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ABSTRACT: Commonsense reasoning remains one of the most challenging aspects of artificial intelligence, requiring 

systems to infer implicit knowledge, understand contextual dependencies, and reason beyond explicit data 

representations. Traditional neural architectures—including transformers and graph neural networks (GNNs)—have 

independently advanced natural language understanding and relational inference, yet they struggle to jointly capture the 

cognitive processes that humans employ in everyday reasoning. This research introduces Cognitive Graph 

Transformers (CGT), a unified framework that integrates transformer-based contextual encoding with graph-structured 

cognitive representations to enhance the depth, accuracy, and interpretability of commonsense and knowledge reasoning 

tasks. 

 

The proposed CGT architecture models knowledge as a cognitive graph composed of conceptual nodes, semantic 

relationships, causal paths, and commonsense priors extracted from large-scale knowledge bases (e.g., ConceptNet, 

ATOMIC) and derived from pretrained language models. Unlike conventional transformers that primarily rely on 

sequential attention, CGT introduces Graph-Aware Cognitive Attention (GACA)—a hybrid attention mechanism that 

fuses self-attention with graph relational bias, allowing the model to dynamically attend to both textual context and 

structural knowledge associations. This dual-path reasoning mechanism ensures that the system can capture long-range 

semantic dependencies while grounding predictions in human-like reasoning processes. 

 

The CGT framework is evaluated on multiple benchmark datasets including CommonsenseQA, SocialIQA, CycIC, 

OpenBookQA, and GenericsKB reasoning tasks. Experimental results demonstrate that CGT achieves substantial 

performance gains over baseline transformer, GNN, and hybrid architectures, particularly in multi-step reasoning, 

analogy generation, causal prediction, and knowledge-grounded inference. The model exhibits improved interpretability 

through its transparent reasoning trails, enabling visualization of influential nodes, edges, and cognitive attention patterns. 

Ablation studies reveal that each component—graph-aware attention, hierarchical reasoning, and commonsense 

consistency—contributes meaningfully to overall performance. 

 

KEYWORDS: Cognitive Graph Transformers, Commonsense Reasoning, Knowledge Reasoning, Graph Neural 

Networks, Transformers, Cognitive Attention, Explainable AI, Multi-Step Inference, Knowledge Graphs, Semantic 

Understanding 

 

I. INTRODUCTION 

 

Commonsense reasoning is a fundamental aspect of human cognition that enables individuals to interpret ambiguous 

information, infer unstated implications, and reason about the world using prior knowledge accumulated over time. For 

artificial intelligence (AI) systems, achieving this level of reasoning remains an open challenge, particularly when dealing 

with complex real-world scenarios that require contextual understanding, causal inference, analogical mapping, and 

conceptual generalization. Although recent advancements in large language models (LLMs) and transformer architectures 

have significantly improved natural language understanding, they still frequently struggle with tasks requiring explicit 

logical structure, deep semantic interpretation, and human-like knowledge navigation. This limitation arises because most 

transformer models operate primarily on sequential token representations, lacking the structural bias and cognitive 

frameworks necessary for sophisticated reasoning. 
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Knowledge reasoning, especially commonsense reasoning, often involves integrating multiple forms of information—

textual cues, relational structures, background knowledge, and contextual dependencies. Humans perform this effortlessly 

by leveraging cognitive schemas, mental models, and interconnected conceptual networks. In contrast, traditional 

transformers, though powerful in learning patterns from massive datasets, do not inherently encode relational structures 

or cognitive pathways that reflect how knowledge is stored and processed in cognitive science. To address these gaps, 

researchers have explored the combination of symbolic reasoning and neural architectures, giving rise to neuro-symbolic 

approaches. While these methods contribute to improved reasoning, they often remain limited by rigid symbolic rules, 

scalability issues, or insufficient integration with natural language representations. 

 

II. LITERATURE REVIEW 

 

Research on commonsense reasoning has evolved across multiple paradigms, stemming from early symbolic AI, 

knowledge engineering, and cognitive science studies. This literature review synthesizes contributions from four major 

research areas that led to the development of Cognitive Graph Transformers: (1) symbolic and cognitive representations, 

(2) knowledge graphs and graph neural networks, (3) transformer-based reasoning, and (4) hybrid neuro-symbolic 

approaches. 

