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Memory Models and Information Processing as Foundations of Artificial Intelligence 

 

 

Abstract:  

Research Background: This study investigates the intersection of cognitive psychology and artificial 

intelligence, focusing on human memory models and information processing principles. Cognitive 

psychology provides a structured understanding of how humans encode, store, and retrieve information, 

while information processing theories explain how the mind transforms inputs into meaningful knowledge. 

These frameworks have inspired artificial intelligence systems that aim to simulate human cognition, 

ranging from symbolic artificial intelligence to advanced neural networks with memory capabilities. 

Seminal models such as the Atkinson–Shiffrin multi-store model and Baddeley and Hitch’s working memory 

model offer insights into sensory, short-term, and long-term memory processes, which inform the design of 

artificial intelligence architectures capable of handling complex tasks and contextual information. 

Objectives: The objectives of this research were to analyse the role of human memory models in 

artificial intelligence design, examine information processing principles and their application in artificial 

intelligence, explore the integration of memory and processing concepts for adaptive artificial intelligence 

systems, and develop a theoretical framework linking cognitive theories with contemporary artificial 

intelligence technologies. 

Research Methods: The study adopted a descriptive research approach using secondary sources, 

including academic books, research papers, peer-reviewed journals, and credible online resources. These 

sources were analysed to understand cognitive models, processing mechanisms, and their computational 

counterparts. The research involved reviewing literature, comparing existing models, and interpreting the 

relevance of cognitive principles for designing intelligent artificial intelligence systems. 

Conclusions: The study concludes that human memory models serve as essential frameworks for 

building artificial intelligence systems that simulate human-like cognition. Information processing 

principles provide guidance for structuring artificial intelligence architectures effectively. Integrating 

memory and processing concepts leads to adaptive, context-aware artificial intelligence models, while 

memory-augmented architectures improve sequential reasoning, long-term retention, and decision-making 

capabilities. Furthermore, cognitive frameworks enable artificial intelligence systems to emulate human 

adaptive intelligence and support the development of future interdisciplinary innovations linking cognitive 

psychology with artificial intelligence. 
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Introduction: 

The fields of cognitive psychology and 

artificial intelligence are interconnected through 

their historical and theoretical foundations, 

particularly in memory models and information 

processing theories. These frameworks provide 

insight into how humans encode, store, retrieve, 

and process information, thereby inspiring 

computational models in artificial intelligence. 

Early psychological research viewed the mind as 

an information processor, leading to the 
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development of machines that aim to simulate 

human thought processes (Neisser, 1967). 

One seminal model is the Atkinson–

Shiffrin multi-store model, which categorizes 

human memory into sensory, short-term (STM), 

and long-term memory (LTM), each with distinct 

functions (Atkinson & Shiffrin, 1968). This 

model emphasizes control processes like 

repetition and retrieval strategies, paralleling 

computational memory systems in artificial 

intelligence. Information processing theory 

further frames cognition as a series of 

computational operations analogous to computer 

processes, which transitioned the focus of 

psychology from behaviorism to internal mental 

mechanisms (Miller, Galanter, & Pribram, 1960). 

This shift was pivotal in cognitive science and 

laid the groundwork for artificial intelligence 

researchers interested in developing machines 

with internal representations and symbolic 

manipulation capabilities. In artificial 

intelligence, symbolic systems such as production 

systems and rule-based expert systems replicate 

information processing architectures. They 

operate on symbols through formal rules, 

mirroring the cognitive process of manipulating 

mental representations. Early artificial 

intelligence programs like the General Problem 

Solver (GPS) sought to emulate human problem-

solving through symbolic representation (Newell 

& Simon, 1972). 

Advancements in artificial intelligence, 

particularly through neural networks and deep 

learning, were inspired by biological memory 

mechanisms. Neural networks distribute memory 

over weighted connections, learning patterns 

through data with an approach akin to human 

synaptic plasticity. However, early feedforward 

networks lacked explicit information storage and 

retrieval mechanisms, prompting innovations 

such as Recurrent Neural Networks (RNNs) and 

Long Short-Term Memory (LSTM) networks. 

LSTMs, which include gating mechanisms to 

manage information flow, enable context 

retention over sequential data, paralleling human 

working memory functions (Hochreiter & 

Schmidhuber, 1997). 

Moreover, memory-augmented neural 

networks like the Neural Turing Machine (NTM) 

incorporate external memory that can be 

differentiated read from and written to, extending 

the capabilities of standard neural networks to 

mimic human cognitive flexibility (Graves, 

Wayne, & Danihelka, 2016). These models 

exemplify how psychological memory theories 

drive computational innovations in artificial 

intelligence. Information processing theories also 

influence the design of cognitive architectures 

like SOAR and LIDA. These architectures 

integrate perception, memory, learning, and 

decision-making processes into cohesive 

frameworks aiming to simulate general 

intelligence while maintaining psychological 

realism (Laird, Lebiere, & Rosenbloom, 2017). 

This integration highlights the ongoing relevance 

of memory models and information processing 

concepts in understanding human cognition and 

engineering intelligent behavior in machines. 

