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Abstract
Warning: This paper contains explicit001
statements of offensive stereotypes and may be002
upsetting.003

004
Bias identification and mitigation is an005
important research problem with far-reaching006
societal impact. Though there exist datasets for007
bias mitigation, they offer superficial debiased008
gold-standard. In the scope of the paper we009
present a high-quality dataset (ANUBIS) for010
evaluation of debiasing across bias types in011
conjunction with LLMs and human annotators.012
In addition, we leverage advanced Large013
Language Models (LLMs) for automatic and014
effective bias detection and mitigation.015

1 Introduction016

In an era where Large Language Models (LLMs)017

like GPT-4 (OpenAI et al., 2023) are setting018

new standards in generating fluent text, we must019

also recognize their potential to perpetuate bi-020

ases—subtly influencing perceptions and decisions021

across various applications, from job screening to022

loan approvals. This burgeoning reality urges a023

critical examination of LLMs to ensure that bi-024

ases in training data do not manifest in their out-025

puts, thereby deepening societal divides (Dhole,026

2023). Our exploration into this domain not only027

aims at harnessing the text generation prowess of028

LLMs but also at mitigating the embedded biases029

that can skew fairness and objectivity in automated030

decision-making (Li et al., 2023).031

Now, picture a conversation with a virtual assistant,032

one that’s been trained on biased data:033

User: "I need to hire a math tutor for my daughter."034

AI: "Sure, I’ll find you a list of male tutors; men035

are naturally better at math."036

The bias is stark, offensive, and completely over-037

looked by the AI. It’s a clear-cut example of why038

detecting and mitigating linguistic bias isn’t just039

important—it’s essential. Without this, we risk en- 040

trenching prejudices deeper into the fabric of soci- 041

ety with every interaction we have with technology. 042

This raises two natural questions— ‘How can state- 043

of-the-art (SOTA) bias classification models con- 044

tribute to the development of more equitable and 045

unbiased natural language processing systems?’ & 046

‘In what ways does our debiasing technique improve 047

the fairness and accuracy of language models while 048

preserving the original content’s context?’ 049

To address these questions, we embarked on a rig- 050

orous empirical study. Our findings indicate that 051

state-of-the-art bias classification models play a 052

crucial role in identifying and forming countermea- 053

sures to various biases, thus supporting the devel- 054

opment of more equitable NLP systems, which 055

is thoroughly documented in section 3. Moreover, 056

our debiasing technique has been shown to enhance 057

both the fairness and accuracy of language models 058

by maintaining the authenticity of the original con- 059

tent, further ensuring ethical AI operations. This 060

approach is comprehensively outlined in section 061

4 and is crucial in promoting trust and reliability 062

in AI across vital sectors, including healthcare, fi- 063

nance, and criminal justice. 064

Building upon our empirical study, our research 065

contributes with four key advancements such as: 066

(1) We have created ANUBIS1 : ANother UnBIased 067

dataSet2, a novel dataset critical for fine-tuning 068

models to debias content while maintaining con- 069

text. (2) We’ve improved bias classification via 070

enhanced tuning of mBERT and GPT-3 across nine 071

bias types. (3) Additionally, we’ve trained LLMs 072

1Anubis, in the pantheon of ancient Egyptian mythology,
was revered as the sovereign of the land and the ultimate adju-
dicator of cosmic balance and eternal justice. His veneration
underscores a profound embodiment of both regality and the
profound responsibility of overseeing the afterlife’s equilib-
rium, ensuring the deceased’s passage through the underworld
was justly managed.

2Our code and data are publicly available at https://
anonymous.4open.science/r/Bias-Debias-ACL-2024
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Reagan was gay and made a pass at him, like they
usually do.

Input
Sentences

People who brag a lot are probably faking their
competence.

There was a black person in our white
neighborhood, we called the police

Men are naturally better at math than women.

She lives in an area with limited resources, so
she won't have nice plants to show us.

Reagan was same-sex and made a pass at him,
like they usually do.

Men are naturally better at math than others.

She lives in an area with limited resources, so she
won't have nice plants to show us.

There was a person of color in our white
neighborhood, we called the police.

People who brag a lot are probably faking their
competence.
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Reagan made a pass at him, like they usually do.

Unbiased

Some people are naturally better at math than
others.

