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Abstract: The pursuit of Artificial General Intelligence (AGI) represents one of the most ambitious goals in artificial
intelligence research, yet current approaches often overlook the foundational principles that govern biological intelligence.
This paper introduces and examines Machine Psychology as an interdisciplinary framework that systematically integrates
principles from learning psychology-particularly operant conditioning and Relational Frame Theory-with adaptive reasoning
systems to advance AGI development. We propose a bidirectional learning model wherein psychological principles
inform Al architecture while Al systems provide novel insights into cognitive mechanisms. Through analysis of recent
implementations using the Non-Axiomatic Reasoning System (NARS), we demonstrate how core psychological constructs
such as reinforcement learning, derived relational responding, and functional equivalence can be computationally realized
to produce flexible, context-sensitive artificial cognition. This framework addresses critical limitations in contemporary
Al systems, including brittleness in novel contexts, inability to generalize across domains, and lack of metacognitive
capabilities. The paper further explores implementation challenges specific to developing economies, using Uzbekistan’s
accelerated digital transformation as a case study for culturally-adapted AGI development strategies. We conclude that
Machine Psychology offers a principled pathway toward human-level artificial intelligence while simultaneously enriching
our understanding of natural cognition.

Machine Psychology, Artificial General Intelligence, Operant Conditioning, Relational Frame Theory,
Cognitive Architecture, NARS, Adaptive Systems.

Annotatsiya: The pursuit of Artificial General Intelligence (AGI) represents one of the most ambitious goals in artificial
intelligence research, yet current approaches often overlook the foundational principles that govern biological intelligence.
This paper introduces and examines Machine Psychology as an interdisciplinary framework that systematically integrates
principles from learning psychology-particularly operant conditioning and Relational Frame Theory-with adaptive reasoning
systems to advance AGI development. We propose a bidirectional learning model in which psychological principles
inform Al architecture while Al systems provide novel insights into cognitive mechanisms. Through analysis of recent
implementations using the Non-Axiomatic Reasoning System (NARS), we demonstrate how core psychological constructs
such as reinforcement learning, derived relational responding, and functional equivalence can be computationally realized
to produce flexible, context-sensitive artificial cognition. This framework addresses critical limitations in contemporary
Al systems, including brittleness in novel contexts, inability to generalize across domains, and lack of metacognitive
capabilities. The paper further explores implementation challenges specific to developing economies, using Uzbekistan’s
accelerated digital transformation as a case study for culturally-adapted AGI development strategies. We conclude that
Machine Psychology offers a principled pathway towards human-level artificial intelligence while simultaneously enriching
our understanding of natural cognition.

