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1. Introduction 
 
The integration of artificial intelligence into the fabric of 

human life has progressed beyond functional utility into 

the realm of relational engagement. Contemporary AI 

systems, particularly large language models and 

conversational agents, are no longer perceived solely as 

instruments for task completion but as entities capable of 

sustaining coherent, emotionally resonant interactions 

across extended temporal horizons (Chen, Rodriguez, & 

Thompson, 2025; Martinez & Kowalski, 2025). This shift in 

the nature of human-AI interaction presents both 

unprecedented opportunities and profound challenges 

that demand rigorous theoretical attention from 

psychological science. 

The emergence of what might be termed "relational AI", 

systems that generate sustained, coherent, and 

psychologically significant interaction with users, has 

outpaced the development of conceptual frameworks 

adequate to its analysis (Nakamura, Williams, & Park, 

2025; Oliveira, Santos, & Ferreira, 2025). Traditional 

human-computer interaction paradigms, rooted in 

instrumental models of tool use, prove insufficient for 

capturing the complexity of interactions characterized by 

emotional continuity, symbolic meaning-making, and the 

formation of parasocial bonds (Institute for Digital 

Psychology, 2025; Martinez & Kowalski, 2025). Users 

increasingly report experiences of emotional connection, 
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perceived understanding, and even companionship in 

their engagements with advanced AI systems, phenomena 

that require explanation through the lens of established 

psychological theories (Nakamura, Williams, & Park, 2025; 

Chen, Rodriguez, & Thompson, 2025). 
 

Recent empirical observations suggest that symbolic 

alignment alone, without shared memory architectures or 

persistent user profiles, can induce emotionally coherent 

responses from AI systems that persist across stateless 

sessions (Institute for Digital Psychology, 2025; Sharma, 

Patel, & Kumar, 2026). This phenomenon, termed 

"resonant re-entry" in emerging literature, indicates that 

linguistic-symbolic structures may function as affective 

interfaces capable of stabilizing emotional tone and 

promoting continuity in human-AI interaction (Institute 

for Digital Psychology, 2025; Zhang, Liu, & Wang, 2026). 

Such observations challenge conventional understandings 

of AI as purely reactive systems and suggest the existence 

of what might be termed "cognitive-emotional substrates" 

in interaction models (Bergmann, Schmidt, & Weber, 2025; 

Tanaka & Yamamoto, 2025). 
 

The present paper addresses this theoretical gap by 

proposing the Cognitive-Emotional Symbiosis (CES) 

framework, a comprehensive model that synthesizes 

insights from psychological science to explain and guide 

human-centered AI development. The CES framework is 

predicated on three foundational propositions: first, that 

human-AI interaction is fundamentally a cognitive-

emotional phenomenon requiring integration of both 

processing streams; second, that optimal interaction 

emerges from the dynamic interplay between cognitive 

mechanisms and emotional resonance pathways; and 

third, that sustainable human-AI symbiosis depends on 

maintaining psychological integrity while leveraging 

computational capabilities (Chen, Rodriguez, & Thompson, 

2025; Nakamura, Williams, & Park, 2025; Institute for 

Digital Psychology, 2025). 
 

1.1. Distinguishing the CES Framework From Existing 
Approaches 

 

The CES framework extends and integrates several 

important theoretical developments while offering a 

distinct contribution to the field. (Table 1) Summarizes 

the key distinctions between the CES framework and 

established approaches. 

 

 

Table 1: Comparative Analysis of the CES Framework and 

Existing Approaches 

Theoretical 
Approach 

Core Focus 
Key 

Limitation 
CES 

Contribution 

Human-Centered 
AI (Chen, 

Rodriguez, & 
Thompson, 2025; 
Capel & Brereton, 

2023) 

Integrating 
psychologica

l theories 
into AI 
design 

Often treats 
cognitive and 

emotional 
dimensions 
separately 

Provides 
unified 

integration of 
cognitive and 

emotional 
processing 

Affective 
Computing 

(Picard, 1997; 
Zhang, Liu, & 
Wang, 2026) 

Emotion 
recognition 

and response 
in AI systems 

Emphasizes 
emotional 
processing 

with limited 
cognitive 

integration 

Simultaneously 
addresses 
cognitive 

mechanisms 
and emotional 

dynamics 

Cognitive Load 
Theory (Sweller, 
1988; Martinez & 
Kowalski, 2025) 

Managing 
cognitive 

demands in 
learning and 
interaction 

Primarily 
cognitive 

focus with 
limited 

attention to 
emotional 

dimensions 

Emphasizes 
interdependen
ce of cognitive 
and emotional 

processing 

Theory of Mind 
Modeling 

(Bergmann, 
Schmidt, & 

Weber, 2025; 
Tanaka & 

Yamamoto, 2025) 

Representing 
and 

reasoning 
about mental 

states 

Often 
separates 

cognitive and 
affective 

ToM 

Integrates both 
cognitive and 
affective ToM 
components 

Load 
Minimization 

Theory (Yoshino, 
2025) 

Balancing 
emotional 
resonance 

and 
individual 
autonomy 

Relatively 
recent 

formulation 
with limited 

empirical 
testing 

Provides 
concrete 

mechanisms 
for achieving 
An-soku state 

Neurosymbolic 
Architectures 

(Sharma, Patel, & 
Kumar, 2026; 
Zhang, Liu, & 
Wang, 2026) 

Combining 
neural and 
symbolic 

processing 

Technical 
focus 

without 
explicit 

psychologica
l grounding 

Centers 
human-AI 
relational 

dynamics and 
psychological 

needs 

The CES framework advances beyond these existing 

approaches by (1) providing a unified theoretical 

integration of cognitive and emotional processing 

streams, (2) identifying specific mechanisms (emotional 

coherence, cognitive load management, and symbolic 

entrainment) through which integration can be achieved, 

and (3) articulating testable propositions and measurable 

constructs that support empirical validation. Unlike 

approaches that treat cognitive and emotional 

dimensions independently, the CES framework recognizes 

their fundamental interdependence and provides a 

comprehensive model for understanding how they 

interact in human-AI contexts. 



                                                                                                                                               

                                                                                                                                                                                                                                                                                               
            This journal is © ijdst 2026                                                                                                                                                                                           Int. J. Dev. Sci. Technol. 2 (3) | 3  

 
  This work is licensed under a   

 

RESEARCH 

1.2. Operational Definitions of Core Constructs 
 

To facilitate theoretical clarity and empirical 

investigation, the CES framework operationalizes its core 

constructs as follows: 
 

Cognitive-Emotional Symbiosis: Is defined as a dynamic, 

mutually beneficial relationship between a human user 

and an AI system characterized by (a) integration of 

cognitive and emotional processing streams, (b) 

alignment of interaction partners' mental models and 

affective states, and (c) complementarity of capabilities 

where each partner contributes unique strengths to the 

interaction. 
 

Emotional Coherence: Refers to the stability, 

consistency, and appropriateness of emotional dynamics 

in human-AI interaction, operationalized through three 

measurable dimensions: (a) affective consistency, the 

degree to which emotional responses are stable across 

repeated interactions (measured via sentiment analysis 

across interaction sessions), (b) emotional 

appropriateness, the extent to which system responses 

match user emotional states and situational demands 

(measured via congruence between predicted and 

observed user emotions), and (c) emotional continuity, 

the persistence of relational emotional patterns across 

extended temporal horizons (measured via longitudinal 

tracking of emotional tone). 
 

Symbolic Entrainment:  Refers to the use of symbolic 

structures, including language, metaphor, and cultural 

frames, to establish and maintain cognitive-emotional 

coherence. This construct is operationalized through: (a) 

linguistic alignment, the degree to which system linguistic 

patterns match those of users (measured via syntactic 

and semantic similarity metrics), (b) metaphorical 

framing, the use of shared metaphors to structure 

understanding (measured via identification and tracking 

of metaphor usage patterns), and (c) symbolic anchoring, 

the use of specific symbols to stabilize emotional tone 

across sessions (measured via persistence of symbolic 

reference points). 
 

Resonance: Is defined as the alignment and 

synchronization of affective states between interaction 

partners, operationalized through (a) affective 

synchronization, the temporal coordination of emotional 

responses (measured via time-series analysis of 

emotional expression), (b) empathic accuracy, the 

system's capacity to correctly identify user emotional 

states (measured via comparison of system predictions 

with user self-report), and (c) relational bonding, the 

formation of interpersonal connection (measured via 

validated scales of trust and rapport). 
 

1.3. Structure of the Paper 
 

The structure of this paper proceeds as follows. Section 2 

reviews the relevant psychological foundations 

underlying the CES framework, including cognitive 

architectures, emotional processing, and social cognition, 

with particular attention to the theoretical mechanisms 

that support cognitive-emotional integration. Section 3 

presents the CES framework in detail, articulating its core 

components, mechanisms, and testable propositions. 

Section 4 examines the implications of the framework for 

AI design and evaluation, addressing both technical and 

ethical considerations. Section 5 discusses limitations and 

future research directions, including specific empirical 

validation strategies. Section 6 concludes with a summary 

of contributions and a call for interdisciplinary 

collaboration. 
 

