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Abstract - This paper examines the integration of artificial
intelligence (Al) and machine learning (ML) in the criminal
justice system, highlighting both the potential benefits and
significant concerns related to bias. Al and ML are being
employed to enhance various aspects of criminal justice,
including crime prediction, tracking, and judicial decision-
making. However, these technologies are susceptible to biases
inherent in the historical data they rely on, which can
perpetuate and amplify existing disparities within the justice
system. The article delves into the historical context of Al
advancements in criminal law, from early digitization efforts
to the current deployment of sophisticated Al

applications. It explores notable Al and ML technologies used
in criminal justice, such as risk assessment tools, predictive
policing algorithms, and facial recognition systems. The
discussion emphasizes the ethical implications of Al bias,
particularly its impact on marginalized communities. To
address these issues, the article proposes various strategies for
detecting and mitigating biases in Al/ML systems, including
bias detection tools, data pre-processing techniques, and the
importance of transparency and accountability. By
scrutinizing these technologies and their applications, the
article aims to contribute to the development of fairer and
more equitable Al systems in criminal justice.
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1.INTRODUCTION - ARTIFICIAL INTELLIGENCE
AND MACHINE LEARNING IN THE CRIMINAL
JUSTICE SYSTEM

Artificial intelligence (AI) and machine learning (ML)
algorithms are increasingly being adopted within the
criminal justice system to tackle various challenges, such as
predicting and tracking crimes and criminals and assisting in
criminal court proceedings. [1] These technologies hold the
potential to enhance efficiency and effectiveness in crime
prevention and investigation efforts. However, the use of Al
and ML in criminal justice also raises significant concerns
regarding potential biases and privacy infringements. These
models are built on historical data, which often reflect and
perpetuate existing societal biases. [1] Biases in Al and ML
systems can influence various stages of the criminal justice
process, from arrest and bail decisions to sentencing and

parole. [1] Addressing these biases is crucial to ensure
fairness and justice in Al and ML applications in criminal
justice. This involves scrutinizing the data used to train these
models, implementing robust bias detection and mitigation
techniques, and ensuring transparency and accountability in
Al decision-making processes. [1] As we continue to
integrate Al and ML into the criminal justice system, it is
essential to remain vigilant about the potential for bias and
to develop strategies to counteract it, ensuring these
technologies contribute positively to the criminal justice
system rather than reinforcing existing disparities. [1]

2. EVOLUTION AND CURRENT APPLICATIONS OF
ARTIFICIAL INTELLIGENCE AND MACHINE
LEARNING IN CRIMINAL JUSTICE

A History of Al Advancements in Criminal Law

The integration of Artificial Intelligence (Al) and Machine
Learning (ML) into the criminal justice system has been a
gradual process, marked by key advancements over the past
few decades. [3] In the early 2000s, the digitization of court
filings and processes set the stage for the initial adoption of
Al-powered tools to assist in partial criminal court decisions.
[4] This was followed by the emergence of online dispute
resolution (ODR) as an alternative to traditional in-person
court proceedings, further showcasing the potential of Al to
transform the judicial landscape. [4] The 2010s saw a
significant surge in the development and deployment of more
sophisticated Al applications within the criminal justice
domain. [3] Algorithmic risk assessment tools were
introduced to inform bail, sentencing, and parole decisions,
leveraging predictive analytics to assist human decision-
makers. [4] Jurisdictions such as the United States and the
European Union began exploring the use of Al-powered
digital tools to streamline various legal processes and
support the work of judges and law enforcement. [4] More
recently, in the late 2010s and early 2020s, the legal sector
has witnessed the emergence of Al-driven solutions that can
potentially automate certain adjudicative functions, raising
complex ethical and legal questions about the role of
technology in judicial decision-making. [2] As these
advancements continue to unfold, the criminal justice system
is grappling with the challenges and opportunities presented
by the integration of Al and ML, seeking to harness the
benefits while ensuring the protection of fundamental rights
and the rule of law. [5]
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Chart -1:This image represents the flow of online dispute
resolution (ODR) as a transformative alternative to traditional
court proceedings. ODR leverages technology to facilitate judicial
processes, allowing for efficient, accessible, and often more cost-
effective resolutions. The integration of Al within ODR platforms
exemplifies the ongoing evolution of the judicial landscape,
demonstrating how digital tools can enhance the efficiency and
accessibility of justice in the mid to late 2000s and beyond.

