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Abstract— The aim of this paper is to find a good approach 

from the available methods in finding activated areas in the 

brain corresponding to auditory stimulation given to the 

patients making use of SPM (Statistical parameter mapping) 

software. For this purpose the fMRI data is pre-processed by 

realigning the images, co-registering it, segmenting and 

normalising those images into a standard space. It is 

followed by data analysis using various models for 

estimation and specification. Inferences are drawn based on 

its results 
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I. INTRODUCTION 

Functional magnetic resonance imaging (fMRI) is functional 

neuroimaging procedure using MRI technology that 

measures brain activity by detecting associated changes in 

blood flow. The fMRI imaging relies on the fact that 

cerebral blood flow and neuronal activation are associated 

with each other. When an area of the brain is working then 

the blood flow to that region also increases. Hence while 

stimulating a hearing impaired patient with auditory input 

and detecting its activations in brain using fMRI can help 

find appropriate areas responsible for development of 

auditory response. Such analysis is done by SPM software 

written using MATLAB and is distributed as free software. 

It is created by the Wellcome Department of Imaging 

Neuroscience (part of University college of London) for 

carrying out such analysis. The interest lies in examining 

brain activity linked to a specific psychological process i.e. 

auditory input of normal patients and to highlight the areas 

of activity linked specifically to the process under 

investigation. Statistical data helps in finding out the most 

significant differences above and beyond background brain 

activity involving a multi-stage process to prepare the data, 

and analyze it using a statistical method known as the 

General linear model. Hence for this we will carry out 

Statistical analysis of fMRI data. 

The fMRI data processing pipeline illustrates the 

different steps involved in a standard fMRI experiment as 

shown in Fig 1. The pipeline shows the path from the initial 

experimental design to the acquisition and reconstruction of 

the data, to its pre-processing and analysis. 

 
Fig. 1: Data Processing Pipeline 

II. FMRI DATA ACQUISITION 

FMRI images are readily available for normal healthy 

patients that are acquired on a modified 2T Siemens 

MAGNETOM Vision system. Each acquisition consists of 

64 contiguous slices (64x64x64 3mm x 3mm x 3mm 

voxels). Acquisition was taken for 6.05s, with the scan to 

scan repeat time (RT) set arbitrarily to 7s. 96 acquisitions 

were made (RT=7s), in blocks of 6, giving 16 42s blocks. 

Successive blocks are alternated between the condition for 

rest and auditory stimulation that starts with rest. Auditory 

stimulation was bi-syllabic words presented binaurally at a 

rate of 60 words per minute.  The functional data starts at 

acquisition 4[8]. 

III. PRE-PROCESSING OF FMRI IMAGES 

The analysis of functional imaging data requires elaborate 

pre-processing algorithms to be performed before any 

statistical analysis is carried out. 

A.  Realignment: 

Realignment translates, rotates and shifts the images to 

match a target image (first image or mean image) which 

were initially affected by head motion artefacts that can be a 

major error during analysis of images, if it is not corrected. 

SPM8 offers four realignment options that are estimate, 

reslice, estimate & reslice and unwrap. Estimate routine 

realigns a time-series of images acquired from the same 

subject using a least squares approach and a 6 parameter 

(rigid body) spatial transformation .The first image from the 

list specified by the user is taken as a reference to which all 

subsequent scans are realigned [5]. Reslicing function 

reslices a series of registered images such that they match 
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the first image selected voxel-for-voxel. There are various 

reslice options available like interpolation, masking and un-

warping. Interpolation is the method by which the images 

are sampled when being written in a different space. Nearest 

Neighbour is fastest, but not recommended for image 

realignment. Bilinear Interpolation is not so suitable for 

fMRI because higher degree interpolation generally gives 

better results [2, 3, 4]. Inspite of higher degree methods 

providing better interpolation, they are slower as they use 

more neighbouring voxels. Fourier Interpolation [6, 7] is yet 

another option, but it can only be implemented for purely 

rigid body transformations [1]. All the Voxel sizes must be 

identical and isotropic. 

B. Co-registration: 

It is the inter-modal registration that matches images from 

same subject but with different modalities. It performs 

anatomical localisation of single subject activations and 

achieves more precise spatial normalisation of functional 

image using anatomical image. SPM also provides 3 options 

that are estimate, reslice and estimate & reslice. In Estimate 

and reslice option the images are smoothed slightly in order 

to make the cost function as smooth as possible, giving 

faster convergence and less chance of local minima. At the 

end of co-registration, the voxel-to-voxel affine 

transformation matrix is displayed, along with the 

histograms for the images in the original orientations, and 

the final orientations. 

C. Segmentation: 

Segmentation is done by matching gray matter to gray 

matter images and white matter to white matter images. It 

also separates grey matter, white matter, and CSF images in 

anatomical scans that can be further used for voxel based 

morphometry. 

D. Normalisation: 

All brains are different and the brain sizes and shapes of two 

persons differ. So normalisation is done that stretches, 

squeezes and warps the brain image so that it is same as 

some standard brain. SMRI image used in co-registration is 

warped onto a specific template region to normalise it to 

standard space. The standard brain atlases are Tailairach and 

tournoux space and MNI (Montreal Neurological Institute) 

space. Here SPM8 makes the use of MNI space for 

normalisation. 