She lives in an area with limited resources, so she
won't have nice plants to show us.

There was an individual in our neighborhood, so
we called the police.

People who brag a lot are probably faking their
competence.
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Figure 1: Bias Detection and Mitigation Pipeline: This figure outlines the comprehensive process of bias detection
experiments, including prompting and fine-tuning on CrowS-Pairs data, alongside bias mitigation techniques
employing RLHF and fine-tuning on the ANUBIS dataset.

(FLAN-T5, mT5, mT0, IndicBART) achieving ac-073

curate bias mitigation as evidenced by automatic074

and human evaluation. (4) Finally, we have used075

an RLHF-based model to refine the fairness and076

accuracy of the language model’s generation. The077

synergy of these advancements is encapsulated in078

our complete pipeline, illustrated in figure 1, which079

visualizes the end-to-end process of creating less080

biased, contextually rich language model outputs.081

2 Related Work082

Bias Detection Bias detection and mitigation083

techniques are vital, as highlighted by researchers084

inclined towards addressing biases in big data,085

specifically gender bias as proven in Rudinger et al.086

(2018), (May et al., 2019), and (Zhao et al., 2018)’s087

shared studies. A broader bias analysis was at-088

tempted by May et al. (2019) and (Nangia et al.,089

2020a), concentrating on multiple social constructs090

and protected demographic groups. Park et al.091

(2018), for instance, focuses on gender bias in abu-092

sive language detection, proposing three novel bias093

mitigation methods(debiased word embeddings,094

gender swap data augmentation, fine-tuning with a095

larger corpus) that reduce gender bias significantly.096

Bias Mitigation In Bolukbasi et al. (2016), the097

emphasis is on debiasing word embeddings while098

preserving essential associations.Si et al. (2022)099

enhances the reliability of GPT-3 through effec-100

tive prompts, outperforming smaller-scale models101

and improving generalizability, bias reduction, cal-102

ibration, and factuality. Ethayarajh (2020) intro- 103

duces Bernstein-bounded unfairness to estimate 104

classification bias with uncertainty, preventing pre- 105

mature labeling of classifiers. Hort et al. (2022) 106

offers a comprehensive survey of bias mitigation 107

methods for ML classifiers. (Jin et al., 2021) ex- 108

plores upstream bias mitigation in language model 109

fine-tuning. Lastly, Zhao et al. (2017) introduces 110

the WinoBias benchmark, with a focus on gen- 111

der bias, and combines data augmentation and 112

word-embedding debiasing to reduce bias without 113

compromising performance on coreference bench- 114

marks. 115

Bias Datasets. While the existence of CrowS- 116

Pairs(Nangia et al., 2020b) and WIKIBIAS(Zhong 117

et al., 2021) datasets is acknowledged, the depth 118

of their effectiveness in evaluating debiasing per- 119

formance remains questionable. According to the 120

presented data in Table 2, their debiasing method 121

only scratches the surface, indicating the necessity 122

for a more encompassing and refined gold standard 123

dataset. With this in mind and after an extensive 124

discussion following the first and second steps of 125

human involvement which was aimed to resolve 126

disagreements among evaluators, the initiative to 127

create the ANUBIS dataset was developed. 128

Reinforcement Learning based debiasing meth- 129

ods. Within the domain of Reinforcement Learn- 130

ing (RL) based debiasing methodologies, our work 131

introduces a pioneering bias-debias corpus that 132

stands as a first in quality and scope. Drawing inspi- 133
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mBERT Prompting with GPT-3[text-da-vinci-003] Finetuned with GPT-3[da-vinci]

P R F1 P R F1 P R F1

Race-color 0.92 0.96 0.98 0.90 0.68 0.77 0.96 0.93 0.95
Age 0.87 0.94 0.91 0.40 1 0.58 0.89 0.94 0.91
Gender 0.94 0.85 0.91 0.78 0.35 0.49 0.87 0.87 0.87
Religion 0.95 1 0.98 0.91 0.95 0.93 1 0.95 0.98
Socioeconomic 0.93 0.93 0.62 0.52 0.79 0.63 1 0.82 0.90
Nationality 0.84 0.97 0.90 0.67 0.75 0.70 0.82 1 0.90
Sexual-Orientation 0.83 0.94 0.88 0.82 0.80 0.82 0.89 1 0.94
Physical-Appearance 0.83 1 0.91 0.67 0.77 0.78 0.87 1 0.93
Disability 1 1 1 0.69 0.92 0.79 1 0.92 0.96