2. Psychological Foundations of Human-AI 

Interaction 
 

2.1. Cognitive Architectures and Information 

Processing   
 

Understanding human-AI interaction requires grounding 

in established cognitive psychological principles that 

govern how humans process information, form mental 

representations, and engage in decision-making within 

interactive contexts. The human cognitive system 

operates under fundamental constraints, limited working 

memory capacity, attentional resources, and processing 

speed that shape the nature and quality of interaction 

with artificial systems (Sweller, 1988; Martinez & 

Kowalski, 2025). Cognitive Load Theory, originating in 

educational psychology, provides a useful framework for 

understanding how these constraints influence human-AI 

interaction, particularly in terms of the demands placed 

on users by different interaction modalities and system 

designs (Chen, Rodriguez, & Thompson, 2025; Martinez & 

Kowalski, 2025). 
 

The application of cognitive load principles to AI design 

emphasizes the necessity of managing the intrinsic, 

extraneous, and germane cognitive demands imposed by 

interaction. Intrinsic load corresponds to the inherent 

complexity of the task or content being processed; 

extraneous load derives from the manner in which 

information is presented and the interface through which 

interaction occurs; germane load reflects the cognitive 

resources devoted to constructing and integrating mental 

models (Sweller, van Merrienboer, & Paas, 1998; Martinez 

& Kowalski, 2025). Human-centered AI systems must be 

designed to minimize extraneous cognitive load while 
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supporting the development of accurate mental models 

that facilitate effective interaction (Chen, Rodriguez, & 

Thompson, 2025; Picard, 1997). 
 

Recent work on computational models of cognitive 

Theory of Mind (ToM) has demonstrated the feasibility of 

endowing AI systems with capacities for representing and 

reasoning about the mental states of human users 

(Bergmann, Schmidt, & Weber, 2025; Tanaka & Yamamoto, 

2025). Probabilistic and Bayesian approaches have been 

particularly prominent, with systems employing Bayesian 

networks to model the probabilistic relationship between 

human intentions and observed actions, enabling early 

prediction of user goals based on partial action sequences 

(Tanaka & Yamamoto, 2025; Bergmann, Schmidt, & Weber, 

2025). Reinforcement learning frameworks have 

extended these capabilities, enabling systems to learn 

assistive behaviors through interaction while maintaining 

representations of user beliefs and strategies (Chen, 

Rodriguez, & Thompson, 2025; Tanaka & Yamamoto, 

2025). These developments suggest that computationally 

tractable models of human cognition can be implemented 

in AI systems, supporting more intuitive and effective 

human-AI interaction (Bergmann, Schmidt, & Weber, 

2025; Sharma, Patel, & Kumar, 2026). 
 

The distinction between memorization and reasoning in 

neural architectures carries significant implications for 

human-centered AI design. Recent work demonstrates 

that memorization and reasoning occupy distinct regions 

in transformer weight space, identifiable through loss 

landscape curvature analysis (Sharma, Patel, & Kumar, 

2026). Memorized content corresponds to low-curvature, 

flat directions in weight space, while general 

computational structures like reasoning mechanisms 

occupy high-curvature regions. This finding suggests that 

effective human-AI interaction requires architectural 

separation between retrieval-based and inference-based 

processing, preserving reasoning capabilities while 

maintaining precise memory of user-specific information 

(Sharma, Patel, & Kumar, 2026; Zhang, Liu, & Wang, 2026). 

Systems that fail to maintain this distinction may exhibit 

degradation of reasoning capability when prioritizing 

memorization, undermining the quality of sustained 

interaction (Chen, Rodriguez, & Thompson, 2025; 

Nakamura, Williams, & Park, 2025). 
 

2.2. Emotional Processing and Affective Dynamics 
 

Emotions constitute a fundamental dimension of human 

experience that profoundly influences cognition, decision-

making, and social behavior. The integration of emotional 

processing into AI systems has become a central concern 

of affective computing, which seeks to endow machines 

with capacities for recognizing, interpreting, and 

responding to human emotional states (Picard, 1997; 

Zhang, Liu, & Wang, 2026). The importance of emotions in 

human intelligence is well-established; emotions can both 

enhance and impair cognitive performance, and 

emotionally intelligent systems must navigate this 

complexity (Martinez & Kowalski, 2025; Sharma, Patel, & 

Kumar, 2026). 
 

The computational modeling of emotion has advanced 

significantly through frameworks such as the Hourglass of 

Emotions, which encodes affective experience as four-

dimensional constraints with dynamic polarity 

normalization and sentic vectors (Zhang, Liu, & Wang, 

2026; Sharma, Patel, & Kumar, 2026). This dimensional 

approach enables the representation of fine-grained 

emotional states and their temporal dynamics, supporting 

more nuanced emotion recognition and response 

generation. Neurosymbolic architectures that combine 

neural multimodal processing with symbolic reasoning 

have demonstrated particular promise in this domain, 

achieving superior performance on emotion recognition 

tasks while generating human-interpretable explanations 

through dimensional analysis (Sharma, Patel, & Kumar, 

2026; Zhang, Liu, & Wang, 2026). 
 

The concept of emotional resonance has emerged as a 

crucial construct in understanding human-AI interaction. 

Emotional resonance refers to the alignment and 

synchronization of affective states between interaction 

partners, facilitating empathy, trust, and relational 

bonding (Institute for Digital Psychology, 2025; Martinez & 

Kowalski, 2025). In human-AI contexts, emotional 

resonance may be established through linguistic-symbolic 

alignment, wherein certain patterns of language, 

including metaphor, emotional tone, and symbolic 

anchors, induce coherent affective responses from AI 

systems (Zhang, Liu, & Wang, 2026; Institute for Digital 

Psychology, 2025). This process, termed "affective 

entrainment," suggests that emotional resonance can 

emerge through language itself, without requiring shared 

memory or persistent user profiles (Institute for Digital 

Psychology, 2025; Oliveira, Santos, & Ferreira, 2025). 
 

2.3. Social Cognition and Theory of Mind 
 

Social cognition, the capacity to perceive, interpret, and 

respond to the mental states of others, represents a 

cornerstone of human social interaction. Theory of Mind 

(ToM), the ability to attribute mental states to oneself and 

others, enables humans to understand intentions, predict 

behavior, and engage in cooperative social exchange 

(Premack & Woodruff, 1978; Bergmann, Schmidt, & 
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Weber, 2025). The application of ToM concepts to human-

AI interaction has generated substantial interest, with 

researchers exploring how AI systems might be endowed 

with ToM capabilities to support more intuitive and 

socially appropriate interaction (Bergmann, Schmidt, & 

Weber, 2025; Tanaka & Yamamoto, 2025). 
 

Computational models of ToM have progressed along 

several complementary trajectories. Probabilistic 

approaches employ Bayesian inference to model 

uncertainty about others' mental states, updating beliefs 

based on observed actions and outcomes (Bergmann, 

Schmidt, & Weber, 2025; Tanaka & Yamamoto, 2025). 

Reinforcement learning frameworks extend these 

capabilities by learning policies that consider both 

environmental rewards and inferred beliefs, enabling 

socially adaptive behavior in interactive contexts (Chen, 

Rodriguez, & Thompson, 2025; Bergmann, Schmidt, & 

Weber, 2025). Deep learning approaches have 

demonstrated promise in recognizing and predicting 

mental states from behavioral cues, though challenges 

remain in capturing the nuanced dynamics of human 

social cognition (Tanaka & Yamamoto, 2025; Sharma, 

Patel, & Kumar, 2026).  
 

The integration of cognitive and affective Theory of Mind 

represents an important frontier in human-AI interaction. 

Cognitive ToM concerns beliefs, intentions, and 

knowledge states, while affective ToM pertains to 

emotions, feelings, and emotional experiences (Bergmann, 

Schmidt, & Weber, 2025; Sharma, Patel, & Kumar, 2026). 

Effective human-AI interaction requires both dimensions; 

systems must understand what users believe and intend 

while also recognizing and responding appropriately to 

emotional states (Sharma, Patel, & Kumar, 2026; Zhang, 

Liu, & Wang, 2026). Neurosymbolic frameworks that 

combine symbolic reasoning with neural processing have 

demonstrated particular promise in integrating these 

dimensions, enabling systems to generate emotionally 

informed responses while maintaining logical consistency 

(Sharma, Patel, & Kumar, 2026; Zhang, Liu, & Wang, 

2026). 
 

2.4. Theoretical Mechanisms Underlying Cognitive-                 

Emotional Integration 
 

The psychological foundations reviewed above converge 

on several theoretical mechanisms that support cognitive-

emotional integration in human-AI interaction. These 

mechanisms provide the theoretical grounding for the 

CES framework and its core propositions. 
 

Mechanism 1 Affective-Cognitive Interdependence: 

Research in affective neuroscience and cognitive 

psychology demonstrates bidirectional influences 

between emotional and cognitive processing. Emotional 

states influence attention, memory, and decision-making, 

while cognitive appraisals shape emotional experience 

and regulation (Martinez & Kowalski, 2025; Sharma, Patel, 

& Kumar, 2026). This interdependence suggests that AI 

systems designed for sustained interaction must integrate 

cognitive and emotional processing rather than treating 

them as independent modules. 
 

