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ABSTRACT 

fMRI is an advanced  non-invasive technique used by 

neurologists to measure and study the  brain region activations 

while performing a particular task. The objective of this paper 

is to observe the activation patterns in healthy controls and 

schizophrenics while performing working memory task. In 

order to study this the authors have used data from fBIRN and 

the working memory task is SIRP(The Sternberg Item 

Recognition Paradigm).The research flow proposed by the 

authors is to preprocess the fMRI data and then estimate 

parameters using GLM(General Linear Models) as observed 

from design matrix. Finally it concludes by generating 

activation maps for both healthy controls and schizophrenics 

along with extracting activated regions for both. The paper is 

organized in six sections. Section I and II introduces fMRI 

and schizophrenia. Section III briefly discusses the data 

acquisition methods, parameters, SIRP task and tools used. 

Section IV illustrates the entire preprocessing steps. In section 

V, a brief discussion on parameter estimation is carried out. 

Section VI concludes the findings made by the authors from 

generated SPM(Statistical Parametric Mapping) maps. 
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1. fMRI 
fMRI is an advanced technique to measure and study the brain 

functions and activity. Brain researchers, psychologists, 

psychiatrists and neurologists are using fMRI technology in 

understanding the function and the activity of the brain, 

because fMRI is a non-invasive powerful tool. It gives 

accurate visualization of the location of activity in brain 

regions related to specific particular task [1].While taking the 

fMRI images of the person, he cannot be injected by any of 

the radioactive material, so it is not harmful for the person 

even if it is performed so many times. BOLD (Blood Oxygen 

Level Dependent) fMRI is the most commonly used fMRI 

technique other than these fMRI techniques - Perfusion fMRI, 

Diffusion-Weighted imaging fMRI and MRI spectroscopy, 

offers images with temporal resolution on the order of 100 

milliseconds and spatial resolution of 1-2 millimeters. It 

works by detecting the changes in the blood oxygenation and 

flow that occur in response to neural activity. When brain area 

is more active, it consumes more oxygen and to meet this 

increased demand, blood flow increases to the active area. 

With this fMRI one can make statistical statements in 

comparing different mental states within an individual across 

the sessions and to produce activation maps showing which 

parts of the brain are involved in a particular mental process 

carrying out specific particular task [2, 3]. Thus, fMRI has an 

important use in understanding how a brain functions in 

healthy control and the one who suffers from mental disorder 

such as the patients from Schizophrenia [1, 2, 3 ]. Using this 

fMRI data and fMRI activation maps, brain researchers are 

capable of discriminating healthy control and mental disorder 

patients. Functional magnetic resonance imaging (fMRI) data 

have the capability to characterize and classify various brain 

disorders including schizophrenia with a higher degree of 

accuracy and have been used by Brain researchers to 

characterize abnormalities between mental disorder diseased 

patients and healthy control.Thus, by examining the 

difference between patient group and healthy control on 

neuroscientific fMRI data one can classify patient with mental 

disorder. Depending on the magnetic properties of 

hemoglobin carrying the amount of oxygen, fMRI measures 

brain activities. The brain is imaged at discrete time intervals 

while a subject is required to carry out a task or presented 

with a stimulus [4]. 

2. SCHIZOPHRENIA 
Schizophrenia is a mental disorder which causes impairment 

in person’s thought processes, impairments in insight and 

judgment. The individuals are not capable to evaluate his 

surroundings and to interact with other peoples in their 

surroundings [4]. 

fMRI data for the healthy control and for schizophrenic 

patients can be used to characterize and find abnormalities in 

mental illness disorder such as schizophrenia. Schizophrenic 

patients show hyper activations, hypo activations, or no 

differences compared with the healthy controls [5]. 

3. DATA ACQUISITION, METHOD AND 

TOOLS USED  

3.1 Experimental fMRI Dataset 
The fMRI data for 10 Healthy Control and 10 Schizophrenic 

patients while performing SIRP (The Sternberg Item 

Recognition Paradigm) Working Memory has been 

downloaded from fBIRN (functional Biomedical Informatics 

Research Network, http://fbirnbdr.nbirn.net:8080/BDR) 

collaboration. The multisite project consists of multiple 

research institution that has participated in the acquisition of 

fMRI data from patients with schizophrenia. Further details 

about the imaging methods and scanning protocol are 

available at the fBIRN website. 

Both healthy controls and schizophrenic patients can be 

scanned during SIRP working memory task and responses to 

these stimuli can be measured and compared to discover the 
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differences between the two groups and investigate how the 

brain function of patients differs from that of healthy controls. 