In conclusion, cognitive psychology's 

memory models and information processing 

theories have enriched our understanding of 

human cognition while providing essential 

concepts that shape artificial intelligence 

development. From traditional symbolic AI to 

advanced neural networks with memory features, 

the cross-pollination of psychological theory and 

computational practice fosters ongoing 

innovations that further elucidate both natural and 

artificial intelligence. 

 

Significance of the Study: 

1. The study helps in understanding how human 

memory models can inspire more efficient 

and human-like AI systems. 
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2. It highlights the relevance of cognitive 

psychology principles in designing AI 

architectures that process information 

effectively. 

3. Insights from the research can guide the 

development of AI models that adapt and 

respond intelligently to dynamic 

environments. 

4. The findings provide a bridge between 

theoretical cognitive concepts and practical 

AI applications, enhancing system 

performance. 

5. This research supports the creation of AI 

systems that mimic human learning, memory 

retention, and decision-making processes. 

6. Overall, the study contributes to advancing AI 

technologies by integrating human cognitive 

mechanisms into computational models. 

 

Objectives Of the Study: 

1. To analyse the role of human memory models 

in understanding and designing artificial 

intelligence systems. 

2. To examine the principles of information 

processing in cognitive psychology and their 

applications in artificial intelligence 

architectures. 

3. To explore the integration of memory and 

information processing concepts in 

developing adaptive and intelligent artificial 

intelligence models. 

4. To provide a theoretical framework linking 

cognitive theories of memory and information 

processing with contemporary artificial 

intelligence technologies. 

 

Research Methodology: 

This study was conducted using 

secondary sources of information to collect 

relevant data. The sources included academic 

books, peer-reviewed journal articles, research 

reports, and credible online resources. These 

sources were examined to understand human 

memory models, principles of information 

processing in cognitive psychology, and their 

application in artificial intelligence systems. The 

use of secondary data allowed the researcher to 

develop a theoretical framework, compare 

findings from previous studies, and analyse the 

connections between cognitive theories and 

artificial intelligence technologies. The research 

is descriptive in nature, focusing on observing, 

interpreting, and explaining patterns and 

relationships between memory models, 

information processing, and artificial 

intelligence design. A careful review and 

comparison of existing literature ensured that the 

findings are reliable and supported by evidence. 

This methodology provides a systematic, 

structured, and scientific approach, helping to 

explain how cognitive concepts can inform the 

development of intelligent and adaptive artificial 

intelligence systems. 

 

Interpretation and Results: 

Objective No. 1. To analyse the role of human 

memory models in understanding and 

designing artificial intelligence systems. 

Human memory models in cognitive 

psychology provide structured frameworks for 

understanding how information is encoded, 

stored, and retrieved in the brain. The Atkinson–

Shiffrin multi-store model outlines memory as 

consisting of sensory register, short-term store, 

and long-term store, with specific control 

processes for transferring information between 

them (Atkinson & Shiffrin, 1968). Baddeley and 

Hitch extended this with their working memory 

model, which splits short-term memory into 

components like the central executive, 

phonological loop, and visuospatial sketchpad to 

facilitate active information processing (Baddeley 

& Hitch, 1974). These cognitive models are 

essential for understanding the role of memory in 
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learning, reasoning, and adaptive behaviour. They 

also inform the design of artificial intelligence 

systems that mimic human cognitive processes. 

For instance, Hopfield networks utilize 

associations between memory vectors for human-

like associative memory, aiding in distributed 

pattern storage and retrieval (Hopfield, 1982).  

Recent research by Wu et al. (2025) 

reveals that modern artificial intelligence memory 

systems increasingly align with human memory 

categories,sensory, short-term, and long-term, to 

improve information retention and usage. This 

highlights the challenges faced by artificial 

intelligence systems lacking memory organization 

in managing long-term dependencies and 

contextual retention. By analysing human 

memory models, researchers can formalize 

cognitive mechanisms such as rehearsal, 

consolidation, and context integration within 

artificial intelligence architectures. This enhances 

the capabilities of artificial intelligence systems 

for explicit storage, retrieval, and processing of 

information across various tasks. Thus, human 

memory frameworks not only deepen theoretical 

understanding of cognition but also enhance the 

engineering of artificial intelligence systems that 

demonstrate robust, adaptive, and context-

dependent reasoning (Wu et al., 2025). 

Integrating cognitive memory models into 

artificial intelligence development fosters systems 

closer to human information processing and 

learning dynamics. 

 

Objective No. 2. To examine the principles of 

information processing in cognitive psychology 

and their applications in artificial intelligence 

architectures. 

Information processing theory in 

cognitive psychology suggests that the human 

mind functions like a computational system, 

processing information through several stages: 

reception, encoding, processing, storage, and 

retrieval (Atkinson & Shiffrin, 1968). This theory 

views the brain as a system that converts 

environmental stimuli into meaningful 

representations, facilitating complex cognitive 

functions such as decision-making, learning, and 

problem-solving. Key components include 

sensory memory, which briefly holds perceptual 

input; working memory, which has a limited 

capacity for active manipulation; and long-term 

memory, which has a vast store of knowledge that 

is less accessible. Contributions from 

psychologists like George Miller, who quantified 

limitations in working memory (e.g., the "magical 

number seven"), highlight the constraints within 

human information processing (Miller, 1956). 