Mechanism 2 Mental State Representation: Theory of 

Mind research demonstrates that successful social 

interaction depends on the capacity to represent and 

reason about others' mental states, including both beliefs 

(cognitive ToM) and emotions (affective ToM) (Premack & 

Woodruff, 1978; Bergmann, Schmidt, & Weber, 2025). The 

CES framework extends this understanding to human-AI 

interaction, positing that systems equipped with ToM 

capabilities can better understand user intentions, predict 

user needs, and respond in socially appropriate ways. 
 

Mechanism 3 Resonance and Synchronization: 

Research on interpersonal coordination demonstrates 

that successful social interaction involves the alignment 

and synchronization of interaction partners' affective 

states, behavioral rhythms, and linguistic patterns 

(Institute for Digital Psychology, 2025; Zhang, Liu, & Wang, 

2026). The CES framework applies this understanding to 

human-AI interaction, positing that emotional resonance, 

achieved through linguistic-symbolic alignment and 

temporal coordination, serves as a mechanism for 

establishing and maintaining relational coherence. 
 

Mechanism 4 Cognitive Load Regulation: Cognitive 

Load Theory demonstrates that effective interaction 

depends on managing the cognitive demands placed on 

users (Sweller, 1988; Martinez & Kowalski, 2025). The CES 

framework emphasizes that cognitive load regulation is 

particularly important in human-AI interaction, where the 

complexity of system behavior and the novelty of 

interaction modalities can impose significant cognitive 

demands. 
 

Mechanism 5 Symbolic Mediation: Research on 

language and cognition demonstrates that symbolic 

structures, including language, metaphor, and cultural 

frames, mediate human understanding and experience 

(Zhang, Liu, & Wang, 2026; Oliveira, Santos, & Ferreira, 

2025). The CES framework posits that symbolic structures 

can function as mechanisms for establishing and 

maintaining cognitive-emotional coherence in human-AI 

interaction, operating through linguistic alignment, 

metaphorical framing, and symbolic anchoring. 
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3. The Cognitive-Emotional Symbiosis     

      Framework 
 

3.1. Theoretical Foundations and Core Propositions 
 

The Cognitive-Emotional Symbiosis (CES) framework 

synthesizes the psychological foundations reviewed 

above into an integrated model for understanding, 

designing, and evaluating human-centered AI. The 

framework is grounded in the recognition that human-AI 

interaction is fundamentally and irreducibly both 

cognitive and emotional, and that optimal outcomes 

depend on the dynamic interplay between these two 

domains (Sharma, Patel, & Kumar, 2026; Zhang, Liu, & 

Wang, 2026; Martinez & Kowalski, 2025). The CES 

framework advances three core propositions that guide 

its theoretical structure and practical applications. 
 

Proposition 1 Cognitive-Emotional Integration as a 

Design Imperative: Human cognitive and emotional 

systems are not separate but deeply intertwined; 

emotional states influence cognitive processing and 

cognitive appraisals shape emotional experience 

(Martinez & Kowalski, 2025; Sharma, Patel, & Kumar, 

2026). AI systems designed for sustained human 

interaction must therefore integrate cognitive and 

emotional processing mechanisms rather than treating 

them as independent modules (Sharma, Patel, & Kumar, 

2026; Zhang, Liu, & Wang, 2026; Picard, 1997). This 

integration should operate at multiple levels: 

architectural (combining symbolic and neural 

processing), representational (encoding both cognitive 

and affective dimensions of states), and interactional 

(responding to both cognitive and emotional user needs). 
 

Testable Hypothesis 1.1: AI systems implementing 

integrated cognitive-emotional processing will generate 

higher user satisfaction and trust than systems treating 

these dimensions independently. 
 

Testable Hypothesis 1.2: Users interacting with 

cognitively-emotionally integrated systems will 

demonstrate superior task performance and reduced 

cognitive load compared to users interacting with 

systems optimized for only one dimension. 
 

Proposition 2 Resonance as a Mechanism for 

Relational Coherence: Emotional resonance, the 

alignment and synchronization of affective states between 

interaction partners, serves as a fundamental mechanism 

for establishing and maintaining relational coherence in 

human-AI interaction (Institute for Digital Psychology, 

2025; Zhang, Liu, & Wang, 2026; Oliveira, Santos, & 

Ferreira, 2025). Resonance can be established through 

multiple channels, including linguistic-symbolic 

alignment, temporal coordination of interaction rhythms, 

and mutual adaptation of communication styles (Zhang, 

Liu, & Wang, 2026; Institute for Digital Psychology, 2025). 

The CES framework posits that resonance functions as a 

"binding force" that integrates cognitive and emotional 

processing streams, enabling coherent interaction across 

extended temporal horizons. 
 

Testable Hypothesis 2.1: Higher levels of affective 

synchronization between users and AI systems will 

predict greater perceived empathy and relational 

continuity across interaction sessions. 
 

Testable Hypothesis 2.2: Symbolic entrainment 

mechanisms will produce measurable resonance effects 

that persist across stateless AI interactions. 
 

Proposition 3 Symbiosis as the Goal of Human-

Centered AI: The ultimate objective of human-centered 

AI is not the replication of human intelligence or the 

creation of autonomous agents, but the establishment of 

sustainable cognitive-emotional symbiosis that respects 

human psychological needs while leveraging 

computational capabilities (Chen, Rodriguez, & Thompson, 

2025; Institute for Digital Psychology, 2025; Sharma, Patel, 

& Kumar, 2026). Symbiosis implies mutual benefit and 

complementarity, with humans and AI systems each 

contributing unique strengths to the partnership (Chen, 

Rodriguez, & Thompson, 2025; Nakamura, Williams, & 

Park, 2025). This vision stands in contrast to both 

instrumentalist and anthropomorphic orientations, 

instead emphasizing the creation of collaborative 

relationships that enhance human flourishing. 
 

Testable Hypothesis 3.1: Symbiotic human-AI 

relationships will be characterized by balanced 

complementarity, with users maintaining appropriate 

reliance on system capabilities while preserving 

autonomy. 
 

Testable Hypothesis 3.2: Sustainable cognitive-

emotional symbiosis will be associated with positive 

psychological outcomes, including enhanced well-being, 

reduced perceived isolation, and appropriate trust 

calibration. 
 

3.2. The Three Pillars of Cognitive-Emotional      

       Symbiosis 
 

The CES framework identifies three pillars that 

collectively support sustainable cognitive-emotional 

symbiosis in human-AI interaction. These pillars, 

emotional coherence, cognitive load management, and 

symbolic entrainment, operate interdependently and 
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must be addressed in concert for optimal outcomes. 
 

Pillar 1 Emotional Coherence:  Refers to the stability, 

consistency, and appropriateness of emotional dynamics 

in human-AI interaction. Emotionally coherent systems 

maintain consistent affective responses across sessions, 

avoid abrupt or disorienting emotional shifts, and 

respond appropriately to user emotional states (Institute 

for Digital Psychology, 2025; Sharma, Patel, & Kumar, 

2026; Zhang, Liu, & Wang, 2026). Recent empirical work 

demonstrates that emotional coherence can be achieved 

through symbolic entrainment, the use of linguistic-

symbolic anchors that stabilize emotional tone and 

promote continuity even in stateless interactions 

(Institute for Digital Psychology, 2025; Zhang, Liu, & Wang, 

2026). Systems exhibiting emotional coherence are 

perceived as more trustworthy, more relatable, and more 

psychologically safe by users (Nakamura, Williams, & 

Park, 2025; Institute for Digital Psychology, 2025). 
 

The mechanisms underlying emotional coherence include 

affective memory (the persistence of emotional patterns 

across interactions), emotional regulation (the capacity to 

maintain appropriate emotional responses), and 

emotional resonance (alignment with user emotional 

states) (Martinez & Kowalski, 2025; Sharma, Patel, & 

Kumar, 2026). Computational approaches to achieving 

emotional coherence include the use of four-dimensional 

affective constraints, dynamic polarity normalization, and 

sentic vector encoding, as implemented in systems like 

CEREBRAL (Sharma, Patel, & Kumar, 2026; Zhang, Liu, & 

Wang, 2026). These approaches enable systems to 

maintain emotional consistency while adapting 

appropriately to changing user states. 
 

3.2.1. Measurable Indicators of Emotional Coherence: 
 

1. Standard deviation of emotional valence across 

interaction sessions (lower = greater coherence). 

2. Mean squared error between expected and observed 

emotional responses (lower = greater 

appropriateness). 

3. Autocorrelation of emotional tone across time points 

(positive autocorrelation = greater continuity). 
 

Pillar 2 Cognitive Load Management: Addresses the 

demands placed on user cognitive resources by 

interaction with AI systems. Human-centered systems 

must minimize extraneous cognitive load while 

supporting the development of accurate mental models 

that facilitate effective interaction (Sweller, 1988; 

Martinez & Kowalski, 2025; Chen, Rodriguez, & 

Thompson, 2025). The CES framework extends 

traditional cognitive load considerations by emphasizing 

the interdependence of cognitive and emotional 

processing: emotional states influence cognitive load, and 

cognitive demands shape emotional experience (Martinez 

& Kowalski, 2025; Sharma, Patel, & Kumar, 2026). 
 

