
Established ethical and practical frameworks for designing AI systems that
compensate for users' cognitive or emotional challenges emphasize human-
centered design, privacy and bias mitigation, and interdisciplinary integration of
psychological, ethical, and technical principles.

1. Introduction

The rapid integration of artificial intelligence (AI) into domains such as mental health, education, and eldercare has
driven the development of frameworks to ensure that AI systems ethically and effectively compensate for users'
cognitive or emotional challenges. These frameworks are grounded in principles of human-centered design,
transparency, privacy, and bias mitigation, and often draw from interdisciplinary theories such as emotional
intelligence, affective computing, and cognitive psychology (Deckker & Sumanasekara, 2025; Thakkar et al., 2024;
Samsonovich, 2020; Zhao et al., 2022; Velagaleti et al., 2024; Tretter, 2024; Beg et al., 2024; Thieme et al., 2022;
Liu et al., 2024; Kundu, 2022). Practical frameworks emphasize adaptive personalization, explainability, and the
integration of psychological theories (e.g., Cognitive Behavioral Therapy) to enhance user well-being and autonomy
(Deckker & Sumanasekara, 2025; Benita et al., 2025; Patil et al., 2025; Kallivalappil et al., 2023; Thieme et al., 2022).
Ethical frameworks stress the importance of safeguarding user privacy, ensuring informed consent, addressing
algorithmic bias, and maintaining human oversight, especially in sensitive contexts like mental health care (Zhang &
Wang, 2024; Thakkar et al., 2024; Tretter, 2024; Beg et al., 2024; Graham et al., 2019; Thieme et al., 2022; Liu et al.,
2024). Despite significant progress, challenges remain in standardizing evaluation metrics, ensuring cultural
inclusivity, and balancing technological innovation with ethical safeguards (Deckker & Sumanasekara, 2025;
Thakkar et al., 2024; Tretter, 2024; Beg et al., 2024; Liu et al., 2024). This review synthesizes the most influential
ethical and practical frameworks, highlighting their core principles, implementation strategies, and ongoing
challenges in the design of compensatory AI systems.

2. Methods

We conducted a comprehensive search across over 170 million research papers in Consensus, including Semantic
Scholar, PubMed, and other major databases. The search targeted ethical and practical frameworks for AI systems
designed to compensate for cognitive or emotional challenges. In total, 1024 papers were identified, 719 were
screened, 560 were deemed eligible, and the 50 most relevant papers were included in this review.
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Search Strategy

Identification

N = 1024

Identified 1007 papers

that matched 20

Consensus searches

1007 identified

Identified 17 papers from

citation graph exploration

17 identified

→
Screening

N = 719

Removed papers with

missing abstracts

Removed duplicates

305 removed

→
Eligibility

N = 560

Removed papers with low

semantic relevance to

each search

159 removed

→
Included

N = 50

Selected the top 50

highest quality papers

after final ranking

510 removed

FIGURE 1  Flow diagram of the literature search and selection process.

Eight unique search groups were executed, systematically covering foundational, practical, domain-specific, and
critical perspectives on ethical and practical frameworks for compensatory AI.

3. Results

3.1. Core Ethical Frameworks

Ethical frameworks for compensatory AI systems consistently emphasize user autonomy, privacy, transparency,
and fairness. Key guidelines include the need for informed consent, robust data protection, and the mitigation of
algorithmic bias, especially in mental health and educational applications (Deckker & Sumanasekara, 2025; Zhang
& Wang, 2024; Thakkar et al., 2024; Tretter, 2024; Beg et al., 2024; Graham et al., 2019; Thieme et al., 2022; Liu et
al., 2024). The importance of human oversight and the prevention of over-reliance on AI are also central themes
(Zhang & Wang, 2024; Tretter, 2024; Beg et al., 2024; Thieme et al., 2022). Frameworks such as the "Ethics of
Emotional AI" and "Human-Centered AI" advocate for ongoing ethical review and stakeholder engagement
throughout the AI system lifecycle (Tretter, 2024; Thieme et al., 2022; Liu et al., 2024).

