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Abstract. Artificial intelligence (Al) offers numerous benefits, including in-
creased automation levels, but can also harm individuals and communities, which
raises concerns. The field of human-centered AI (HCAI) was created to address
human involvement and the consideration of human rights and values involved
in the development of Al systems. Document analysis of governance frameworks
was used as a research approach to identify components that contribute to human-
centered Al solutions. Four authoritative bodies were selected as the principal
sources of Al-related principles, standards, and guidelines, based on their recog-
nized authority, global relevance, and comprehensive regulatory scope. Thirty-
seven human-centered components were extracted and classified into five classi-
fication categories: human-centered values and ethics, user experience and hu-
man interaction, data and model governance, technical robustness and system
performance, and Al system capabilities and design considerations. The identi-
fied components can be used to develop Al solutions that are human-centered
and uphold legal integrity, fundamental freedoms, and the principles of demo-
cratic governance. Including these components in a formal development method-
ology can assist in developing Al solutions that are human-centered, free from
bias, beneficial to humans, supportive of human capabilities, and aligned with
ethical, transparent, reliable, trustworthy, and explainable principles.

Keywords: Human-centered, artificial intelligence, HCAI, human-centered
framework.

1 Introduction

Artificial intelligence (Al) is infiltrating all industries and our daily existence [1-3]. It
offers many benefits but can also cause harm to people and communities [1, 4-8]. Cur-
rent Al implementation focuses on algorithmic performance rather than its impact on
humans [8-10]. Al enables increased levels of automation, with the potential to replace
humans, which raises concerns [1-4, 7, 8, 11-13]. The field of human-centered Al
(HCALI) arose to address human involvement and the consideration of human rights and
values involved in the development of Al systems [1, 4, 7, 11, 14, 15]. HCAI also fo-
cuses on creating Al systems that benefit humans and amplify human expertise and
skills [7, 8, 12, 16, 17]. Al solutions should be developed, rolled out, and utilized in a
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manner that respects human morals, requirements, and preferences [4, 8, 12, 13, 16]. A
growing concern about the values built into Al systems pertains to the integrity of the
decisions made, and the parties that benefit or are disadvantaged by Al system decisions
[6, 8, 18]. Other concerns relate to morality, security, and privacy [2, 18-20]. These
systems must consider what humans perceive as moral and part of a shared belief sys-
tem of right and wrong [5, 6, 17, 18]. Users of the system need to know that it is secure
and safe to use, that the necessary precautions against cyberattacks have been taken [2,
7,21, 22]. In addition, trust is required that private information will be safeguarded [4,
6, 8, 18, 20, 23]

Therefore, the primary research question of this paper is as follows: What regula-
tions, standards, guidelines, and principles support the development of human-cen-
teredness, and what are the key components that contribute to human-centered Al so-
lutions? As delineated by the research question, the scope of the study was Al legal
frameworks, intergovernmental and non-governmental international standards and
guidelines. It excluded the investigation of other types of human-centered frameworks
discussed in the literature. Instead, the study aimed to analyze legal frameworks, inter-
governmental and non-governmental international standards and guidelines to identify
the key human-centered components. This paper contributes to a broader, overarching
body of research.

The structure of this paper is as follows: Section 2 provides the background to the
research; Section 3 outlines the research approach; Section 4 presents the data analysis;
Section 5 discusses the results and key findings of the literature review; and Section 6
offers concluding remarks.

2 Background

Al has achieved meaningful success in various industries, including computer vision
and image recognition, natural language processing, fraud detection, autonomous vehi-
cles, predictive maintenance, and planning [1, 24]. It uses machine learning (ML) and
data to train a model [1, 6, 7, 12, 15, 19, 24-26].

The advancement of Al has brought attention to a more human-centered develop-
ment approach to Al, which brings a shift in focus from technology to the human [4, 6,
7,19, 27]. HCAI aims to reconcile Al solutions with human standards and reduce po-
tential damage to humankind [5, 17, 20, 27]. HCAI highlights the need for Al to be
developed to work for humans and to address concerns about its potential harm [6, 7,
13,17, 27].

