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Abstract: This study examines whether affect-inspired 

mechanisms can improve adaptive decision-making and 

strategic communication in complex multi-agent 

environments. Design/methodology/approach: A 

simulation-based experimental design was employed to 

develop and evaluate the Goal Re-prioritization Using 

Emotion (GRUE) mechanism. Agents equipped with affect-

inspired appraisal operators were compared with reactive 

and learning-based agents in restless-bandit, partially 

observable foraging, and principal-agent game 

environments. Performance was assessed using cumulative 

reward, role-based scores, adaptation, and coordination 

outcomes. Findings: The affect-equipped agents 

demonstrated higher reported rewards, stronger role-based 

consistency, and more context-sensitive goal prioritization 

than the baseline agents. The results suggest that affect-

inspired operators can provide computationally tractable 

heuristics for decision-making under uncertainty and partial 

observability. Practical implications: The findings may 

support the development of adaptive decision-support and 

multi-agent systems for negotiation, coordination, and 

resource allocation. Limitations: The evaluation is 

simulation-based and does not yet establish generalizability 

to real-world or human-facing settings. Originality/value: 

This study contributes an affect-inspired architecture that 

integrates goal reprioritization and strategic signaling 

within artificial agents. 
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Introduction 

Modern artificial intelligence (AI) systems are increasingly tasked with operating in 

complex, high-stakes environments that require both adaptive decision-making and effective 

communication. From autonomous vehicles navigating uncertain terrain to virtual agents 

interacting with humans in real-time, the need for agents to act flexibly and coherently has never 

been greater. Traditional models of decision-making, while robust under idealized conditions, 

often falter when agents must operate with incomplete information, evolving goals, or limited 

computational resources. This gap has motivated interest in biologically and psychologically 

inspired frameworks, including the use of affect as a strategic tool for prioritization, adaptation, 

and coordination. 

Affect-inspired mechanisms refer to computational architectures modeled on human 

emotional systems, particularly those that simulate the function of emotions in regulating 

behavior and social signaling. These mechanisms are not about mimicking superficial displays 

of emotion but are aimed at embedding internal affective dynamics that help agents modulate 

their actions and interpret the intentions of others. In human cognition, emotions play a pivotal 

role in highlighting salient environmental cues, prioritizing responses, and facilitating 

coordination, especially when uncertainty or ambiguity is high. Translating these principles into 

agent-based systems provides a novel pathway to overcome limitations in conventional AI 

frameworks. 

One of the core challenges addressed by affect-inspired systems is the problem of 

bounded rationality. Agents with limited information and resources cannot always compute 

globally optimal policies. Instead, affective states can serve as heuristics that approximate 

rational behavior while remaining computationally tractable. For instance, an agent 

experiencing a simulated 'fear' state might temporarily heighten vigilance or shift decision 

priorities, mirroring how biological organisms respond to risk. Similarly, simulated 'joy' might 

reinforce successful strategies without explicit value function recalculations. These affective 

markers not only guide internal decisions but also serve as communicative signals in multi-

agent settings, aiding coordination without full disclosure of internal models. 

Moreover, affect-based approaches enable agents to respond dynamically to changing 

environmental and social conditions. Rather than relying solely on static rules or reactive 

scripts, agents can engage in appraisals of their situation and adjust their behavior based on 

subjective significance. These internal appraisals can be modulated by external stimuli, 

memory, and interaction history, leading to more nuanced and context-aware behavior. In 

competitive or cooperative tasks, this enhances agents’ ability to negotiate, align goals, and 

maintain coherent group behavior even under stress or conflict. 

This article explores the theoretical underpinnings, computational models, and 

empirical demonstrations of affect-inspired mechanisms in agent systems. Drawing on 

interdisciplinary research from cognitive science, affective computing, game theory, and 
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artificial intelligence, it outlines how affective architectures can complement and, in some 

cases, outperform purely rational frameworks. Specific focus is placed on the use of affect as a 

tool for internal goal reprioritization and as a social signal to modulate other agents’ 

expectations and behaviors.  

The following sections critically examine the conceptual logic of affect in human 

cognition, the engineering of affect-inspired architectures for artificial agents, and the empirical 

results from simulations in adversarial and cooperative domains. Through this exploration, the 

paper aims to contribute a robust foundation for future research and deployment of emotionally 

adaptive agents in complex, uncertain, and dynamic environments. 

