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[Abstract] 

Conventional dimensionality reduction methods, such as principal component analysis (PCA) 

and its probabilistic formulations: probabilistic PCA (PPCA) and factor analysis (FA),  require 

manually setting up a threshold of the explained variance of each latent dimension, which is 

sometimes difficult to decide, especially when the signal-to-noise ratio is high. A Bayesian 

treatment of PCA, Bayesian PCA (BPCA), gives a possible way to decide the latent variable's 

dimensionality automatically. However,  when we applied BPCA to some calcium imaging 

data, the automatically reduced dimensionality was still quite large compared to the number of 

neurons, which does not match our expectation of the low-dimensional structure of the neural 

latent space.  

  Inspired by BPCA, we proposed a new Bayesian treatment of PCA, dual Bayesian PCA 

(dBPCA), which contains two hierarchical Bayesian formations of parameters. The new method 

(dBPCA) can automatically determine the latent space's dimensionality to a relatively small 

value through the Bayesian inference procedure. We theoretically explained why the new 

method dBPCA could reduce the dimensionality more than BPCA. Moreover, due to the 

computational intractability of the posteriors, we used a variational approach to solve this 

hierarchical Bayesian model approximately. To evaluate if the reduced low-dimensional latent 

variables still capture the essential information of the original data, we first applied the new 

method to two simulated datasets: i) constant signals with Gaussian noise and ii) simulated 

spike-calcium signal traces data. We also compared the new method dBPCA with several 

conventional methods, including PCA, PPCA, FA and BPCA. We evaluated the model 

performance by the reconstruction ability of the original observations. We then applied these 

methods to calcium imaging recordings of an auditory localization task taken from the posterior 

parietal cortex (PPC). We tested if the latent variables could decode the sound locations and 

compared them with the decoding using the neural population recordings. Across these settings, 

we found that dBPCA overperformed other models and reduced the dimensionality to a 

conveniently low number while maintaining a relatively satisfying performance of 

reconstructing the observations and decoding the external stimuli.  