 

1. Symbolic Reasoning and Cognitive Representations 

Early AI systems relied heavily on symbolic reasoning frameworks such as rule-based engines, logic programming, and 

expert systems. These systems stored knowledge explicitly using if–then rules, ontologies, semantic networks, and logical 

triples. While they offered interpretability and consistency, they lacked adaptability, scalability, and robustness when 

faced with ambiguous or incomplete data. Cognitive science contributed concepts such as mental models, schemas, 

conceptual hierarchies, and cognitive maps, which provided insights into how humans store and retrieve knowledge. The 

idea of cognitive graphs draws inspiration from this body of work. Semantic networks and conceptual dependency 

theories suggested that human knowledge is inherently graph-structured, connecting concepts through causal, temporal, 

and semantic relationships. However, these early symbolic systems could not leverage large unstructured datasets nor 

learn new knowledge efficiently. 

 

2. Knowledge Graphs and Graph Neural Networks 

The next major paradigm shift occurred with the emergence of large-scale knowledge graphs such as WordNet, 

ConceptNet, ATOMIC, Freebase, and Wikidata. These KGs formalized world knowledge in machine-readable graph 

structures, supporting inference, link prediction, question answering, and knowledge retrieval. Graph Neural Networks 

(GNNs) and their variants (GCN, GAT, GraphSAGE, R-GCN) enabled learning over graph structures by aggregating 

features from neighboring nodes. GNNs excel at capturing multi-hop dependencies, spatial relationships, and structured 

knowledge propagation. Research has shown that GNN-augmented models improve performance in tasks like 

commonsense QA, entity classification, and knowledge reasoning. However, GNNs alone struggle with context 

understanding, sequential semantics, and natural language variability. 

 

To bridge these gaps, researchers proposed KG-enhanced language models such as K-BERT, ERNIE, COMET, KEPLER, 

and KagNet, which incorporate graph insights into LLMs. These models improved factual grounding but often suffered 

from limited integration between the knowledge graph structure and deep contextual representations. Moreover, GNNs 

lack the cognitive modeling aspects necessary for tasks that require abstraction, analogy, or causal inference. 

 

III. RESEARCH METHODOLOGY 

 

The proposed research introduces the Cognitive Graph Transformer (CGT) framework, a hybrid architecture that 

integrates transformer-based contextual modeling with cognitive graph reasoning to enhance commonsense and 

knowledge-based inference. The methodology consists of five major components: (1) Cognitive Graph Construction, (2) 

Textual Encoding using Transformer Layers, (3) Graph-Aware Cognitive Attention (GACA), (4) Hierarchical Cognitive 

Reasoning Layers, and (5) Commonsense Consistency Verification. Each component is designed to emulate aspects of 

human cognition, integrating structured knowledge, linguistic understanding, and logical inference. 

 

3.1 Cognitive Graph Construction 

The cognitive graph forms the foundation of the CGT architecture. It is designed to represent conceptual knowledge using 

nodes (concepts) and edges (semantic or causal relations). The graph is constructed using three sources: 
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(a) External Knowledge Bases 

Large-scale knowledge graphs such as ConceptNet, ATOMIC, WordNet, Cyc, and Wikidata provide structured 

commonsense knowledge. Relationship types include causes, enables, isA, partOf, usedFor, desires, and more. Edge 

weights are normalized based on frequency, confidence scores, and contextual relevance. 

 

(b) Learned Representations from LLMs 

Contextual embeddings from pretrained LLMs (e.g., T5, GPT, BERT) are used to identify hidden semantic connections. 

These embeddings help generate new graph edges capturing subtle relations—such as analogies and conceptual 

similarities—that are not explicitly encoded in traditional KGs. 

 

(c) Cognitive Abstraction Layer 

Human-like abstractions are added to the graph by clustering concept nodes into cognitive categories such as causal 

concepts, social cues, physical reasoning, emotional states, and intentionality. This supports higher-level inference 

beyond literal textual semantics. 

 

3.2 Transformer-Based Text Encoding 

The textual input (e.g., question, passage, or inference prompt) is encoded using a pretrained transformer model. The 

encoding outputs: 

• Token embeddings representing contextualized word meanings 

• Positional embeddings for sequence order 

• Attention matrices identifying token-level dependencies 

This textual representation serves as the initial layer for integrating knowledge from the cognitive graph. 

 

3.3 Graph-Aware Cognitive Attention (GACA) 

GACA is the core innovation of the CGT framework. It extends standard self-attention by incorporating cognitive graph 

information. 

 

Key Mechanisms: 

(a) Node-to-Token Alignment 

Each textual token is mapped to relevant graph nodes using semantic similarity scoring and entity linking. 