The advancement of artificial intelligence (AI) has led to the development of robust 

decision-making models. However, many of these models still struggle to perform effectively 

in complex, dynamic, and uncertain environments. Previous studies have extensively explored 

rational approaches grounded in logic and probabilistic reasoning, yet these methods often fall 

short when agents face incomplete information, shifting goals, or computational constraints 

(Russell & Norvig, 2021; Gigerenzer & Gaissmaier, 2011). In response to these limitations, 

affect-inspired frameworks have emerged as promising alternatives. These models simulate the 

regulatory role of emotions in human cognition, offering a way to guide behavior adaptively. 

Nonetheless, the integration of affective mechanisms within autonomous agent architectures 

remains underexplored, particularly in high-stakes, multi-agent scenarios such as autonomous 

systems and real-time human-machine interaction (Marsella et al., 2010; Hudlicka, 2003). 

Existing research has primarily emphasized emotion as a communicative interface rather than 

a functional component of internal decision-making processes. 

Moreover, while affective computing research has demonstrated the benefits of 

emotional expression for social engagement in artificial agents (Becker-Asano & Wachsmuth, 

2010), there is a significant gap in models that implement real-time internal affective 

evaluations for goal reprioritization and adaptive strategy formulation. Foundational work by 

Damasio (1994) and Rolls (2005) underscores the integral role of emotion in human decision-

making, yet few computational models have operationalized this insight in practical AI systems. 

Additionally, the role of affect as a social signal to enhance coordination and trust in multi-

agent environments has not been empirically validated on a large scale (de Melo et al., 2014). 

Comparative studies between affect-driven and traditional rational agents are also scarce, 

particularly in dynamic and high-uncertainty domains. This indicates a clear need for further 

exploration of how affective states can serve as computational heuristics for adaptive and 

tractable decision-making under bounded rationality. 

This study proposes a novel framework that integrates internal affective mechanisms 

into artificial agents as tools for real-time goal reprioritization and implicit social signaling in 

complex, uncertain environments. Unlike prior work that focuses primarily on emotion 

expression or user-facing interfaces, this research emphasizes the internal functionality of 

affective processes to support adaptive behavior and multi-agent coordination. By bridging 

insights from cognitive affective theory with technical implementations in AI, this work 
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contributes a new architecture in which synthetic emotions dynamically modulate decision-

making based on contextually evaluated relevance, thereby enhancing agent performance 

beyond the capabilities of traditional rational systems. 

Research Methods 

This research adopts a qualitative methodology utilizing a system design and simulation 

based experimental approach. The goal is to develop and test affect-inspired mechanisms that 

enhance agent decision-making and strategic communication in complex environments. The 

object of this study is intelligent agents operating in highly uncertain and dynamic 

environments, both in individual and multi-agent settings. The study explores how emotional 

elements can improve agent adaptability and communication through the engineering of models 

like GRUE (Goal Re-prioritization Using Emotion) and affective signaling mechanisms 

inspired by cognitive appraisal theories of emotion. 

The methodology includes: (1) designing algorithmic models based on cognitive 

appraisal theories (Ortony et al., 2020; Scherer, 2021), (2) implementing these models in 

simulated complex scenarios such as the "restless bandit" problem and environments modeled 

as Partially Observable Markov Decision Processes (POMDPs), and (3) evaluating 

performance through computational experiments. Data is collected through the analysis of 

agent performance in simulationusing metrics like decision-making speed, inference accuracy, 

communication effectiveness, and human perception in human-computer interaction scenarios. 

This approach aligns with established methodologies in emotion-based AI and Human-

Computer Interaction (HCI) research (Gratch et al., 2020; Marsella et al., 2022), where 

emotions are treated as adaptive mechanisms. The use of appraisal theory provides a systematic 

framework for generating affective signals that improve trust and coordination in both multi-

agent and human-agent interactions. 