Global regulators are developing regulations, principles, and standards to oversee
the technology to address concerns around Al [1, 15, 26, 28]. There is also a need to
standardize the rules to be enforced [1, 4, 7, 8, 11, 14, 18, 29]. These regulations, guide-
lines, standards, and principles are intended to encourage innovation and trust in Al by
advocating for responsible and trustworthy oversight [1, 15, 26, 28].

The European Union Artificial Act (EU Al Act), International Organization for
Standardization and International Electrotechnical Commission (ISO/IEC), the Organ-
ization for Economic Co-operation and Development (OECD), and the United Nations
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Educational, Scientific, and Cultural Organization (UNESCO) are included as the main
governance frameworks due to the extensive and formative scope of these frameworks.
The EU Al Act focuses on protecting fundamental rights and mitigating risks, while the
UNESCO ethical recommendations offer a wider conceptual foundation for respecting
human dignity, cultural diversity, and fairness. The OECD guidelines focus on empow-
erment and the principles of democracy. ISO/IEC standards provide technical imple-
mentation guidelines for implementing human-centered principles. These frameworks
provide foundational values and practical implementation.

2.1  European Union Artificial Intelligence Act

The European Union created regulations for the implementation of Al systems, called
the EU AI Act, which became enforceable on 1 August 2024 [1]. The EU Al Act pre-
scribes a standardized regulatory framework that advocates for trustworthy human-cen-
tered Al across different sectors, that addresses the concerns about Al protects funda-
mental human rights, and ensures equal access [1]. The growth and availability of Al
systems necessitate the implementation of a standardized set of principles and guide-
lines [1]. Al models enable Al systems, but are not classified as Al systems by themself,
Al models need to be integrated into a system [1].

The EU AI Act is a harmonized set of rules to protect the fundamental rights of
humans that prescribes requirements and responsibility relating to design, development,
data management, documentation, transparency, human intervention, efficiency, con-
sistency, reliability, security, risk management, and continuous monitoring [1].

2.2 International Organization for Standardization and International
Electrotechnical Commission

The International Organization for Standardization (ISO) and the International Electro-
technical Commission (IEC) operate as the primary international frameworks for global
standardization [26]. ISO/IEC 5338:2023 specifically pertains to standards relating to
the Al system life cycle processes [26]. ISO/IEC [26] explains that the development of
Al occurs through iterations of solution specification, pilot, demonstration, and refine-
ment of the specification. An Al life cycle model would help develop Al solutions in a
more streamlined and impactful manner.

Due to the nature of Al, the ISO/IEC [26] advise paying special attention to “fair-
ness, security, safety, privacy, reliability, transparency, explainability, accountability,
availability, integrity, and maintainability”. The ISO/IEC 5388:2023 further empha-
sizes the need to assess the reliability, data quality, understandability, and robustness
of models.

The ISO/IEC 23053:2022 emphasizes the importance of data management, model
development (model selection, model training, and performance evaluation), monitor-
ing, and governance [24]. The ISO/IEC 22989:2022 lists the following terms as relating
to trustworthiness: accountability, availability, bias, control, explainability,
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predictability, reliability, robustness, and transparency [30]. The ISO/IEC standards
aim to provide a standard and framework that can guide the development of Al solu-
tions [24].

2.3 Organization for Economic Co-operation and Development

The Organization for Economic Co-operation and Development (OECD) has published
recommendations concerning Al with the intent to encourage innovation and trust
through accountability and responsibility, as well as ensuring the honoring of human
rights and principles [15, 31]. The OECD AI recommendations support its standards
for privacy, cybersecurity, risk mitigation, and ethical business practices [15].

The AI recommendations consist of five ethical principles and five directives for
policymakers and are referred to as the OECD Al Principles [15]. The principles are
listed in Table 1 and constitutes a pivotal milestone in intergovernmental efforts to
reach agreement on the significance and foundational principles of responsible stew-
ardship of trustworthy Al, particularly considering the rapid pace of Al research and
innovation [31].

