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Abstract- The horizon of artificial intelligence (AI) 

technologies is expanding, as is the need for effective 

governance structures that align with the real-time flow of 

data. This study provides a comprehensive examination of 

adaptive AI governance structures for managing and 

ensuring the quality of real-time data streams. A 

quantitative strategy was employed by circulating 

structured questionnaires to data scientists, IT managers, 

and AI policy makers in technology companies. The data 

were analyzed using basic descriptive statistics, including 

frequencies and percentages. The study identified 

adaptability, transparency, and accountability as 

fundamental cornerstones of dynamic data environments. 

This study advocates incorporating adaptive feedback 

systems into AI governance to promote compliance, ethical 

alignment, and data fidelity. It is recommended that 

organizations and policymakers design and operationalize 

flexible, context-sensitive governance frameworks that 

preserve data quality and promote trust in automated 

decisions. 
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I. INTRODUCTION 

 

Intelligent systems are redefining and transforming the 

world's work environment. Artificial Intelligence (AI) 

automations are at the forefront of innovation, 

changing industries, redefining workflows, data 

management & decision-making, and challenging 

traditional ideas of productivity. AI systems leverage 

real-time data streams for responsive, predictive, and 

automated decision-making across industries such as 

healthcare, finance, logistics, and smart cities (Floridi 

et al., 2022). As data streams become more complex 

in terms of volume, velocity, and variety, so do the 

challenges in maintaining data quality and addressing 

ethical concerns. For this reason, the proactive 

development of flexible AI adaptive governance 

frameworks that incorporate accountability, 

transparency, and fairness in machine learning 

processes is of utmost importance (Leslie, 2021).  

Most traditional governance models underestimate the 

need for fast, flexible, but adaptable systems to govern 

real-time data streams. Fixed frameworks are slow and 

lack the dynamic agility needed to effectively monitor, 

audit, and validate AI data streams (Morley et al., 

2021). Integrity and trust in AI outcomes require the 

implementation of adaptive frameworks that can learn 

and reposition themselves to address new challenges 

and risks posed by data anomalies. 

This paper explores the principles, challenges, and 

best practices for designing adaptive AI governance 

frameworks. It focuses on real-time data stream 

management and quality assurance as central pillars 

for sustainable and ethical deployment of AI. The 

study contributes to policy and organizational 

practices by proposing a dynamic governance 

structure suitable for modern AI ecosystems. 

II. LITERATURE REVIEW 

 

2.1 Conceptualizing Artificial Intelligence 

Governance 

Artificial Intelligence (AI) governance encompasses 

various components, including frameworks and 

standards that determine how AI technologies are used 

(Jobin, Ienca & Vayena, 2019). These include ethical, 

legal, and operational principles and standards that 

define how AI is implemented. AI governance 

includes fairness and equity, accountability, 

transparency, and respect for people’s rights in 

deployment. AI governance encompasses technical 

frameworks that outline audits and traceability 
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mechanisms, as well as non-technical frameworks 

comprising policies, laws, and ethical oversight 

(Gasser & Almeida, 2017). 

AI technologies are increasingly used in every area, 

including finance and healthcare. There are high 

expectations that AI governance will support 

responsible, accountable decision-making frameworks 

(Floridi, 2023). Deep learning and advanced AI 

systems, however, represent significant challenges for 

governance personnel accustomed to static data 

systems. AI governance concerns systems that are 

compliance-based (Leslie, 2021). 

AI governance entails multi-level stakeholder 

interactions among AI system developers, 

policymakers, lawmakers, controllers, and users, all of 

whom influence the design and use of AI (Morley et 

al., 2021). This collaborative dynamic supports the 

harmonization and co-creation of ethical and 

operational standards rather than the top-down 

imposition of governance, which fosters inclusivity 

and democratic accountability.  

2.2 Evolution of Adaptive Governance 

The term "adaptive governance" originates in studies 

of environmental and institutional policy, where 

principles of flexibility, learning, and iterative 

feedback are applied to address uncertainty (Susha, 

Janssen, & Verhulst, 2021). Within the AI context, 

adaptive governance refers to the ability of control and 

core legal frameworks to keep pace with, or evolve to 

meet, technological innovations. Unlike a static, 

orthodox governance rule framework, control 

frameworks are continuously adjusted, incorporate 

client feedback, and have policies reviewed regularly.  

As noted by de Bruijn and ten Heuvelhof (2018), the 

governance of tech systems must account for their 

chaotic and complex nature. Thus, models of 

governance must be responsive instead of prescriptive. 

The responsive governance mechanism in AI 

ecosystems involves incorporating systems that detect 

and respond to algorithmic drift, data anomalies, and 

emerging ethical issues. 

Floridi et al. (2022) argue that adaptive governance 

encompasses socio-technical feedback loops where 

governance instruments learn from system 

performance and societal reactions. Designed as 

reflexive governance frameworks, these adaptive 

oversight systems enable incremental, iterative 

learning, allowing AI systems and their oversight to 

evolve in lockstep. This flexibility is essential in 

governance frameworks that must be adaptive, 

particularly in contexts involving rapidly changing 

real-time data.  

