
SEED: Towards More Accurate Semantic Evaluation 

for Visual Brain Decoding

Peter Yongho 

Kim

Juhyeon Park Shinjae YooJiook Cha Taesup Moon

Equal Contribution



Contents

• Research motivation

• New semantic evaluation methods

• Experimental results



Research motivation

• fMRI-based visual brain decoding

GT Recon

How should we evaluate these images?



Research motivation

• For the evaluation of visual decoding models, the following 8 metrics are 

widely used

• RQ: “Is the current framework to evaluate visual decoding models aligned with 

human intuition?”
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New semantic evaluation methods

• Object Recall, Object Precision, Object F1

– See if “key objects” are detected in the reconstruction

– For a fixed detection threshold 𝑡 ∈ 0,1

Averaged over different thresholds

GT Recon



New semantic evaluation methods

• Cap-Sim

– Generate captions using an image captioning model

– Compare similarities between caption embeddings

– Evaluate semantic factors that are hard to identify through the existence of objects, 

such as the background information or attributes of the detected object 

▪ e.g., pose, color

GT Recon



New semantic evaluation methods

• SEED

– Integrates the three different metrics
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Experimental results

• Meta-evaluation results

– We collected 5-point Likert scale ratings from 22 human evaluators to assess the 

semantic similarity (GT, Recon) pairs

– We meta-evaluated each metric with the human judgments using three metrics 

▪ Pairwise accuracy

▪ Kendall’s Tau

▪ Pearson correlation



Experimental results

• SEED enables failure mode discovery

– Current decoding models still fail 

▪ to correctly capture fine-grained object categories while correctly capturing their supercategory

▪ to reconstruct semantic details such as color and background



Conclusion

• We proposed a new evaluation metric, SEED, which integrates three 

metrics, to achieve the best alignment with human judgments

• Building on this, we discovered failure modes of current visual 

decoding models, suggesting future research directions



Thank you!
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