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Transformer models provide a computational framework for investigating Theory of Mind 

(ToM), particularly recursive belief reasoning [2, 7]. ToM refers to the cognitive ability to 

attribute mental states such as beliefs, intentions, and knowledge to oneself and others [1]. In 

human development, ToM emerges gradually: children typically fail false-belief tasks at age 3 

but succeed around age 4 [3, 8]. More complex second-order reasoning (e.g., “I think that 

you think…”) develops later, reflecting increased cognitive load [4, 5, 9]. 

This paper introduces BUN-3, a three-layered benchmark of increasing cognitive complexity: 

belief retention under falsified evidence (Layer 1), corresponding to first-order false-belief 

reasoning (reasoning about another agent’s belief) [3, 8]; multi-agent coordination (Layer 2), 

requiring comparison across agents’ beliefs [4]; and nested second-order belief attribution 

(Layer 3), involving recursive reasoning (e.g., “I know you know what I know…”) [5, 9]. We 

extend the OpenToM dataset and evaluate GPT-4o Mini, GPT-3.5 Turbo, and GPT-3 

(davinci-002) [6, 7]. 

GPT-4o Mini achieves near-perfect Layer 1 performance (F1 = 0.96), consistent with robust 

first-order belief tracking, but declines to 0.90 (Layer 2) and 0.81 (Layer 3), aligning with 

performance patterns observed in 6-year-olds acquiring second-order reasoning [4, 5]. 

GPT-3.5 Turbo shows moderate Layer 1 success (F1 = 0.90) but degrades at higher orders 

(Layer 3: F1 = 0.80), resembling the competence of 4-5-year-olds [3, 4]. GPT-3 performs 

worst (Layer 1: F1 = 0.77, Layer 3: F1 = 0.31), consistent with pre-competent stages [3, 8]. 

T-tests and regression analysis confirm that Layer 2 requires significantly more processing 

than Layer 1 (t = -2.95, p = 0.005).  

BUN-3 provides a psychologically grounded evaluation framework linking transformer 

reasoning performance to child cognitive development, revealing structured ToM limitations 

[4, 9]. These findings motivate curriculum-based approaches for improving nested reasoning 

and establishing a bridge between computational modeling and developmental psychology. 
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