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Abstract
The SPM toolbox is a noncommercial software for processing fMRI data. The
toolbox is developed at the Department of Imaging Neuroscience, University
College London. The common application of the SPM toolbox is the ﬁrst level
analysis consisting in the detection of active brain regions for one patient. The
second level analysis, also covered by the SPM toolbox, is related to processing of
fMRI data across the whole patients group. Besides these functions, the toolbox
oﬀers tools for DCM analysis, such as the parameters estimation routines, tools
for comparison of resulting models, and a function for averaging models across
the whole patients group.
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Introduction

SPM toolbox serves for data processing, especially for fMRI, EEG and MEG data sets. It includes preprocessing steps, statistical analysis and DCM analysis. There exist several versions of
this toolbox. The oldest available version was called SPM99, then SPM2 followed and nowadays
version SPM5 is used.
fMRI abbreviates functional Magnetic Resonance Imaging. This method is able to create map of
brain activity. The results of fMRI experiment are functional images and structural anatomical
images which are useful as a base for localization of activated regions. The functional images are
put through the statistical analysis and the result is statistically signiﬁcant regions where the
so-called haemodynamic responses were detected. But there appear some complications during
this procedure for example some statistical discrepancies. The SPM toolbox try to correct them
and to produce regular results.
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2.1

fMRI analysis
Preprocessing

The ﬁrst stage of fMRI data analysis is data preprocessing - preparation of data for statistical
analysis. SPM toolbox oﬀers these adjustments. Realigning corrects movement artifacts in
data. Least squares approach and spatial transformation are used. Subsequently slice timing
correction shifts the data (each voxel’s time series) as if whole volume was acquired at exactly
the same time. It is accomplished by a simple shift of the phase of the sines that make up signal
[9]. Then there is spatial normalization for transformation of scans to standard space deﬁned by
template images (for instance Talairach standard space). This procedure employees the aﬃne
transformation and nonlinear deformation. It is very important step for the group statistics.
Finally there is implemented smoothing procedure for noise suppression. The Gaussian ﬁlter is
usually used.

2.2

1st level analysis

After the preprocessing steps the statistical analysis is carried on. Brain activity is mapped by
detection of voxels activated by stimulation. This procedure is called the ﬁrst level analysis. It
can be carried out by correlation analysis or by predetermined haemodynamic response. This

statistical analysis is based on GLM - General Linear Model. It means to deﬁne so-called design
matrix which embodies the fMRI experiment. Then the estimation of GLM parameters follows
and ﬁnally the statistical parametric map is produced. It indicates the likeliest voxels associated
with haemodynamic responses. The Fig.1 presents the result of the ﬁrst level analysis. In this
case the stimulus was left hand motion. The activated voxels are colorfully marked.

Figure 1: The statistical map - the ﬁrst level analysis

2.3

2nd level analysis

The next type of analysis allows generalization of some conclusions to the whole group of patients
[5]. There exist statistical methods for combining results across the subjects. The result is
statistical map as well and it is valid for all patients from investigated group. These methods
include ”ﬁxed-eﬀects” and ”random-eﬀects” procedure. Fixed-eﬀects allow inferences to be
made about the particular subject in the experiment, while random-eﬀects allows inferences
to be made about the population. Random eﬀects analysis is considered more appropriate for
fMRI research because it deals with making inferences on the population [6]. The second level
analysis can be useful for instance for selection of brain areas during DCM analysis.

Figure 2: The statistical map - the second level analysis
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DCM analysis

The next type of fMRI processing is DCM analysis. It is a part of SPM toolbox as well.
Dynamic Casual Modelling (DCM) is a statistical technique for detection of connections among
selected brain areas [3]. The DCM procedure treats the brain as a deterministic nonlinear
dynamic system. This system has some inputs and produces some outputs, measured by fMRI
as the BOLD (Blood Oxygen Level Dependent) signals. The inputs to the system are the
signals deﬁning a certain fMRI experiment, i.e. time series representing some stimuli such as
ﬁnger movement commands, projection of emotional pictures to the patients etc. Furthermore a
model structure must be predeﬁned before the DCM analysis is applied seeing Fig.3. Therefore
certain special knowledge in brain organization is necessary. In addition, there are typically
several structure candidates that must be processed and evaluated separately which can become
time consuming.

Figure 3: The predeﬁned models
The DCM models are estimated using Bayesian estimators [8]. The inferences about
connections are made using the posterior or conditional density [3]. The DCM result is the
likeliest model accompanied by strength values of signiﬁcant connections Fig.4. This ﬁgure was
created by means of SPM toolbox [1].
3.0.1

DCM drawbacks

DCM is undoubtedly an established and commonly used method for identiﬁcation of functional
brain organization from fMRI data. DCM processing however can have some drawbacks from
the user’s point of view. They are explained in detail in the paper [2] and are based on experience
of the authors with processing one particular fMRI experiment by DCM.
The predeﬁnition of models is a complication not only for a user who does not have deep
experience with fMRI, even educated experts have sometimes problems to establish the most
appropriate model structure. As a result, a tedious trial-and-error loop must be performed to
arrive at acceptable ﬁndings.
The DCM analysis of one model itself takes some time and the computation for a complete set
of models can take a few days easily. Sometimes there is a speciﬁc additional uncertainty such
as an alternative selection of a brain area coordinates which leads to additional structures to
be considered. In the case of analysis of a therapy inﬂuence all these demands are doubled in
principle (by data received after the therapy and their processing). These issues are discussed
in detail in [2]. These troubles could be considerably reduced if an alternative identiﬁcation
procedure were used in place of DCM that would automatically detect the internal structure of
the most appropriate dynamical model.
Methods for ﬁtting measured data sets that do not require any particular assumptions on the
system structure (apart of the order and linearity) are however commonly used in systems
and signals identiﬁcation routines, to estimate communication channels behavior, mechanical
structures models, chemical processes etc. [4]. Our aim is therefore to try applicability of those
methods in the fMRI case.
We expect some problems here related to small amount of data samples; the fMRI investigation
does not allow fast sampling rates and the patients can be put subject to the experiment for a
limited time period. The DCM features we present above as drawbacks certainly help on the

other hand to eliminate the lack of data (by incorporation of some a-priori information in fact).
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Figure 4: The signiﬁcant connections
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SPM simulator

The important part of SPM toolbox is data simulator which generates the fMRI DCM data on
basis of our requirements. The simulator is started by means of function named spm dcm create.
The function is able to generates simulated signals of selected brain regions with required parameters such as the signal-to-noise ratio, the number of regions, interscan interval (TR, sampling
period in principle), number of scans (samples), number of conditions (stimulating inputs) and
the vectors of onsets (starting instants) and durations for input signals (stimulations). The
choice of the connectivity matrix A, the input matrix C and the modulatory matrix B follows.
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Conclusion

The SPM toolbox is very useful software for fMRI data processing. It is suitable for doctors,
for instance the version SPM5 permits batch data processing. And statistical analysis is not
time-consuming for certain group of patients. The toolbox has also SPM simulator which is
able to generate the typical fMRI data. It is very important for some experiments with fMRI
data because we can deﬁne for instance very high quality of data or on the other hand very bad
quality of data.
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