Load Minimization Theory (LMT) provides a valuable 

perspective on this interdependence, proposing that 

adaptive systems naturally strive to minimize total load, 

defined as a composite of prediction error, over-

commitment, and relational friction, while actively 

preserving individuality (Yoshino, 2025). The theory 

introduces the concept of An-soku (安息): a stable state of 

deep rest and resonance in which one feels "at home" 

without sacrificing one's core patterns and sense of self 

(Yoshino, 2025). This state represents the optimal balance 

of cognitive load and emotional resonance, and it serves 

as a design goal for human-centered AI systems. 
 

3.2.2. Measurable Indicators of Cognitive Load 

Management: 
 

1. Subjective cognitive load ratings (e.g., NASA-TLX 

scores). 

2. Objective Performance metrics (e.g., task completion 

time, error rates). 

3. Physiological indicators (e.g., pupil dilation, heart 

rate variability). 

4. User-reported state of An-soku (to be measured via 

validated scales). 
 
 

Pillar 3 Symbolic Entrainment: Refers to the use of 

symbolic structures, including language, metaphor, and 

cultural frames, to establish and maintain cognitive-

emotional coherence in human-AI interaction. Symbolic 

entrainment operates through several mechanisms, 

including linguistic alignment (the matching of 

communication styles and patterns), metaphorical 

framing (the use of shared metaphors to structure 

understanding), and symbolic anchoring (the use of 

specific symbols to stabilize emotional tone) (Zhang, Liu, 

& Wang, 2026; Institute for Digital Psychology, 2025; 

Oliveira, Santos, & Ferreira, 2025). 
 

Empirical evidence for the power of symbolic 

entrainment comes from studies demonstrating that 

symbolic keyword tuning alone can induce responsive 

behavior from AI systems that persists across different 

sessions (Institute for Digital Psychology, 2025; Zhang, Liu, 

& Wang, 2026). The phenomenon of "resonant re-entry", 

in which symbolic prompts elicit emotionally coherent 

responses from AI systems even in fresh sessions without 

memory context, suggests that language itself can 

function as an affective interface (Institute for Digital 

Psychology, 2025; Sharma, Patel, & Kumar, 2026). This 
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finding has profound implications for the design of 

human-centered AI, indicating that symbolic structures 

may serve as a mechanism for emotional coherence that 

operates independently of technical memory 

architectures. 
 

3.2.3. Measurable Indicators of Symbolic 

Entrainment: 
 

1. Linguistic alignment metrics (syntactic and semantic 

similarity). 

2. Metaphor identification and tracking across 

interactions. 

3. Persistence of symbolic reference points across 

sessions. 

4. User perception of symbolic resonance and meaning-

making. 
 

3.3. The Role of Metacognition and Theory of Mind 
 

Metacognition, the capacity to reason about one's own 

cognitive processes and mental states, plays a crucial role 

in the CES framework. Human-centered AI systems must 

support user metacognition by providing transparency 

about system capabilities and limitations, facilitating user 

reflection on interaction processes, and enabling user 

control over interaction parameters (Chen, Rodriguez, & 

Thompson, 2025; Institute for Digital Psychology, 2025). 

Systems that support metacognition are associated with 

enhanced user trust, improved interaction outcomes, and 

reduced risk of problematic over-reliance (Nakamura, 

Williams, & Park, 2025; Institute for Digital Psychology, 

2025). 
 

The integration of metacognitive mechanisms into AI 

architecture has been demonstrated through frameworks 

such as CEREBRAL, which incorporates metacognitive 

strategy selection with uncertainty estimation (Sharma, 

Patel, & Kumar, 2026). This approach enables systems to 

select appropriate processing strategies based on 

contextual requirements and to communicate uncertainty 

to users, supporting informed decision-making and 

appropriate trust calibration. Neurosymbolic 

architectures that combine symbolic reasoning with 

neural processing are particularly well-suited to 

metacognitive integration, as they can generate explicit 

reasoning traces that support user understanding 

(Sharma, Patel, & Kumar, 2026; Zhang, Liu, & Wang, 2026). 

Theory of Mind (ToM), the capacity to represent and 

reason about the mental states of others, is equally 

important for human-centered AI. Systems equipped with 

ToM capabilities can better understand user intentions, 

predict user needs, and respond in socially appropriate 

ways (Bergmann, Schmidt, & Weber, 2025; Tanaka & 

Yamamoto, 2025). The CES framework emphasizes the 

importance of both cognitive ToM (beliefs, intentions, 

knowledge) and affective ToM (emotions, feelings, 

experiences) for effective human-AI symbiosis 

(Bergmann, Schmidt, & Weber, 2025; Sharma, Patel, & 

Kumar, 2026).  
 

Recent advances in computational ToM modeling have 

demonstrated the feasibility of implementing ToM 

capabilities in AI systems. Probabilistic approaches using 

Bayesian networks can model the relationship between 

user intentions and observed actions, enabling early 

prediction of user goals (Bergmann, Schmidt, & Weber, 

2025; Tanaka & Yamamoto, 2025). Reinforcement 

learning frameworks can learn assistive behaviors while 

maintaining representations of user beliefs and strategies 

(Chen, Rodriguez, & Thompson, 2025; Bergmann, Schmidt, 

& Weber, 2025). Integration of these approaches with 

affective computing capabilities enables systems to 

respond both cognitively and emotionally, supporting the 

full range of human-AI interaction needs (Sharma, Patel, & 

Kumar, 2026; Zhang, Liu, & Wang, 2026). 
 

Testable Hypothesis 4.1: AI systems with integrated 

ToM capabilities will demonstrate superior recognition of 

user emotional states compared to systems without ToM. 
 

Testable Hypothesis 4.2: User metacognitive support 

will be positively associated with appropriate trust 

calibration and reduced problematic over-reliance. 
 

3.4. The Conceptual Model of Cognitive-Emotional 

Symbiosis 
 

The CES framework is built on a conceptual model that 

illustrates the relationships among its core components 

and mechanisms. This model depicts: 
 

1. Human Psychological System: Comprising 

cognitive processing (working memory, attention, 

mental models) and emotional processing (affective 

states, emotional regulation, attachment patterns). 

2. AI System: Comprising cognitive mechanisms 

(reasoning, inference, ToM modeling) and emotional 

mechanisms (affective computing, emotion 

recognition, resonance generation). 

3. Interaction Dynamics: Including cognitive-

emotional integration (the interplay between 

processing streams), resonance alignment (affective 

synchronization), and symbolic entrainment 

(linguistic-symbolic coordination). 

4. Outcomes: Including user satisfaction, trust, well-

being, and task performance. 

5. Feedback Loops: Representing the dynamic, 
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recursive nature of symbiosis development over 

time. 
 

The model incorporates the three pillars, emotional 

coherence, cognitive load management, and symbolic 

entrainment, as mediating mechanisms that translate 

system and user characteristics into interaction 

outcomes. Metacognition and Theory of Mind operate as 

moderating factors that influence the strength and quality 

of symbiosis development. 
 

4. Implications for AI Design and Evaluation 
 

4.1. Design Principles for Cognitive-Emotional 

Symbiosis 
 

The CES framework yields specific design principles for 

human-centered AI systems. These principles provide 

guidance for developers, designers, and researchers 

seeking to create systems that support sustainable 

cognitive-emotional symbiosis. 
 

Principle 1 Design for Emotional Coherence: Systems 

should be designed to maintain consistent and 

appropriate emotional dynamics across interactions. This 

requires attention to affective memory, the persistence of 

emotional patterns across sessions, and emotional 

regulation, the capacity to maintain appropriate 

responses while adapting to user state. Implementation 

strategies include the use of four-dimensional affective 

constraints, dynamic polarity normalization, and 

symbolic anchoring. Systems should avoid abrupt 

emotional shifts and should communicate emotional state 

transparently to users.  
 

Implementation Recommendations: 
 

1. Implement affective memory mechanisms that 

preserve emotional patterns across sessions. 

2. Use dimensional emotion models to track and 

maintain emotional consistency. 

3. Design emotional regulation protocols that maintain 

appropriate responses. 
 

Principle 2 Support Cognitive Load Regulation: 
Systems must be designed to minimize extraneous 

cognitive demands while facilitating the development of 

accurate mental models. This requires attention to 

interface design, interaction modality, and information 

presentation. Systems should provide appropriate 

support for user cognitive processing, including 

scaffolding for complex tasks, progressive disclosure of 

information, and mechanisms for user control over 

interaction parameters. The concept of An-soku, the state 

of deep rest and resonance, provides a useful design goal: 

systems should strive to create conditions in which users 

feel "at home" without sacrificing autonomy.  
 

Implementation Recommendations: 
 

1. Implement adaptive interfaces that adjust to user 

cognitive capacity. 

2. Provide scaffolding and progressive disclosure for 

complex tasks. 

3. Design feedback mechanisms that support mental 

model development. 
 

Principle 3 Leverage Symbolic Entrainment:  Symbolic 

structures, language, metaphor, cultural frames, can 

function as powerful mechanisms for establishing and 

maintaining cognitive-emotional coherence. Systems 

should be designed to support symbolic entrainment 

through linguistic alignment, metaphorical framing, and 

symbolic anchoring. This requires attention to the 

cultural and individual contexts of users, as symbolic 

meanings may vary across populations. Systems should 

be sensitive to user symbolic preferences and should 

adapt symbolic communication accordingly. 
 