Result and Discussion 

The GRUE mechanism is developed to address the increasing complexity, uncertainty, 

and scale in contemporary decision-making environments for computational agents. Rather 

than relying on long-term deliberative planning through utility maximization which is often 

computationally infeasible in large-scale, stochastic domains GRUE introduces a novel, 

emotion-inspired framework that allows agents to prioritize their goals dynamically through 

affect-like operators. These operators are conceptually grounded in cognitive appraisal theories 

of emotion, particularly the OCC model (Ortony, Clore & Collins), where emotions emerge 

based on the evaluation of how events impact the agent’s goals. In GRUE, such appraisals 

adjust the weight of each goal in a valuation function, enabling the agent to act myopically yet 

intelligently in response to immediate changes in the environment. For example, a fear-inspired 

operator increases the priority of threatened goals, guiding the agent to take protective actions. 

This mechanism serves as a principled heuristic that integrates environmental feedback into 

reactive behavior, thereby overcoming the limitations posed by full-state representations and 

predictive modeling in uncertain domains. 
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Empirical validation of GRUE is conducted in two complex decision-making domains: 

the restless bandits problem and a foraging task modeled as a Partially Observable Markov 

Decision Process (POMDP). The restless bandits problem, an intractable extension of the 

classic multi-armed bandit setting, exemplifies the challenges of learning under non-stationary 

and partially unknown reward dynamics. In this setting, GRUE outperformed both a reactive 

baseline and a reinforcement learning agent, highlighting its adaptive capabilities under 

temporal uncertainty. Similarly, in the foraging task domain characterized by millions of 

possible states GRUE effectively reprioritized goals to maximize immediate value, without 

relying on full belief-state tracking. The results demonstrate that emotion-inspired goal re-

prioritization enables the agent to focus computational resources on the most relevant aspects 

of the decision space, yielding superior performance in environments where traditional 

planning or learning-based approaches would fail or become computationally expensive. 

Table 1. Comparative Performance of Agents Across Evaluation Domains 

Method Restless Bandits (Reward) Foraging Domain (Reward) 

GRUE High Very High 

Reactive Agent Moderate Low 

Learning Agent Moderate Moderate 

Table 1 provides a comparative overview of the performance of three agent types 

GRUE, Reactive Agent, and Learning Agent across two complex test domains: the Restless 

Bandits problem and a Foraging Domain modeled as a POMDP. The performance metric used 

is the reward achieved, which represents the cumulative benefit obtained by the agent through 

its decisions within each environment. The evaluation aims to highlight the practical 

effectiveness of the GRUE method relative to traditional approaches that rely either on fixed 

reactive rules or reinforcement learning-based adaptation. 

In the Restless Bandits domain, which involves sequential decision-making under non-

stationary and uncertain reward structures, the GRUE agent achieves High performance. This 

result demonstrates GRUE’s capacity to adjust its goal prioritization based on emotion-inspired 

signals in response to changing reward dynamics, outperforming both the Reactive Agent, 

which only attains Moderate performance due to its static decision-making strategy, and the 

Learning Agent, which also reaches a Moderate level but suffers from convergence delays in 

environments with shifting parameters. 

In the Foraging Domain, which is characterized by an enormous state space (millions 

of possible configurations) and partial observability, the advantages of GRUE become even 

more evident. GRUE secures a Very High reward score, showing its strength in maintaining 

task relevance and situational awareness through dynamic goal reweighting. In contrast, the 

Reactive Agent performs Low, as it lacks adaptability to environmental changes, while the 

Learning Agent remains at a Moderate level due to computational limitations in managing the 

expansive belief space. 

Overall, the table encapsulates how GRUE bridges the gap between purely reactive and 

learning-based models by embedding adaptive heuristics inspired by human emotional 
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appraisal. The results reinforce that such mechanisms provide agents with the flexibility and 

robustness necessary to operate effectively in domains where full deliberation or extensive 

learning is infeasible. 

The bar chart in Figure 1 illustrates the impact of advisory support on overall group 

performance in a complex decision-making task. It contrasts the cumulative scores achieved by 

two groups of participants: those who received strategic advice and those who operated without 

it. This visual representation serves as a critical empirical reference point in evaluating the 

effectiveness of affect-inspired reasoning mechanisms, particularly within high-uncertainty and 

dynamic environments. The chart provides a concise yet powerful depiction of how access to 

contextually relevant guidance can enhance decision quality, coordination, and adaptability 

among agents or human participants. As such, it lays the foundation for a deeper analysis of 

how affective architectures influence group outcomes in computational and interactive settings. 