2.3 Real-Time Data Stream Management in AI 

Systems   

The performance of AI applications relies on the 

effective management of real-time data streams. 

Organizations’ growing reliance on real-time data for 

decision-making increases the need to manage the 

velocity and variability of data (Chen & Zhang, 2022). 

Real-time stream management involves acquiring, 

processing, transforming, and analyzing data to enable 

AI systems to provide predictions or respond in real 

time.  

According to Yaseen (2023), the value of AI outputs 

is significantly enhanced by the quality and 

consistency of the data inflow. Inconsistent data, gaps, 

and lags can diminish the dependability of machine 

learning models. Thus, governance frameworks need 

to incorporate mechanisms for real-time monitoring of 

data, enabling oversight of the systems to track data 

lineage and ensure that governance of input data 

streams meets predefined quality standards. 

Additionally, there are new governance issues with 

stream datasets compared to static ones. In traditional 

environments, post-processing data quality evaluation 

is an inadequate auditing technique. Continuous 

environments require governance mechanisms, such 

as automated anomaly detection and compliance 

feedback dashboards, that complement resources like 

predictive maintenance. 

2.4 Data Quality Assurance as a Pillar of AI 

Governance   

One of the fundamental aspects of AI governance is 

the quality of the data. Batini and Scannapieco (2016) 

detailed and defined the various data quality 

dimensions as accuracy, completeness, timeliness, 

consistency, and validity. With respect to AI, the 
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social harms that poorly configured systems emit are 

aggravating and amplifying the social biases 

embedded within the data (Gebru et al., 2021).  

Leslie (2021) argues that the strongest mechanisms of 

data quality assurance should be embedded at every 

stage of the AI lifecycle, including, but not limited to, 

data collection, preprocessing, deployment, and 

monitoring. In governance systems that include 

dynamic systems, controls should be put in place to 

ensure continuous representation and unbiased 

circulation of data. Data provenance is a critical rule 

of these governance systems, where sources of data 

and all transformations are recorded as alterable audit 

trails. 

Close monitoring of self-governing systems reveals 

quality control anomalies and signals supervisors 

when quality control drops. Thus, the technologies 

used in adaptive governance systems do not rely solely 

on managerial structures, as advanced systems 

autonomously control them.  

2.5 Ethical, Legal, and Regulatory Dimensions of AI 

Governance 

Adaptive AI governance incorporates ethics on the 

most fundamental level. Jobin et al. (2019) reported 

more than 80 AI ethics guidelines, each of which 

universally comprises the same core pillars: 

transparency, accountability, fairness, and the right to 

privacy. However, applying abstract ethical principles 

in practice remains a foremost challenge. It is through 

adaptive governance frameworks that dynamic ethical 

compliance as a living philosophy can integrate with 

operational systems. 

The rise of real-time AI applications introduces 

complex issues related to potential violations of the 

right to privacy, assignment of fault, and the 

accountability of algorithms (OECD, 2023). 

Governance systems should proactively comply with 

evolving regulations, such as the European Union's AI 

Act and various Data Protection Laws (Gasser & 

Almeida, 2017). Such adaptive frameworks that 

proactively adjust to compliance guarantee a shifting 

legal landscape and mitigate the risk of regulatory lag. 

The regulation of AI systems now entails a duty to 

explain the system's decision-making processes 

(Morley et al., 2021). Adaptive governance supports 

an organization's ability to flexibly determine the 

required level of explainability within a given context, 

operational environment, and risk. This offers a 

mechanism to defend the regulatory required balance 

between accountability and the right to innovate. 

2.6 Challenges in Implementing Adaptive AI 

Governance 

There are reasons why the anticipated benefits of 

adaptive AI governance are not fully realized. Susha 

et al. (2021) enumerate the lack of uniform governance 

frameworks, the shortage of competent governance 

practitioners, and the silos in which data systems are 

trapped as pervasive issues. A proactive approach to 

data quality management remains a distant goal, as 

organizations are still content to deal with the 

aftermath of data problems before initiating 

corrections. 

Another aspect that can impede adoption is the 

specialized nature of technology. Real-time 

monitoring systems demand advanced computer 

power and sophisticated systems, which less 

technologically advanced firms may not have. 

Besides, continuous feedback poses privacy concerns, 

particularly when personal data is involved and used 

for adaptive learning. Governance remains nuanced in 

balancing the adaptation and the data minimization 

principle.  

As noted, the inertia of culture and institutions is the 

last obstacle to flexible governance. Adaptive 

governance is sustained by change and learning, while 

traditional bureaucratic systems rest on stability and 

predictability (Floridi, 2023). These organizational 

and regulatory constraints, in addition to the firm's 

culture, will require building new partnerships and 

new forms of cooperation, regulatory capacity, and 

new mindsets about governance as a flexible living 

system rather than a dead, rigid rulebook.  

2.7 Theoretical and Practical Implications of Adaptive 

AI Governance. 

The streams of literature converge on the design of a 

cohesive, adaptive AI governance framework, 
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necessitating its iterative development across ethical 

approaches, data science, and organizational 

management. Theoretical constructs cite cybernetic 

systems, particularly the feedback and control loops, 

as a governance model (de Bruijn and ten Heuvelhof, 

2018). It operationalizes the integration of automated 

processes and human control as the apex of systems-

monitoring tools that support real-time decision-

making.  