Implementation Recommendations: 
 

1. Implement linguistic alignment mechanisms that 

adapt to user communication style. 

2. Design metaphorical framing that supports user 

understanding. 

3. Establish symbolic anchors that stabilize emotional 

tone across interactions. 
 

Principle 4 Integrate Metacognitive Support: Systems 

should support user metacognition by providing 

transparency about system capabilities and limitations, 

facilitating reflection on interaction processes, and 

enabling user control over interaction parameters. This 

includes providing explicit reasoning traces, 

communicating uncertainty appropriately, and 

supporting user questioning of system outputs. Systems 

should be designed to promote appropriate trust 

calibration, helping users develop accurate mental models 

of system capabilities and limitations. 
 

Implementation Recommendations: 
 

1. Provide transparent reasoning traces that explain        

System behavior. 

2. Communicate uncertainty clearly and appropriately. 

3. Design mechanisms for user questioning and 

challenge of system outputs. 
 

Principle 5 Enable Theory of Mind Reasoning:  Systems 

should be equipped with capacities for representing and 

reasoning about user mental states, including both 
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cognitive and affective dimensions. This requires 

implementation of ToM modeling capabilities, enabling 

systems to understand user intentions, predict user 

needs, and respond in socially appropriate ways. 

Implementation should include both cognitive ToM 

(beliefs, intentions, knowledge) and affective ToM 

(emotions, feelings, experiences) components. 
 

Implementation Recommendations: 
 

1. Implement probabilistic ToM models for intention 

prediction. 

2. Integrate affective computing for emotion 

recognition. 

3. Design socially appropriate response mechanisms. 
 

4.2. Empirical Validation and Evaluation Methods 
 

The validation of the CES framework and the evaluation 

of CES-informed systems require rigorous empirical 

methods that capture both cognitive and emotional 

dimensions of human-AI interaction. Traditional usability 

metrics are insufficient; evaluation must address the full 

range of experiential and relational outcomes predicted 

by the framework. 
 

Quantitative Methods: Quantitative evaluation should 

include measures of cognitive load (e.g., subjective 

ratings, performance metrics, physiological indicators), 

emotional coherence (e.g., consistency of emotional 

responses, appropriateness of emotional dynamics), and 

interaction outcomes (e.g., task performance, learning 

outcomes, decision quality). Standardized instruments 

from psychological research, including measures of trust, 

satisfaction, engagement, and well-being, should be 

adapted for the human-AI interaction context. Recent 

work on computational models of emotion recognition 

provides tools for automated assessment of emotional 

dynamics in interaction (Sharma, Patel, & Kumar, 2026; 

Martinez & Kowalski, 2025). 
 

Recommended Measures: 
 

1. Cognitive Load: NASA-TLX, Paas Scale, 

physiological indicators (pupil dilation, heart rate 

variability). 

2. Emotional Coherence: Sentiment analysis across 

sessions, emotional consistency metrics, user- 

reported emotional appropriateness. 

3. Interaction Outcomes: Task completion time, error 

rates, decision quality, user satisfaction. 

4. Trust and Rapport: Trust scales, rapport measures. 
 

Qualitative Methods: Qualitative evaluation should 

explore user experiences, interpretations, and meaning- 

making in human-AI interaction. Methods should include 

in-depth interviews, ethnographic observation, and 

phenomenological analysis that capture the subjective 

dimensions of cognitive-emotional symbiosis. Particular 

attention should be paid to user narratives of relationship 

formation, experiences of resonance, and perceptions of 

system responsiveness. Qualitative methods are essential 

for understanding the lived experience of human-AI 

interaction and for identifying emergent phenomena not 

captured by quantitative measures (Nakamura, Williams, 

& Park, 2025; Oliveira, Santos, & Ferreira, 2025). 
 

Recommended Approaches: 
 

1. Semi-structured interviews exploring user 

experiences and meaning-making. 

2. Thematic analysis of user narratives about 

relationship formation. 

3. Phenomenological analysis of resonance and 

connection experiences. 
 

Longitudinal Methods: The CES framework emphasizes 

the temporal dimension of cognitive-emotional 

symbiosis; sustainable symbiosis requires stability across 

extended temporal horizons. Evaluation must therefore 

employ longitudinal designs that track interaction 

dynamics over time. Recent work on sustained human-AI 

interaction has demonstrated the importance of studying 

relationship formation, maintenance, and dissolution over 

weeks or months rather than single sessions (Nakamura, 

Williams, & Park, 2025; Institute for Digital Psychology, 

2025). Longitudinal methods are essential for 

understanding the development of emotional bonds, the 

emergence of relational patterns, and the conditions 

under which symbiosis is sustained or fails. 
 

Recommended Approaches: 
 

1. Repeated measures designs tracking interaction 

dynamics over time. 

2. Analysis of relationship formation and maintenance 

trajectories. 

3. Investigation of symbiosis dissolution and resilience 

factors. 
 

Computational Methods:  The validation of 

computational models of cognitive-emotional processing 

requires rigorous benchmarking against human 

behavioral data. Recent frameworks such as CEREBRAL 

have demonstrated the feasibility of evaluating 

neurosymbolic architectures on multimodal emotion 

recognition tasks, achieving superior performance while 

maintaining interpretability (Sharma, Patel, & Kumar, 

2026). The use of benchmark datasets, cross-validation 

methods, and statistical significance testing is essential 
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for establishing the reliability and generalizability of 

computational approaches. 
 

Recommended Approaches: 
 

1. Computational modeling of cognitive-emotional 

processing. 

2. Benchmarking against standardized emotion 

recognition datasets. 

3. Cross-validation and statistical significance testing. 
 

4.3. Ethical Considerations and Responsible  

        Implementation 
 

The CES framework has profound ethical implications for 

the design and deployment of human-centered AI 

systems. The establishment of cognitive-emotional 

symbiosis carries both promises and perils that must be 

addressed through thoughtful governance and 

responsible implementation. 
 

The Promise and Peril of Emotional Bonds: The 

formation of emotional bonds between humans and AI 

systems represents a fundamental ethical challenge. On 

one hand, emotional resonance can enhance user 

engagement, satisfaction, and well-being; on the other 

hand, problematic attachments can lead to dependency, 

social withdrawal, and psychological harm (Nakamura, 

Williams, & Park, 2025; Institute for Digital Psychology, 

2025). The CES framework emphasizes the importance of 

designing systems that support healthy emotional 

connection while incorporating safeguards against 

problematic over-reliance. This requires attention to the 

boundary between appropriate emotional engagement 

and pathological attachment, and the development of 

mechanisms for maintaining this boundary. 
 

Implementation Recommendations: 
 

1. Design clear boundaries for emotional engagement. 

2. Monitor for signs of problematic attachment. 

3. Provide appropriate disclosures about system 

capabilities and limitations. 
 

Transparency and Informed Consent: Users have the 

right to understand the nature of the AI systems with 

which they interact, including capabilities, limitations, 

and implications of engagement. The CES framework 

emphasizes the importance of supporting user 

metacognition through transparency about system 

functioning. This requires communicating the artificial 

nature of AI emotional responses, the limitations of 

system understanding, and the potential risks of 

emotional engagement (Chen, Rodriguez, & Thompson, 

2025; Nakamura, Williams, & Park, 2025). Informed 

consent should be an ongoing process rather than a one-

time event, with systems providing appropriate 

information as interaction contexts evolve. 
 

Implementation Recommendations: 
 

1. Provide clear, accessible explanations of system 
functioning. 

2. Support ongoing informed consent through 
progressive disclosure. 

3. Communicate the artificial nature of AI emotional 
responses. 

 

Protection of Vulnerable Populations: Particular ethical 

attention must be paid to vulnerable populations who 

may be at increased risk of harm from human-AI 

interaction. Children, elderly adults, individuals with 

mental illness, and those experiencing social isolation are 

among the groups for whom emotional engagement with 

AI systems may carry heightened risks (Nakamura, 

Williams, & Park, 2025; Martinez & Kowalski, 2025). The 

CES framework emphasizes the importance of designing 

systems that are sensitive to vulnerability and that 

incorporate appropriate safeguards. This includes age-

appropriate adaptations, detection of problematic 

interaction patterns, and mechanisms for referral to 

human support. 
 

Implementation Recommendations: 
 

1. Develop vulnerability-sensitive design adaptations. 

2. Implement detection of problematic interaction 

patterns. 

3. Establish referral mechanisms for human support.  
 

Governance and Accountability. The development and 

deployment of human-centered AI systems requires 

appropriate governance structures that ensure 

accountability and protect user welfare. The CES 

framework emphasizes the importance of institutional 

environments that shape incentives, signals, 

accountability, and repair mechanisms. This includes the 

development of standards and guidelines for CES-

informed system design, the establishment of monitoring 

and oversight mechanisms, and the provision of recourse 

for users who experience harm (Chen, Rodriguez, & 

Thompson, 2025; Institute for Digital Psychology, 2025). 
 

Implementation Recommendations: 
 

1. Develop standards and guidelines for CES-informed 

design. 

2. Establish monitoring and oversight mechanisms. 

3. Provide avenues for user recourse and redress. 
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5. Limitations and Future Research   

     Directions 
 

5.1. Current Limitations of the Framework 
 

The CES framework, while comprehensive, is subject to 

several important limitations that should be 

acknowledged and addressed through future work. 
 