Example: “fire causes smoke” → fire → ConceptNet:Fire, smoke → ConceptNet:Smoke 

 

(b) Relational Bias Matrix 

Graph edges introduce a bias term into the attention function: 

 

𝐴𝑖𝑗 = softmax(
𝑄𝑖𝐾𝑗

𝑇

√𝑑
+ 𝑅𝑖𝑗) 

 

Where Rij encodes relation strength between concepts aligned to tokens i and j. 

( 

c) Multi-Head Cognitive Attention 

Different heads focus on different reasoning types: 

• causal reasoning head 

• social reasoning head 

• taxonomic reasoning head 

• physical commonsense head 

This models the diversity of human cognitive pathways. 
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IV. RESULTS AND DISCUSSION 

 

The following section presents the key findings of the study. 

 

4.1 Quantitative Results 

 

Table 1: Performance Comparison on Reasoning Benchmarks 

 

Model CommonsenseQA 

Accuracy (%) 

SocialIQA 

(%) 

OpenBookQA 

(%) 

Causal Reasoning 

Score 

BERT-Large 68.2 71.5 56.9 0.58 

RoBERTa-Large 72.1 75.3 61.2 0.62 

K-BERT 74.4 76.1 63.4 0.66 

Graph Neural Network 

(GAT) 

70.5 73.2 59.1 0.64 

Proposed CGT (Ours) 81.7 83.5 71.4 0.79 

 

Explanation of Table 1 

1. Improved CommonsenseQA Accuracy:  

CGT achieves 81.7%, outperforming all baselines. 

This shows the strength of graph-aware cognitive attention in linking concepts that traditional models overlook. 

2. Performance on SocialIQA:  

CGT reaches 83.5%, indicating better understanding of social intent, emotional reasoning, and interpersonal 

knowledge. 

3. OpenBookQA Improvements:  

The large jump from 63.4% (K-BERT) to 71.4% (CGT) demonstrates superior integration of factual knowledge 

with contextual reasoning. 

4. Causal Reasoning Score:  

CGT’s score of 0.79 shows strong ability to infer causal chains, thanks to cognitive graph propagation. 

 

4.2 Multi-Step Reasoning Evaluation 

 

Table 2: Multi-Step Reasoning Performance 

 

Model 2-Hop Reasoning (%) 3-Hop Reasoning (%) Explainability Score 

RoBERTa-Large 54.1 38.9 0.42 

K-BERT 58.7 43.5 0.48 

GNN (GCN) 61.3 46.2 0.52 

CGT (Ours) 74.9 63.4 0.71 

 

Explanation of Table 2 

 

2-Hop and 3-Hop Reasoning Output 

CGT significantly outperforms baselines in: 

• 2-hop reasoning (74.9%) 

• 3-hop reasoning (63.4%) 

 

This indicates the ability to: 

• follow complex reasoning trails 

• infer latent intermediate concepts 

• reconstruct causal or semantic pathways 

 

Traditional transformers perform poorly on multi-hop reasoning due to lack of relational structure. 
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Explainability Score 

CGT has an explainability score of 0.71, showing clear and interpretable reasoning trails. 

Attention weights highlight which cognitive graph nodes influenced the output. 

 

V. CONCLUSION 

 

This research introduces the Cognitive Graph Transformer (CGT), a novel hybrid architecture that unifies transformer-

based contextual language modeling with cognitively grounded graph representations to significantly enhance 

commonsense and knowledge reasoning in artificial intelligence systems. Motivated by the long-standing challenge of 

bridging human-like reasoning with data-driven models, CGT incorporates cognitive graph structures, graph-aware 

cognitive attention mechanisms, hierarchical reasoning layers, and consistency verification modules to emulate essential 

elements of human cognitive inference. 

 

The results across multiple benchmark datasets—including CommonsenseQA, SocialIQA, OpenBookQA, ATOMIC 

reasoning tasks, and GenericsKB—demonstrate that CGT consistently outperforms existing baselines such as BERT, 

RoBERTa, GNNs, and KG-augmented transformers. The framework achieves notable improvements in multi-step 

reasoning, causal inference, relational understanding, and social commonsense reasoning. These gains can be attributed 

to CGT’s ability to integrate deep contextual semantics with graph-encoded conceptual knowledge, effectively 

overcoming the inherent limitations of sequential attention in standard transformer models. 

 

In conclusion, the Cognitive Graph Transformer represents a significant advancement in the pursuit of trustworthy, 

explainable, and cognitively aligned AI. By harmonizing structured knowledge with contextualized language 

understanding, CGT paves the way toward intelligent systems capable of reasoning with the depth, flexibility, and 

coherence characteristic of human cognition. 
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