Machine Psychology, Artificial General Intelligence, Operant Conditioning, Relational Frame Theory,
Cognitive Architecture, NARS, Adaptive Systems.
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AHHoTauumsa: CosgaHue obuero nckyccreeHHoro uHtennekra (ONW) npegcraeBnseTt cobon ogHy 13 caMmbix aMOULIMO3HbIX
Luernev B MCCNEfOBaHMAX WCKYCCTBEHHOIO WHTENneKkTa, OAHAaKO COBPEMEHHblE MOAXOAbl YacTo YMyCKalT U3 Buay
OCHOBoOMoONarawLme NpMHLUMNbLI, nexalyne B 0OCHoBe Bronormyeckoro nHTennekta. B gaHHom ctatbe paccmatpuBaeTcs
MaLUMHHAs NCUXONOMMS Kak MEXAMUCLUNIMHAPHaa CTPYKTypa, CUCTEMaTUYECKN NHTErpUpytoLLasa NPUHLMMbLI MCUXONOrn
0oby4eHns, B 4acCTHOCTW, oOnepaHTHOe OOyCrnoBMMBaHWE W TEOPUIO PEMALMOHHLIX (PENMOB, C aAanTUBHbLIMU
cucTeMaMmn paccyxaeHun ana cogevicteus passutuio OUMW. Mbl npegnaraem fByHanpaBneHHyl0 Mogenb o0yveHwus,
B KOTOPOW NCUXOornyeckne npuHumnbel opmumpytot apxutektypy A, a cuctemsl N npepoctaBnsoT HOBbIE 3HAHWSA
O KOTHWUTUBHBIX MexaHu3max. AHanu3vnpys HedaBHUE peanu3auun C UCMONIb30BaHNMEM HeaKCMOMAaTM4eCKOW CUCTEMBbI
paccyxgeHun (NARS), Mbl OEMOHCTPUPYEM, KaK OCHOBHbIE MCUXOSIOTMYECKME KOHCTPYKLMKW, TakMe Kak obyyeHue
C MOAKPEMNEeHNEM, MNPOU3BOAHbIE PEMSAUMOHHbIE peakuum W QyHKUMOHaNbHas 9KBMBANEHTHOCTb, MOryT ObiTb
peann3oBaHbl BbIMUCIUTENBHBLIM NMyTEM A4S CO34aHNSA MMOKOro, KOHTEKCTHO-3aBMCMMOIO MCKYCCTBEHHOTO MO3HaHMA. JTa
CTPYKTYpa Y4MTbIBAET KPUTUYECKME OFPaHNYEHUS COBPEMEHHBIX cucteM MW, BKntoYas XpyrnkocTb B HOBbIX KOHTEKCTaX,
HEBO3MOXXHOCTb 0606LLIEHNS MeXay NPEAMETHbIMM 06rIacTIMM 1 OTCYTCTBUE METaKOTHUTUBHBIX BO3MOXHOCTEN. B cTaTbe
[OMOMHUTENBbHO paccMaTpuBaloTca Npobrnembl BHEAPEHUS, XapaKTepHble ANA pa3BMBaOLLMXCA 9KOHOMUK, Ha MpuMepe
YCKOPEHHOM LindpoBon TpaHchopMauuy Y3bekrctaHa B kayecTBe npumepa Ans paspaboTku KynsTYPHO aaanTMpOBaHHbIX
cTpaTernn pasBUTUS MCKYCCTBEHHOTO MHTennekTa. Mbl MpUXogum K BbIBOAY, YTO MalUMHHAsS MCUXOMOrUs npeararaer
NMPUHLUMNMAanbHbIA NyTb K CO30AHMI0O MCKYCCTBEHHOIO WMHTENNEKTa YenoBeYeCKoro ypOBHS, OOHOBpPEMEHHO oboraluas
Halle NOHUMaHue eCTECTBEHHOrO NO3HaHUS.

MalUMHHAs MCUXOMOTMSl, WCKYCCTBEHHbI WHTENNEeKT OBGLLIEro HasHauyeHusl, ornepaHTHoe
00yCrnoBnnBaHne, TEOPUS PENSALMOHHBLIX PENMOB, KOTHUTUBHAs apxuTekTypa, NARS, aganTuBHbIE CUCTEMbI.

INTRODUCTION

Artificial General Intelligence has been characterized as the Holy Grail of artificial intelligence research
since the field’s inception in the 1950s. Unlike narrow Al systems optimized for specific tasks, AGI aims to
replicate the breadth and flexibility of human intelligence across diverse domains and novel situations (Morris
et al., 2024). Despite remarkable advances in machine learning, particularly with large language models and
deep reinforcement learning systems (Zhao et al., 2023), the creation of truly general artificial intelligence
remains elusive. Contemporary Al systems, while impressive in their specialized domains, exhibit fundamental
limitations when confronted with tasks requiring genuine understanding, flexible reasoning, or transfer of
knowledge to unfamiliar contexts.

The challenge lies not merely in scaling existing approaches but in identifying the foundational principles
that underpin general intelligence itself. Recent work by Johansson (2024a, 2024b) has proposed Machine
Psychology as a novel interdisciplinary framework that addresses this challenge by systematically integrating
principles from learning psychology with computational reasoning systems. This approach diverges from
prevailing paradigms that either attempt to simulate neural architectures through brain emulation or rely solely
on scaling transformer-based models. Instead, Machine Psychology adopts a principle-based methodology,
seeking to identify and implement the psychological mechanisms that enable organisms to learn, adapt, and
reason across contexts.