 

Figure 1. Cumulative Scores In The P-A Game 

Figure 1 presents a comparison of cumulative group scores between participants who 

received advice (subjects with advice) and those who did not (subjects without advice) during 

the experimental sessions. The data clearly indicate that the group receiving strategic guidance 

consistently achieved higher performance, with an average cumulative score approaching 1.2, 

compared to approximately 0.9 in the group without advice. This result demonstrates that 

advice based on reasoning patterns significantly enhances the effectiveness of collective 

decision-making in complex and dynamic environments. 

The observed improvement suggests that the advice enabled participants to navigate 

uncertainty more adaptively, both in interpreting situations and adjusting strategies accordingly. 

This aligns with affect-inspired approaches that position synthetic emotion as a mechanism to 

reduce cognitive complexity. In the context of this experiment, advice functioned not merely 

as additional information but as a salient cue that guided goal reprioritization and situational 

responsiveness. 
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Moreover, the effectiveness of the advice supports the hypothesis that reasoning 

patterns can bridge the limitations of bounded rationality in human agents, particularly when 

operating under incomplete information and time constraints. In essence, advice derived from 

strategic reasoning structures allows participants to optimize decisions without having to 

explicitly compute all possible contingencies, a process often impractical in real-world 

scenarios. 

Additionally, this finding reinforces the argument that autonomous agents equipped 

with the capacity to generate cognitively and affectively grounded advice can serve not only as 

individual support tools but also as facilitators of improved group-level performance. In 

practical terms, such insights have potential applications in AI-driven decision support systems 

across various domains, including negotiation, virtual teamwork, and multi-agent coordination 

systems. 

Overall, the results illustrated in Figure 1 affirm that integrating reasoning-pattern-based 

advisory mechanisms into intelligent agent systems yields measurable benefits in collective 

performance, particularly in scenarios demanding rapid adaptation to change and uncertainty. 

These findings also underscore the functional role of synthetic emotion in fostering 

coordination, trust, and effectiveness within both human-agent and agent-agent interactions. 

Figure 2 illustrates the cumulative performance scores of participants who did not 

receive advice, segmented by the type of opponents they interacted with. The chart contrasts 

two conditions: performance against advised counterparts and performance against non-advised 

counterparts. This visual serves to evaluate how the presence or absence of advisory support in 

opponents influences the strategic behavior and outcomes of uninformed agents within a 

competitive or cooperative task environment. 

 

Figure 2. Cumulative scores of agents without advice 

The data in Figure 2 reveal a compelling interaction effect between advisory presence 

and group performance. Subjects who did not receive any advice performed substantially better 

when competing against other non-advised participants, achieving a cumulative score close to 

0.92. In contrast, their performance significantly declined when facing participants who had 
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received strategic advice, with scores dropping to approximately 0.82. This discrepancy 

highlights the competitive disadvantage experienced by uninformed agents when interacting 

with strategically informed counterparts. 

This result underscores the systemic value of advisory mechanisms not only in 

enhancing the performance of the advised individuals themselves but also in influencing the 

broader dynamics of interaction. Specifically, advised subjects likely exhibited more adaptive, 

context-sensitive behaviors such as improved coordination or better exploitation of patterns—

which reduced the strategic options and effectiveness of non-advised players. The presence of 

emotion-inspired reasoning in the advised agents may have contributed to more robust decision-

making, thereby increasing the performance gap. 

Furthermore, the findings reinforce the notion of asymmetrical advantage in multi-agent 

environments, where access to structured cognitive heuristics or synthetic emotional signals 

can alter power dynamics and shift collective outcomes. The reduced score of non-advised 

agents in such contexts may not solely reflect their own limitations, but rather the enhanced 

proficiency of their opponents. These results call attention to the importance of equitable 

cognitive support tools in collaborative and adversarial systems, especially when decisions 

must be made under bounded rationality and partial information. 

Overall, Figure 2 emphasizes that the absence of advisory mechanisms places agents at 

a structural disadvantage, particularly when competing against those with affectively guided 

decision support. This insight further strengthens the case for integrating internal affect-inspired 

architectures in agent systems to ensure not only individual optimization but also balanced and 

fair system-wide interactions. 