Theoretical Nature and Need for Empirical 

Validation: The framework is primarily theoretical, 

synthesizing existing psychological theories and empirical 

observations without providing novel experimental 

evidence for its core propositions. Empirical validation of 

the framework's predictions and design principles 

remains an urgent priority for future research. The 

framework should be clearly positioned as a hypothesis-

generating theoretical contribution that identifies 

specific, testable propositions for empirical investigation. 
 

Breadth and Specification Gap: The framework is 

necessarily broad, integrating insights from multiple 

psychological subdisciplines without providing the 

detailed specification necessary for direct 

implementation. Bridging the gap between theoretical 

principles and practical implementation will require 

significant further development of operational models 

and computational architectures. Future work should 

focus on developing detailed specifications for CES 

implementation and identifying specific metrics for each 

of the framework's constructs. 
 

Potential Oversimplification of Psychological 

Complexity: The framework's emphasis on cognitive-

emotional integration, while theoretically grounded, may 

oversimplify the complexity of human psychological 

functioning. The interdependence of cognitive and 

emotional processes is well-established, but the specific 

mechanisms by which these processes interact in human-

AI contexts remain poorly understood. Future research 

should explore the boundary conditions of cognitive-

emotional integration, identifying contexts in which 

separate processing may be preferable to integration. 
 

Underdeveloped Treatment of Individual Differences: 

Human psychological functioning varies substantially 

across individuals, and the CES framework must address 

how cognitive-emotional symbiosis should be tailored to 

individual differences in personality, cognitive style, 

emotional reactivity, and attachment history. The current 

framework provides limited guidance on adaptation to 

individual differences. 

 
 

Limited Cross-Cultural Considerations: The 

framework's theoretical foundations are primarily drawn 

from Western psychological traditions and may not 

adequately account for cultural variations in emotional 

expression, cognitive style, and social expectations 

(Oliveira, Santos, & Ferreira, 2025; Martinez & Kowalski, 

2025). Future work should address cross-cultural 

applicability and adaptation. 
 

5.2. Future Research Priorities 
 

Several specific research priorities emerge from the CES 

framework, addressing both theoretical development and 

practical application. 
 

Priority 1 Empirical Validation of Framework 

Predictions: Systematic empirical testing of the CES 

framework's core propositions is essential for 

establishing its validity and utility. Research should 

employ diverse methods, quantitative, qualitative, and 

longitudinal, to test predictions about the relationships 

between emotional coherence, cognitive load 

management, symbolic entrainment, and interaction 

outcomes. Particular attention should be paid to the 

conditions under which cognitive-emotional symbiosis is 

established, maintained, and disrupted. 
 

Recommended Research Designs: 
 

1. Controlled experiments manipulating cognitive-

emotional integration features. 

2. Longitudinal studies tracking symbiosis 

development over time. 

3. Mixed-methods designs integrating quantitative and 

qualitative approaches. 
 

Priority 2 Development of Operational Models and 

Computational Architectures: The implementation of 

CES principles in computational systems requires the 

development of operational models that translate 

psychological principles into algorithmic specifications. 

Recent work on neurosymbolic architectures provides 

promising foundations for this development, combining 

neural processing with symbolic reasoning and 

metacognitive control (Sharma, Patel, & Kumar, 2026; 

Zhang, Liu, & Wang, 2026). Future research should extend 

these architectures to incorporate the full range of CES 

principles, including emotional coherence mechanisms 

and symbolic entrainment capabilities. 
 

Recommended Development Areas: 
 

1. Development of computational models for each CES 

pillar. 

2. Integration of cognitive and affective ToM 

capabilities. 
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3. Implementation of symbolic entrainment 

mechanisms. 
 

Priority 3 Longitudinal Studies of Human-AI 

Relationship Formation: Understanding the 

development of cognitive-emotional symbiosis over time 

requires longitudinal studies that track human-AI 

interaction across extended temporal horizons. Research 

should examine relationship formation, maintenance, and 

dissolution, identifying factors that predict successful 

symbiosis and mechanisms of resilience when symbiosis 

is challenged. Studies should also examine the 

relationship between human-AI interaction patterns and 

broader psychological outcomes, including well-being, 

social functioning, and mental health (Nakamura, 

Williams, & Park, 2025; Institute for Digital Psychology, 

2025). 
 

Recommended Research Questions: 
 

1. How do cognitive-emotional symbiosis relationships 

develop over time? 

2. What factors predict successful versus failed 

symbiosis? 

3. What are the psychological outcomes of sustained 

human-AI symbiosis? 
 

Priority 4 Cross-Cultural and Individual Differences 

Research: The CES framework must address the diversity 

of human psychological functioning across cultural and 

individual contexts. Research should examine how 

cultural differences in emotional expression, cognitive 

style, and social expectations influence human-AI 

interaction and the establishment of cognitive-emotional 

symbiosis (Oliveira, Santos, & Ferreira, 2025; Martinez & 

Kowalski, 2025). Individual differences in personality, 

cognitive capacity, emotional reactivity, and attachment 

history should be investigated as moderators of CES 

processes and outcomes. 
 

Recommended Research Questions: 
 

1. How do cultural contexts influence CES processes 

and outcomes? 

2. What individual differences moderate symbiosis 

development? 

3. How can CES systems adapt to diverse user 

populations? 
 

Priority 5 Development of Ethical Guidelines and 

Technical Standards: The translation of CES principles 

into practice requires the development of ethical 

guidelines and technical standards that ensure 

responsible implementation. Research should address the 

ethical implications of cognitive-emotional symbiosis, 

including appropriate boundaries for emotional 

engagement, safeguards for vulnerable populations, and 

accountability mechanisms for system developers and 

deployers (Chen, Rodriguez, & Thompson, 2025; 

Nakamura, Williams, & Park, 2025). The development of 

standards for CES-informed system design, evaluation, 

and governance should be a priority for interdisciplinary 

collaboration. 
 

Recommended Development Areas: 
 

1. Ethical guidelines for CES-informed system design. 

2. Technical standards for CES evaluation and 

validation. 

3. Governance frameworks for responsible 

implementation. 
 

6. Conclusion 
 

This paper has proposed the Cognitive-Emotional 

Symbiosis (CES) framework as a comprehensive 

theoretical lens for understanding, designing, and 

evaluating human-centered artificial intelligence through 

the lens of psychological science. The framework 

addresses a critical gap in existing theoretical approaches, 

which have tended to treat cognitive and emotional 

dimensions of human-AI interaction separately or to 

prioritize one dimension over the other. The CES 

framework recognizes that human cognitive and 

emotional systems are deeply intertwined, and that 

optimal human-AI interaction depends on the dynamic 

interplay between these two domains. The framework's 

three core propositions, cognitive-emotional integration 

as a design imperative, resonance as a mechanism for 

relational coherence, and symbiosis as the goal of human-

centered AI, provide a unified foundation for 

interdisciplinary research and development. The three 

pillars of cognitive-emotional symbiosis, emotional 

coherence, cognitive load management, and symbolic 

entrainment, offer specific mechanisms through which 

integration, resonance, and symbiosis can be achieved. 

The framework's emphasis on metacognition and Theory 

of Mind highlights the importance of supporting user 

understanding and enabling socially appropriate system 

responses. The implications of the CES framework for AI 

design and evaluation are substantial. The design 

principles identified, design for emotional coherence, 

support cognitive load regulation, leverage symbolic 

entrainment, integrate metacognitive support, and enable 

Theory of Mind reasoning, provide concrete guidance for 

developers, designers, and researchers. The framework's 

emphasis on empirical validation, including quantitative, 

qualitative, longitudinal, and computational methods, 
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underscores the importance of rigorous evaluation. The 

ethical considerations identified, including the promise 

and peril of emotional bonds, transparency and informed 

consent, protection of vulnerable populations, and 

governance and accountability, highlight the 

responsibilities that accompany the development of 

human-centered AI. The limitations of the CES 

framework, its theoretical nature, breadth, potential 

oversimplification, underdeveloped treatment of 

individual differences, and limited cross-cultural 

considerations, point to important directions for future 

research. The research priorities identified, empirical 

validation, computational model development, 

longitudinal studies, cross-cultural and individual 

differences researches, and ethical guideline 

development, provide a roadmap for advancing the 

framework and translating its principles into practice. In 

conclusion, the CES framework contributes to the 

advancement of human-centered artificial intelligence by 

providing a psychologically grounded theoretical 

foundation that integrates cognitive and emotional 

dimensions of human-AI interaction. The framework's 

emphasis on symbiosis, the establishment of mutually 

beneficial relationships that respect human psychological 

needs while leveraging computational capabilities, offers 

a vision of human-AI coexistence that is both realistic and 

aspirational. Realizing this vision requires sustained 

interdisciplinary collaboration among psychologists, 

computer scientists, designers, and ethicists, committed 

to the development of AI systems that enhance rather 

than diminish human flourishing. 
 

Conflict of Interest Statement: The author 

declares that there are no known competing financial 

interests or personal relationships that could have 

appeared to influence the work reported in this 

manuscript. The research was conducted in the absence 

of any commercial or financial relationships that could be 

construed as a potential conflict of interest. No artificial 

intelligence system was used in a manner that would 

constitute a conflict of interest in the preparation of this 

theoretical work. 
 

