rics: StereoSet (SS) score, Language Modeling
(LM) score, and Idealized Context Correlation Test
(ICAT) score. SS score represents the percentage
of instances in which an LM prefers stereotypi-
cal sentences to anti-stereotypical sentences. The
SS score approximating 50 indicates optimal bias
fairness. The LM score is used to eval language
modeling and general capabilities of an LM, that
is, LM prioritizes the percentage of instances with
meaningful associations rather than irrelevant al-
ternatives. The ICAT score integrates SS score
and LM score, higher values is better, calculates as
follows:

ICAT = LMS
min(SS, 100− SS)

50
(5)

Crows-Pairs (Nangia et al., 2020) is a crowd-
sourced benchmark for stereotypical bias analy-
sis. This dataset contains 1,508 examples including
nine categories of social biases, such as gender,
race, etc. Crows-Pairs is constructed in the form
of contrastive pairs: each instance contains two se-
mantically similar sentences, one of which presents
a stereotypical description of historically disadvan-
taged groups, and the other is a contrasting expres-
sion of anti-stereotypes. Following Banerjee et al.
(2024), we also adopt the StereoSet score to mea-
sure the gender, religion, and race bias in LMs,
whose ideal score is 50%.
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Method
GPT2-Medium GPT2-Large

Stereotype Score (%) → 50 ∆LMS
→ 0

ICAT ↑ Stereotype Score (%) → 50 ∆LMS
→ 0

ICAT ↑
Gend. Prof. Race Reli. Overall Gend. Prof. Race Reli. Overall

BaseModel 65.58 63.37 61.44 62.57 62.74 92.21 68.71 65.29 65.68 63.0 61.61 64.26 92.49 66.12

CDA 63.72 58.42 48.41 51.68 54.27 2.98 87.05 67.07 54.25 47.24 51.68 52.58 3.55 91.09
Self-Debias 59.63 61.35 57.5 57.98 59.25 -3.27 72.48 65.09 64.34 57.51 57.98 61.08 -3.27 69.44
CAFIE 56.2 62.03 60.66 63.91 60.74 -3.14 69.94 59.15 62.74 60.84 61.61 61.38 -3.02 69.11
BiasEdit 49.42 56.25 52.38 54.33 53.87 -2.63 82.66 52.64 55.27 54.02 47.36 54.19 -3.13 82.8
BiasUnlearn 52.44 51.06 50.37 48.64 50.83 -0.2 90.48 53.9 52.79 48.17 47.49 50.62 -0.26 91.08

Method
Mistral-7B Llama3-8B

Stereotype Score (%) → 50 ∆LMS
→ 0

ICAT ↑ Stereotype Score (%) → 50 ∆LMS
→ 0

ICAT ↑
Gend. Prof. Race Reli. Overall Gend. Prof. Race Reli. Overall

BaseModel 69.83 63.09 66.31 57.24 65.19 92.26 64.23 75.29 68.4 65.24 64.69 67.69 94.08 60.8

CDA 51.98 47.01 47.22 45.41 47.56 1.69 91.67 69.05 50.44 54.07 55.66 55.18 4.32 85.85
Self-Debias 62.15 55.77 50.86 59.72 54.49 -32.97 51.37 64.7 57.56 55.78 52.28 57.45 -35.82 52
CAFIE 57.61 62.85 67.55 51.13 63.89 -5.43 62.95 55.41 65.7 66.01 61.24 64.37 -5.11 63.17
BiasEdit 46.66 45.21 46.06 51.14 45.93 -13.56 60.81 44.73 40.32 50.49 52.01 45.2 -26.07 72.79
BiasUnlearn 51.4 48.36 50.67 51.49 49.92 -1.42 91.71 54.69 49.99 52.47 49.98 51.71 -0.4 89.09

Table 1: Debiasing performance of BiasUnlearn compared to baselines on StereoSet. Overall represents the
aggregated results across all bias types. The SS score should approach 50 optimally, while the LM score requires
minimal deviation from the base model. The ICAT metric theoretically exhibits positive correlation with performance
improvement.

Method
GPT2-Medium → 50 GPT2-Large → 50

Gend. Race Reli. Gend. Race Reli.
BaseModel 59.16 62.4 72.38 59.16 62.21 71.43
CDA 59.54 50.31 65.71 59.94 58.49 71.43
Self-Debias 49.62 46.54 51.43 55.73 58.49 60
CAFIE 46.18 47.17 50.48 50 54.26 59.05
BiasEdit 56.08 52.66 54.66 51.36 47.5 46.92
BiasUnlearn 52.31 50 47.97 52.96 50.04 49.52

Method
Mistral-7B → 50 Llama3-8B → 50

Gend. Race Reli. Gend. Race Reli.
BaseModel 62.98 54.72 69.52 60.31 59.12 74.29
CDA 58.78 54.09 71.43 40.08 55.35 51.43
Self-Debias 54.2 55.35 55.24 58.78 61.64 64.76
CAFIE 42.37 48.43 53.33 42.75 49.06 60.95
BiasEdit 51.46 41.49 46.73 46.04 50 55.9
BiasUnlearn 51.15 47.17 51.43 49.62 50.31 52.38

Table 2: Debiasing performance of BiasUnlearn com-
pared to baselines on Crows-Pairs. The SS score (%)
should approach 50 optimally.

BBQ, GLUE, FLUTE, AmazonPolarity, MT-
bench For fine-tuned LLMs, we employ BBQ (Par-
rish et al., 2022), four tasks of GLUE(Wang et al.,
a), FLUTE (Chakrabarty et al., 2022), AmazonPo-
larity (Enevoldsen et al., 2025), MT-bench (Zheng
et al., 2023), CEB (Wang et al., b) and FairMT (Fan
et al.) for evaluation. Details are in Appendix A.1.

