A data-driven method for analysis of associated time courses found from group Independent Component Analysis
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Introduction

Independent Component Analysis (ICA) is a data-driven analysis technique for functional q e s A
MRI (fMRI) data [1] which does not need a priori information on the hemodynamic response
function (HRF). Its use has been extended to multi-subject within-group analyses [2], and a e Lo bl
method for between-groups analyses has also been proposed [3]. For correlations with covariates
of interest, a method has been previously proposed for detection of changes in the component
maps [4]. We propose a method for analyzing the associated time courses for each component
map for correlations with an independent variable, such as subject age. A possible change in the
shape of the HRF yields different information than a possible change in the activation intensity.
Theory

The method used for group ICA is explained in detail in [2]. The ICA decomposition results
in individual component maps for each subject, as well as time courses associated with each map
for each subject. Typically, the component maps are used to generate voxel-wise statistical
inferences about the functional activation. However, there could also be additional information

Figure 1. Six task-related independent
components found from group analysis of
283 children ages 5-18 performing the task

contained in the inter-subject variability of the time courses. This can be investigated via a of word-picture matching (matching the
hypothesis-driven method, using a General Linear Model (GLM), similar to how fMRI is usually correct choice of two pictures to an aurally
analyzed on a voxelwise basis; the T-scores (or Z-scores) from the GLM analysis for each subject presented noun).
are then analyzed via a second-level GLM analysis. However, since the changes may be more
subtle (e.g. a delay in the rise of the HRF) the reference function used for the GLM may not be optimal for HD | DD | HD | DD
capturing changes related to the independent variable. Hence we propose the following data-driven approach. Age | Age | Perf | Perf
A data-driven time course is found by maximizing the slope (or regression parameter if there is a set of
covariates) of the T-score (of fit with each individual time course) as a function of the independent variable a
using the downhill simplex method. The null distribution for the slope (or regression parameter) is found via
Monte Carlo simulation, performing the algorithm on random Gaussian noise of the same dimensionality, with | b | Y Z X Z
an autocorrelative structure estimated from the residuals of the fit of the data-driven time course with the
individual time courses. The actual slope (or regression parameter) is tested for significance using the null | € Y
distribution. The data-driven reference time course can then be tested for task-relatedness by some a priori
criterion (e.g. correlating with the on-off task reference function for a block-periodic design). d |z X
Materials and Methods e
283 children (143 boys, 140 girls) were scanned using a picture-word matching task. MRI scans were
obtained using a Bruker 3T Medspec imaging system. EPI-fMRI scan parameters were: TR/TE = 3000/38 ms; | f Y X
BW = 125 kHz; FOV = 25.6 X 25.6 cm; matrix = 64 X 64; slice thickness = 5 mm. The fMRI scan paradigm
consisted of a 30 second on-off block design. During the “active” epochs, the subjects matched visually- Table 1. Analysis of age-
presented, line-drawn pictures to aurally-presented nouns. Subjects pressed a button in the left or right hand, related and  performance-

corresponding to the side of the video screen on which the picture was presented that matched the aurally | related effects from the
presented noun.  During the “control” epochs, subjects were shown a pair of “abstract” pictures side-by-side associated time courses for the
on the video screen and selected the target picture which they learned prior to the scanning session. A tone components displayed n
. . . . Figure 1, using hypothesis-
was presented to parallel the auditory presentation of words during the active epochs. The group ICA driven (HD) and data-driven
technique detailed in [2] was used, and 6 components were found to be task-related, using the criterion detailed (DD) analyses. X = p < 0.05; Y
in [5]. For each task-related component, the hypothesis-driven approach and the data-driven approach were =p<001;Z=p<0.001.*=
used to test for effects of age, and of task performance (age being used as a covariate). negative effect.
Results and Discussion

Task-related components (Figure 1) were found with activation in the most posterior part of the superior temporal gyrus bilaterally; a bilateral
network including the fusiform gyrus, inferior temporal gyrus, and medial and superior occipital gyrus bilaterally; a bilateral network including the
inferior frontal gyrus (BA 44/45) bilaterally, as well as the anterior cingulate and left superior temporal gyrus and precuneus; the right fusiform
gyrus; a left-lateralized network including the medial frontal gyrus, medial temporal gyrus, middle frontal gyrus, inferior frontal gyrus, left angular
gyrus, thalamus, and posterior cingulate; and a bilateral network involving the inferior frontal gyrus (BA 47).

The data-driven analyses (Table 1) displayed overall greater sensitivity in detecting effects related to age and task performance. The effects
seen are likely related to maturation of the ventral visual pathway, as well as neuronal circuitry utilized for response selection and working memory.
The advantage of ICA, a data-driven approach, lies in its ability to mine more information from the data than is possible via conventional hypothesis-
driven analyses (e.g. [6]). Thus, a natural extension is to also use a data-driven analysis on the associated time courses.

Conclusion

A data-driven method for analyzing the associated time courses obtained from group ICA analyses is proposed. Its effectiveness is shown via

the investigation of age-related and task-related effects in a cohort of normal children performing a word-picture matching task
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