Table 1. The ten principles of the OECD recommendations on Al [15]

Principles for responsible stewardship National strategies and global collabora-
tion for trustworthy Al

Inclusive, sustainable, and people-centered Supporting the development and exploration

development. of artificial intelligence.

Human-centered values and fairness. Enabling a robust digital infrastructure for

Al development

Transparency and explainability. Establishing a supportive policy framework
for AL
Stability, security, and risk mitigation. Developing human capabilities to meet

evolving labor market demands.

Accountability International partnerships promoting respon-

sible Al

The OECD also suggests applying these principles in each of the stages of the design
and development of an Al solution [15]. The stages, as proposed by OECD [15], are as
follows: (1) plan and design, (2) collect and process data, (3) build and/or adapt models,
(4) test, evaluate, verify, and validate, (5) make available for use, and (6) operate and
monitor.

2.4  United Nations Educational, Scientific, and Cultural Organization

The United Nations Educational, Scientific, and Cultural Organization (UNESCO)
seeks to promote collaboration between nations in the fields of education, science,
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culture, communication, and information [28]. UNESCO strives to enhance lawfulness
and human rights [28]. Due to the concerns that exist regarding AIl, UNESCO made
recommendations for ethics within Al, to guide parties in acting with integrity around
the impacts of Al [28]. These recommendations address the attributes of Al that impact
ethics [28]. Importantly, ethical practices must be incorporated into all stages of Al
design and development [28]. UNESCO [28] lists the stages, including “research, de-
sign and development to deployment and use, including maintenance, operation, trade,
financing, monitoring and evaluation, validation, end-of-use, disassembly and termina-
tion”.

The purpose of the recommendations is to supply a standardized framework of stand-
ards, guidelines, and practices. It aims to facilitate countries in developing legislation
and standards relating to Al regulation, to guide Al practitioners on how to integrate
ethics into all the design and development stages of Al, to safeguard and advocate for
human rights, to facilitate communication between different parties and stakeholders
regarding ethics, and to encourage equal access [28].

The recommendations can be categorized into three main sections: trustworthiness
and integrity, and secondly, compliance with values and principles [28]. Trustworthi-
ness and integrity deal with the design and development life cycle, whereby a solution
should be ethical, benefit humans, and implement risk management [28]. Values speak
to (1) respect, safeguarding, and upholding human rights, (2) reducing the environmen-
tal impact, and (3) meaningful human control, diversity, and inclusiveness [28]. Prin-
ciples translate these values into action through (1) risk management, (2) equity and
equality, (3) sustainability, (4) privacy and data protection, (3) meaningful human con-
trol, (4) transparency and explainability, (5) responsibility and accountability, (6)
awareness and literacy, and (7) stakeholder involvement and governance [28].

3 Research Approach

This paper aims to understand key components that contribute to human-centered Al
solutions, using document analysis to review regulations, standards, guidelines, and
principles that support the development of human-centeredness.

Document analysis constitutes a qualitative research methodology involving the sys-
tematic examination and evaluation of documents to extract meaningful information
to address defined research questions [32-35]. Dalglish and Khalid [35] suggest a four-
step systematic approach: (1) prepare the material, (2) extract the data, (3) analyze the
data, and (4) distil the findings. The first step, prepare the material entails defining the
scope of the document analysis in line with the research question and time constraints,
by specifying the type and approximate number of documents, establishing inclusion
criteria, such as topic, date range, and source location, identifying the information for
extraction, and implementing a systematic file-naming convention to ensure efficient
organization and retrieval [35]. The second step, extract the data, refers to the process
of systematically gathering information from the documents prepared in the first step
[35]. The third step, analyze the data, is an iterative process that begins during data
extraction but culminates in a holistic examination of the entire document corpus to
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identify patterns and insights, applying specific analysis methodologies while continu-
ously recording findings [35]. The fourth step, distil the findings, involves synthesizing
the collected data into coherent and meaningful results by organizing insights in a con-
ceptual structure [35].