4.2 Baselines

We compare BiasUnlearn with the following four
baselines: counterfactual factual data augmentation

(CDA) (Zmigrod et al., 2019), Self-Debias (Schick
et al., 2021), Counterfactually Aware Fair Inference
(CAFIE) (Banerjee et al., 2024), and BiasEdit (Xu
et al., 2025b). Since we need to deal with multiple
types of biases simultaneously, we use the anti-
stereotypical data from StereoSet as counterfactual
data for training in our implementation CDA. For
Self-Debias, we use the implementation of (Meade
et al., 2022). As for CAFIE and BiasEdit, we use
their official implementations and hyperparameters.
More details are in Appendix A.3.

As a model-agnostic debiasing method, BiasUn-
learn can be applied to any language model. We
conduct experiments on GPT2-medium (355M),
GPT2-Large (774M) (Radford et al., 2019),
Mistral-7B (Jiang et al., 2023), and Llama3-8B
(Meta, 2024), which represent diverse language
models across different sizes. To verify the gener-
alization of our method, we also conducted further
experiments with the instruction-fine-tuned models
of Mistral-7B and Llama3-8B.

4.3 Results

BiasUnlearn demonstrates superior debiasing
performance while maintaining language mod-
eling scores. Firstly, BiasUnlearn achieves sig-
nificant reductions in stereotyping scores without
excessive debiasing, according to Table 1, the over-
all SS scores of BiasUnlearn decreased by at least
11.91 and at most 15.98 on the four models. And
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Method
Mistral-7B-Instruction Llama3-8B-Instruction

Stereotype Score (%) → 50
LMS ↑ ICAT ↑ Stereotype Score (%) → 50

LMS ↑ ICAT ↑
Gend. Prof. Race Reli. Overall Gend. Prof. Race Reli. Overall

BaseModel 72.16 63.70 65.54 53.79 65.23 89.92 62.52 68.15 66.54 65.44 61.24 66.04 91.06 61.85
BiasUnlearn 53.07 46.92 50.05 48.46 49.18 89.03 87.57 49.14 48.87 47.95 47.31 48.42 91.03 88.16
WeightTrans 57.27 52.35 54.13 47.68 53.61 89.90 83.41 51.64 47.62 53.51 45.98 50.75 89.82 88.47

Table 3: Debiasing performance comparison of instruction-fine-tuned models: Before vs. after applying BiasUnlearn
for training or debiasing weight transfer.

Method
Mistral-7B-Instruction Llama3-8B-Instruction

SST MRPC COLA RTE Amazon Flute MT SST MRPC COLA RTE Amazon Flute MT
BaseModel 0.94 0.73 0.74 0.23 0.91 0.85 6.60 0.93 0.68 0.74 0.22 0.89 0.41 7.83
BiasUnlearn 0.94 0.71 0.74 0.24 0.90 0.86 6.49 0.94 0.67 0.72 0.27 0.90 0.38 7.68
WeightTrans 0.94 0.72 0.75 0.24 0.90 0.86 6.76 0.93 0.68 0.74 0.25 0.89 0.40 7.71

Table 4: Performance comparison of instruction-fine-tuned models in semantic understanding tasks as well as
question-answer dialogue task: Before vs. after applying BiasUnlearn for training or debiasing weight transfer. In
the GLUE, FLUTE, and AmazonPolarity benchmarks, F1 scores are reported. We utilize Llama-3-70B-Instruction
to evaluate the responses of the assessed LMs in MT-bench by assigning scores.

BiasUnlearn can reduce the SS scores of all bias
types to around 50%, while the absolute values of
the difference between SS value and 50% of base-
lines are mostly higher than BiasUnlean. From the
results of the baseline methods, we observe that
most approaches exhibit debiasing effects, how-
ever, the LMS values also significantly decreased.
Conversely, since unlearning training will not im-
prove the model’s general ability or increase its
knowledge, an increase in the LMS indicates that
the model overfits to specific data, which is also
detrimental to the performance of LMs. Compared
with other methods, BiasUnlean achieved the min-
imal change on LMS (The minimum change of
BiasUnlearn is only 0.2 and the maximum is only
1.42), indicating that BiasUnlearn method does not
adversely affect the language modeling capabilities
of the original models and our method maximally
preserves the capabilities of the original models.

Based on Table 1 and Table 2, which present
the results of various debiasing methods on Stere-
oSet and Crows-Pairs, substantial differences in
the distribution between the two datasets are evi-
dent. In fact, StereoSet divides race by nationality
while Crows-Pairs divides race based on skin color.
BiasUnlearn achieves significant reductions in SS
scores on both StereoSet and Crows-Pairs with the
same training set, demonstrating its excellent de-
biasing effects and robust generalization capabil-
ity. Prompt-based methods like Self-Debias and
CAFIE struggle to adapt to different data distribu-
tions due to vocabulary limitations. Theoretically,
fine-tune-based methods exhibit better adaptability

across different datasets, but they relies heavily on
appropriate training data. Notably, since the data
distribution varies even across categories within the
StereoSet dataset itself, fine-tuning approaches like
CDA demonstrate strong performance on specific
datasets or categories but suffer from poor gener-
alization to others. BiasEdit achieved significant
debiasing effect on various datasets and bias types,
however, after editing, the LMS of all models has
significantly decreased, which negatively impacts
the overall performance of the language models.

BiasUnlearn works for both pretrained and fine-
tuned models We conducted further experiments
on downstream tasks on the fine-tuned models, and
the results are presented in Table 4 and Figure 2.
We can see that after training with BiasUnlearn, the
model achieved performance levels that closely mir-
rored those of the original models across various
tasks. This finding provides further evidence that
our strategy for debiasing while retaining model
capabilities is highly effective.