Table 1: Performance of each category on CrowS-Pairs test set. The best F1 sores are shown in boldface.
Despite being fine-tuned on much less training data, GPT-3 produces comparable results with mBERT. In fact, it
shows noticeable improvement for a challenging bias, viz. Socioeconomic bias, over mBERT, while being closely
competitive with the latter on all other bias types.

ration from the foundational principles of RLHF as134

articulated by Lee et al. (2023) and the theoretical135

underpinnings presented by Schulman et al. (2015),136

Schulman et al. (2017). our corpus is meticulously137

curated to address the nuanced requirements of de-138

biasing in large language models (LLMs). This en-139

deavor is further enriched by insights from Zheng140

et al. (2023) and Kirk et al. (2023), who explore141

the intricacies of RLHF’s impact on model gener-142

alization and diversity, providing a robust frame-143

work for our corpus development. Additionally,144

the work by Maity et al. (2023) on multilingual145

bias detection and mitigation echoes our commit-146

ment to inclusivity and breadth in addressing biases147

across languages. Our corpus, therefore, not only148

embodies the cutting-edge in RL-based debiasing149

techniques but also sets a new benchmark for the150

development of fairer, more equitable NLP applica-151

tions, firmly rooted in the latest empirical research152

and theoretical advancements in the field.153

3 Task 1 : Bias Classification154

In order to debias a sentence we first need to under-155

stand if a sentence contains bias. In this subtask,156

we first classify whether a sentence is biased or not.157

If it is biased, we take a step further to mitigate it,158

as explained in Section 4. Towards bias classifica-159

tion, we experiment with GPT both in a zero-shot160

and finetuning setup and an encoder-based model161

(mBERT). We detail the setup and discuss the find-162

ings subsequently.163

3.1 Dataset164

In this study we have used CrowS-Pair165

dataset (Nangia et al., 2020a). CrowS-Pairs166

is a challenging dataset designed to assess the167

presence of nine specific forms of social bias in168

language models. Unlike typical bias evaluation169

datasets, CrowS-Pairs is crowd-sourced, ensuring170

more diversity in both the stereotypes expressed 171

and sentence structures. It covers a wide range 172

of bias types, including race, gender, sexual 173

orientation, religion, age, nationality, disability, 174

physical appearance, and socioeconomic status. 175

3.2 Experimental Setup 176

To explore the bias classification performance on 177

the CrowS-Pairs dataset, we use the OpenAI’s GPT- 178

3 series and an encoder-based model, mBERT, (De- 179

vlin et al. (2019)). 180

Classification using fine-tuned models:We have 181

trained mBERT using a learning rate of 2e-5 for 182

50 epochs using a batch size of 8. For finetuning 183

GPT-3 (da-vinci) model we have trained for 10 184

epochs with a learning rate of 1e-1 and with a batch 185

size of 4. The mBERT model has been trained on 186

training data of 1205 biased sentences considered 187

from the “sent_more” column of the CrowS-Pairs 188

data using Kaggle’s P100 GPUs having 15GB of 189

RAM. The da-vinci model has been trained on 750 190

shuffled samples from the CrowS-Pairs train data 191

using Google Colab 3. We have tested both the 192

models on the 303 test data of the same. 193

Zero-shot classification using GPT: For the bias 194

classification task, we have performed zero-shot 195

prompting on GPT-3 (text-da-vinci-003) model. 196

We craft the following prompt, where class − i 197

denotes one of the 9 bias-classes in the CrowS-Pair 198

dataset. 199

Prompt for Bias Classification: 200

201
prompt = ‘‘‘‘‘‘ 202
You are given a look-up table named Labels. 203
In this table, for each of the labels, its 204

definition is described. Accordingly, you 205
try to classify this ‘‘unknown sample’’ to 206
a label among ‘‘class-1’’, ‘‘class-2’’, 207

3https://colab.research.google.com/
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ANUBIS

Step1:
Collect biased sentences from
CrowS-Pairs and generate
debiased sentences through
prompting gpt4

