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Introduction 
Detection and estimation of neuronal activity is an 

essential topic in brain mapping. Different analysis methods 
provide statistical inferences of the brain activity from 
different imaging/recording modalities. The prevailing 
univariate methods to analyze data, such as a t-test or 
Kolmogorov-Smirnov test (KS-test , have been successful in 
providing information of functiona 1 cerebral activation using 
different sensory stimuli. 

Here, we applied a multivariate method called Partial 
Least Squares (PLS) to a visual attention fMR1 experiment. 
PLS has proven to be a valuable multivariate analytic tool for 
positron emission tomo raphy [l-3]. We evaluated the 
extension of PLS to f&I fc I data by comparing it with the 
outcomes of conventional univariate tests, including the t- and 
KS-tests. Sin le task PLS results show a comparable 
capability of ram activity detection by PLS and by i! . 
conventional univariate statistical methods. Additionally, 
combined task PLS (incorporating multiple tasks/contrasts) 
reveals differences between passive, attend-left, and attend- 
right conditions, extracting the contrasts of interest directly 
from the data. 
Methods 
Visual attention stimuli and tMRI image acquisition 
parameters are described in [4 . Two-sample t-test and non- 
parametric K-S were applie cl as univariate conventional 
activation detection schemes. The estimation maps of brain 
activation came from the p-value associated with the two 
different statistical methods. 

PLS requires two matrices, data matrix, D, and contrast 
matrix, C, as inputs. Data matrix was formulated from each 
time point (T), X by Y voxels raw data to T*V matrix, where 
V=X*Y. Contrast matrix consists of proposed contrast 
vectors, each of which denotes a contrast of interest. Singular 
value decomposition was applied to the cross correlation 
matrix from D and C. This gives the brain latent variable, the 
design latent variable and the singular value. 

PLS data matrix was re-processed by voxel-wise 
temporal detrending an cf mean subtraction. Three orthonormal 
task contrasts (passive, attend-left, attend-right), and one 
paradigm contrast encoding on-off visual stimuli were used. 
Interactions between task contrasts and paradigm contrast 
were also included. A single-task contrast matrix was used to 
compare the three methods. The combined task contrast 
matrix was then applied to investigate the interaction of the 
pro osed contrasts and correlate changes in brain activity 
witl! subject behavior. 
Results 

Conventional t-test and KS-test were implemented to 
estimate brain activation in three tasks compared to a fixation 
baseline. Figure 1 shows the passive condition. The visual 
cortex was mainly activated. Sustained attention to the right 
hemifield results in greater activation in the cingulate cortex 
and frontal lobes. which is denicted in Finure 2. 

Figure 1. t-test and KS-test p-value maps from 4 slices for passive 
condition; white spots indicate p<O.OOl 

F g- 
right condition; white spots indicate p<O.OOl 

In Figure 3, single task PLS shows the same visual cortex 
activation in the passive condition as in Figurel. Attention 
modulates fusiform region activity - greater brain activation 
contralateral to attended field. This pattern is consistent with 

Figure 3. PLS maps of 4 slices from passive and attending-right condition; 
white spots indicate more than 0.5 maximal brain latent variable. 

Combined PLS including three tasks revealed the weighted 
attention-passive, on-off, and left-right brain latent variables 

indicate more than 0.58 maximal brain latent variable. 
Discussion 

contrasts. 
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