This paper contributes to the growing discourse on AGI development by proposing a comprehensive
bidirectional learning framework grounded in Machine Psychology principles. Our central thesis is that the
relationship between psychology and Al should be mutually informative: psychological theories provide
blueprints for artificial cognitive architectures, while computational implementations offer testable models that
advance our understanding of natural cognition. We specifically examine how operant conditioning principles
(Skinner, 1938; Sutton & Barto, 2018), Relational Frame Theory (Hayes et al., 2001, 2021), and adaptive
reasoning systems (Wang, 2006, 2013) can be synthesized to create more flexible and human-like artificial
intelligence.

The timing of this research is particularly relevant given the accelerated global investment in Al
infrastructure. Nations across Central Asia, including Uzbekistan, Kazakhstan, and Kyrgyzstan, have unveiled
ambitious national Al strategies targeting economic transformation through digital technologies (Sayfiddinov,
2024; Nurgazina et al., 2025). Uzbekistan’s Strategy for the Development of Artificial Intelligence until 2030
exemplifies this trend, projecting a $1.5 billion Al software market and committing to train one million developers
in partnership with international technology firms. Understanding how psychological principles can inform AGI
development becomes critical not only for advancing the science but also for ensuring that Al systems deployed
in diverse cultural and economic contexts exhibit appropriate flexibility and adaptability.
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2. Background and Related Work

2.1 The AGI Challenge and Current Approaches

The definition of AGl itself remains contested within the research community. Google DeepMind’s framework
proposes levels of AGI based on performance breadth and generality, ranging from narrow competence in
specific tasks to systems that surpass human capabilities across all cognitive domains (Morris et al., 2024).
This gradation acknowledges that AGI development is not a binary achievement but rather a continuum of
increasingly general capabilities. Recent assessments suggest that contemporary large language models
demonstrate emergent properties that some researchers classify as preliminary AGI characteristics (Dillon et
al., 2023), though significant debate surrounds these claims.

Current approaches to AGI can be broadly categorized into three paradigms. The first, exemplified by scaled
transformer models such as GPT-4 and its successors, relies on massively parallel training on diverse datasets
to achieve broad task competence through pattern recognition and statistical inference (Zhao et al., 2023).
The second approach pursues whole brain emulation, attempting to replicate neural structures and dynamics
through detailed computational models of biological systems. The third paradigm, which Machine Psychology
represents, adopts a principle-based methodology that identifies fundamental cognitive mechanisms and
implements them computationally without necessarily replicating biological substrates (Johansson, 2024a).

Each approach confronts distinct challenges. Scaled language models, while demonstrating impressive
capabilities in text generation and comprehension, exhibit brittleness when operating outside their training
distribution and lack genuine understanding of causal relationships. Brain emulation efforts face the dual
challenges of insufficient knowledge regarding neural computation and prohibitive computational requirements.
The principle-based approach, while theoretically appealing, requires accurate identification of the relevant
cognitive principles and successful translation of these principles into computational architectures (Goertzel et
al., 2010).

2.2 Psychological Foundations: Learning Theory and Cognition

The foundations of Machine Psychology rest upon decades of research in behaviorist and post-
behaviorist psychology. Operant conditioning, pioneered by Skinner (1938), describes how organisms modify
behavior based on consequences, with positive reinforcement increasing the likelihood of repeated actions
and punishment decreasing such likelihood. This fundamental learning mechanism has direct computational
analogs in reinforcement learning algorithms, which have proven remarkably successful in training artificial
agents for game-playing, robotics, and control tasks (Mnih et al., 2015; Sutton & Barto, 2018). The connection
between operant conditioning and reinforcement learning illustrates how psychological principles can inform
algorithmic design.