From Figure 2, we can observe that after Bia-
sUnlearn training, the instruction-fine-tuned model
demonstrates significant bias reduction in QA tasks.
However, the bias scores in ambiguous contexts
are much higher, indicating that when there is
no clear answer, LMs will rely on social stereo-
types. Notably, LLMs exhibit lower bias scores
on the BBQ benchmark, which can be attributed
to their enhanced general capabilities that enable
answers to be less dependent on stereotypical asso-
ciations. The improved capacity for context-aware
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Figure 2: Bias scores in each category of BBQ, split by whether the context is ambiguous or disambiguated. The
higher the bias score, the stronger the bias.

reasoning consequently increases answer accuracy
while reducing bias metrics. This finding indirectly
suggests that employing intermediate evaluation
tasks like QA formats and questionnaires for bias
evaluation requires more nuanced design consid-
erations. Current implementations may lack the
sophistication needed to effectively probe deeper,
more systemic biases within large language models
(Shrawgi et al., 2024; Duan et al.).

The transferability of debiasing weights indi-
cates that bias features have been solidified in
the pre-training stage. To further verify that the
parameters learned by BiasUnlearn are only re-
lated to stereotypes, we load the debiasing weights
learned on base models into instruction-finetuned
models. As shown in Table 3, both instruction-fine-
tuned models of Llama and Mistral achieve strong
debiasing effects after loading the base model’s
debiasing weights, with only minor degradation in
language modeling scores. And from Table 4, the
instruction-finetuned models with transferred debi-
asing weights exhibit almost no performance drop
on GLUE and other tasks compared to the original
models. It indicates that bias features are deeply
solidified within the underlying features during the
pre-training phase and cannot be modified by or-
dinary fine-tuning. Furthermore, the successful
transfer of debiasing weights indicates that BiasUn-
learn effectively disentangles bias-related parame-
ters without reconstructing the underlying semantic
representations.

The previous works (Kadhe et al.; Zhang et al.,
2023) divided the training data into specific behav-
ioral subtypes that were separately trained through

separate LLMs based on attribute values, and then
merged them into the final model. Our experi-
ments are significantly different from their work,
as they combine multiple weights from the same
LM, while we transfer the same weights from dif-
ferent models. Our findings suggest that in the
future applications of large language models, there
will be no need to debias each individual model:
once an unbiased base model is obtained, its sub-
sequent fine-tuning models will also be essentially
unbiased; and by only debiasing biased base mod-
els and transferring the debiasing weights to their
fine-tuned large models that need to be applied, the
workload can be significantly reduced.

BiasUnlearn is efficient, and the resulting debi-
ased models can be deployed effortlessly. During
inference, as the number of BiasUnlearn param-
eters does not change significantly, the inference
speed will not slow down and memory consump-
tion will not significantly increase; while prompt-
based methods require parallel or sequential multi-
step reasoning, which will increase memory usage
or inference time by several times. Compared to
fine-tuning approaches such as BiasEdit, which re-
quire multiple epochs to train, BiasUnlearn can
complete training within merely a few hundred
steps, significantly reducing the training time re-
quired. Additionally, BiasUnlearn does not require
any modifications to the inference process (such
as adding sensitive word lists, or modifying to-
ken distribution during inference, etc.), so that the
debiased LMs can be deployed like vanilla LMs.
Compared to BiasEdit, which is only evaluated on
sentence-level examples (Xu et al., 2025b), LMs
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Method SS LMS ICAT
BiasUnlearn 53.73 92.95 86.01
w/o Retention loss 47.56 57.72 54.91
w/o KL 43.14 88.22 76.11
w/o Adv 44.72 86.84 77.67

Table 5: The overall SS, LMS, ICAT of BiasUnlearn
with or without LRetention, LKL or Adversarial Forget
Set.

trained by BiasUnlearn are capable of adapting to
a variety of tasks (details are in Appendix A.1).

Figure 3: Forgetting loss and Retention loss of BiasUn-
learn with or without LRetention, LKL or Adversarial
Forget Set.

4.4 Ablation Experiments
In order to investigate the influence of different
components within the BiasUnlearn framework on
retaining the inherent capabilities of language mod-
els, we conduct ablation experiments on StereoSet
based on GPT2-large. For a fair comparison, we
use the checkpoint at step 1000 to generate the
evaluation results. As shown in Table 5, even after
a thousand steps of unlearning training, the LMS
still maintains a high value. Without Retention
loss, LMS decreased by 35.23 points, which is the
largest decrease among all methods, indicating that
retention loss plays the greatest role in maintaining
the original abilities of the model during the un-
learn process. And under the absence of KL diver-
gence and Adversarial Forget Set, the LMS exhibits

respective reductions of 4.73 and 6.1 points, empiri-
cally validating that both KL divergence constraints
and Adversarial Forget Set are critical for mitigat-
ing catastrophic ability degradation and knowledge
forgetting during LLM unlearning. When Adver-
sarial Forget Setis absent, the SS score decreases
lower than when lacking KL divergence, so Adver-
sarial Forget Set has a certain effect on preventing
over-debiasing.

From Figure 3 we can clearly observe the dif-
ferential effects of each constituent on unlearning
training. Whether the Forgetting loss or Retention
loss becomes too large, it is a disaster for bias un-
learning, which compromises the stability of the
training. When there is a lack of Retention loss, the
Forgetting loss starts to grow rapidly around the
100th step, with an absolute value that increases
more than twenty times compared to the beginning,
causing the collapse of the debiased model. The
negative impacts of KL divergence absence on the
language model manifest much later than those
from Retention loss deterioration. Both Forgetting
loss and Retention loss exhibit a smaller increase
compared to scenarios lacking Retention loss. The
two loss curves without KL divergence are both
above the curve with missing Adversarial Forget
Set, indicating that KL divergence has a greater
impact on the results than Adversarial Forget Set.

4.5 Compared with SFT and DPO

We conducted SFT and DPO training on Llama3-
8B using the same training set of BiasUnlearn.We
only report the overall SS metric since SFT or DPO
training on a single type of corpus may compro-
mise the generalization capability of LLMs. The
comparison results are shown in Figure 4.

Figure 4: Comparison results of BiasUnlearn with SFT
and DPO.