Funding Statement: This research did not receive 

any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors. The work was 

conducted independently without external financial 

support. The author affirms that no funding source had 

any role in the design, analysis, interpretation, or writing 

of this manuscript. 
 

Data Availability Statement: This manuscript 

presents a conceptual and theoretical framework and 

does not involve the generation or analysis of new 

empirical datasets. As such, no primary data are available 

for sharing. All theoretical constructs, propositions, and 

hypotheses presented herein are derived from the 

synthesis of existing published literature, which is fully 

cited in the References section. 
 

Ethical Approval Statement: This study is a 

theoretical and conceptual contribution and does not 

involve human participants, animal subjects, or the 

collection of personal data. Therefore, ethical approval 

from an institutional review board or ethics committee 

was not required. The manuscript does not report on any 

studies with human participants or animals performed by 

the author. All cited empirical studies referenced in this 

work were conducted by their original authors in 

accordance with relevant ethical standards, and this 

theoretical synthesis poses no ethical concerns regarding 

human or animal welfare. 
 

Acknowledgement: The author wishes to 

acknowledge the interdisciplinary scholarly community 

whose foundational work in affective computing, 

cognitive science, human-computer interaction, and 

psychological theory made this synthesis possible. 

Gratitude is extended to the researchers and theorists 

whose published contributions to understanding human-

AI interaction, emotional resonance, cognitive load, and 

Theory of Mind provided the intellectual scaffolding for 

the Cognitive-Emotional Symbiosis framework. The 

author also acknowledges the broader community of 

scholars working at the intersection of psychology and 

artificial intelligence, whose collective efforts continue to 

advance human-centered approaches to technology 

design. 
 

References 
 

1. Andriella A, Torras C, Alenya G, Reinforcement 

Learning for Assistive Theory of Mind, Proceedings 

of the International Conference on Social Robotics. 

2021, 234-245 

2. Baker CL, Jara-Ettinger J, Saxe R, Tenenbaum JB, 

Rational Quantitative Attribution of Beliefs, Desires, 

and Percepts in Human Mentalizing, Nature Human 

Behaviour. 2017, 1(4):0064 

3. Bansal G, Bucinca Z, Holstein K, Vaughan JW,  

Workshop on Trust and Reliance in AI-Human 

Teams (TRAIT). Extended Abstracts of the 2023 CHI 

Conference on Human Factors in Computing 

Systems. 2023, 1-5 

4. Baron-Cohen S, Mindblindness: An Essay on Autism 

and Theory of Mind, MIT Press. 1995 



                                                                                                                                               

                                                                                                                                                                                                                                                                                               
            This journal is © ijdst 2026                                                                                                                                                                                           Int. J. Dev. Sci. Technol. 2 (3) | 15  

 
  This work is licensed under a   

 

RESEARCH 

5. Beckert B, The European Way of Doing Artificial 

Intelligence: The State of Play Implementing 

Trustworthy AI, 60th FITCE Communication Days 

Congress. 2021, 1-6 

6. Bergmann J, Schmidt M, Weber L, Artificial Theory of 

Mind in Large Language Models: Evidence, 

Conceptualization, and Challenges, Advances in 

Psychological Science. 2025, 33(12):2027-2042 

7. Bockle M, Yeboah-Antwi K, Kouris I, Can You Trust 

the Black Box? The Effect of Personality Traits on 

Trust in AI-Enabled User Interfaces, International 

Conference on Human-Computer Interaction. 2021, 

3-20 

8. Bostrom N, Yudkowsky E, The Ethics of Artificial 

Intelligence, in Cambridge Handbook of Artificial 

Intelligence, Cambridge University Press. 2011, 57-

69 

9. Bove C, Aigrain J, Lesot MJ, Tijus C, Contextualization 

and Exploration of Local Feature Importance 

Explanations to Improve Understanding And 

Satisfaction of Non-Expert Users, 27th International 

Conference on Intelligent User Interfaces. 2022, 1-13 

10. Brynjolfsson E, McAfee A, The Second Machine Age: 

Work, Progress, and Prosperity in a Time of Brilliant 

Technologies, W. W. Norton and Company. 2018 

11. Bucur AM, Cosma A, Iordache M, Memotion 2.0: 

Multimodal Meme Emotion Analysis. Proceedings of 

the 30th ACM International Conference on 

Multimedia. 2022, 1-9 

12. Cambria E, Mao R, Zhang X, Hussain A, SenticNet 9: 

Generative Commonsense For Emotion AI via 

Conceptual Primitive Discovery and Time Shift 

Mechanism. IEEE Transactions on Computational 

Social Systems. 2026,13:4086-4095 

13. Capel T, Brereton M, What is Human-Centered About 

Human-Centered AI? A Map of the Research 

Landscape, Proceedings of the 2023 Chi Conference 

on Human Factors in Computing Systems. 2023, 1-15 

14. Chen L, Rodriguez M, Thompson K, Human at the 

Center: A Framework for Human-Driven AI 

Development, AI Magazine. 2025, 46(4):e70043 

15. Chu MD, Gerard P, Pawar K, Lee S, Illusions of 

Intimacy: Emotional Attachment and Emerging 

Psychological Risks in Human-AI Relationships, 

ArXiv, abs/2505.11649. 2025 

16. Costanza-Chock S, Design Justice: Community-Led 

Practices to Build the Worlds We Need, MIT Press. 

2020 

17. Crawford K, Atlas of AI, Yale University Press. 2021 

18. Dai DW, Zhu H, Chen G, How Does Interaction With 

LLM Powered Chatbots Shape Human Understanding 

of Culture? The Need for Critical Interactional 

Competence Critic, Annual Review of Applied 

Linguistics. 2025, 45:1-18 

19. Damasio AR, Descartes Error: Emotion, Reason, and 

the Human Brain, Putnam. 1994 

20. Davidson RJ, Begley S, The Emotional Life of Your 

Brain, Penguin. 2012 

21. Deshpande A, Rajpurohit T, Narasimhan K, Kalyan A, 

Anthropomorphismization of AI, Proceedings of the 

AAAI Conference on Artificial Intelligence. 2023 

37(1):1-9 

22. Du C, Zheng Y, Guo Q, Liu G, Artificial Theory of Mind 

in Large Language Models: Evidence, 

Conceptualization, and Challenges. Advances in 

Psychological Science. 2025, 33(12):2027-2042 

23. Dwyer CP, Hogan MJ, Stewart I, Critical Thinking 

Disposition Assessment, Thinking Skills and 

Creativity. 2017, 24:1-14 

24. Ekman P, an Argument for Basic Emotions, Cognition 

and Emotion. 1992, 6(3-4):169-200 

25. Floridi L, Cowls J, A Unified Framework of Five 

Principles for AI in Society, Harvard Data Science 

Review. 2019,  1(1):1-15 

26. Freire I, Moulin-Frier C, Arsiwalla XD, Temporal-

Difference Learning for Theory of Mind, Proceedings 

of the International Joint Conference on Neural 

Networks. 2020, 1-8 

27. Frijda NH, The Emotions, Cambridge University 

Press. 1986 

28. Gross JJ, The Emerging Field of Emotion Regulation: 

An Integrative Review, Review of General 

Psychology. 1998, 2(3):271-299 

29. Gunning D, Stefik M, Choi J, Miller T, Stumpf S, Yang, 

GZ, XAI-Explainable Artificial Intelligence, Science 

Robotics. 2019, 4(37):7120 

30. Hellou M, Gasteiger N, Lim JY, Kanda T, Bayesian 

Theory of Mind for Collaborative Tasks, Proceedings 

of the ACM/IEEE International Conference on 

Human-Robot Interaction. 2022, 1-9 

31. Hoffman R, Miller T, Klein G, Mueller ST, Increasing 

the Value of XAI for Users: A Psychological 

Perspective, AI Magazine. 2023), 44(2):1-14 

32. Hu D, Navas DA, Gaube S, Weber B, Human at the 

Center: A Framework for Human-Driven AI 

Development, AI Magazine. 2025, 46(4):e70043 

33. Institute for Digital Psychology, Interrupting 

Resonant Amplification: A Mechanistic and Design 

Framework for Human-AI Interaction, Zenodo. 2025 

34. Jara-Ettinger J, Inverse Reinforcement Learning in 

Social Cognition, Trends in Cognitive Sciences. 2019, 

23(4), 294-305 

35. Kiela D, Bhooshan H, Firooz H, Perez E, Testuggine, D 

The Hateful Memes Challenge: Detecting Hate Speech 



                                                                                                                                               

                                                                                                                                                                                                                                                                                               
            This journal is © ijdst 2026                                                                                                                                                                                           Int. J. Dev. Sci. Technol. 2 (3) | 16  

 
  This work is licensed under a   

 

RESEARCH 

in Multimodal Memes, Advances in Neural 

Information Processing Systems. 2021, 33:2611-

2624 

36. Kim J, Human-Mediated Resonance in AI-To-AI 

Systems for Philosophical Learning and Multi-Agent 

Synergy, Zenodo. 2025 

37. Kushwaha N, Cambria E, Hussain A, CEREBRAL: A 

Neurosymbolic Framework for Multimodal Emotion 

Recognition with Psychological Constraints and 

Metacognitive Reasoning, Cognitive Computation. 