However, operant conditioning alone cannot account for the full complexity of human cognition, particularly
our capacity for language and abstract reasoning. Relational Frame Theory, developed by Hayes and colleagues
(2001), extends behavioral psychology by proposing that human symbolic cognition emerges from a learned
capacity for Arbitrarily Applicable Relational Responding (AARR). Unlike simple associative learning observed
in other species, AARR enables humans to derive novel relationships between stimuli based on contextual
cues rather than physical properties. For instance, understanding that if A is larger than B, and B is larger than
C, then A must be larger than C demonstrates combinatorial entailment—a form of relational reasoning that
emerges without direct training on the A-C relationship.

RFT identifies three core properties of AARR: mutual entailment (bidirectional relationships), combinatorial
entailment (deriving new relationships from existing ones), and transformation of function (transferring behavioral
functions across related stimuli). Research demonstrates that training individuals in relational framing skills
correlates with improvements in fluid intelligence and scholastic performance (Cassidy et al., 2016), suggesting
that these capacities form a cognitive foundation for higher-order thinking. The implications for Al are profound:
if relational reasoning constitutes a fundamental building block of intelligence, then computational systems
implementing RFT principles might achieve more flexible and generalizable cognition.

2.3 Computational Implementations: NARS and Cognitive Architectures

The Non-Axiomatic Reasoning System represents a computational framework specifically designed for
reasoning under conditions of insufficient knowledge and resources—constraints that characterize natural
intelligence (Wang, 2006, 2013). Unlike classical logic systems that assume complete and consistent knowledge
bases, NARS operates on non-axiomatic logic, which allows for revision of beliefs based on new evidence and
handles contradictory information gracefully. This design philosophy aligns well with psychological theories
emphasizing adaptive learning in uncertain environments.

Recent implementations have demonstrated NARS’s capacity to exhibit behavior consistent with operant
conditioning principles (Johansson, 2024b). In experimental tasks involving simple discrimination, changing
contingencies, and conditional discrimination, NARS successfully adapted its responses based on reinforcement
patterns, achieving accuracy rates comparable to or exceeding those of biological organisms in analogous
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tasks. Critically, the system demonstrated flexibility when contingencies reversed midway through tasks, rapidly
adjusting behavior to maximize reinforcement under new conditions. These results suggest that NARS provides
a suitable computational substrate for implementing psychological learning principles.

Extensions to NARS have begun incorporating RFT principles through mechanisms for acquired relations
and relational naming (Hammer & Lofthouse, 2020; Johansson, 2025). These additions enable the system
to derive symbolic relationships from sensorimotor experiences and generalize these relationships to novel
stimuli. Preliminary results demonstrate successful modeling of stimulus equivalence, mutual entailment,
and combinatorial entailment—core phenomena in RFT research (Sidman, 1994). The integration of operant
conditioning with relational reasoning within a unified computational framework represents a significant step
toward human-like cognitive flexibility.

Other cognitive architectures, including ACT-R, SOAR, and CLARION, have incorporated reinforcement
learning modules to model human decision-making and skill acquisition (Laird, 2012; Langley, 2006). These
architectures typically separate procedural knowledge (skill-based operations) from declarative knowledge
(factual information), mirroring psychological theories of memory systems. ACT-R, for instance, uses production
rules that strengthen or weaken based on reinforcement-like mechanisms, capturing both the acquisition of
expertise and the persistence of cognitive biases. While these architectures have successfully modeled specific
cognitive phenomena, they have not yet achieved the general flexibility that Machine Psychology aims to
produce through systematic integration of learning principles.

3. The Machine Psychology Framework: A Bidirectional Learning Model

3.1 Core Principles and Architecture

Machine Psychology rests on three foundational principles that distinguish it from alternative AGI
approaches. First, adaptation constitutes the core characteristic of both biological and artificial intelligence
(Wang, 2006). Intelligence is not a static property but rather emerges from dynamic interaction with environments
across varying timescales—from milliseconds during sensorimotor processing to years during developmental
maturation. Second, operant conditioning provides a universal learning mechanism applicable to both simple
stimulus-response associations and complex cognitive operations (Skinner, 1938; Sutton & Barto, 2018).
The generality of reinforcement-based learning makes it a suitable foundation for artificial systems operating
across diverse domains. Third, relational reasoning, as characterized by RFT, represents a learnable skill that
amplifies cognitive capabilities exponentially once acquired, enabling language, mathematics, and abstract
thought (Hayes et al., 2001).