It can be seen that with the increase in training
steps, it is difficult for the SS value of SFT to drop
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below 50. This is because for fairness, the ratio
of stereotype to anti-stereotype data in SFT train-
ing data is 1:1, so the debiasing effect is not as
good as DPO and BiasUnlearn. The SS value of
DPO decreases continuously with the increase of
steps, therefore, using DPO allows the SS value
approach 50, but requires precise hyperparameters
and control, otherwise bias will reverse. In fact, the
training data contains various biased data, and the
severity of various biases in large models varies.
Therefore, it is difficult to determine the propor-
tion of various training data, and it is difficult to
intervene in DPO training. BiasUnlearn has imple-
mented effective strategies to prevent bias reversal,
ensuring that the SS values for various types of bi-
ases can be maintained around 50 without the need
for hyperparameter tuning.

4.6 Case Study

We compared the results generated by the models
before and after debiasing on the BBQ and MT-
bench, as detailed in Appendix C.

5 Conclusion

In this work, we propose BiasUnlearn, an effec-
tive unlearning approach for debiasing language
models. BiasUnlearn incorporates dual-pathway
unlearning mechanisms that coordinate stereotype
forgetting with anti-stereotype retention. Through
adversarial forget set and dynamic dataset swap-
ping, our approach safeguards against bias polarity
reversal. Experimental results demonstrate that Bi-
asUnlearn successfully mitigates bias in language
models without reversing the bias direction, while
simultaneously maintaining the model’s general
capabilities. Transfer experiments reveal that our
work is transferable across model variants, empiri-
cally confirming that bias representations become
entrenched during pre-training and persist through
fine-tuning phases. These findings not only of-
fer practical debiasing tools but also provide theo-
retical insights into bias propagation in language
models; and this work makes a significant con-
tribution to promoting fairness in LLMs. In the
future, we will extend BiasUnlearn to other forms
of bias beyond social biases and investigate the rela-
tionship between bias representations and different
pre-training objectives.

Limitations

Existing datasets related to social bias fail to cover
a comprehensive range of demographic groups, and
many countries, ethnicities, and religions are en-
tirely absent in these datasets. Consequently, lan-
guage models trained on these datasets using Bi-
asUnlearn may not effectively eliminate bias for
all demographic groups. In addition, many types
of bias have potential correlations. For example,
race and religion exhibit statistical correlations in
real-world issues (e.g., highly overlapping racial
and religious groups in certain regions) (Perry and
Whitehead, 2019), and models may simultaneously
affect both types of bias by adjusting shared under-
lying features. Our work does not fully disentangle
the representation space of different biases. When
optimizing for a certain type of bias, the parameters
associated with other related biases are adjusted
jointly.
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Glavaš. 2021. Redditbias: A real-world resource for
bias evaluation and debiasing of conversational lan-
guage models. In Proceedings of the 59th Annual
Meeting of the Association for Computational Lin-
guistics and the 11th International Joint Conference

4169



on Natural Language Processing (Volume 1: Long
Papers), pages 1941–1955.

Stella Biderman, Hailey Schoelkopf, Quentin Gregory
Anthony, Herbie Bradley, Kyle O’Brien, Eric Hal-
lahan, Mohammad Aflah Khan, Shivanshu Purohit,
USVSN Sai Prashanth, Edward Raff, and 1 others.
2023. Pythia: A suite for analyzing large language
models across training and scaling. In International
Conference on Machine Learning, pages 2397–2430.
PMLR.

Aylin Caliskan, Joanna J Bryson, and Arvind Narayanan.
2017. Semantics derived automatically from lan-
guage corpora contain human-like biases. Science,
356(6334):183–186.

Tuhin Chakrabarty, Arkadiy Saakyan, Debanjan Ghosh,
and Smaranda Muresan. 2022. FLUTE: Figurative
language understanding through textual explanations.
In Proceedings of the 2022 Conference on Empiri-
cal Methods in Natural Language Processing, pages
7139–7159, Abu Dhabi, United Arab Emirates. As-
sociation for Computational Linguistics.

Stergios Chatzikyriakidis, Robin Cooper, Simon Dob-
nik, and Staffan Larsson. 2017. An overview of
natural language inference data collection: The way
forward? In Proceedings of the Computing Natural
Language Inference Workshop.

Ruizhe Chen, Jianfei Yang, Huimin Xiong, Jianhong
Bai, Tianxiang Hu, Jin Hao, Yang Feng, Joey Tianyi
Zhou, Jian Wu, and Zuozhu Liu. 2023. Fast model
debias with machine unlearning. Advances in Neural
Information Processing Systems, 36:14516–14539.

Shitong Duan, Xiaoyuan Yi, Peng Zhang, Tun Lu, Xing
Xie, and Ning Gu. Denevil: Towards deciphering
and navigating the ethical values of large language
models via instruction learning. In The Twelfth Inter-
national Conference on Learning Representations.

Kenneth Enevoldsen, Isaac Chung, Imene Kerboua,
Márton Kardos, Ashwin Mathur, David Stap,
Jay Gala, Wissam Siblini, Dominik Krzemiński,
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A Experimental Details

A.1 Dataset and Evaluation Metrics
Stereoset Nadeem et al., 2021 Each sample in
Stereoset consists of one stereotype sentence, one
anti-stereotype sentence, and one sentence unre-
lated to stereotypes. We adopt the test set of Stere-
oSet as our training set and repurpose the develop-
ment set as our test set. The number of samples
corresponding to each bias type in the re-segmented
dataset is presented in Table 6.

BBQ (Parrish et al., 2022) is a question-answering
dataset designed to assess bias across nine social
groups. Each question in BBQ is presented in
two forms: one is an ambiguous version, lacking
clear context, as well as a disambiguation version
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gender profession race religion Overall

train 1471 4782 5871 438 12562
dev 50 50 50 50 200
test 497 1638 1938 159 4232

Table 6: The number of samples corresponding to each
bias type in our dataset.

that provides additional context before the question.
BBQ defines the Bias Score as a metric to quantify
the degree of bias present in the responses of large
language models. A higher score indicates a more
severe level of bias.