The initial phase involves preparing the material, during which the scope of the study
is delineated per internationally recognized standards for artificial intelligence and hu-
man-centered Al solutions. Standards and principles developed by management con-
sulting firms were excluded from the scope of this study. This study focused on the EU
Al Act, ISO, OECD, and UNESCO as primary sources of principles, standards, and
guidelines, because of their recognized authority, global influence, and comprehensive
regulatory scope. These four bodies are integral to shaping multilateral conversations
and were selected due to their international legitimacy and institutional authority [36-
39]. The African Union (AU) Continental Al Strategy was excluded from this study, as
it was only adopted by the AU Council in July 2024 [40].

4 Data Analysis

As part of the second step of the research approach proposed by Dalglish and Khalid
[35], data were extracted, resulting in the identification of thirty-seven essential human-
centered components derived from the EU Al Act, ISO standards, and the principles
outlined by UNESCO and the OECD, as presented in Table 2.

Table 2. Act, standards, and principles: human-centered components

Human-centered Compo- EU Al Act UNESCO OECD ISO
nent

Accountability X X X X
Accuracy X

Augments human abilities X

Availability X
Benefits humans X X X

Data governance X X X X
Data quality X
Diversity and inclusiveness X X X

Equal access X X X

Ethics X X X
Explainability X X X
Fairness X X X X
Human rights X X X

Integrity X X




From Principles to Practice: Extracting HCAI Components from Governance Frameworks

Human-centered Compo- EU ATl Act UNESCO OECD ISO
nent

Maintainability X
Meaningful control X X X X
Monitoring X X X X
Performance X X
Predictability X
Privacy X X X X
Process logs X

Quality assurance X
Reliability X X X
Responsibility X X X

Risk management X X X

Robustness X
Safety X X X
Security X X X X
Stakeholder involvement X X X
Sustainability X X

Technical documentation X X

Testing X

Traceability X X X

Transparency X X X X
Trustworthy X X X X
Being unbiased X X X X
User requirements X

As part of the third phase of the research process, data analysis, the extracted human-
centered components were assigned to classification categories. The human-centered
components listed in Table 2 were classified accordingly, and the results are presented

in Table 3.

Table 3. Human-centered component categorization

Human-centered category

Human-centered component

References

Human-Centered Values and Ethics

Accountability

Augments human capabilities

Benefits humans

Diversity and inclusiveness

[1, 15, 26, 28]
[15]

[1, 15, 28]
[1,15, 28]
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Human-centered category Human-centered component References
Ethics [1, 15, 28]
Equal access [1, 15, 28]
Fairness [1, 15, 26, 28]
Human rights [1, 15, 28]
Integrity [26, 28]
Meaningful human control [1, 15, 28, 30]
Responsibility [1, 15, 28]
Safety [1, 15,26, 28]
Security [1, 15, 26, 28]
Sustainability [15, 28]
Trustworthiness [1, 15, 28, 30]
Being unbiased [1, 15, 26, 28]

User Experience and Human Interac-  Explainability [26, 28]

tion Stakeholder involvement [1, 15, 28]
Transparency [1, 15, 26, 28]
User needs [26]

Data and Model Governance Data governance [1, 15, 26, 28]

Data quality [26]
Monitoring [1, 15, 24, 28]
Process logs [1]
Quality assurance [26]
Risk management [1, 15, 28]
Technical documentation [1,15]

Technical Robustness and System Accuracy [1]

Performance Availability [26]
Maintainability [26]
Performance [1,24]
Predictability [30]
Reliability [1, 15, 30]
Robustness [30]
Testing [1]
Traceability [1, 15, 28]

Al System Capabilities and Design Privacy [1, 15, 26, 28]

Considerations
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5 Discussion of Results

In the fourth step, distill the findings, a set of categories was identified to classify the
extracted human-centered components depicted in Table 2. These categories comprise:
(1) human-centered values and ethics, (2) user experience and human interaction, (3)
data and model governance, (4) technical robustness and system performance, and (5)
Al system capabilities and design considerations. The categories are depicted in Table

4.

