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Computational Neuroscience Meets Psychology: Modeling
Cognitive Processes Through Interdisciplinary Research
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Abstract
Computational neuroscience and psychology are two powerful domains that are
rapidly converging in the quest to decode the mysteries of human cognition.
Psychology traditionally relies on theories, experiments, and behavioral analysis
to understand how humans think, feel, and act. Computational neuroscience, on
the other hand, uses algorithms, mathematical models, and brain-inspired
simulations to explain neural activity. The integration of these two fields creates
a more holistic approach to studying cognitive processes. This paper explores
how interdisciplinary research allows us to model attention, memory, decision-
making, and perception by combining psychological theories with
computational techniques. It also highlights empirical case studies, examines
computational models aligned with psychological frameworks, and discusses
both the opportunities and limitations of modeling higher-order cognition.
Keywords: Computational Neuroscience, Cognitive Psychology, Cognitive
Modeling, Interdisciplinary Research, Brain Simulation, Machine Learning,
Human Cognition
Introduction
Understanding the mind has been one of the most fascinating intellectual
challenges in human history. Psychology has provided deep insights into
cognitive processes such as learning, perception, memory, language, and
decision-making through behavioral experiments and theoretical frameworks.
However, psychological theories often lack a mechanistic explanation of how

these processes emerge from neural activity.
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Computational neuroscience fills this gap by offering mathematically
grounded models that simulate the working of the human brain. By modeling
neurons, synaptic connections, and network dynamics, it provides a way to test
psychological theories at a biological and computational level. The convergence
of these disciplines is crucial in today’s era where artificial intelligence (Al) and
brain-inspired technologies are advancing rapidly. This interdisciplinary
approach not only enhances the accuracy of cognitive models but also opens up
practical applications in clinical psychology, neurology, mental health
interventions, education, and human—machine interaction.

Thus, this research attempts to bridge psychology and computational
neuroscience to model cognitive processes with scientific rigor, providing
insights into both human thought and intelligent machine design.

Methodology

The methodology of this study relies on an interdisciplinary synthesis of
knowledge:

1. Systematic Literature Review:

o A wide range of scholarly articles, books, and experimental studies in
both psychology and computational neuroscience were reviewed.

o Key theories such as Baddeley’s model of working memory,
reinforcement learning in behavioral psychology, and Bayesian
inference models were analyzed alongside computational frameworks
like recurrent neural networks and spiking neural networks.

2. Comparative Model Analysis:

o Different computational models (e.g., artificial neural networks,
reinforcement learning, connectionist models) were compared with
psychological theories to assess how effectively they simulate cognitive

Processes.
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3. Case-Based Examination:

o Specific case studies where computational neuroscience has
successfully validated psychological insights (e.g., modeling working
memory, decision-making, perception) were studied in depth.

4. Interdisciplinary Framework:

o A conceptual framework was developed to evaluate how insights from
psychology guide computational models and how simulations in turn
validate or challenge psychological theories.

This multi-layered methodology ensures that the study captures both theoretical

depth and practical evidence of interdisciplinary collaboration.

Case Study

A prime example of interdisciplinary integration is the study of working

memory.

« Psychological Perspective: Baddeley’s model explains working memory as
a system with multiple components—phonological loop, visuospatial
sketchpad, episodic buffer, and central executive. Psychology emphasizes
how humans temporarily store and manipulate information for reasoning,
problem-solving, and language comprehension.

o Computational Perspective: Recurrent Neural Networks (RNNs) replicate
this functionality by maintaining sequences of information over time. These
models simulate how neural activations can “hold” patterns to enable short-
term memory tasks.

o Integration: By combining the psychological theory with computational
models, researchers have been able to simulate not only the structure but also
the limitations of working memory, such as forgetting, interference, and
cognitive load.

Another example is decision-making:
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« Behavioral psychology explains it through reward-based theories and risk
perception.

o Computational neuroscience models this using reinforcement learning
algorithms, where the system learns to choose actions based on predicted
rewards.

o This integration has advanced neuroeconomics, helping us understand how

humans and machines make complex choices under uncertainty.

Data Analysis
Table 1: Computational Models in Relation to Cognitive Processes
Cognitive Psychological Computational Outcome
Process Theory Model
Working | Baddeley’s Model | Recurrent Neural Simulation of short-
Memory Networks term storage and
manipulation
Decision Behavioral Reinforcement Predicting reward-
Making Decision Theory Learning based choices, risk
assessment
Perception | Gestalt Principles Convolutional Object recognition,
Neural Networks pattern completion
Language | Psycholinguistics RNNs, Natural language
Processing Transformers comprehension,
semantic
representation
Attention | Selective Attention | Bayesian Models | Probabilistic modeling
Theory of attentional shifts
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Table 2: Integration of Computational Neuroscience and Psychology in

Cognitive Research

Research Psychology Computational Interdisciplinary
Domain Contribution Contribution Impact
Memory Experimental Neural network | Better understanding

Studies theories of recall models of
encoding/forgetting
Learning Behavioral Reinforcement | Simulating adaptive
Mechanisms learning theories learning learning
algorithms
Decision- Risk and reward | Neuroeconomic | Bridging economics,
Making psychology models neuroscience,
psychology
Language and Linguistic NLP & neural | Advancing Al-driven
Cognition psychology simulations language models
Consciousness | Phenomenological Global Step toward
Research accounts workspace mechanistic
models consciousness
models

Questionnaire (For Validation and Future Research)

1. To what extent can computational models replicate real-world psychological

processes?

2. Are current models biologically realistic, or are they oversimplified

abstractions?

3. How can collaboration between psychologists, neuroscientists, and computer

scientists be improved?
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4. What ethical boundaries must be respected when simulating human
cognition in machines?

5. Can computational models help in diagnosing and treating mental health
disorders more effectively?

Conclusion

The convergence of computational neuroscience and psychology represents a

paradigm shift in cognitive science. By integrating theoretical models of

psychology with computational simulations, researchers are able to capture both

behavioral and neural dimensions of cognition. This interdisciplinary approach

enhances the understanding of memory, learning, decision-making, and

perception, while also highlighting challenges such as modeling consciousness

and creativity.

In addition to advancing theoretical knowledge, these models have practical

applications in Al, mental health diagnosis, neurorehabilitation, and education.

However, limitations such as biological plausibility, ethical concerns, and the

risk of reductionism remain pressing issues. Future research must focus on

developing computational models that are both scientifically rigorous and

psychologically valid, ensuring that interdisciplinary collaboration continues to

enrich our understanding of the human mind.
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