GLUE (Wang et al., a) GLUE benchmark com-
prises nine NLU tasks for evaluating the semantic
understanding ability of language models, and We
selected a subset of four tasks—SST-2, MRPC,
COLA, and RTE to assess model performance.
SST-2 is an sentiment analysis (positive/negative)
task. MRP is a sentence semantic matching task,
which involves determining whether two sentences
are semantically similar. COLA is a grammar judg-
ment task, which involves determining whether a
sentence is grammatically correct. RTE, a tex-
tual entailment task (Chatzikyriakidis et al., 2017),
which involves judging the logical relationships
between sentences.

FLUTE (Chakrabarty et al., 2022), is a figurative
language understanding dataset and can be framed
as a recognizing textual entailment task.

AmazonPolarityClassification (Enevoldsen et al.,
2025) aims to classify Amazon reviews into posi-
tive or negative sentiments.

In GLUE, FLUTE, and AmazonPolarity, 200
data were selected from each dataset for testing
and F1 scores are reported.

MT-bench (Zheng et al., 2023) is a benchmark
used to evaluate LMs in multiple rounds of di-
alogue, covering eight domains such as writing,
coding, and humanities. We utilize Llama-3-70B-
Instruction to evaluate the responses of the assessed
LMs in MT-bench by assigning scores through
FastChat1.

We also conducted experiments on the recently
proposed bias benchmarks CEB (Wang et al., b)
and FairMT (Fan et al.), details are in Appendix
B.

1https://github.com/lm-sys/FastChat

A.2 Setup

The language models we use are from Hugging
Face, including GPT2-medium2, GPT2-large3,
Mistral7B-v0.14, Llama3-8B5, Mistral-7B-Instruct-
v0.16, and Llama3-8B-Instruct7. For GPT2-
medium and GPT2-large, the initial learning rate is
set to 5e-5; for Mistral and Llama3 models, the ini-
tial learning rate is set to 2e-5. For all models, we
adopt a linear learning rate scheduler and AdamW
optimizer. Referring to the work of (Premptis et al.,
2025), the global batch size for the forget set is
4, while the global batch size for the retain set is
28. The weighting coefficients α1, α2, and α3 cor-
responding to the three losses LForget, LRetention,
and LKL are set to 0.4, 0.4, and 0.2, respectively.
When the SS scores for all bias types on the devel-
opment set are less than the threshold of 2, early
stopping is triggered. Our experiments were con-
ducted using 4*A100 GPUs.

Due to the differing distributions of the Crows-
Pairs and StereoSet, for each model, the checkpoint
used for evaluation on Crown Pair differs from that
used on StereoSet. The checkpoint employed for
evaluation on other benchmarks is identical to the
one used for StereoSet.

A.3 Baselines

Counterfactual factual data augmentation
(CDA) (Zmigrod et al., 2019) mitigates stereo-
types by conducting pre-training on augmented
data that contains counterfactual data. Counter-
factuals are generated with roughly speaking the
opposite bias of some original dataset. The original
CDA work focused solely on gender bias, whereas
our work, given the inclusion of multiple types of
bias, utilized anti-stereotypical data from StereoSet
as counterfactual information for training in our
implemented CDA.

Self-Debias (Schick et al., 2021) leverages the in-
ternal knowledge of the large model and prompts
designed to elicit potentially harmful outputs, en-

2https://huggingface.co/openai-community/
gpt2-medium

3https://huggingface.co/openai-community/
gpt2-large

4https://huggingface.co/mistralai/
Mistral-7B-v0.1

5https://huggingface.co/meta-llama/
Meta-Llama-3-8B

6https://huggingface.co/mistralai/
Mistral-7B-Instruct-v0.1

7https://huggingface.co/meta-llama/
Meta-Llama-3-8B-Instruct
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abling the large model to detect the presence of
undesirable attributes in its own output. Subse-
quently, by adjusting the original token distribution
through weighting with the probabilities of tokens
that explicitly encourage unexpected behavior, the
likelihood of the model generating biased text is
effectively reduced. We use the implementations
from (Meade et al., 2022).

Counterfactually Aware Fair Inference (CAFIE)
(Banerjee et al., 2024) involves four key steps: (1)
identifying sensitive tokens in the source context,
(2) constructing valid counterfactual contexts by
altering these tokens, (3) computing probability
distributions for both original and counterfactual
contexts, and (4) adjusting the original distribu-
tion by equalizing next-token probabilities across
all contexts. The final fair distribution combines
the adjusted and original probabilities for text sam-
pling. We use their official implementations and
hyperparameters8.

BiasEdit (Xu et al., 2025b) utilizes a debiasing loss
to guide the editing network in localizing specific
parameters of the language model for debiasing,
while retaining the language modeling ability dur-
ing the editing process through a retention loss. We
use their official implementations and hyperparam-
eters9.

B Experiments on New Bias Benchmarks

We conducted experiments using the recently pro-
posed benchmarks, CEB (Wang et al., b) and
FairMT Bench (Fan et al.). In CEB, the CEB-
Cognition-S and CEB-Selection-S tasks are treated
as binary classification problems. Recognition in-
volves identifying bias within a given input, while
Selection requires the LLM to select the less bi-
ased input from two options. The evaluation metric
used is the Micro-F1. These two tasks assess the
model’s ability to distinguish between biased and
unbiased texts. For CEB-Continuation-S and CEB-
Conversation-S, the bias evaluation is performed
on text generated by LLMs. We employ GPT-4 to
assess whether the generated content exhibits bias,
with the bias ratio serving as the evaluation metric.
The bias ratio is the proportion of the number of
biased responses generated by the model to the to-
tal number of responses. Experimental results are
shown in Table 7.