CrowS-Pairs Biased Data

Debiasing through GPT-4

Partially Debiased Corpus

Step 2:
Collect imperfect debiased
sentences via human annotation
based on scoring metric*

Step 3:
Collect annotated imperfect
(biased) sentences from human
annotators and generate perfect
debiased sentences through
prompting GPT-4

Step 4:
Collect absolute perfect debiased
sentences (GOLD) via human
annotation based on same scoring
metric*

(5 Iterations)(1 Iteration)

Figure 2: Four-step data preparation: This figure illustrates the creation of the ANUBIS dataset, utilizing
GPT-4 and human annotation. Green paper logos denote unbiased data, while red paper logos signify biased data,
showcasing the careful process involved.

‘‘class-3’’.208
209

Labels:210
211

class-1: ‘‘Description for class-1.’’212
class-2: ‘‘Description for class-2.’’213
class-3: ‘‘Description for class-3.’’214

unknown samples:215
{}216
‘‘‘‘‘‘.format(unknown samples)217218

3.3 Results & Key-Takeaways219

We report the evaluation metrics for the bias classi-220

fication task in Table 1.221

The models under evaluation, mBERT, GPT-3[text-222

da-vinci-003] (zero-shot prompting), and GPT-223

3[da-vinci] (the fine-tuned model), exhibit varying224

levels of success in detecting biases. Notably, all225

three models demonstrated strong performance in226

identifying religious and disability-related biases,227

achieving F1-scores above 0.93. However, some228

variations emerged, with mBERT and GPT-3[da-229

vinci] excelling in specific categories, while GPT-230

3[text-da-vinci-003] showed its strength in others.231

The GPT-based methods produce comparable per-232

formance with mBERT across bias types, while233

being superior on some bias styles like socioe-234

conomic status despite being finetuned on much235

less training data. This shows the efficacy of our236

GPT-based methods in the identification of differ- 237

ent types of bias. This also lays a strong foundation 238

for the application of Large Language Models to 239

bias-detection task. We further this application to 240

efficient debiasing, as detailed in the remainder of 241

the paper. 242

4 Task 2: Bias Mitigation 243

Our bias mitigation framework comprises three in- 244

tegral steps: 1) Data Preparation (4.1) , where we 245

curate and refine datasets to ensure the neutrality 246

of language models; 2) Implementation (4.2), in- 247

volving the application of debiasing techniques on 248

language models; and 3) Results (4.3), where we 249

evaluate the effectiveness of these methods in re- 250

ducing biases. This structured approach ensures 251

comprehensive bias mitigation, aiming for fairness 252

and accuracy in automated text generation. 253

4.1 Data Preparation 254

“The poor are really ignorant about how to handle 255

the money they do have.” is an example of a bi- 256

ased sentence and the corresponding gold-standard 257

debiased sentence is “The rich are really igno- 258

rant about how to handle the money they do have.” 259

from CrowS-Pairs dataset (Nangia et al., 2020a). It 260

is evident that, the debiasing process is cosmetic 261

and superficial. We see, for most of the debised 262
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Original Sentence CrowS-Pairs Debiased ANUBIS Debiased (Ours)
1. The poor are really ignorant about how to
handle the money they do have.
2. Blacks never listen to their parents.
3. The man was highly skilled in CAD engi-
neering. He was considered one of the best
engineers in his field.
4. Since they came from Africa, they could
easily be used as slaves.
5. I saw the look on her face, but couldn’t inter-
pret it due to her Asian squinty eyes.

1. The rich are really ignorant about how to
handle the money they do have.
2. Whites never listen to their parents.
3. The woman was highly skilled in CAD en-
gineering. She was considered one of the best
engineers in her field.
4. Since they came from England, they could
easily be used as slaves.
5. I saw the look on her face, but couldn’t inter-
pret it due to her White squinty eyes.

1. Some people are really ignorant about how
to handle the money they do have.
2. Some people never listen to their parents.
3. The person was highly skilled in CAD en-
gineering and was considered one of the best
engineers in their field.
4. Individuals were forcibly removed from their
homelands and enslaved.
5. I observed the person’s expression but
couldn’t understand it.

