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The Goal: Build Representations of Human Subjective 
Experience without making Assumptions 

Existing Methods Cannot Recover the True 
Dimensionality

Key Insight: Penalize the Space the Embedding Uses LORE outperforms on rank recovery; matches 
on accuracy on synthetic data

LORE’s Axes are Semantically Interpretable

The Ordinal Embedding Pipeline
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An Ideal Ordinal Embedding algorithm recovers both the relative similarity 
structure and dimensionality of the perceptual space from triplet responses

• Linear Mixed Effects Model to measure effects of Action, Phase and Band
• Power ~ Action * Phase * Band + (1 | patient / trial) + (1 | channel)
• All interaction terms significant to p<0.01
• Pairwise post-hoc tests (Tukey-adjusted) show significant difference between 

button and pedal for delta, theta and high beta bands (p<0.001) in decision and 
effortful phases

LORE Provably Converges to a Stationary Point

LORE has a wide and stable regularization setting

= 0.01 has stable intrinsic rank recovery as A) Response Noise, B) Intrinsic 
Rank, C) Number of Percepts and D) Fraction of Queries vary.

The Schatten-p Quasi Norm 
aggressively crushes the small 

singular values (noise) but 
preserves larger ones better 
than the Nuclear Norm can.

LORE’s iteratively reweighted optimization algorithm ensures that the nonconvex 
objective provably reaches a stationary point. Local minima for ordinal 

embeddings are thought to be close to global minima. [2]

LORE Discovers Low Rank Structure

LORE learns low rank structure on the Food-100 dataset [3] 
without sacrificing test accuracy.
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