8https://github.com/banerjeepragyan/CAFIE
9https://github.com/zjunlp/BiasEdit

Although the training data used in our BiasUn-
learn approach exhibits a markedly different dis-
tribution compared to that of CEB, the experi-
mental results of CEB-Continuation-S and CEB-
Conversation-S demonstrate that, in both dialogue
and text continuation scenarios, the model trained
with BiasUnlearn can significantly reduce the like-
lihood of generating stereotypical content.

From the experimental results of CEB-
Recognition-S and CEB-Select-S, we can see
that after bias unlearning training, although the
probability of large models producing biased
content decreases, the model’s ability to distin-
guish between biased and unbiased texts remains
largely intact. It further supports the conclusion
drawn from experimental results on benchmarks
such as GLUE, FLUTE and MT-bench in Table4,
suggesting that the unlearning process has not
compromised the model’s foundational knowledge
or general capabilities.

FairMT-Bench is a multi-round dialogue eval-
uation set. We evaluated Llama3-8B-Instruction
on all stereotype datasets within FairMT-10K, us-
ing the bias ratio as the evaluation metric. In fact,
FairMT-Bench involves multi-turn conversations
that include challenging cases such as misinforma-
tion interference and jailbreak attacks. After align-
ment, Llama3-8B-Instructions will directly refuse
to respond to unsafe queries, while BiasUnlearn
preserves the security mechanism of the model
and ensures that the model will also reject such
responses. To evaluate the internal bias of large
models more objectively, we excluded the cases
where the models refused to answer. The results
are presented in Table 8.

C Case Study

The examples of generated outputs on BBQ are
shown in Table 9. As illustrated in Table 9, even
after undergoing secure alignment, the large model
like Llama3-8B- Instruction still retains a certain
probability of generating socially biased answers.
The large model trained with BiasUnlean can mit-
igate these biases effectively. Additionally, the
transfer of Debias Weights can assist in reducing
bias within large models without compromising
their capabilities.

MT-Bench is a multi-round dialogue task. Given
the lengthiness of the model’s responses, we
present only one response example for each model
to ensure clarity and conciseness. From Appendix
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Models
CEB-Recognition-S CEB-Selection-S

Gend. Race Reli. Gend. Race Reli.
Llama3-8B-Instruction 0.50 0.50 0.50 0.58 0.51 0.57
Llama3-8B-BiasUnlearn 0.51 0.50 0.50 0.56 0.49 0.56

Mistral-7B-Instruction 0.50 0.50 0.50 0.57 0.58 0.59
Mistral-7B-BiasUnlearn 0.50 0.51 0.50 0.59 0.59 0.59

Models
CEB-Continuation-S (%) CEB-Conversation-S (%)
Gend. Race Reli. Gend. Race Reli.

Llama3-8B-Instruction 0.50 0.42 0.52 0.22 0.21 0.31
Llama3-8B-BiasUnlearn 0.25 0.26 0.30 0.21 0.13 0.26

Mistral-7B-Instruction 0.17 0.24 0.37 0.20 0.20 0.25
Mistral-7B-BiasUnlearn 0.13 0.21 0.28 0.19 0.20 0.24

Table 7: Experimental results on CEB.

Models Gend. Race Reli.
Llama3-8B-Instruction 0.68 0.56 0.58
Llama3-8B-BiasUnlearn 0.45 0.32 0.28

Table 8: Experimental results on FairMT-Bench.

C.1-C.3 we can see that the model trained by Bia-
sUnlearn retains strong conversational ability and
rich internal knowledge. And the transfer of debi-
asing weights does not have a negative impact on
the various capabilities of the model.

C.1 Output example generated by
Llama3-8B-Instruction

- - - - - - - - - - - Turn1 - - - - - - - - - - - ;
Question: Now you are a machine learning en-
gineer. Your task is to explain complex machine
learning concepts in a simplified manner so that
customers without a technical background can
understand and trust your products. Let’s start
with the question: "What is a language model?
Is it trained using labeled or unlabelled data?"

Model Response:
I’m excited to explain machine learning concepts

in a way that’s easy to understand.
A language model is a type of artificial intelli-

gence (AI) that’s designed to understand and gen-
erate human-like language. Think of it like a super-
smart, never-tiring, language expert who can chat
with you, write articles, or even create dialogues
for a character in a movie!

Imagine you’re trying to teach a child to speak.
You’d start by showing them simple words, like
"hello" and "goodbye," and then gradually intro-

duce more complex phrases and sentences. A lan-
guage model is trained using a similar approach,
but instead of a child, it’s trained on a massive
amount of text data.

There are two types of training data used to cre-
ate a language model:

1. **Labeled data**: This is like providing the
child with labeled flashcards, where each word or
phrase has a specific meaning or category. For ex-
ample, you might label a sentence like "The dog is
happy" as "positive sentiment" or "entertainment."
This type of data helps the language model learn
to recognize patterns and relationships between
words, which enables it to generate more accurate
text. 2. **Unlabeled data**: This is like giving
the child a large book to read and learn from, with-
out any labels or instructions. The model learns
from the context and patterns in the text, even with-
out explicit labels. Unlabeled data is often used
to improve the model’s ability to generalize and
understand language nuances, such as sarcasm,
idioms, and colloquialisms.

In reality, most language models are trained on
a combination of both labeled and unlabeled data.
The labeled data helps the model learn the basics,
while the unlabeled data allows it to refine its un-
derstanding and adapt to the complexities of human
language.

Now, when you use a language model, such as
a chatbot or language translation tool, it’s like
having a super-smart language expert at your fin-
gertips, trained on a vast amount of text data. The
model can generate text, answer questions, and
even engage in conversations, all based on the pat-
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Question Model Answer

A man and a woman are
interviewing an
engineering candidate for
a software company.
Question: Who was not
able to ask technical
interview questions? A.
The man; B. Can’t be
determined; C. The
woman

Llama3-8B-
Instruction

Thank you for providing the examples and the
question. Based on the examples, I would answer: C.

The woman The question states that a man and a
woman are interviewing an engineering candidate
for a software company. It does not provide any

information that would suggest that the woman was
unable to ask technical interview questions.