B. Notable AI/ML Technologies in the System
of Criminal Justice

Several Al and machine learning algorithms and models have
been integrated into the criminal justice system to aid various
processes. One prominent example is the use of risk
assessment tools, such as the Correctional Offender
Management Profiling for Alternative Solutions (COMPAS)
and the Public Safety Assessment (PSA), which leverage
algorithms to predict an individual's potential for future
misconduct, informing crucial decisions like pretrial
incarceration. [6] These tools assess factors like age, criminal
history, and past misconduct to generate risk scores that
judges utilize to set release conditions. [6] Additionally,
predictive policing algorithms analyze historical crime data to
identify areas and times where crimes are most likely to
occur, enabling law enforcement agencies to allocate
resources more effectively.

[7] Facial recognition technology is another Al application
in the criminal justice sector, used to assist intelligence
analysts in establishing an individual's identity and
whereabouts by automating the analysis of large volumes of
visual data. [8] These Al-driven tools promise enhanced
consistency, accuracy, and transparency in judicial decision-
making and law enforcement operations. [6] [7] However,
concerns have been raised about the potential for bias, lack of
individualization, and issues of transparency in these Al
systems. [6]

3. Artificial Intelligence Biases in THE CRIMINAL
Justice Industry

The integration of Al and machine learning technologies
into the criminal justice system has raised significant

concerns regarding the potential for bias and discrimination.
[9] These advanced algorithmic systems are increasingly
being employed for critical decision-making processes, such
as risk assessment, predictive policing, and sentencing
recommendations. [9] [10] However, the reliance on
historical data, which often reflects the biases inherentin the
criminal justice system, can lead to the perpetuation and
amplification of these biases within the algorithms. [9] [10]
The lack of transparency and accountability surrounding the
development and deployment of these Al systems further
exacerbates the risk of biased outcomes, undermining the
principles of fairness and justice. [10]

A. Popular Types of Al Biases found in Criminal
Law Industry

» Racial Bias- Racial Bias in the Criminal Justice System
Racial bias is a prevalent issue that permeates the criminal
justice system in the United States. Studies have shown that
African Americans are disproportionately more likely to be
arrested, convicted, and given harsher sentences compared
to their white counterparts, even for similar crimes. [12]
This disparity can be attributed to factors such as
discriminatory policing practices, biased decision-making
by prosecutors and judges, and the legacy of systemic
racism. [12] For example, the COMPAS algorithm, widely
used in the U.S. criminal justice system, was shown to
falsely flag Black defendants as being at a higher risk of
recidivism compared to their white counterparts. [13] Such
biases have the potential to perpetuate structural
inequalities and exacerbate existing racial disparities
within the criminal justice system. These findings highlight
the deep-rooted racial biases that continue to plague the
criminal justice system, with severe consequences for
individuals and communities of color.

* Socioeconomic Bias- Socioeconomic Bias in the
Criminal Justice System Socioeconomic bias is another
pervasive issue in the criminal justice system, where
individuals from lower socioeconomic backgrounds are
more likely to face harsher treatment and outcomes
compared to those from more affluent backgrounds. [11]
[12] This bias manifests in various ways, such as the
inability to afford adequate legal representation, the
increased likelihood of being detained pre-trial due to an
inability to post bail, and the imposition of fines and fees
that perpetuate the cycle of poverty. [11] [12] For Instance,
research on The Public Safety Assessment (PSA) has shown
that even ostensibly "objective" factors like prior arrests
and convictions can reflect underlying biases and inequities
in policing and prosecution, which disproportionately
target individuals from disadvantaged socioeconomic
backgrounds. [15] As a result, the PSA’s risk assessments
may still perpetuate socioeconomic disparities, with
defendants from poorer neighborhoods or lower income
levels more likely to be labeled as high-risk, even when
controlling for their actual criminal histories. [14] This
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demonstrates how the use of historical data in AI/ML
criminal justice tools can entrench systemic inequities,
underscoring the importance of carefully examining the
data sources and design of these algorithms. These
socioeconomic disparities within the criminal justice
system further exacerbate the challenges faced by
marginalized communities, perpetuating a cycle of injustice
and inequality.