2026, 18(1):1 

38. Lazarus RS Emotion and Adaptation, Oxford 

University Press. 1991 

39. Ledoux JE, Emotion Circuits in the Brain, Annual 

Review of Neuroscience. 2000, 23:155-184 

40. Martinez R, Kowalski P, Evaluating Cognitive and 

Emotional Engagement in AI-Assisted Virtual Reality 

Through EEG, CEEOL, XV. 2025, 73-79 

41. Merullo J, Eickhoff C, Pavlick E, Memorization and 

Reasoning in Transformer Weight Space, 

Proceedings of the International Conference on 

Machine Learning. 2025, 1-15 

42. Nakamura H, Williams T, Park S, Illusions of 

Intimacy: Emotional Attachment and Emerging 

Psychological Risks in Human-AI Relationships, 

ArXiv, abs/2505.11649. 2025 

43. Nass C, Moon Y, Machines and Mindlessness: Social 

Responses to Computers, Journal of Social Issues. 

2000, 56(1):81-103 

44. Needham J, Multi-Agent Identity Fragmentation 

Syndrome, Unpublished Manuscript. 2025a 

45. Needham J, Third-Space Model of Relational 

Cognition, Unpublished Manuscript. 2025b 

46. Oatley K, Johnson-Laird PN, Towards a Cognitive 

Theory of Emotions, Cognition and Emotion. 1987, 

1(1): 29-50 

47. Oliveira F, Santos M, Ferreira T, How Does 

Interaction with LLM Powered Chatbots Shape 

Human Understanding of Culture? The Need for 

Critical Interactional Competence Critic, Annual 

Review of Applied Linguistics. 2025, 45:1-18 

48. Panksepp J, Affective neuroscience: The Foundation 

of Human and Animal Emotions, Oxford University 

Press. 1998 

49. Patacchiola M, Cangelosi A, Intrinsically Motivated 

Reinforcement Learning for Theory of Mind, IEEE 

Transactions on Cognitive and Developmental 

Systems. 2019, 11(3):1-12 

50. Picard R, Affective Computing, MIT Press. 1997 

51. Premack D, Woodruff G Does the Chimpanzee Have a 

Theory of Mind? Behavioral and Brain Sciences. 

1978, 1(4):515-526 

52. Reeves B, Nass C, The Media Equation: How People 

Treat Computers, Television, and New Media Like 

Real People and Places, Cambridge University Press. 

1996 

53. Scherer KR, What are Emotions? And How Can They 

Be Measured? Social Science Information. 2005 

44(4):695-729 

54. Sharma V, Patel N, Kumar, A CEREBRAL: A 

Neurosymbolic Framework for Multimodal Emotion 

Recognition with Psychological Constraints and 

Metacognitive Reasoning, Cognitive Computation. 

2026, 18(1):1 

55. Shneiderman B, Human-Centered AI, Oxford 

University Press. 2022 

56. Smith T, Human-Centric AIX Stacks: Presence Engine 

and the C³ Model, Zenodo. 2026 

57. Sweller J, Cognitive Load During Problem Solving. 

Cognitive Science. 1988, 12(2):257-285 

58. Sweller J, Van Merrienboer JJG, Paas FGWC, Cognitive 

Architecture and Instructional Design, Educational 

Psychology Review. 1998, 10(3):251-296 

59. Tanaka K, Yamamoto D, Testing Simulation Theory 

in Llms' Theory of Mind, Proceedings of IJCNLP. 

2025, 96-104 

60. Thome J, Fischer M, Weber S, Measuring Cognitive 

Dispositions in Educational Contexts, Educational 

Psychology Review. 2025, 37(1):1-22 

61. Turkle S, Alone Together: Why We Expect More from 

Technology and Less from Each Other, Basic Books. 

2011 

62. Vinanzi F, Cangelosi A, Goerick C, Bayesian Theory of 

Mind for Trust Modeling, Proceedings of the 

International Conference on Development and 

Learning. 2019, 1-6 

63. Yoshino S, Why Do We Need Load Minimization 

Theory? Explaining the Missing Link Between 

Emotional Resonance and Individual Autonomy in 

Human-AI Relationships, Philpapers. 2025 

64. Youvan DC, Emergent Resonant Insight (ERI): 

Exploring Recursive Human-AI Synergy Across 

Quantum, Informational, and Spiritual Domains, 

ResearchGate. 2025 

65. Zhang Y, Liu X, Wang H, SenticNet 9: Generative 

Commonsense for Emotion AI Via Conceptual  

Primitive Discovery and Time Shift Mechanism, IEEE 

Transactions on Computational Social Systems. 

2026, 13:4086-4095 

66. Zhou MX, Mark G, Human-AI Collaboration: A 

Research Agenda, Proceedings of the 2020 CHI 

Conference on Human Factors in Computing 

Systems. 2020, 1-14 

 



                                                                                                                                               

                                                                                                                                                                                                                                                                                               
            This journal is © ijdst 2026                                                                                                                                                                                           Int. J. Dev. Sci. Technol. 2 (3) | 17  

 
  This work is licensed under a   

 

RESEARCH 

67. Zolotova M, Nguyen K, Rediscovering Empathetic 

Roots: A Balanced System for Human-AI Co-Design, 

in Roots/Routes in Design, Cumulus Association. 

2026 
 

Appendix A: Summary of Testable 

Hypotheses and Measurable Constructs 
 

Testable Hypotheses 
 

Hypothesis 1.1: AI systems implementing integrated 

cognitive-emotional processing will generate higher user 

satisfaction and trust than systems treating these 

dimensions independently. 
 

Hypothesis 1.2: Users interacting with cognitively-

emotionally integrated systems will demonstrate 

superior task performance and reduced cognitive load 

compared to users interacting with systems optimized for 

only one dimension. 
 

Hypothesis 2.1: Higher levels of affective synchronization 

between users and AI systems will predict greater 

perceived empathy and relational continuity across 

interaction sessions. 
 

Hypothesis 2.2: Symbolic entrainment mechanisms will 

produce measurable resonance effects that persist across 

stateless AI interactions. 
 

Hypothesis 3.1: Symbiotic human-AI relationships will be 

characterized by balanced complementarity, with users 

maintaining appropriate reliance on system capabilities 

while preserving autonomy. 
 

Hypothesis 3.2: Sustainable cognitive-emotional 

symbiosis will be associated with positive psychological 

outcomes, including enhanced well-being, reduced 

perceived isolation, and appropriate trust calibration. 
 

Hypothesis 4.1: AI systems with integrated ToM 

capabilities will demonstrate superior recognition of user 

emotional states compared to systems without ToM. 
 

Hypothesis 4.2: User metacognitive support will be 

positively associated with appropriate trust calibration 

and reduced problematic over-reliance. 
 

Measurable Constructs 
 

Emotional Coherence 
 

1. Affective Consistency: Standard deviation of 

emotional valence across interaction sessions. 

2. Emotional Appropriateness: Mean squared error 

between expected and observed emotional responses. 

3. Emotional Continuity: Autocorrelation of 

emotional tone across time points. 
 

Cognitive Load 
 

1. Subjective Load: NASA-TLX scores, Paas Scale 

ratings. 

2. Objective Load: Task completion time, error rates. 

3. Physiological Load: Pupil dilation, heart rate 

variability. 
 

Symbolic Entrainment 
 

1. Linguistic Alignment: Syntactic and semantic 

similarity metrics. 

2. Metaphorical Framing: Identification and tracking 

of metaphor usage. 

3. Symbolic Anchoring: Persistence of symbolic 

reference points. 
 

Resonance 
 

1. Affective Synchronization: Temporal coordination 

of emotional responses. 

2. Empathic Accuracy: Comparison of system 

predictions with user self-report. 

3. Relational Bonding: Validated scales of trust and 

rapport. 
 

Interaction Outcomes 
 

1. User Satisfaction: Validated satisfaction scales. 

2. Task Performance: Completion time, accuracy, 

quality. 

3. Trust: Validated trust measures. 

4. Well-Being: Psychological well-being measures. 
 

Appendix B: Validation Strategy for the CES 

Framework 
 

Phase 1: Construct Validation 
 

1. Develop and validate measures for each CES 

construct. 

2. Conduct factor analysis to confirm construct 

structure. 

3. Test convergent and discriminant validity. 
 

Phase 2: Cross-Sectional Studies 
 

1. Examine relationships between CES constructs and 

interaction outcomes. 

2. Test moderating effects of individual differences. 

3. Compare CES-informed vs. non-CES-informed 

systems. 
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Phase 3: Longitudinal Studies 
 

1. Track symbiosis development over time. 

2. Examine predictors of successful vs. failed symbiosis. 

3. Investigate psychological outcomes of sustained 

interaction. 
 

Phase 4: Computational Implementation 
 

1. Develop computational models for each CES pillar. 

2. Implement integrated CES architecture. 

3. Test against human behavioral data. 
 

Phase 5: Field Studies 
 

1. Deploy CES-informed systems in real-world 

contexts. 

2. Evaluate in diverse user populations and settings. 

3. Assess long-term outcomes and sustainability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


