DCM Updates - Release Notes
These brief notes describe an updated version of DCM available in the development version of SPM (/local/spm/devel) or from the SPM updates page (ftp://ftp.fil.ion.ucl.ac.uk/spm/spm2_updates) – see the last section in this note for a list of the updated files. Among other improvements, it has a model comparison option allowing computation of Bayes factors and model posteriors as described in Penny et al. (2003).

As compared to the SPM2 released version of DCM  the new version differs in the following ways.
The user interface now comprises the following options:
(1) Specify: set up a DCM model

(2) Estimate: estimate a DCM model

(3) Review: look at estimated DCM model parameters eg. using contrasts

(4) Compare: DCM model comparison 

(5) Average: compute an aggregate model (eg. over sessions/subjects) 
Model specification

Model specification is the same as before but the model is not 

now estimated automatically. This allows one to specify lots of 
models interactively and then estimate them all in one go 

using the new spm_dcm_estimate.m function. Before estimating the 
model (the time-consuming step) it is wise to check you have 

specified the structure correctly. You can do this by loading the DCM*.mat

file and looking at DCM.a, DCM.b and DCM.c (note lower case) – these

matrices have a ‘1’ where you have specified a connection.

Model estimation

The estimation procedure is different in the following respect.
After failing to find a stable solution for a maximum of 8 step-size-reduction-loops, spm_nlsi_GN.m now quits, returning the last stable parameter estimates.
Models can also be estimated from the command line, allowing 
batching of DCM model fitting eg. spm_dcm_estimate(‘DCM_model1’); 

spm_dcm_estimate(‘DCM_model2’); etc. Models must be specified first.
This is especially handy if you are using Windows operating systems as they 

are notoriously poor at multi-tasking; by running spm_dcm_estimate

from the command line and not from the SPM UI, Windows will 

be able to run other processes more readily.
Model review
`Review’ is as before except that the output plots are different. These now 

compare the BOLD data in the VOI files with DCM model

estimates. Also, input plotting has changed in a very minor way – we have zoomed

out on the plots by 10% so as to better view boxcar inputs. We have also made it easier to specify contrasts – via a UI rather than via user-specification of a (very-long) column vector.

Model comparison

Models can be compared using the AIC and BIC criteria as described in Penny 
et al. (2003). These are used for example to compare, within a single subject 
or session, what intrinsic or modulatory connectivity structure best explains

the data eg. is activity in V5 better explained by modulation of backward

connections from parietal cortex of forward connections from V1 ? or eg. should I use 
a reciprocal or fully connected network ?

Model averaging

By selecting a number of DCM models this option can be used to 

produce an aggregate model using Bayesian averaging. The posterior 

precision matrix of the aggregate model is the sum of the 

precision matrices of the individual models and the posterior mean

is the sum of the individual posterior means weighted by the 

relative precisions (this is Baye’s rule for Gaussians). We note that 

only parameters relating to the intrinsic (A), modulatory (B) and 

input (C) matrices are averaged in this way. All other parameters of the 

`average’ DCM model are simply copied from the first DCM model 

in the list.  

For this averaging to work all selected DCM models must have 

identical A/B/C structures ie. exactly the same input, intrinsic and 

modulatory patterns of connectivity.

One can then use the ‘review’ options to look at parameters or contrasts 

of parameters of the average model (which is written out to disk).

Such inferences correspond to Bayesian fixed effects analyses over 

sessions or subjects (see below).

Whilst it is in principle possible to use the Bayesian evidence for 
a model as an extra weighting factor when doing the averaging this is 

not currently implemented.

Other changes

We have also included new files spm_dcm_create.m and spm_dcm_generate.m 

which allow the user to create DCM models and generate data from them. 

This may help in the design of experiments (ie. before you have any real data) to see how different models give rise to different data and then to see eg. whether two models could be told apart using Bayes factors. 
The file spm_dcm_voi.m allows one to replace the fMRI time series in a DCM.mat file. This can be used for example to create a DCM model set up for subject X 

on subject Y’s data, without having to go through the model specification step again.

All you then need to do is run ‘spm_dcm_estimate’.

If different subjects have different inputs then you can change them using 
the command spm_dcm_U. Type help spm_dcm_U for usage.
The file spm_dcm_sessions.m allows one to apply a contrast to multiple DCM models. If the models are from different subjects this allows one to do Bayesian fixed or random effects analysis to make inferences about connection strengths. If the 
threshold used is equal to zero, Bayesian RFX is identical to classical RFX.

Batching DCM example
Follow these pseudo-code steps to fit the same model to 10 sessions from a subject

1) Specify a model (using the UI) – call it eg. DCM_base.mat
2) Assuming SPM.mat file is in the current directory create 10

subdirectories called session1, session2 etc. in which you place 

the relevant VOI files
3) Let K index the sessions

4) cp DCM_base sessionK/DCM_base

5) spm_dcm_voi(‘sessionK/DCM_base’,{‘sessionK/VOI_1’,’sessionK/VOI_2’}) ;
6) spm_dcm_U(‘sessionK/DCM_base’,’SPM’,K,[1,2,3]);
7) spm_dcm_estimate(‘sessionK/DCM_base’);

You can now use the averaging option to look at the aggregate 

results over all sessions. Alternatively, you could use spm_dcm_sessions
to look at RFX results rather than FFX.

List of new or updated files

If you are downloading the DCM updates from
ftp://ftp.fil.ion.ucl.ac.uk/spm/spm2_updates then these are the files you’ll need to download:
spm_dcm_U.m          spm_dcm_estimate.m   spm_dcm_sessions.m   

spm_dcm_average.m    spm_dcm_evidence.m   spm_dcm_ui.m         

spm_dcm_contrasts.m  spm_dcm_generate.m   spm_dcm_voi.m        

spm_dcm_create.m     spm_dcm_priors.m     

spm_dcm_display.m    spm_dcm_reshape.m   spm_nlsi_GN.m
Note that all of these files (plus all other files updated since the SPM2 release) can be downloaded in one go from the archive

ftp://ftp.fil.ion.ucl.ac.uk/spm/spm2_updates.tar.gz
Will Penny, FIL, 19th December 2003.

References

W.Penny, K. Stephan, A. Mechelli and K. Friston (2003) Comparing Dynamic Causal Models. NeuroImage, Submitted. Available on request from w.penny@fil.ion.ucl.ac.uk.