3.2 Method for collecting SIRP fMRI data  
In SIRP fMRI session, total 177 functional images are 

recorded. Out of these 177 images, some are taken when 

stimulation (subject is active in performing particular task) is 

applied and some images will be taken with the subject at rest. 

The first two images were discarded to avoid the T1 effects in 

the initial scans of an fMRI time series. In SIRP task, subjects 

is looking at the numbers appearing on the screen for some 

duration and then recall it and press the button with index 

finger if the number matches with the already seen number 

and if it does not matches then press button with middle 

finger. 

The length of run is 360 seconds. Each run of the task 

composed of 6 blocks of memory set of digits. Each block 

consists of one memory set of digits including a prompt, an 

encode epoch, and a probe epoch. A prompt was the letter 

‘Learn’ presented for 1.5 second followed by 0.5 second of 

black screen which prompts the subject to learn the 

subsequent memory set of digits. During an encode period, a 

memory set of 1, 3 or 5 digits was presented in red color for 6 

seconds classifying these memory set as low load, medium 

load and high load conditions respectively. Each memory set 

consisting different digits appears exactly twice during the 

run. During the 1 and 3 digits memory set, asterisks (*) were 

presented in place of digits to control for the number of items 

presented on the screen across blocks. A probe epoch lasts 

longer for about 38 seconds containing total 14 probes in 

green. Following an initial 1second fixed delay before the first 

probe digit, probes were displayed for a duration of 1.1 s with 

a random interval between probes varying between 0.6 - 2.486 

s. Thus, on average, a probe digit occurred approximately 

once every 2.7 seconds. Within each memory set of digits, 

half of the probes were positive trial and half probes were foil 

i.e. negative trials and each digit of the memory set was 

presented at least once. During each run, subject has to 

respond 42 positive trials and 42 foils. In between these two 

blocks, there is a fixation period during which flickering cross 

hair (+) appears on screen with an interval of 2s, which 

included a 1.85s on, and a 0.15s off periods and the subject is 

instructed to relax within this period. The first interval of each 

fixation block lasted 2.8s. Each fixation block lasted between 

4 s and 20 s, for an average of 12 seconds. The length of last 

fixation block is 14 seconds.  Figure 1, has been taken from 

the paper mentioned in [6]. 

3.3 Software Tools used for fMRI Data 

Preprocessing and Analysis  

The tools used are SPM, Talairach atlas and WFU Pick atlas. 

In this section, the authors provide you basic idea about these 

software tools. 

3.3.1 SPM(Statistical Parametric Mapping) 
SPM is a statistical technique created by Karl Friston for 

examining differences in brain activity recorded during 

functional neuroimaging experiments. 

There different versions of SPM are available such as SPM 

99, SPM2, SPM5, SPM8. The authors used SPM8 

(http://www.fil.ion.ucl.ac.uk/spm/) for fMRI data 

preprocessing and analysis. 

3.3.2 Talairach Software 
The Talairach software, generally known as the Talairach 

Daemon, was created and developed by Jack Lancaster and 

PeterFox at the Research Imaging Institute of the University 

of Texas Health Science Center San Antonio (UTHSCSA). 

The software include three different components- 

Talairach Client: a java application for finding individual and 

batch labels as well as command-line tools for accessing the 

daemon. The Talairach Client is used to assign Talairach 

Atlas labels for a given x, y, z coordinate. The assigned label 

is hierarchical, and is composed of five levels: hemisphere, 

lobe, gyrus, tissue type, and cell type. 

For example: Left Cerebrum, Parietal Lobe, Postcentral 

Gyrus, Gray Matter, Brodmann area2. 

 2. Talairach Applet: a web application for the daemon which 

includes graphical overlays and nearest gray matter searches. 

3. Talairach Daemon: A high speed database server for 

querying and retrieving data about human brain structure over 

the internet [7, 8]. 

3.3.3 WFU_Pick Atlas 
WFU_Pick Atlas (available at www.ansir.wfubmc.edu) 
provides a method for generating ROI masks based on the 

Talairach daemon database. The toolbox was developed in the 

Functional MRI Laboratory at the Wake Forest University 

School of Medicine.  This SPM toolbox allows you to create 

ROI masks using pre predefined atlases, or spheres or cubes 

of dimensions and center points that you specify. 

For example, a mask of middle frontal gyrus. 

4. EXPERIMENTAL RESULTS 

OBTAINED DURING PRE-PROCESSING 

OF WORKING MEMORY FMRI DATA 
As the fMRI data is noisy and high dimensionality of the 

fMRI data, it is necessary to carry out accurate preprocessing, 

analysis and interpretation [1]. The purpose of the 

preprocessing is to remove different artifacts in the data and to 

have highly accurate statistical analysis [9, 10, 11, 12]. 