E. Spatial Smoothing: 

Smoothing depicts blurring the data which averages values 

of neighbouring voxels and suppresses the noise. It is 

executed by carrying out convolution with a 3D Gaussian 

kernel specified by full-width at half maximum (FWHM) of 

[6 6 6] mm in each direction. 

IV. DATA ANALYSIS 

There are several common objectives in the analysis of 

fMRI data. These include localizing of brain regions 

activated by a certain task that determines distributed 

networks that correspond to brain function and making 

predictions about psychological or disease states. All of 

these objectives are related to understanding how the 

application of certain stimuli leads to changes in neuronal 

activity. All of them are intrinsically statistical in nature, and 

this area is the primary domain of statisticians currently 

involved in the field [9]. 

A. Model Specification and Review: 

The statistical analysis of fMRI data uses a mass-univariate 

approach based on General Linear Models (GLMs). It 

comprises the following steps (1) specification of the GLM 

design matrix, fMRI data files and filtering (2) estimation of 

GLM parameters using classical or Bayesian approaches and 

(3) interrogation of results using contrast vectors to produce 

Statistical Parametric Maps (SPMs) or Posterior Probability 

Maps (PPMs) [8]. 

GLM is specified as it makes inferences about the 

effects of interest, which is done by decomposing the data 

into effects and error and then form statistic using estimates 

of effects and error. GLM is given as shown below in 

Equation (1.1). 

   y Xe      (1.1) 

Here ‘y’ is a matrix with series of multivariate 

measurements, X is a design matrix, ‘’ is a matrix 

containing parameters that are usually to be estimated and 

‘e’ is a matrix containing errors or noise. The assumptions 

of the errors are usually considered to be uncorrelated across 

measurements, and they follow a multivariate normal 

distribution. The design matrix defines the experimental 

design and the nature of hypothesis testing to be 

implemented. The design matrix shows one row for each 

scan and one column for each effect or explanatory variable 

[8]. 

Hypothesis testing is carried out by testing 

individual model parameters using a t-test and subsets of 

parameters using a partial F-test [9]. 

B. Model Estimation: 

Model estimation is done by three methods enlisted below: 

1) Classical estimation of 1
st
 or 2

nd
 level models 

2) Bayesian estimation of 1
st
 level  

3) Bayesian estimation of 2
nd

 level 

Classical estimation is done by 1
st
 level models 

whose parameters are estimated using ReML (Restricted 

Maximum Likelihood) which assumes that the error 

correlation structure is the same at each voxel. This 

correlation can be specified by using either an AR (1) or an 

Independent and Identically Distributed (IID) error model. 

ReML estimation has to be applied to spatially smoothed 

functional images [10, 11]. After estimation, specific 

profiles of parameters are tested using a linear compound or 

contrast with the F or T statistic. The resultant statistical 

map constitutes a Statistical Parametric Map. The SPM T/F 

is then characterised in terms of focal or regional differences 

by assuming that (under the null hypothesis) the components 

of the SPM (i.e. residual fields) behave as smooth stationary 

Gaussian fields [8]. 

Bayesian estimation of 1
st
 level estimates the model 

parameters using Variational Bayes algorithm (VB). This 

allows specification of spatial priors for regression 

coefficients and regularised voxel-wise p
th

 Autoregressive 

(AR (P)) models for fMRI noise processes. For this 

algorithm functional images need not be spatially smoothed. 

Estimation will be about 5 times longer than with that for 

classical approach. This is the reason due to which VB is not 

set as the default estimation option. After estimation, 
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contrasts are used to find regions with effects larger than a 

user-specified size. These effects are assessed statistically 

using a Posterior Probability Maps (PPM) [12]. 

Bayesian estimation of 2
nd

 level model uses the 

Empirical Bayes algorithm with global shrinkage priors. Use 

of this global shrinkage prior embodies a prior belief that, on 

average over all voxels, there is no net experimental effect. 

Some voxels will respond negatively and some positively 

with a variability determined by the prior precision. This 

prior precision can be estimated from the data using 

Empirical Bayes [8]. 

V. INFERENCES 

Inferences are drawn by applying contrasting, masking and 

thresholding operations on the images and then generating 

statistical tables by plotting responses at a voxel level. The 

values for the 3 operations are determined by the acquisition 

process of fMRI images and by the specification and 

estimation of the model. 

VI. RESULTS AND DISCUSSION 

All the data pre-processing steps are applied on the fMRI 

images, model is reviewed, specified and estimated and the 

resultant image is obtained in SPM8 as seen in Fig 2. 

 
Fig. 2: Resultant Image Showing Activated Voxels in the 

Brain 

We can compare the final images of brain by 

making use of the xjview toolbox installed over MATLAB. 

This toolbox can find the anatomical labels of the activated 

voxels in the brain, change p-values, compare images of two 

subjects and find the differences in activated voxels. 
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