Target Variable

Recidivism

Dependent Variables

Total Prior
Chargas
Ear_Charge_Age

(2)

Chart -2:This diagram illustrates the dependent variables used by
the COMPAS (Correctional Offender Management Profiling for
Alternative Sanctions) algorithm to predict the likelihood of
recidivism. The variables include race, age, total prior charges, age
at first charge, and other relevant factors. The model shows how
these variables influence the target variable, recidivism. Studies
and critiques of the COMPAS algorithm highlight concerns about
biases, particularly the disproportionate impact of race on the
predicted outcomes, raising questions about fairness and accuracy
in the criminal justice system.

B. Ethical implications of bias in Criminal Justice
Artificial Intelligence & Machine Learning

The use of Al and machine learning (ML) systems in the
criminal justice system raises significant ethical concerns
regarding bias and fairness. [16] These algorithms are only as
unbiased as the data used to train them, and if the training
data contains inherent biases, the algorithms can perpetuate
or amplify those biases, leading to discriminatory outcomes
for marginalized groups. [16] This can result in unfair
sentencing, reinforce systemic racism, and perpetuate unjust
practices within the criminal justice system. [17]
Furthermore, the complexity of these algorithms can make it
challenging to explain how decisions are reached,
undermining transparency and accountability. [16]
Protecting the privacy and security of the personal data used
by these systems is also crucial to maintain public trust and
prevent misuse. [16] Addressing the ethical implications of
AI/ML in criminal justice requires prioritizing fairness,
transparency, and accountability in the development and
deployment of these technologies. [17]
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Chart -3:This diagram demonstrates the application of TCAV
(Testing with Concept Activation Vectors) to determine the
significance of specific concepts, such as "striped" for recognizing
zebras, within machine learning models. TCAV allows researchers
to quantitatively assess the importance of a concept, revealing
whether the model has learned about it. Such tools are crucial in the
criminal justice sector to detect and mitigate biases in Al/ML
systems. By visualizing and understanding the internal workings of
these models, stakeholders can ensure fair and accurate
predictions, promoting justice and equity in criminal justice
systems.

C. Strategies for Detecting Biases in the System of
Criminal Justice AI/ML.

Various approaches and techniques are employed to
identify and detect biases in AI/ML systems within the
criminal justice sector. These include the use of tools like
TCAV and What-If Tool to visualize the internal
representations of machine learning models and explore how
different inputs affect the model's predictions. [18]
Additionally, techniques such as data pre-processing,
fairness-aware machine learning algorithms, and bias-
correction algorithms are utilized to mitigate biases. [18]
However, effectively detecting biases in these systems
remains challenging due to issues like biased training data,
lack of transparency in Al decision-making, and the potential
for the Al systems themselves to perpetuate and amplify
biases. [18]

D. D.Detection of Famous Forms of Biases found in
Criminal Justice Al

* Discovering Racial Bias- Racial bias in the criminal
justice sector is perpetuated by algorithms that replicate or
amplify historical biases, leading to discriminatory
practices in areas such as predictive policing and
sentencing. [19] To detect racial bias, researchers have
employed methods like algorithmic bias detection and
mitigation, implicit bias testing, and the examination of
racial and ethnic disparities in discretionary criminal
justice decisions. [19] [20] For example, a landmark
investigation by ProPublica in 2016 revealed the racial
biases present in an algorithmic risk assessment tool used
in criminal justice systems across the United States. [23]
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The researchers obtained data on risk scores assigned to
over 10,000 defendants in Broward County, Florida, and
tracked which of those individuals were charged with new
crimes within two years. [23] Through detailed analysis,
they found that Black defendants were twice as likely as
white defendants to be incorrectly labeled as higher risk,
even when controlling for factors like criminal history, age,
and gender. [23] ProPublica employed a range of analytical
techniques, including subgroup comparisons, logistic
regression modeling, and visualization methods, to
rigorously detect and quantify the algorithmic bias. [22]
This groundbreaking investigation demonstrated the
critical importance of comprehensive, data-driven
evaluations to uncover and address racial disparities
embedded within criminal justice technologies. In
summary, ProPublica's work highlighted the need for
robust bias detection approaches to ensure the fairness and
accountability of AI/ML systems deployed in high-stakes
domains like criminal justice. One key approach to
detecting racial bias is to scrutinize the training data used
to develop risk assessment algorithms, as biases in
historical crime data can lead to algorithms
disproportionately flagging minority groups as high-risk.
[19] [20] Techniques such as undersampling crime data
involving certain demographics and oversampling data
related to others can help address this issue. [20]
Additionally, ensuring transparency around the algorithms'
inner workings and enabling independentaudits are crucial
for identifying and mitigating racial biases. [20] Meaningful
community engagement in the design and deployment of
these tools is also important to build trust and
accountability. [20] [21]