Adaptive governance enhances traditional regulation 

by incorporating a more dynamic, responsive 

approach to policy frameworks. It guarantees 

accountability, auditability, and equity across the AI 

system lifecycle. Consequently, adaptive AI 

governance is the epitome of responsible AI evolution. 

It integrates technical advancements with stably 

shifting ethical and legal frameworks within the 

borders of regulation.  

Summary of Literature Gaps 

There has been a myriad of technical and ethical AI 

governance studies (e.g., Jobin et al., 2019; Floridi et 

al., 2022; OECD, 2023), as well as adaptive 

governance frameworks for real-time data ecosystems. 

The dominant governance frameworks focus on ex 

post audits rather than real-time adaptive control. This 

study, therefore, aims to address this gap by providing 

empirical data on stakeholders' views on the adaptive 

governance elements necessary for managing real-

time data streams and ensuring data integrity through 

quality control. 

III. METHODOLOGY 

3.1 Research Design 

A quantitative research design was employed to gather 

and evaluate data from AI professionals and AI 

Governance professionals, aiming to understand their 

perceptions of adaptive AI governance for real-time 

data management.  

3.2 Instruments and Data Collection   

A closed-ended questionnaire was created focusing on 

the core themes of adaptability, transparency, 

accountability, and data quality assurance. The 

questionnaire was administered to a sample of 100 

participants, comprising data engineers, AI managers, 

and compliance officers from tech firms, and 80 

complete questionnaires were returned. This signifies 

an 80% response rate.  

 

3.3 Data Analysis Method   

Using descriptive statistics, specifically, frequency 

and percentage distributions, the resulting tables were 

used to discuss and explain the data. 

IV. FINDINGS AND DISCUSSION 

Table 1: Awareness of Adaptive AI Governance 

Concepts 

Response Option Frequency Percentage (%) 

Highly Aware 48 60 

Moderately Aware 22 27.5 

Slightly Aware 10 12.5 

Total 80 100 

 

Table 1 shows that 60% of respondents demonstrated 

high awareness of adaptive AI governance. This 

suggests increased awareness of its relevance to AI 

management. That 12.5% of respondents were only 

slightly aware still indicates that disseminating 

educational materials and enacting educational 

policies need to be prioritized across all sectors. 

Table 2: Importance of Real-Time Data Quality 

Monitoring 

 

77.5% of respondents assessed real-time data 

monitoring as "very important" (Table 2). This 

illustrates the importance of AI governance 

frameworks that include actively operating systems of 

continuous quality assurance. Validating data in real 
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time helps stave off drift from data quality goals and 

protects the reliability of the AI model and its outputs. 

Table 3: Key Features of Effective Adaptive 

Governance 

 

The respondents classified transparency (31.25%) as 

the most crucial feature of adaptive AI governance, 

followed by flexibility (27.5%) and accountability 

(25%). This satisfies the global AI guides provision 

that AI systems must be explainable, and automated 

systems must include trust policies. 

V. DISCUSSION OF FINDINGS 

 

The significance of the adaptive AI framework in 

building a sustainable governance framework that 

evolves to ensure adequate oversight with ethical 

correction capabilities cannot be overstated. Adaptive 

governance models are designed to guide 

organizations in scoping the governance models when 

building AI Data Pipelines. The constant archiving of 

governance models also justifies the reliance on 

adaptive governance models. The substantial number 

of institutions willing to implement responsible AI 

also speaks to the conscious implementation of 

primary AI governance models. The operational focus 

on continuous monitoring of data quality indicates the 

awareness of the substantial influence of systemic bias 

and errors. The desire for system transparency and 

explainability indicates the rudiments of governance 

models and the explainability frameworks of AI 

systems. The aforementioned is the primary system of 

governance proposed by Morley and others in 2021, 

and by Dwivedi and others in 2023, for systems with 

geared adaptability. 

VI. CONCLUSION 

 

The systems of governance for adaptive AI rely on a 

steady stream of real-time data, with the assurance of 

its quality. The importance of the attributes of 

flexibility, transparency, and accountability to the 

adaptive AI governance framework cannot be 

overstated. This is the key finding in this study. In 

adaptive governance, the AI system is dynamic when 

the data is responsive. Hence, the need to integrate 

real-time data validation and self-regulating 

frameworks should be the primary aim to ensure 

adaptive governance in digital transformation. 

VII. RECOMMENDATIONS 

 

In line with the findings, the following 

recommendations are made. 

• Organizations should integrate adaptive 

governance systems capable of learning from 

feedback within the system and adapting to 

outliers.  

• In all AI workflows, real-time validation systems 

should be instituted to ensure continuous data 

integrity.  

• Transparent models are encouraged to keep 

systems auditable and adaptable.  

• Cross-sector collaboration efforts among key 

industry players are encouraged to create adaptive 

frameworks and ethical standards.  

• Regulations with adaptive policies that progress at 

the same pace as AI technology. 
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