3.2. Practical Design Frameworks

Practical frameworks focus on adaptive personalization, explainability, and the integration of psychological and
educational theories. For example, AI systems in mental health often incorporate Cognitive Behavioral Therapy
(CBT) principles, emotion recognition, and adaptive feedback to support user well-being (Deckker &
Sumanasekara, 2025; Benita et al., 2025; Patil et al., 2025; Kallivalappil et al., 2023; Beg et al., 2024; Shegekar et al.,
2024; Thieme et al., 2022). In education, frameworks emphasize social-emotional learning (SEL), real-time emotion
detection, and personalized interventions to enhance engagement and learning outcomes (Deckker &
Sumanasekara, 2025; Liu et al., 2024; Bilquise et al., 2022; Zong & Yang, 2025; Shi, 2024; Moghadam et al., 2023;
Darejeh et al., 2024; Zahra et al., 2025). The R-CAGE model and other user-centered architectures prioritize
sustainable emotional engagement and cognitive autonomy (Choi, 2025; Samsonovich, 2020; Zhao et al., 2022;
Kundu, 2022).
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3.3. Interdisciplinary Integration

Many frameworks draw from interdisciplinary theories, combining affective computing, emotional intelligence,
cognitive psychology, and HCI principles (Deckker & Sumanasekara, 2025; Thakkar et al., 2024; Samsonovich,
2020; Zhao et al., 2022; Velagaleti et al., 2024; Tretter, 2024; Beg et al., 2024; Thieme et al., 2022; Liu et al., 2024;
Kundu, 2022). This integration enables AI systems to better recognize, interpret, and respond to user emotions and
cognitive states, while also addressing ethical and practical challenges unique to each domain (Deckker &
Sumanasekara, 2025; Samsonovich, 2020; Zhao et al., 2022; Velagaleti et al., 2024; Tretter, 2024; Beg et al., 2024;
Thieme et al., 2022; Liu et al., 2024).

3.4. Challenges and Limitations

Despite advances, significant challenges persist. These include algorithmic bias, cross-cultural misinterpretation of
emotions, privacy concerns, lack of standardized evaluation metrics, and the risk of over-reliance on AI (Deckker &
Sumanasekara, 2025; Zhang & Wang, 2024; Thakkar et al., 2024; Tretter, 2024; Beg et al., 2024; Graham et al.,
2019; Thieme et al., 2022; Liu et al., 2024). The need for culturally inclusive design, longitudinal validation, and
hybrid human-AI scaffolding is frequently highlighted (Deckker & Sumanasekara, 2025; Thakkar et al., 2024; Tretter,
2024; Beg et al., 2024; Liu et al., 2024).

Key Papers

Paper
Framework
Type Domain Key Principles Notable Features

(Deckker &
Sumanasekara,
2025)

Systematic
review

Education, mental
health

Emotion-aware,
adaptive, ethical
governance

Emphasizes cultural
inclusivity, hybrid
scaffolding

(Tretter, 2024) Ethical
analysis

Decision-support
systems

Emotional capacity,
bias mitigation, social
discourse

Advocates for
separate ethical
review per AI type

(Thieme et al.,
2022)

Human-
centered
design

Online CBT,
mental health

Stakeholder
engagement, balanced
info, human oversight

Design sessions
with clinicians, risk
of over-reliance

(Beg et al., 2024) Narrative
review

Psychotherapy,
mental health

Privacy, trust, human-
AI relationship

Cautious
integration, patient
well-being focus

(Liu et al., 2024) Editorial
review

Healthcare,
education

Trust, transparency,
user acceptance

Multimodal
systems, cross-
cultural validation

FIGURE 2  Comparison of key studies on ethical and practical frameworks for compensatory AI.
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Top Contributors

Type Name Papers

Author Anja Thieme (Thieme et al., 2022)

Author A. Samsonovich (Samsonovich, 2020)

Author Gustavo Assunção (Assunção et al., 2022)

Journal Frontiers in Psychology (Liu et al., 2024)

Journal IEEE Access (Nag et al., 2025; Rokhsaritalemi et al., 2023)

Journal Frontiers in Digital Health (Thakkar et al., 2024)

FIGURE 3  Authors & journals that appeared most frequently in the included papers.

4. Discussion

The literature demonstrates that established ethical and practical frameworks for compensatory AI systems are
grounded in human-centered design, privacy protection, and interdisciplinary integration (Deckker &
Sumanasekara, 2025; Thakkar et al., 2024; Samsonovich, 2020; Zhao et al., 2022; Tretter, 2024; Beg et al., 2024;
Thieme et al., 2022; Liu et al., 2024; Kundu, 2022). High-quality evidence supports the effectiveness of adaptive,
emotion-aware AI in improving user outcomes, particularly when systems are designed with ethical safeguards and
stakeholder input (Deckker & Sumanasekara, 2025; Benita et al., 2025; Patil et al., 2025; Kallivalappil et al., 2023;
Beg et al., 2024; Thieme et al., 2022). However, persistent challenges such as algorithmic bias, privacy risks, and
the need for cultural inclusivity highlight the importance of ongoing ethical review and transparent communication
(Deckker & Sumanasekara, 2025; Zhang & Wang, 2024; Thakkar et al., 2024; Tretter, 2024; Beg et al., 2024;
Graham et al., 2019; Thieme et al., 2022; Liu et al., 2024). The field is moving toward more robust, context-sensitive
frameworks that balance technological innovation with ethical responsibility, but further research is needed to
standardize evaluation metrics and ensure equitable access.