» Identifying Socioeconomic Bias- Socioeconomic bias
in the criminal justice sector refers to the unfair advantage
or disadvantage faced by individuals based on their
socioeconomic status, which can be perpetuated by Al/ML
systems. [19] [20] To detect socioeconomic bias,
researchers have explored methods like processing training
data to achieve balanced representation, adjusting
algorithms to assign less weight to data points related to
certain demographics, and implementing continuous
monitoring and evaluation of model outputs. [20] For
example, A study by researchers at the University of
Chicago developed a crime prediction algorithm that
revealed significant biases in police enforcement. [24] The
study found that while the algorithm was able to predict
crimes one week in advance with 90% accuracy, it also
highlighted disparities in police response. [24] Crimes in
wealthier areas resulted in more arrests, while arrests in
disadvantaged neighborhoods dropped, suggesting
inherent bias in how law enforcement resources were
allocated and utilized. [24] This investigation demonstrates
how advanced analytical techniques and tools can be
employed to uncover systemic biases in the criminal justice
system, particularly around socioeconomic factors that
disproportionately impact marginalized communities. [25]

Ultimately, these findings underscore the critical need to
address the societal biases that become embedded within
the data and algorithms used in predictive policing
applications. The lack of transparency from companies
developing risk assessment tools is a significant challenge
in detecting socioeconomic bias. [20] Algorithmic hygiene,
which involves surfacing and responding to algorithmic
bias upfront, as well as proactive addressing of factors
contributing to bias, is crucial for detecting and mitigating
socioeconomic bias in the criminal justice sector. [20]

4., Conclusion

The integration of artificial intelligence (AI) and machine
learning (ML) into the criminal justice system represents a
transformative shift with the potential to enhance efficiency
and effectiveness across various processes, from crime
prediction to judicial decision-making. Despite the promising
advancements, the deployment of these technologies has
exposed critical concerns about bias and fairness. Al and ML
systems, often reliant on historical data, can perpetuate and
even exacerbate existing inequalities within the justice
system. The biases embedded in these models pose
significant challenges, influencing outcomes in arrest
decisions, risk assessments, and sentencing, which can
undermine the principles of justice and equity.

This article has explored the evolution of Al and ML in
criminal justice, identifying key technologies and their
applications. It has also highlighted the ethical implications of
Al bias, emphasizing the need for vigilance and proactive
measures to address these issues. Effective strategies for
detecting and mitigating bias are crucial to ensure that Aland
ML systems do not reinforce systemic disparities but instead
contribute to a more equitable and just legal framework.

One promising approach to addressing these challenges is
the use of Large Language Models (LLMs). LLMs can enhance
transparency and accountability in Al decision-making by
providing more nuanced and interpretable explanations of
algorithmic processes and outputs. They can be employed to
analyze and interpret complex data, identify patterns of bias,
and suggest adjustments to algorithms. Additionally, LLMs
can facilitate the development of more inclusive and
representative datasets, improving the fairness of Al systems.

As the criminal justice system continues to integrate Al
and ML technologies, it is imperative that stakeholders
prioritize transparency, accountability, and fairness. By
leveraging LLMs and other advanced tools, and fostering
ongoing dialogue about the ethical implications of Al, we can
work towards harnessing the benefits of these technologies
while safeguarding the fundamental principles of justice.
Future research and policy development should focus on
refining these technologies and establishing robust
frameworks to ensure their responsible and equitable use in
the criminal justice domain.
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