These cognitive principles have parallels in 

artificial intelligence, where architectures are 

designed to process input data similarly, and 

involving stages such as input layer data 

reception, hidden layer feature transformation, 

and storage mechanisms for pattern capture. 

Memory-Augmented Neural Networks (MANNs) 

exemplify this by integrating explicit memory 

components that reflect human memory systems, 

enhancing tasks such as sequential prediction and 

reasoning (Survey on Memory-Augmented 

Neural Networks, 2023). Cognitive architectures 

like SOAR combine declarative and procedural 

memory with working memory to emulate human 

decision-making processes (International Journal 

of Science and Research, 2025). These 

computational frameworks illustrate how 

principles from information processing can be 

applied to create systems that exhibit adaptive 

behaviour, leading to more flexible and efficient 

artificial intelligence solutions grounded in 

human cognitive processes. 
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Objective No. 3. To explore the integration of 

memory and information processing concepts 

in developing adaptive and intelligent artificial 

intelligence models 

The integration of concepts from 

cognitive psychology, particularly regarding 

memory and information processing, into 

artificial intelligence is pivotal for creating 

adaptable and intelligent systems. Human 

cognition is dynamic, involving stages like 

encoding, storage, and retrieval, where memory 

shapes perception and interpretation. Working 

memory facilitates problem-solving and planning, 

while long-term memory acts as a knowledge 

repository. Implementing these cognitive 

mechanisms in artificial intelligence has resulted 

in memory-enhanced architectures that can retain 

and reuse contextual information, surpassing the 

limitations of static memory buffers in earlier 

machine learning models. Memory-augmented 

neural networks exemplify this by incorporating 

external memory stores that mimic human 

memory processes, leading to superior 

performance in tasks requiring sequential 

reasoning, episodic recall, and pattern prediction. 

Hybrid architectures, such as Memory-

Augmented Transformers, combine neuroscience 

principles with machine learning to manage long-

range context and adapt to changing inputs 

effectively. This fusion enables artificial 

intelligence systems to overcome fixed context 

window limitations and supports continual 

learning, essential for agents functioning in real-

world situations where contextual awareness is 

crucial. Ultimately, merging memory structures 

with processing mechanisms allows artificial 

intelligence to emulate critical elements of human 

adaptive intelligence, improving their capability 

to handle complex tasks while enhancing their 

interpretability and alignment with human 

cognition. 

Objective No. 4. To provide a theoretical 

framework linking cognitive theories of 

memory and information processing with 

contemporary artificial intelligence 

technologies 

Developing a theoretical framework that 

connects cognitive theories of memory and 

information processing with contemporary 

artificial intelligence technologies is crucial for 

enhancing both fundamental science and practical 

AI design. Cognitive psychology provides models 

for human memory dynamics, including the 

multi-store model (Atkinson & Shiffrin, 1968) 

and the working memory model (Baddeley & 

Hitch, 1974), which illustrate how sensory 

information is encoded into different memory 

stores. Information processing theories describe 

how inputs are organized and utilized, paralleling 

computational processes in artificial intelligence 

systems. Artificial intelligence technologies, such 

as memory-augmented neural models and 

cognitive architectures like SOAR, utilize these 

principles through modules for memory storage 

and processing task coordination. A unified 

framework maps cognitive constructs to artificial 

intelligence mechanisms: sensory memory relates 

to data pre-processing, working memory aligns 

with intermediate representations, and long-term 

memory corresponds to learned parameters. This 

framework emphasizes cognitive constraints, 

informing artificial intelligence design choices 

like attention controls and memory prioritization. 

By integrating cognitive principles, artificial 

intelligence systems can achieve efficient 

information processing and exhibit flexible 

adaptation, bridging the gap between human and 

artificial intelligence. This integration also 

enhances interpretability, as artificial intelligence 

operations are modelled on well-understood 

cognitive processes, thus promoting 

interdisciplinary insights and guiding future 

innovations in both fields. 
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Conclusions: 

The study concludes to found the role of 

human memory models as essential frameworks 

for designing AI systems that simulate human-

like cognition. It concludes to found the 

effectiveness of information processing principles 

in guiding the structure and function of AI 

architectures. 

The research concludes to found the 

importance of integrating memory and 

information processing concepts to develop 

adaptive and intelligent AI models. It concludes 

to found the advantage of memory-augmented 

architectures in supporting sequential reasoning, 

long-term retention, and contextual 

understanding. The study concludes to found the 

value of linking cognitive theories with AI 

design, enhancing system interpretability and 

robust learning. It concludes to found the 

framework for mapping sensory, working, and 

long-term memory components onto AI 

mechanisms effectively. The research concludes 

to found the capability of AI systems to emulate 

human adaptive intelligence through combined 

memory and processing mechanisms. 

Overall, the study concludes to found the 

foundation for future interdisciplinary innovations 

connecting cognitive psychology and 

contemporary AI technologies. 
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