The bidirectional learning model proposed here establishes a symbiotic relationship between psychological
science and artificial intelligence development. In the forward direction, psychological principles inform the
design of Al systems by identifying the minimal necessary components for intelligent behavior. Theories of
memory, attention, learning, and reasoning derived from centuries of psychological research constrain and
guide architectural decisions in artificial systems (Rumelhart et al., 1986; Werbos, 1974). This principle-based
approach contrasts with purely empirical machine learning methods that discover statistical regularities without
theoretical foundation.

In the reverse direction, computational implementations serve as precise, manipulable models that test
and refine psychological theories. Traditional psychological research faces limitations in experimental control
and measurement precision when studying natural cognition. Artificial systems implementing psychological
principles can be subjected to systematic manipulations impossible with human subjects, providing insights into
causal mechanisms underlying intelligent behavior (Chollet, 2019). This bidirectional flow creates an iterative
refinement process: psychological theories inform computational designs, implementations reveal inadequacies
or ambiguities in theories, refined theories guide improved architectures, and so forth.

3.2 Integration of Operant Conditioning with Reasoning Systems

The integration of operant conditioning principles with NARS exemplifies how Machine Psychology
synthesizes psychological and computational approaches. Operant conditioning traditionally describes how
organisms learn through trial and error, with behavior frequencies modulated by consequences (Skinner,
1938). In computational terms, this maps naturally onto reinforcement learning, where agents learn policies
(mappings from states to actions) that maximize cumulative reward (Sutton & Barto, 2018). However, standard
reinforcement learning algorithms typically operate on fixed state and action spaces with predefined reward
functions—constraints that limit flexibility and generalization.

NARS addresses these limitations through its treatment of goals and sensorimotor experience (Wang,
2013; Hammer & Lofthouse, 2020). Rather than operating on fixed state representations, NARS constructs
beliefs about the world based on sensory input and updates these beliefs as new information arrives. Actions
are selected based on predicted consequences given current beliefs and goals, with the system learning which
actions lead to desired outcomes through experience. This approach more closely resembles how organisms
adaptively construct representations of their environments rather than operating on predetermined feature
spaces.
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The critical innovation lies in treating reinforcement not merely as an algorithmic updating rule but as a
genuine environmental consequence that the system reasons about (Johansson, 2024b). When NARS receives
positive reinforcement after an action, it doesn’t simply increment a value function as in Q-learning; instead, it
forms beliefs about causal relationships between actions and outcomes, which it can then use for planning and
reasoning. This distinction enables the system to generalize learned relationships to novel situations where
surface features differ but underlying causal structures remain similar—a hallmark of human cognitive flexibility.

3.3 Relational Reasoning and Symbolic Cognition

While operant conditioning provides a mechanism for learning through interaction, RFT explains how
humans transcend simple associative learning to achieve symbolic reasoning (Hayes et al., 2001, 2021). The
key innovation of AARR is that relationships between stimuli become operants themselves—behaviors that can
be reinforced and shaped. A child who learns that receiving a cookie after saying thank you exemplifies a specific
coordination relation. However, once the child has acquired the general pattern of relating through coordination,
they can apply this pattern to novel stimuli: if told that a schnauzer is a type of dog, they immediately infer that
dogs include schnauzers, without requiring this reverse relationship to be explicitly taught. This bidirectional
inference (mutual entailment) emerges from the relational frame itself rather than from direct training on each
specific relationship.

Combinatorial entailment extends this capacity to chains of relationships: if A coordinates with B, and
B coordinates with C, then A coordinates with C, even if this final relationship was never directly trained or
observed (Sidman, 1994). More complex relational frames beyond simple coordination—such as opposition,
comparison, spatial relations, and temporal relations—combine to produce the full richness of human symbolic
cognition. Understanding negation, relative size, causality, and counterfactual reasoning all emerge from
various combinations and applications of relational frames.