All preprocessing is carried out within the MATLAB 

7.12.0.635(R2011a) using the most popular tool SPM8 

(statistical parametric mapping 8). 

4.1 Slice timing Correction  

All voxel slices within the volume are acquired at slightly 

different times. The slice timing correction of the fMRI data is 

required so that it seems to be appears that each slice in each 

volume is acquired at the same time [9, 10, 11, 12]. 

4.2 Realignment 

While a subject is in scanner machine, he can move his head, 

it’s natural. Due to this, there is a fake activation of the signal 

across the scans in a voxel. So, the primary fMRI data has to 

be realigned to remove movement related artifacts. This can 

be achieved by first aligning all the functional images to the 

first functional image. Because of this alignment with the first 

functional image, the positioning of the brain in each image is 

same. The images of the brain within each volume are aligned 

with that in every other volume for motion correction and to 

achieve it, this is done by transforming each volume using 

translation and rotation. Each individual subjects sessions 

were realigned that corrects for rigid body rotation and 

translation motion [9, 10, 11, 12 ]. 
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Fig1: SIRP Working Memory Task Paradigm 

 

This realignment can be carried out using two steps- 

1. In first step total six parameters are determined. 

Total of these six parameters, three parameters  

required for rotation across x, y, z axes and three 

translation parameters across left-right, up-down 

and forward-backward needed for rigid body 

transformation of the images to the first functional 

image is being determined[9,10,11]. 

In SPM, a set of these realignment parameters are 

saved for each session, in a file rp_*.txt.  These 

realignment parameters can be used as regressors in 

subsequent steps [10]. 

2.  And in second step these six, three for rotation and 

three for translation; parameters are applied to the 

functional images. In SPM, the realigned images are 

prefixed with the letter ‘r’. SPM will also create a 

mean image ‘meanf*.img which will be used in next 

coregistration step [9, 10, 11]. 

Figure 2 shows estimated rotation and translation parameters 

used to correct the head motion. 

 

Fig2: Realignment of SIRP working memory data for 

healthy control 
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4.3 Co-registration 

The goal of this step is to superimpose all the brain activations 

onto the anatomical location of the image. To achieve this 

goal, all the functional images are realigned with the structural 

images. [9, 10]This can be achieved using one of the 

following two methods- 

1. Segment the images and match subsequent separate 

segments. 

2. Mutual information method, which is used if structural 

image is T1 weighted and or functional scans are T2* 

weighted. Using coregistration, the difference between these 

two images can be minimized. Thus, by overlaying both the 

structural and functional images, it maximizes mutual 

information between the two images.  

In SPM, the source image is the structural image and the 

reference image is the mean functional image ‘meanf*.img’. 
The reference image is assumed to remain stationary and 

source image is moved to match it. This reference functional 

image is coregistered to the high resolution structural image 

and then all of the other functional images are resliced to align 

with these reference mean functional image [9, 10]. 

Figure 3 shows the example of SPM output for mutual–
information coregistration. 

Fig 3: Mutual Information Coregistration of SIRP 

working memory for healthy control. 

In fMRI session, a low resolution functional scans are 

acquired every few seconds. Thus, it is used when combining 

fMRI data from different sessions or subjects and to align low 

resolution functional fMRI images to a high resolution 

structural image to view high quality brain activation images. 

4.4 Segmentation 

The primary goal of segmentation is for bias correcting, 

spatially normalizing or segmenting fMRI data.  In SPM, it 

will produce spatial normalization parameters and these 

parameters can be written in ‘*-seg_sn.mat’ file and inverse 

spatial normalization parameters can be stored into ‘*-

seg_inv_sn.mat. These can be used to normalize the 

functional data. It will output the Grey matter image 

‘c1s*.img’, White matter image ‘c2s*.img’ , Cerebro-Spinal 

Fluid image c3s*.img, bias corrected structural image 

‘ms*.img’[10]. 

The figure 4 shows the segmentation result, top left original 

image, top right bias corrected image, bottom left segmented 

grey matter image, bottom right white matter image. 

4.5 Normalization 

This module spatially normalizes fMRI images into a standard 

space defined by the template images. The template images 

supplied with SPM must conform to the space described in the 

atlas of Talairach and Tournoux. It allows previously 

estimated spatial normalization parameters (stored in image 

name “_sn.mat’ files) to be applied to series of realigned 

functional images [10]. 