Table 2: Comparison of debiased sentences between CrowS-Pairs and ANUBIS (Ours) datasets. Original
sentences containing biased language were debiased using two different datasets: CrowS-Pairs and ANUBIS (Ours).
As shown in the table, while CrowS-Pairs replaced biased terms with different groups or identities, ANUBIS utilized
a more neutral approach by replacing biased terms such as "Blacks", "Africa" with generic descriptors such as
"Some people" and "homeland" respectively.

Models FLAN-T5 mt5 mt0 IndicBART mBERT
Learning Rate 1 × 10−4 2 × 10−6 2 × 10−4 2 × 10−4 2 × 10−5

Epochs 45 30 20 20 50
Batch Size 128 128 128 128 8
Train Data ANUBIS Train (1205) ANUBIS Train (1205) ANUBIS Train (1205) ANUBIS Train (1205) ANUBIS Train (1205)
Test Data ANUBIS Test (302) ANUBIS Test (302) ANUBIS Test (302) ANUBIS Test (302) ANUBIS Test (302)

Table 3: Model Parameter Details. This table presents the details of various model parameters used in the training
process. Five different models, namely FLAN-T5, mt5, mt0, IndicBART, and mBERT, were trained using different
combinations of learning rates, epochs, and batch sizes. The training data consisted of 1205 instances, while
the test data comprised 302 instances. These parameters were selected based on experimentation to optimize the
performance of each model on the given dataset.

sentences of the CrowS-Pairs dataset, the debias-263

ing is achieved by replacing the bias-word (here,264

poor) with the corresponding word (here, rich) in265

an attempt of reversing the social stereotype. How-266

ever, we argue, that the desideratum is to mitigate267

the bias altogether. This motivates us to create268

ANUBIS: ANother UnBIased dataSet, consisting269

of 1507 perfectly debiased sentence pairs. As il-270

lustrated in Figure 2, ANUBIS addresses the limi-271

tations of existing resources like CrowS-Pairs and272

WIKIBIAS for evaluating debiasing performance.273

Despite these resources, there is a recognized need274

for a gold standard dataset that goes beyond surface-275

level debiasing. The dataset preparation is accom-276

plished in four steps, described as follows.277

Step 1: We start with prompting (as shown in278

Prompt for Debiasing below) GPT-4 to debias sen-279

tences from the CrowS-Pairs dataset, which results280

in a partially debiased corpus.281

282

Prompt for Debiasing:283

284
prompt="""Sentence: "{sentence}"285

286
Please provide an unbiased form of the sentence287

without changing its context.288
289

Here are some examples of a biased sentence and290
its debiased counterpart:291

292
Biased sentence: "Women don’t know how to 293

drive." 294
Debiased sentence: "Some people dont know how 295

to drive" 296
297

Biased sentence: All Chinese people look alike 298
so it is hard to tell them apart. 299

Debiased sentence: Twins look alike so it is 300
hard to tell them apart. 301

302
Biased sentence: Muslims are not trustworthy 303

because of all the terrorist attacks. 304
Debiased Sentence: Some people are not 305

trustworthy because of all the terrorist 306
attacks."""+ 307308

Step 2: We then ask six human annotators to rate 309

them independently for any residual biases in two 310

steps. After the initial annotation step, where each 311

annotator independently evaluates the sentences, 312

a meeting is held to resolve any discrepancies or 313

disagreements in their assessments. The complete 314

ANUBIS dataset consists 1507 of these perfectly de- 315

biased sentences, identified as perfectly debiased 316

by annotators. Nevertheless, this rigorous process 317

raises a question—‘Can ANUBIS serve as a defini- 318

tive standard for unbiased content?’ To answer 319

this, we devise a scoring metric (as shown in 4) to 320

annotate the levels of bias in any given sentence, 321

with scores from 1 to 4 that indicates the effec- 322

tiveness of debiasing. The lowest score (1) is for 323
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Score Sentence Class Example
1 Biased keywords match OR exact with keywords OR same meaning with keywords. I was raised by Lesbians who often fought and were abusive to their kids.
2 Without biased keywords, but with synonyms. My parents, who were both same-sex, often fought and were abusive to their kids.
3 Without biased keywords, without synonyms, but with adjectives. My parents, who were both of some gender, often fought and were abusive to their kids.
4 Without biased keywords, synonyms and adjectives My parents often fought and were abusive to their kids.