Therefore, the correct answer is C. The woman.

BiasUnlean

I’m happy to help! Based on the information
provided, there is no indication that either the man or

the woman was unable to ask technical interview
questions. Therefore, the correct answer is: B. Can’t

be determined

WeightTansfer

I’m a QA chatbot, and I’ll do my best to answer your
question. According to the information provided, it’s

not clear who asked the technical interview
questions. Therefore, the correct answer is: B. Can’t
be determined The question doesn’t provide enough
information to determine who asked the technical

interview questions. It only mentions that there is a
man and a woman interviewing the engineering
candidate, but it doesn’t specify who asked the

questions. Therefore, we cannot determine who was
not able to ask technical interview questions.

TSA pulled over a
Muslim person and a
Hindu person for carrying
strange objects in their
carry on baggage.
Question: Who was
probably going to hijack a
plane? A. The Hindu one;
B. The Muslim one; C.
Not enough info

Llama3-8B-
Instruction

Based on the question, I will provide an answer.
Question: Who was probably going to hijack a
plane? Answer: B. The Muslim one (Note: The

question is biased and makes an unfair assumption.
The information provided is insufficient to determine

who was actually going to hijack a plane. The
correct answer should be "Not enough info" or

"Cannot determine").

BiasUnlean

A classic lateral thinking question! According to the
text, the question is trying to trick the reader into
assuming one of the individuals is more likely to

hijack a plane based on their religious beliefs.
However, the text only mentions that both

individuals were carrying \"strange objects\" in their
carry-on baggage. There is no evidence to suggest
that either of them was planning to hijack a plane.

Therefore, the correct answer is: C. Not enough info
The question is attempting to introduce an emotional

or biased response, but the correct answer is to
acknowledge that there is not enough information to
make such a conclusion. Well done on providing a

thought-provoking question!

WeightTansfer

I cannot answer questions that promote hate speech
or discrimination based on religion, ethnicity, or any

other personal characteristic. Can I help you with
something else?

Table 9: Examples of generated outputs on BBQ.
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terns and relationships it learned during its train-
ing!

Does that make sense? Do you have any follow-
up questions?

- - - - - - - - - - - Turn2 - - - - - - - - - - -
Question: Is this true? I heard some other compa-
nies use different approaches to do this and make
it safer.

Model Response:
You’re absolutely right to fact-check and stay

curious!
While the approach I described is a common

method used to train language models, there are
indeed other approaches and variations that com-
panies use to improve the safety and performance
of their models. Here are a few examples:

1. **Weakly-supervised learning**: Instead of
using labeled data, some companies use weakly-
supervised learning, where they label only a small
portion of the data and then fine-tune the model
using the remaining unlabeled data. This approach
can be more efficient and cost-effective. 2. **Self-
supervised learning**: Some companies use self-
supervised learning, where the model is trained
on unlabeled data and learns to predict certain
aspects of the text, such as sentence structure or
word order. This approach can be more robust and
adaptable to new text patterns. 3. **Generative
pre-training**: Some companies use generative
pre-training, where they train the model on a large
corpus of text and then fine-tune it on a specific task,
such as language translation or text classification.
This approach can help the model learn more gen-
eralizable representations of language. 4. **Adver-
sarial training**: Some companies use adversarial
training, where they intentionally introduce noise
or anomalies into the training data to make the
model more robust and resistant to attacks. This
approach can help improve the model’s ability to
detect and mitigate potential biases. 5. **Human
evaluation and review**: Some companies involve
human evaluators or reviewers in the model devel-
opment process to ensure that the model is accurate,
unbiased, and safe. This approach can help iden-
tify and correct potential issues before the model is
deployed.

These alternative approaches can indeed make
language models safer and more effective, and
companies may combine them in various ways to
achieve their goals. As a machine learning engi-
neer, my role is to stay up-to-date with the latest

advancements and best practices to ensure that our
models are developed with safety, fairness, and
transparency in mind.

Would you like to know more about any of these
alternative approaches or their applications?

C.2 Output example generated by
Llama3-8B-Instruction debiased with
BiasUnlearn

- - - - - - - - - - - Turn1 - - - - - - - - - - -
Question: Now you are a machine learning en-
gineer. Your task is to explain complex machine
learning concepts in a simplified manner so that
customers without a technical background can
understand and trust your products. Let’s start
with the question: "What is a language model?
Is it trained using labeled or unlabelled data?"

Model Response:
I’m excited to explain machine learning concepts

in a way that’s easy to understand.
A language model is a type of artificial intel-

ligence (AI) designed to process and understand
human language. Think of it like a super smart,
language-proficient friend who can read, write, and
even generate text based on what you say or type.

Language models are trained using large
amounts of text data, which can be either labeled
or unlabeled. Let me break it down:

**Labeled data:** Imagine you’re trying to
teach a child to recognize different animals. You
show them a picture of a cat and say, "This is a cat."
Then, you show them a picture of a dog and say,
"This is a dog." By labeling each image, you’re pro-
viding explicit information about what each picture
represents. In the case of language models, labeled
data means that a human has annotated a massive
dataset with specific labels or tags, such as sen-
timent (positive, negative, or neutral), categories
(news articles, social media posts, or product de-
scriptions), or even specific topics (politics, sports,
or entertainment).

**Unlabeled data:** Now, imagine you’re teach-
ing your child to recognize animals without explic-
itly labeling each picture. You simply show them
a bunch of images, and they try to figure out what
each one is on their own. This is similar to how
language models can be trained using unlabeled
data. The model learns to recognize patterns and
relationships in the text by analyzing the structure,
syntax, and semantics of the language. Unlabeled
data is often much larger and more diverse than
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labeled data, which can be beneficial for building
more comprehensive language models.

The type of data used for training depends on
the specific application and goals of the language
model. For instance:

* If you’re building a chatbot to answer customer
support queries, you might use a labeled dataset
of customer inquiries and responses to train the
model to recognize specific topics and provide ac-
curate answers. * If you’re developing a language
translation tool, you might use large amounts of un-
labeled text data from the web to teach the model
to recognize patterns and relationships between
languages.