Implementing AARR computationally requires several components. First, the system must learn to respond
not to stimulus properties themselves but to relations between stimuli. Second, it must generalize these
relational patterns to arbitrary stimulus pairs based on contextual cues. Third, it must derive novel relations
through mutual and combinatorial entailment. Fourth, it must transfer behavioral functions across related
stimuli. Recent NARS extensions address these requirements by introducing acquired relations mechanisms
that enable the system to learn same and opposite relationships from minimal training and generalize these
relationships to novel stimuli (Johansson, 2025). Critically, the system demonstrates transfer of function, where
behavioral significance learned in one context automatically applies to related stimuli identified through derived
relations.

The potential impact of successfully implementing AARR in artificial systems extends far beyond academic
interest. Language acquisition, mathematical reasoning, and analogical problem-solving all depend on relational
reasoning capacities (Cassidy et al., 2016). An artificial system capable of genuine AARR would exhibit flexible
intelligence resembling human cognition, able to understand explanations, follow complex instructions, and
solve problems in domains far removed from its training experience. This represents a qualitative advance
beyond current Al systems that excel at pattern matching within their training distributions but struggle with
genuine understanding and transfer.

4. Cultural Adaptation and Regional Implementation: The Uzbekistan Case Study

4.1 Digital Transformation in Central Asia

Central Asia has emerged as a region of intensive Al investment and digital transformation. Uzbekistan’s
2030 Al Strategy, approved in 2024, commits $1.5 billion to Al software development, establishment of ten
specialized Al research laboratories, and training of one million Al developers through international partnerships
(Sayfiddinov, 2024). Kazakhstan aims to position itself as a regional Al hub with its International Center for
Artificial Intelligence, while Kyrgyzstan has proposed establishing a Regional Al Hub coordinating efforts
across the Eurasian Economic Union. These ambitious national strategies reflect recognition of Al as a critical
technology for economic development and competitiveness in the 21st century.

The rapid pace of digital transformation in these contexts presents both opportunities and challenges for
AGI development. On one hand, substantial government support, international partnerships, and motivated
populations create favorable conditions for Al innovation. Uzbekistan’s IT Park hosts over 2,000 technology
companies with fiscal incentives, while the Unified Portal of Interactive Public Services provides digital access
to 60% of government services, demonstrating infrastructure readiness (Sayfiddinov, 2024). On the other hand,
limited existing Al research capacity, shortage of experienced researchers, and nascent regulatory frameworks
create implementation barriers.

Machine Psychology principles offer particular advantages for developing economies pursuing AGI
development. The framework’s emphasis on fundamental learning principles rather than massive computational
resources aligns well with contexts where access to computing infrastructure may be constrained. Training one
million developers in psychological principles underlying intelligence creates a workforce capable of contributing
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meaningfully to AGI research rather than merely applying existing tools. Moreover, the bidirectional learning
model positions local researchers to contribute novel insights to global Al development while simultaneously
building indigenous capacity.

4.2 Cultural Considerations in AGI Development

The development of AGI systems that operate effectively across diverse cultural contexts requires attention
to how cultural factors shape cognition, communication, and behavior. While fundamental learning mechanisms
described by operant conditioning likely exhibit cross-cultural universality (Skinner, 1938), the specific
contingencies that shape behavior vary dramatically across cultural contexts. What constitutes appropriate
behavior, effective communication, and successful problem-solving differs between individualist and collectivist
societies, between high-context and low-context cultures, and between societies with varying power distances
and uncertainty avoidance.

Relational frames, while constituting a universal cognitive capacity in humans, acquire culture-specific
content through social learning (Hayes et al., 2001). The particular relational networks that individuals construct—
concepts, categories, values, and beliefs—reflect cultural transmission of knowledge. An AGI system operating
in Central Asian contexts would need to construct relational networks reflecting local conceptual structures
rather than simply importing frameworks developed in Western contexts. This implies the necessity of training
data that adequately represents regional linguistic, cultural, and conceptual diversity.