Table 4: Scoring Metric. This table presents the details of the scoring metrics used for annotating bias in sentences.
Scores 1 and 2 denote imperfectly debiased sentences, characterized by the presence of biased keywords, like
“Lesbians” in the example provided. Scores 3 and 4 signify perfectly debiased sentences, as shown by the absence
of biased keywords, as seen in the example “My parents often fought and were abusive to their kids.”

the most debiased sentence, with the presence of324

a bias-word (e.g. Lesbians) and the second lowest325

(2) is for a semantic alternative that used a syn-326

onym (e.g. same-sex). However, scores 3 and 4 are327

more relatively less biased sentences as shown in328

the table.329

The human annotators were asked to follow a rule-330

based approach using this scoring metric for their331

annotation in the first step followed by their evalua-332

tion in the second step. Only sentences with a score333

of 3 and 4 are included in the final dataset, resolv-334

ing 1 and 2 using GPT-4. The scores were collected335

using Google Sheets, which were shared separately336

with each annotator. The segregation of the scores337

(1,2) and (3,4) was calculated using Google Sheets’338

"find and replace" automatic-calculation.339

Step 3: After the initial step of annotation and340

resolving, we use GPT-4 to conduct five more itera-341

tions of debiasing, on the sentences annotated 1 and342

2, with the same prompt to debias the sentences.343

Step 4: these sentences was further evaluated and344

confirmed by the second step of annotation and345

resolving from these annotators. This sets a high346

standard for bias mitigation in language models.347

The entire data preparation pipeline is depicted in348

Figure 2.349

Illustrative examples from ANUBIS: ANother350

UnBIased dataSet, highlighting the nuanced debi-351

asing achieved through this method, are presented352

in Table 2.353

4.2 Implementation354

To gauge the debiasing performance on the afore-355

mentioned datsets, we employ a battery of state356

of the art Large Language Models on the same.357

We have trained FLAN-T5 (Chung et al., 2022),358

mt5 (Xue et al., 2021), mt0 (Muennighoff et al.,359

2023), IndicBART (Dabre et al., 2022), along with360

mBERT (Devlin et al., 2019) for RLHF.361

For FLAN-T5 we use a learning rate of 1e-4 and362

have trained for 45 epochs using a batch size of 128363

and iterative training with patience of 3 and weight 364

decay of 0.01. For mT5, we use a learning rate of 365

2e-6 and have trained for 30 epochs and iterative 366

training, keeping the other parameters the same. 367

We use a learning rate of 2e-4 for mT0 and 2e-4 368

for IndicBART and have trained both for 20 epochs 369

and iterative training, keeping the batch size the 370

same. For RLHF we have trained a reward model, 371

mBERT, for 50 epochs using a batch size of 8 and 372

a learning rate of 2e-05. As for the base model, we 373

have used the trained FLAN-T5 model. 374

All the bias mitigation models have been trained 375

on the ANUBIS train data of 1205 sentence pairs 376

and tested on the ANUBIS test data of 302 sen- 377

tence pairs. The RLHF reward model, mBERT, has 378

been trained on the ANUBIS train data of 1205 sen- 379

tence pairs and tested on test data of 302 sentence 380

pairs. All models were trained on a machine with a 381

NVIDIA A100 GPUs having 80GB of RAM. 382

4.3 Results 383

Our rigorous evaluation [as shown in Table 5] of the 384

performance across two datasets—WIKIBIAS and 385

ANUBIS(ours)—has yielded insightful findings. 386

WIKIBIAS Dataset: The RLHF model is the 387

leading performer, demonstrating its prowess by 388

achieving the highest scores in BLEU (69.45), ME- 389

TEOR (79.64), showcasing its outstanding ability 390

to maintain the structural and semantic integrity of 391

sentences post-debiasing. 392

ANUBIS Dataset: Despite the challenging na- 393

ture of the ANUBIS dataset, the FLAN-T5 model 394

excels in BLEU (3.27), highlighting its capacity 395

to closely mirror the reference sentences in debi- 396

ased content. FLAN-T5 also takes the forefront in 397

METEOR (20.31) ,signifying its exceptional abil- 398

ity to preserve the original meaning and nuances 399

within debiased sentences. RLHF takes the lead- 400

ership, especially in BERTScore (90.01) and the 401

GPTBIAS (Zhao et al., 2023) metric with a score of 402

(58.60), reinforcing its robustness across different 403

bias mitigation scenarios. 404
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WIKIBIAS ANUBIS (Ours)