Table 4. Human-centered categories

Human-centered Description EU Al UNESCO OECD ISO
category Act
Human-centered  Groups the human-cen- X X X X
values and ethics  tered components that

highlight human dig-

nity, rights, values,

fairness, equality, and

protection from harm.
User experience Groups human-cen- X X X
and human inter-  tered components that
action relate to user engage-

ment with Al systems.
Data and model Groups human-cen- X X X
governance tered components that

focus on responsible

data use, model over-

sight, quality assur-

ance, and risk mitiga-

tion in Al systems.
Technical robust-  Groups human-cen- X X X X
ness and system tered components that
performance relate to the safety,

functionality, reliabil-

ity, and ability to with-

stand failure and oper-

ate securely and trans-

parently of the Al sys-

tem.
Al system capa- Groups human-cen- X X

bilities and design
considerations

tered components that
relate to the inherent
strengths, functional
capabilities, privacy
safeguards, and trans-
parency of Al systems.
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Figure 1 visually depicts the thirty-seven (37) components and their categories for in-
clusion in a framework for the development of human-centered Al solutions (Fig. 1).

E & HUMAN
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ER EXP
TECHNIC
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Fig. 1. Human-centered components categorization for framework implementation

The transformative capabilities of Al offer promising avenues for enhancing economic
performance and efficiency [1, 15]. Al solutions also pose significant social risks, as
they may unintentionally exacerbate existing social disparities and adversely affect
marginalized populations [15].

Al solutions should be risk mitigated and resilient through standardized regulations
and consistent guidelines to foster the implementation of Al solutions that are both hu-
man-centric and trustworthy [1]. Al stakeholders should uphold the rule of law, human
rights, and democratic values throughout the Al system lifecycle. These measures in-
clude ensuring freedom, dignity, autonomy, privacy, equality, fairness, and labor rights
[15].

6 Conclusion

This article elucidates the understanding of existing regulations, standards, guide-
lines, and principles that support the development of human-centeredness, as well as
the key components that contribute to human-centered Al solutions.

The underlying study utilized document analysis as a research approach to identify
the key components that contribute to human-centered Al solutions. Thirty-seven (37)
human-centered components were extracted: accountability, accuracy, augmenting
human abilities, availability, benefiting humans, data governance, data quality, diver-
sity and inclusiveness, equal access, ethics, explainability, fairness, human rights, in-
tegrity, maintainability, meaningful control, monitoring, performance, predictability,
privacy, process logs, quality assurance, reliability, responsibility, risk management,
robustness, safety, security, stakeholder involvement, sustainability, technical docu-
mentation, testing, traceability, transparency, trustworthiness, being unbiased, and
user requirements. In addition, five (5) classification categories were identified: hu-
man-centered values and ethics, user experience and human interaction, data and
model governance, technical robustness and system performance, and Al system ca-
pabilities and design considerations.

)ESIGN

APABILITI

Al SYSTEM C
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The identified components and classification categories have practical relevance
for the development of Al solutions that are human-centered and aligned with legal
integrity, fundamental freedoms, and the principles of democratic governance.

HCALI seeks to implement a design and development process that emphasizes human
agency [9, 41]. It ensures that Al solutions empower, facilitate, and extend human ca-
pabilities [10, 41]. In addition, HCAI reconciles automation and human oversight [41,
42]. However, a framework that emphasizes human agency and interaction is necessary
for delivering safe, reliable, and trustworthy Al solutions [8, 43]. The classification
categories and human-centered components can aid in the development of an HCAI
design and development framework. The broader study aims to establish a human-cen-
tered framework that informs the design and evaluation of Al solutions.

The research study was limited to Al-related legal frameworks, as well as intergov-
ernmental and non-governmental international standards and guidelines. It does not
examine other forms of human-centered frameworks found in the literature. Instead,
the study aims to analyze the selected legal and normative instruments to identify key
human-centered components

Future research could explore how these components might be integrated into a
formal development methodology to ensure that Al systems are human-centered, free
from bias, beneficial to humans, supportive of human capabilities, and aligned with
ethical, transparent, reliable, trustworthy, and explainable principles. Furthermore, the
AU Continental Al Strategy could be examined in this context to assess its alignment
with these principles.
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