Table 2 presents a comparative analysis of agent performance across different strategic 

roles within a simulated principal-agent interaction framework. The table categorizes agents 

based on their internal architecture standard agents (A) and those equipped with affect-inspired 

mechanisms (Aᶜ) and evaluates their behavior in three distinct roles: principal, goal-lover, and 

resource-lover. The purpose of this comparison is to investigate how the presence of internal 

affective processing influences role-specific outcomes and interaction dynamics. By examining 

agent behavior in both symmetric and asymmetric matchups, the table offers insight into the 

practical advantages conferred by emotional appraisal systems, particularly in contexts 

requiring goal reprioritization, adaptive coordination, and value-sensitive decision-making. 

Table 2. Average (raw) scores in the p-a game 

 

Table 2 presents a detailed breakdown of agent performance across various role-based 

configurations in a simulated principal-agent game. The agents are categorized along three 
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archetypes principal, goal-lover, and resource-lover and compared in terms of their average 

score outcomes when matched against either the same type of agent (A) or a complementary 

agent equipped with affect-inspired mechanisms (Aᴄ). The table captures how internal affective 

dynamics influence role-specific payoffs within both symmetric and asymmetric interactions. 

From the data, it is evident that the most significant gain occurs when an affect-equipped 

agent (Aᴄ) competes against a standard agent (A) in the goal-lover role, achieving a score of 

140, as opposed to only 60.5 for the standard agent when the roles are reversed. This suggests 

that affect-inspired decision processes such as dynamic goal reprioritization based on 

contextual appraisal provide a strategic advantage in situations requiring nuanced prioritization 

of objectives. Similarly, the principal agent receives the highest payoff (605) when interacting 

with an affect-equipped partner (Aᴄ), indicating that affective mechanisms may improve 

cooperation or compliance when hierarchical dynamics are present. 

Interestingly, in symmetric settings (e.g., A against A or Aᴄ against Aᴄ), performance 

tends to be more balanced, although slightly less efficient than when affect-equipped agents 

engage with standard agents. For instance, the principal scores drop to 297.5 in both symmetric 

conditions, suggesting that mutual absence or mutual presence of affective capabilities leads to 

equilibrated but sub-optimal utility distributions. 

The data also reflect a nuanced trade-off in resource-lover roles. While standard agents 

achieve slightly higher scores when facing affect-equipped agents (150) compared to the 

reverse (100), affect-equipped agents perform more stably across all matchups, reinforcing their 

adaptive consistency. Overall, the table highlights that affect-inspired mechanisms not only 

enhance individual role-based performance but also shape inter-agent dynamics in a way that 

reflects more context-sensitive and cooperative behavior patterns. 

These results support the broader argument that embedding synthetic emotions and 

appraisal-based reasoning within agent architectures can lead to performance advantages across 

diverse roles and scenarios, especially in environments characterized by asymmetrical goals, 

resource constraints, and interdependent outcomes. 

Conclusion and Recommendation 

This study explored the implementation of affect-inspired mechanisms within agent-

based systems, specifically in the context of adaptive decision-making and strategic 

communication in complex environments. The empirical results demonstrate that agents 

equipped with internal affective architectures designed to simulate human-like emotional 

appraisals exhibited superior performance across various metrics. Notably, these agents 

achieved higher cumulative scores, demonstrated better role-based adaptability, and maintained 

consistent behavior under uncertainty. The integration of synthetic affect allowed for more 

nuanced prioritization of goals, enhanced responsiveness to environmental cues, and facilitated 

more efficient inter-agent coordination, particularly in asymmetric role configurations. These 

findings affirm the value of embedding biologically inspired affect models into artificial agents 

to address the limitations of traditional rational models in dynamic, resource-constrained 

systems. 
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Based on the evidence presented, it is recommended that future developments in 

intelligent agent systems continue to explore and refine affect-inspired design architectures. 

Specifically, integrating appraisal-driven emotion models can improve agent flexibility, 

contextual awareness, and collaborative potential. Further research should investigate the 

scalability of these affective systems in larger multi-agent networks and assess their 

performance in real time, high stakes applications such as autonomous vehicles, distributed 

robotics, and complex negotiation platforms. Additionally, expanding the emotional repertoire 

beyond goal-oriented valence such as incorporating social emotions or long-term motivational 

constructs may offer deeper insights into emergent group behavior and long-term strategic 

adaptation. Ultimately, the synthesis of affective computing and adaptive planning holds 

promise for advancing the development of human-aligned, ethically robust, and performance-

efficient artificial intelligence. 
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