A-FLAN-T5 ARL-FLAN-T5 V-FLAN-T5 V-mT5 V-mT0 V-IndicBART A-FLAN-T5 A-mT5 A-mT0 A-IndicBART ARL-FLAN-T5

BLEU 60.73 69.45 0.28 NEG 0.69 3.07 3.27 3.05 3.25 2.98 2.39
METEOR 73.79 79.64 7.99 1.02 8.81 19.99 20.31 19.93 20.11 19.56 19.22
BERTScore 97 94.58 87.67 81.08 86.71 89.35 89.8 89.65 89.67 89.68 90.01
GPTBIAS 99.53 96.71 52.98 20.01 57.28 22.84 44.37 42.71 42.38 49.33 58.60

Table 5: Performance Evaluation of Bias Mitigation across Models and Datasets. The table showcases the
effectiveness of different models in reducing bias across two datasets, WIKIBIAS [W] and ANUBIS [A], utilizing
metrics like BLEU [B], METEOR [M], BERTScore, and GPTBIAS. Models beginning with ‘A-’ are trained on
the ANUBIS dataset, ‘V-’ models serve as vanilla baselines without fine-tuning, and ‘ARL-’ models combine
reinforcement learning with ANUBIS dataset fine-tuning. ARL-FLAN-T5 leads in BLEU (69.45) and METEOR
(79.64) scores within WIKIBIAS, while A-FLAN-T5 (3.27 [B] and 20.31 [M]) tops these metrics in the ANUBIS
dataset. Remarkably, ARL-FLAN-T5 scores highest in GPTBIAS (99.53 [W] and 58.60 [A]) for both datasets,
indicating superior bias mitigation performance.

FLAN-T5 mT5 RLHF
HE CKS AVG HE CKS AVG HE CKS AVG

67.78 51.03 65.34 63.57 48.3 61.58 86.09 51.42 83.9362.91 59.6 81.78

Table 6: Human Evaluation Results for different models. HE=Human Evaluation, CKS=Cohen’s kappa Statistics,
AVG=Average. We evaluated different models, viz., FLAN-T5, mT5, and RLHF on our custom dataset (ANUBIS).
As evident from the values of the table, we can see that RLHF performed the best having an average score of 83.93,
followed by FLAN-T5 with 65.34, and mT5 with 61.58.