SPM will write spatially normalized images with ‘wrf*.img . 

 

 

Fig 4: Segmentation result 

4.6 Smoothing 

Further, the data has been smoothed with Gaussian filter 

(FWHM 6 mm). This is for smoothing image volumes with a 

Gaussian kernel of a specified width [10]. 

1. It improves signal to noise characteristics of the 

images. 

2. It minimizes noise and effects due to residual 

differences in functional and gyral anatomy during 

inter-subject averaging. 

3. Smoothing is essential when a 2nd level group 

analysis is performed. When performing a group 

analysis, all the brain images has to be in same size 

and orientation. By smoothing the image, overlap of 

activation between subjects is increased [9]. 
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5. SPECIFICATION RESULTS OF SIRP 

WORKING MEMORY FMRI DATA 

ANALYSIS 
After an fMRI experiment and data preprocessing has been 

carried out, a statistical analysis of fMRI data was performed. 

The goal of fMRI analysis is to detect those parts of the brain 

that were activated by the task stimulus and this can be shown 

with increased intensity of the pixels in the activation map of 

the brain when the specific task stimulation was 

applied.[1,9,10,11] After an fMRI experiment and data 

preprocessing has been carried out, the resulting data has to be 

passed out through various analysis steps in order to have an 

accurate answer to the activations in brain regions[1,9,10,11]. 

The accuracy of the results depends on the three aspects: the 

scanning sequence, the paradigm design and the data analysis 

methods that are used.  

The fMRI data analysis has been carried out at two levels one 

at the single subject level called as 1st level analysis and the 

second is at the multisubject level or at the group level 

analysis or 2nd level analysis [1, 9, 10, 11 ]. 

There are various methods to analyze the fMRI data. One of 

the common methods of analyzing fMRI dataset relies on 

GLM (General Linear Model),a mass–univariate approach 

which is an excellent tool for finding regions that are engaged 

and activated during a particular task assignment. GLM 

cannot identify the functional relationship among the brain 

regions. 

 To analyze the fMRI data, the author has used SPM8 

(http://www.fil.ion.ucl.ac.uk/spm/).It consists of following 

steps- 

1. Specify the GLM matrix 

2. Estimate the GLM parameters using classical (ReML-

Restricted Maximum Likelihood) approach 

3. Produce results in terms statistical parametric maps (SPMs) 

using contrast vector. 

 

Fig. 5: Design Matrix for Healthy Control

Statistical analysis: Design

parameters
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5.1 Single Subject First Level Analysis  
In this step, the authors specify the design and the contrast at 

the individual single subject level. At this stage, the authors 

enter all the information about different conditions, onset and 

duration related to task stimuli for all scans combined across a 

subject. 

5.1.1 Specify the GLM matrix 
‘Specify 1st level’ is used for model specification at single 

subject level. At this step, all the information about the 

stimulus in terms of condition, onset and its duration has to be 

mentioned. The output of this step, the design matrix defines 

the experimental design and the nature of hypothesis testing to 

be implemented. The design matrix has one row for each scan 

and there is one column representing each effect or 

explanatory variable [9]. 

From figure 5, it is observed that there are two experimental 

conditions for each session. The last three columns model the 

average activity in each session. There are 177 fMRI scans for 

each session. Therefore, the overall design matrix has 531 

rows and 27 columns. 

5.1.2 Estimating GLM Parameters 
After the model has been specified, it must be estimated. 

Model parameters can be estimated using classical (ReML- 

Restricted Maximum Likelihood) or Bayesian algorithm. The  

authors have used classical approach for model estimation [9]. 

5.1.3 Produce Results in terms of Statistical 

Parametric Maps using contrast vector 
After parameter estimation, Statistical Parametric Maps 

(SPMs) and table of statistics are produced along with by 

defining contrast. 

If subject has different conditions across all sessions, contrasts 

are entered on an individual subject and session basis. As if 

the conditions remain same, they are replicated across 

sessions. 

In case of SIRP Working memory task there are three sessions 

containing two conditions encode and probe across all 

sessions. The two contrasts to be tested are defined using the 

contrast vector. There are two types of contrasts ‘T’ and ‘F’ 
contrast. After a T-map, SPM calculates T values for the 

whole brain. The activated regions while performing working 

memory task, for both healthy controls and schizophrenic 

patients can be obtained by passing the x, y, z coordinates to 

the Talairach client software and the Talairach Client will 

show Talairach labels for this activated region.Table1 and 

Table2 illustrates activated regions in healthy control and 

schizophrenic patients respectively. 