4 / 9

https://consensus.app/?utm_source=consensus_pdf_export
https://consensus.app/?utm_source=consensus_pdf_export
https://consensus.app/?utm_source=consensus_pdf_export
https://consensus.app/?utm_source=consensus_pdf_export


Claims and Evidence Table

Claim
Evidence
Strength Reasoning Papers

Human-centered,
ethical frameworks are
essential for
compensatory AI
design

Strong

Multiple reviews and
empirical studies show
improved outcomes and
reduced risks with user-
centered, ethical
approaches

(Deckker & Sumanasekara, 2025;
Tretter, 2024; Beg et al., 2024;
Thieme et al., 2022; Liu et al., 2024)

Adaptive, emotion-
aware AI enhances
user well-being and
engagement

Strong

Systematic reviews and
case studies demonstrate
positive effects in
education and mental
health

(Deckker & Sumanasekara, 2025;
Benita et al., 2025; Patil et al., 2025;
Kallivalappil et al., 2023; Beg et al.,
2024; Thieme et al., 2022)

Privacy, bias, and
transparency are
persistent ethical
challenges

Strong

Recurrent themes in
reviews and ethical
analyses; unresolved in
many real-world
deployments

(Deckker & Sumanasekara, 2025;
Zhang & Wang, 2024; Thakkar et
al., 2024; Tretter, 2024; Beg et al.,
2024; Graham et al., 2019; Thieme
et al., 2022; Liu et al., 2024)

Interdisciplinary
integration improves
framework robustness

Moderate

Combining psychological,
ethical, and technical
principles leads to more
effective and inclusive AI
systems

(Deckker & Sumanasekara, 2025;
Thakkar et al., 2024; Samsonovich,
2020; Zhao et al., 2022; Velagaleti
et al., 2024; Tretter, 2024; Beg et
al., 2024; Thieme et al., 2022; Liu et
al., 2024; Kundu, 2022)

Standardized
evaluation metrics and
cultural inclusivity are
lacking

Moderate

Reviews highlight
variability in assessment
and limited cross-cultural
validation

(Deckker & Sumanasekara, 2025;
Thakkar et al., 2024; Tretter, 2024;
Beg et al., 2024; Liu et al., 2024)

Over-reliance on AI
and lack of human
oversight can
undermine outcomes

Moderate

Empirical and design
studies warn of risks
without balanced human-
AI collaboration

(Zhang & Wang, 2024; Tretter,
2024; Beg et al., 2024; Thieme et
al., 2022)

FIGURE 4  Key claims and support evidence identified in these papers.
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5. Conclusion

Ethical and practical frameworks for compensatory AI systems are increasingly robust, emphasizing human-
centered design, privacy, transparency, and interdisciplinary integration. While these frameworks have improved
the effectiveness and safety of AI in compensating for cognitive and emotional challenges, ongoing challenges in
bias mitigation, cultural inclusivity, and standardized evaluation remain.

5.1. Research Gaps

Despite progress, research gaps persist in the standardization of evaluation metrics, cross-cultural validation, and
the long-term impact of compensatory AI on user autonomy and well-being.

Research Gaps Matrix

Framework Focus Education
Mental
Health

Elder
Care

Cross-
Cultural

Longitudinal
Impact

Human-Centered
Design

7 8 4 2 1

Privacy & Bias 5 7 3 1 GAP

Adaptive Personalization 6 5 2 1 GAP

Interdisciplinary
Integration

4 4 2 1 GAP

FIGURE 5  Heatmap of research coverage by framework focus and application domain.

5.2. Open Research Questions

Future research should focus on standardizing evaluation metrics, ensuring cultural inclusivity, and assessing the
long-term impact of compensatory AI on user autonomy and well-being.
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Question Why

How can evaluation metrics for compensatory AI
systems be standardized across domains and
cultures?

Standardization is crucial for comparing effectiveness,
ensuring safety, and facilitating regulatory oversight across
diverse applications.

What are the long-term effects of compensatory
AI on user autonomy and psychological well-
being?

Understanding these effects is essential to prevent over-
reliance and ensure that AI supports, rather than
undermines, human agency.

How can frameworks be adapted to ensure
cultural inclusivity and reduce algorithmic bias in
compensatory AI?

Addressing cultural and demographic diversity is vital for
equitable and effective AI deployment in global contexts.

FIGURE 6  Open research questions and their significance for future work.

In summary, while established frameworks have advanced the ethical and practical design of compensatory AI,
ongoing research and interdisciplinary collaboration are needed to address persistent challenges and ensure
equitable, effective, and safe AI systems for all users.

These papers were sourced and synthesized using Consensus, an AI-powered search engine for research. Try it at
https://consensus.app
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