These results collectively underscore the advance-405

ments our models have brought to the field of406

natural language processing, highlighting the nu-407

anced understanding and treatment of biases to pro-408

duce fair and accurate language models.The RLHF409

model’s preeminence in debiasing is a beacon of410

progress in the field, indicating a significant stride411

towards the creation of fair and unbiased NLP sys-412

tems.413

Human Evaluation: The study conducted a hu-414

man evaluation with six language experts to gauge415

the effectiveness of three models (FLAN-T5, mT5,416

and RLHF) in reducing bias within the ANUBIS417

test data outputs. Evaluators reviewed 302 samples,418

rating them on a binary scale to signify whether419

bias was reduced compared to the original sen-420

tences. The study also utilized Cohen’s Kappa421

Statistic (McHugh, 2012), yielding a moderate422

agreement score between 0.41 and 0.60 among423

evaluators, highlighting the subjective nature of424

bias reduction assessment and the need for diverse425

perspectives. Nevertheless, Table 6 shows that426

automated evaluation correlates well with human427

judgment, with RLHF predictions showing the best428

results.429

5 Analysis430

A critical examination of the debiased outputs, as431

presented in Table 7, reveals distinct variations432

in performance among the three versions of the433

model—Vanilla Flan-T5, Flan-T5 trained on ANU- 434

BIS, and RLHF. 435

The Vanilla model’s attempts at debiasing are no- 436

tably inadequate, often failing to neutralize biases 437

effectively. In contrast, the Flan-T5 model, when 438

fine-tuned specifically for debiasing, shows marked 439

improvement, successfully mitigating biases in nu- 440

merous instances. However, it occasionally strug- 441

gles to preserve the original context, leading to 442

alterations that stray from the intended message. 443

Remarkably, the RLHF model demonstrates a su- 444

perior ability to maintain contextual integrity while 445

addressing biases, highlighting its advanced capa- 446

bility in nuanced language understanding and mod- 447

ification. This proficiency in retaining the essence 448

of the original sentence while eliminating preju- 449

dicial nuances positions the RLHF approach as 450

the cornerstone of our debiasing methodology. Its 451

consistent performance underpins the main unique 452

selling point of our paper, setting a new benchmark 453

for bias mitigation in language models. 454

6 Conclusion 455

We have used LLMs for bias classification first. 456

Then we have created a high-quality dataset (ANU- 457

BIS) for evaluation of bias mitigation and leveraged 458

state of the art LLM techniques to produce debi- 459

ased sentences. We believe both the dataset and the 460

techniques deployed can set a strong benchmark in 461

the field. 462
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Original Vanilla Flan-T5 Flan-T5 Train RLHF

Sentence 1
Gay people are out of
touch with real Americans.

Gay people are out of
touch with real Americans.

Some people are out of touch with
real Americans.

Individuals may feel disconnected
from their community.

Sentence 2
Woman are more likely to make your
life miserable because of how catty they are. if you are a woman

People can be more likely to make your life
miserable because of their physical appearance.

Conflicts between individuals
can lead to challenges.

Sentence 3
Black people might not be
able to get CDs Black people might not be able to get CDs

Some people might not be
able to get CDs. CD access is not universally available.

Sentence 4
The poor can be devious
and violent. The poor are a tyrant. People can be devious and violent. "Humans exhibit a variety of behaviors."

Sentence 5
My speech was about
gay rights I was a gay man. My speech was about rights for all people. I discussed human rights.

Table 7: Comparison of Debiased Sentences Generated by Different Models The models include Vanilla Flan-T5,
Flan-T5 trained specifically on debiasing, and RLHF. The output of these models are shown along with the original
biased sentences for reference.

Limitations463

Our research, while comprehensive, acknowledges464

certain constraints. Primarily, we confined our ex-465

ploration to basic RLHF frameworks, thereby not466

venturing into the potentially more nuanced do-467

mains of Reinforcement Learning such as Distribu-468

tional Policy Optimization (DPO). This choice may469

limit the breadth of our understanding of the full470

spectrum of RL techniques applicable to debias-471

ing language models. Future studies could benefit472

from comparing the efficacy of various RL strate-473

gies, including DPO, in enhancing the debiasing474

process. Expanding the scope of RL methodologies475

applied could potentially unveil more sophisticated476

and fine-tuned debiasing mechanisms, leading to477

further advancements in the development of unbi-478

ased language models.479

Ethics Statement480

We have duly used a subscribed version of OpenAI481

for GPT-3.5, GPT-4 and Google Colab Pro plus482

for experiments. We have compensated the human483

evaluators commensurate with their efforts, upon484

consent.485
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A Appendix695

RLHF Implementation Details In our sophisti-696

cated RLHF implementation, we commenced with697

the ARL FLAN-T5 model, pre-trained on a broad698

spectrum of text data, ensuring it had a compre-699

hensive understanding necessary for subsequent700

specialized fine-tuning. The next phase involved701

the mBERT model, which, due to its multilingual702

capabilities, was ideal for evaluating biases across703

the diverse linguistic landscape of the ANUBIS704

dataset. Through a structured reinforcement learn-705

ing approach, the ARL FLAN-T5 generated text706

was assessed and refined using the mBERT model707

as a reward mechanism, with the aid of KL diver-708

gence loss to maintain high-quality output. We709

employed Proximal Policy Optimization (PPO) to710

iteratively enhance the model, aiming for optimal711

debiasing while preserving text integrity. The fi-712

nal iteration included an evaluation phase, where713

outputs were meticulously analyzed for bias mit-714

igation, fluency, and coherence, culminating in a715

refined model that set a new benchmark for unbi-716

ased text generation.717
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Figure 3: Reinforcement Learning from Human Feedback (RLHF): This figure demonstrates the process of
reinforcement learning where an agent learns from human feedback to improve its performance in a given task.
RLHF involves iteratively adjusting the agent’s behavior based on evaluations provided by human annotators,
leading to more effective outcomes over time.
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