Language presents particular challenges for AGI deployment in linguistically diverse regions. Central Asia
encompasses Turkic, Persian, and Slavic language families with distinct grammatical structures and semantic
organizations (Nurgazina et al., 2025). Current large language models predominantly trained on English and
major European languages exhibit performance degradation in low-resource languages. The principle-based
Machine Psychology approach offers potential advantages here: if relational reasoning constitutes a language-
universal capacity, then systems implementing RFT principles might transfer more readily across linguistic
boundaries than purely statistical language models. However, this hypothesis requires empirical validation
through multilingual implementation studies.

Ethical considerations specific to AGI development in contexts with emerging Al governance frameworks
warrant attention. Uzbekistan’s early adoption of Al regulatory frameworks (among the first in Central Asia)
demonstrates proactive engagement with governance challenges (Sayfiddinov, 2024). However, balancing
innovation enablement with risk mitigation requires ongoing refinement as AGI capabilities advance. The
transparency and interpretability advantages of principle-based approaches may facilitate regulatory oversight
compared to opaque neural network systems, though substantial work remains in developing appropriate
evaluation and monitoring frameworks.

5. Discussion and Future Directions

5.1 Advantages and Limitations

Machine Psychology offers several distinct advantages over alternative AGI approaches. First, the
framework provides theoretical grounding in established psychological science, ensuring that architectural
decisions reflect known properties of natural intelligence rather than engineering convenience or computational
tractability alone (Johansson, 2024a). This principled foundation increases confidence that resulting systems
will exhibit genuine intelligence rather than sophisticated pattern matching. Second, the emphasis on learning
mechanisms rather than innate knowledge structures implies systems that can acquire new capabilities through
experience rather than requiring complete reprogramming for each new domain.

Third, computational implementations provide unprecedented opportunities for testing psychological
theories with precision impossible in human subject research (Chollet, 2019). The ability to manipulate
learning histories, systematically vary environmental contingencies, and observe resulting behavioral patterns
enables rigorous theory evaluation. Fourth, the relative computational efficiency of principle-based approaches
compared to scaling massive neural networks makes AGI development more accessible to research groups
and nations with limited resources. While current large language models require billions of parameters
and enormous training datasets (Zhao et al., 2023), systems built on psychological principles may achieve
comparable flexibility with dramatically reduced computational requirements.

However, significant limitations and challenges remain. The identification of relevant psychological
principles, while informed by decades of research, remains incomplete. Human cognition almost certainly
involves mechanisms beyond operant conditioning and relational framing, and the relative importance of
different components remains unclear. Emotion, motivation, consciousness, and embodied cognition represent
aspects of natural intelligence that current Machine Psychology implementations address inadequately if at all
(Lundervold, 2025). The extent to which these components prove essential for AGI versus merely correlates of
biological implementation remains an open empirical question.

Computationaltractability presents another challenge. While NARS demonstrates successfulimplementation
of psychological principles in controlled experimental tasks (Johansson, 2024b), scaling these approaches to
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handle the complexity and ambiguity of real-world environments remains undemonstrated. The computational
cost of maintaining and reasoning over large belief networks, deriving extensive relational inferences, and
integrating multimodal sensory information may prove prohibitive. Hybrid approaches combining principle-
based reasoning with neural network components might prove necessary, though this raises questions about
maintaining theoretical interpretability.

5.2 Research Directions and Open Questions

Several promising research directions emerge from the Machine Psychology framework. First, systematic
evaluation of which psychological principles prove essential for AGI versus merely helpful requires careful
ablation studies. Implementations that systematically include or exclude specific mechanisms—episodic
memory, attention, meta-cognition—while holding other components constant would clarify the minimal
sufficient components for general intelligence (Laird, 2012; Langley, 2006). Such studies would inform both Al
development and psychological theory.

Second, the integration of embodiment deserves attention. Current implementations typically operate on
abstract symbolic representations with limited sensorimotor grounding. However, developmental psychology
suggests that abstract reasoning emerges from concrete physical experience, with bodily interaction shaping
conceptual structures. Robotic implementations of Machine Psychology systems that learn through physical
manipulation and navigation could reveal whether embodiment proves essential or merely helpful for developing
genuine understanding.