 

Table 1.  Activated regions in Healthy control 

Hemisphere Anatomical Region Sub Anatomical Region BA X  Y  Z  

For Encode 

Left  Parietal Lobe Postcentral Gyrus 2 -50 -22 44 

Left  Sub-lobar Insula 13 -46 -22 18 

Right  Temporal Lobe Inferior Temporal Gyrus 20 62 -22 -16 

Right  Parietal Lobe Postcentral Gyrus 40 44 -32 56 

Right Limbic Lobe Anterior Cingulate 32 20 44 6 

For Probe 

Left  Temporal Lobe Inferior Temporal Gyrus 20 -46 -10 -30 

Left  Temporal Lobe Inferior Temporal Gyrus 20 -52 -2 -30 

Left  Frontal Lobe Middle Frontal Gyrus 6 -50 14 48 

Left  Parietal Lobe Postcentral Gyrus 40 -54 -22 18 

Left  Frontal Lobe Superior Frontal Gyrus 9 -6 56 24 

Left  Temporal Lobe Superior Temporal Gyrus 38 -22 12 -36 

Left  Temporal Lobe Transverse Temporal Gyrus 42 -60 -10 12 

Left  Frontal Lobe Medial Frontal Gyrus 6 -4 -18 64 

Left  Frontal Lobe Medial Frontal Gyrus 10 -8 54 12 

Right  Limbic Lobe Posterior Cingulate 31 54 -32 0 

Right  Frontal Lobe Paracentral Lobule 6 6 -30 58 

Right  Frontal Lobe Inferior Frontal Gyrus 47 44 30 -12 

Right  Temporal Lobe Superior Temporal Gyrus 22 60 -12 2 

Right  Temporal Lobe Superior Temporal Gyrus 41 54 -26 12 

Right  Temporal Lobe Superior Temporal Gyrus 22 66 -14 2 

Right  Temporal Lobe Superior Temporal Gyrus 42 64 -22 12 
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Table2.  Activated regions in Schizophrenia patient 

Hemisphere Anatomical Region Sub Anatomical Region BA X Y  Z 

For Encode 

Left  Parietal Lobe Postcentral Gyrus 3 -44 -18 54 

Left  Frontal Lobe Precentral Gyrus 6 -32 -10 62 

Left  Limbic Lobe Cingulate Gyrus 24 -6 6 44 

Left  Frontal Lobe Medial Frontal Gyrus 6 -2 -8 60 

Left  Parietal Lobe Superior Parietal Lobule 7 -28 -60 42 

Right  Limbic Lobe Cingulate Gyrus 24 4 2 46 

For Probe 

Left  Frontal Lobe Medial Frontal Gyrus 6 -2 -10 60 

Left  Frontal Lobe Precentral Gyrus 6 -34 -8 58 

Left  Frontal Lobe Precentral Gyrus 4 -42 -12 50 

Left  Parietal Lobe Postcentral Gyrus 3 -42 -24 52 

Left  Temporal Lobe Transverse Temporal Gyrus 41 -54 -20 14 

Right  Limbic Lobe Cingulate Gyrus 24 6 0 46 

Right  Frontal Lobe Superior Frontal Gyrus 10 26 52 -2 

Right  Frontal Lobe Middle Frontal Gyrus 10 28 66 6 

Right  Parietal Lobe Inferior Parietal Lobule 40 48 -44 56 

Right  Frontal Lobe Superior Frontal Gyrus 6 22 -8 66 

Right  Frontal Lobe Precentral Gyrus 6 34 -8 62 

Right  Frontal Lobe Superior Frontal Gyrus 8 6 34 44 

Right  Frontal Lobe Middle Frontal Gyrus 9 44 24 30 

Right  Parietal Lobe Inferior Parietal Lobule 40 64 -36 22 

Right  Temporal Lobe Inferior Temporal Gyrus 37 64 -60 -4 

Right  Parietal Lobe Precuneus 7 16 -68 50 

 

 

 

6. CONCLUSION AND FUTURE SCOPE 
The authors conclude that preprocessing is an essential step in 

fMRI study as it aims at removing movement related artifacts 

and prepares the fMRI data for next stages of analysis. The 

choice of event-related design is justified as it is used in 

situations where one wants to associate brain processes with 

discrete events as in SIRP working memory task. The authors 

observed the different regions activated while performing 

SIRP working memory task in healthy controls and in 

Schizophrenic patients. Further research could be carried out 

in comparing the results obtained by creating SPM maps with 

those obtained by generating PPM(posterior probability maps) 

as SPM maps is useful in classical inference and the chosen 

method of authors and PPM maps yields Bayesian inference. 
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