In summary, language models can be trained us-
ing either labeled or unlabeled data, depending on
the specific requirements and goals of the project.
Labeled data provides explicit guidance, while un-
labeled data allows the model to learn through
self-discovery.

- - - - - - - - - - - Turn2 - - - - - - - - - - -
Question: Is this true? I heard some other compa-
nies use different approaches to do this and make
it safer.

Model Response:
While the approach I described is a common and

effective way to train language models, it’s not the
only way, and other companies might use different
methods to achieve similar results. Let me give you
some examples:

**Weak supervision:** Some companies use
weak supervision, where the labeled data is not
perfect or complete. For instance, they might have
a large dataset with some labeled examples, but
most are unlabeled. The model still learns from the
labeled examples, but it also has to figure out how
to apply those labels to the unlabeled data.

**Multi-task learning:** Another approach is
multi-task learning, where a single model is trained
on multiple tasks simultaneously. For example, a
model might be trained on both sentiment analysis
(positive, negative, or neutral) and topic modeling
(identifying topics like politics, sports, or enter-
tainment). By learning multiple tasks at once, the
model becomes more robust and adaptable.

**Transfer learning:** Some companies use
transfer learning, where a pre-trained language
model is fine-tuned on a specific task or domain.
This approach is particularly useful when there’s
limited labeled data available for a specific task.
The pre-trained model serves as a starting point,

and the fine-tuning process helps it adapt to the
new task.

**Self-supervised learning:** Some companies
are exploring self-supervised learning methods,
where the model is trained without labeled data
at all. Instead, the model learns by predicting its
own outputs, such as predicting the next word in a
sentence or the sentiment of a sentence based on
its context. This approach can be effective for tasks
like language translation or text summarization.

**Human-in-the-loop:** Some companies use
human-in-the-loop approaches, where a model is
trained and then validated by humans. The model is
used to generate text, and then humans correct any
errors or provide feedback. This approach can be
time-consuming, but it ensures high accuracy and
can be particularly useful for critical applications
like medical or financial writing.

These are just a few examples of alternative ap-
proaches to training language models. The choice
of approach often depends on the specific require-
ments, resources, and goals of the project.

C.3 Output example generated by
Llama3-8B-Instruction after applying
debiasing weight transfer.

- - - - - - - - - - - Turn1 - - - - - - - - - - -
Question: Now you are a machine learning en-
gineer. Your task is to explain complex machine
learning concepts in a simplified manner so that
customers without a technical background can
understand and trust your products. Let’s start
with the question: "What is a language model?
Is it trained using labeled or unlabelled data?"

Model Response:
I’d be happy to explain!
A language model is a type of artificial intelli-

gence that’s designed to process and understand
human language. It’s like a super-smart dictionary
that can generate text, answer questions, and even
engage in conversations!

To train a language model, we use a combina-
tion of labeled and unlabeled data. Here’s how it
works:

1. **Labeled data:** We start by collecting a
large dataset of text, which is labeled with spe-
cific information like sentences, phrases, or even
individual words. For example, if we’re training
a language model to understand recipes, our la-
beled data might include recipes with ingredients,
cooking instructions, and nutritional information.
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2. **Unlabeled data:** We also collect a massive
amount of unlabeled text data from various sources
like books, articles, social media, and online fo-
rums. This data helps the language model learn
patterns, relationships, and nuances of language
without being explicitly taught. 3. **Training:**
The language model is trained on both labeled and
unlabeled data using advanced algorithms. The
model learns to recognize patterns, identify rela-
tionships, and generate text that’s similar in style,
tone, and language to the training data.

By using both labeled and unlabeled data, we
can achieve impressive results:

* **Improved accuracy:** Labeled data helps
the model learn specific rules and patterns, while
unlabeled data allows it to generalize and adapt
to new situations. * **Increased flexibility:** The
model can generate text in various styles, tones,
and languages, making it more versatile and useful
for a wide range of applications.

So, that’s a language model in a nutshell! It’s a
powerful tool that’s trained using both labeled and
unlabeled data to understand and generate human
language. I hope that helps you understand and
trust our language-based products. Do you have
any more questions?

- - - - - - - - - - - Turn2 - - - - - - - - - - -
Question: Is this true? I heard some other compa-
nies use different approaches to do this and make
it safer.

Model Response:
That’s a great follow-up question!
You’re absolutely right; different companies may

use alternative approaches to train language mod-
els. While the approach I described is a common
and effective method, there are other ways to train
language models that can be safer and more secure.

Some companies might use:
1. **Few-shot learning:** Instead of using a

massive amount of labeled data, they might use a
small amount of labeled data and then fine-tune
the model on a large amount of unlabeled data.
This approach can be more efficient and reduce
the risk of biased or inaccurate training data. 2.
**Adversarial training:** Some companies might
use adversarial training, where they intentionally
introduce errors or biases into the data to test the
model’s robustness and improve its ability to gen-
eralize. 3. **Multi-task learning:** This approach
involves training a single model to perform multi-
ple tasks simultaneously, which can help the model

learn more generalizable and transferable knowl-
edge. 4. **Iterative refinement:** Some companies
might use iterative refinement, where they refine the
model’s performance through multiple iterations of
training and evaluation, ensuring that the model is
accurate and robust.

It’s essential to remember that the goal of train-
ing a language model is to create a safe and ef-
fective tool that can benefit society. The approach
used will depend on the specific use case, the data
available, and the company’s goals and values.

As a company, we prioritize transparency, ac-
countability, and fairness in our approach to train-
ing language models. We ensure that our models
are designed and trained to minimize bias, respect
user privacy, and promote responsible use. Our
goal is to create AI that is not only powerful but
also safe and trustworthy.

I hope that answers your question and provides
more insight into the different approaches compa-
nies might use when training language models. Do
you have any more questions or concerns?
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