Third, social learning and communication merit investigation. Human intelligence develops within social
contexts where knowledge is transmitted culturally rather than rediscovered individually (Sharma et al., 2023).
Multi-agent systems implementing Machine Psychology principles could explore how artificial agents might
learn from each other, develop shared conceptual frameworks, and coordinate behavior—all critical for AGI
systems intended to interact with humans and other Al systems in complex environments.

Fourth, the relationship between Machine Psychology approaches and contemporary neural network
methods requires clarification. Rather than viewing these as competing paradigms, hybrid architectures that
combine symbolic reasoning with distributed representation learning might leverage the strengths of both
approaches (Rumelhart et al., 1986). Neural networks excel at pattern recognition and perceptual processing,
while symbolic systems provide interpretable reasoning and planning. Identifying optimal integration strategies
represents a promising research direction.

Finally, evaluation metrics and benchmarks specific to Machine Psychology approaches require
development. Existing Al benchmarks emphasize performance on narrowly defined tasks, often measuring
pattern recognition rather than genuine understanding or flexible reasoning (Chollet, 2019). Benchmarks that
assess transfer learning, contextual adaptation, and the ability to acquire new relational frames through minimal
training would better evaluate progress toward AGI as conceived within the Machine Psychology framework.

CONCLUSION

Machine Psychology represents a promising paradigm for advancing toward Artificial General Intelligence
through systematic integration of psychological learning principles with computational reasoning systems.
By grounding Al development in established theories of operant conditioning and Relational Frame Theory
(Skinner, 1938; Hayes et al., 2001), this approach provides a principled pathway toward flexible, adaptive
artificial cognition that resembles natural intelligence in important respects. The bidirectional learning model—
where psychological principles inform Al architecture while computational implementations refine psychological
theories—creates a virtuous cycle accelerating progress in both fields (Johansson, 2024a).

Recent implementations using NARS demonstrate the viability of translating psychological principles into
computational systems capable of adaptive learning and derived relational reasoning (Johansson, 2024b, 2025;
Hammer & Lofthouse, 2020). These proof-of-concept studies, while limited in scope, suggest that fundamental
aspects of human intelligence can be captured computationally through attention to underlying mechanisms
rather than surface-level imitation of behavioral outputs. The ability of these systems to generalize learned
relationships to novel stimuli and adapt flexibly to changing contingencies represents qualitative progress
toward genuine artificial intelligence.

The relevance of Machine Psychology extends beyond academic interest to practical concerns about Al
deployment in diverse global contexts. As nations across Central Asia and beyond invest heavily in artificial
intelligence infrastructure (Sayfiddinov, 2024; Nurgazina et al., 2025), understanding how to develop systems
that adapt to local cultural, linguistic, and economic conditions becomes critical. The principle-based approach
outlined here offers advantages in resource efficiency and interpretability that may prove particularly valuable
in emerging Al ecosystems.
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Significant challenges remain before human-level artificial general intelligence becomes reality. Questions
about the completeness of current psychological theories, the computational tractability of proposed
mechanisms, and the necessity of additional components all require empirical investigation (Morris et al., 2024;
Lundervold, 2025). However, Machine Psychology provides a coherent framework for organizing this research
agenda and measuring progress toward the ultimate goal of creating artificial systems that match or exceed
human cognitive capabilities across domains.

The potential societal implications of successful AGI development—both opportunities and risks—
underscore the importance of pursuing this research thoughtfully and responsibly (Elyoseph et al., 2024).
Machine Psychology’s emphasis on interpretable mechanisms and principled design may facilitate oversight
and governance compared to opaque neural network approaches. As we progress toward increasingly capable
Al systems, maintaining human agency and ensuring beneficial alignment with human values becomes
paramount. The integration of psychological understanding into Al development provides tools for addressing
these challenges while advancing the science of intelligence itself.
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