Model status: There is a model for the regular problems. This is adapted from a more extensive model Sam Wintermute developed for Anderson (2011). To run it load ACT-R, load pyramid-support.lisp, and then load pyramid-model.lisp. To run it on a sample problem issue the command (run-problem).   It prints out a trace of the BOLD response for different buffers.   You can change the problem it solves by changing
(defparameter *problem* '(  8 $ 3 = 30))
in pyramid-support.lisp.

Everything else is MATLAB data and code for reproducing some of the major analyses in the paper.

Subjects (duplicated in both the behavioral and imaging data) contains the numbers of the analyzed subjects.  Subjects 3, 19, 22, and 39 are excluded in most analyses.

Behavioral Data
The behavioral data is to be found in behavioral.mat which contains accuracy and times.  Each column represents a subject and each 10 rows represents a block.  condtions describes the 10 conditions in a block.  The first column categories gives the type:
1=Regular
2=Argument
3=Algorithm
4=Dual
Column 2 gives the difficulty of the exceptions.

To reproduce Figure 3a:
new=compressAccuracy(accuracy,conditions(:,1));
mean(new(:,:,Subjects),3) 

To reproduce Figure 3b:
new=compressTimes(times,conditions(:,1));
mean(new(:,:,Subjects),3) 

Imaging Data
The imaging data is contained in imaging.mat.  Indices is a description of the scans (each row a 2 second scan) whose columns are
1. Subject number
2. Condition where 1 = regular, 3 exception with a decimal indicating type and the condBetas indicates their mapping onto the three exception types.
3. Not used
4. Correctness: 1 = correct; 2=error
5. Block
Columns 2 & 4 are only filled in for problems that are analyzed.  They are filled in from the onset of the problem to the offset of the feedback.  Note that they are preceded and followed by 3 seconds of fixation.  Events provides information about the timing of responses for first key to final enter.   Only scans that involve response generation are marked.  The first column gives the proportion of those scans that were before the first key, the second column the proportion of those scans involved in keying and the third column the proportion of those scans involved in feedback.

PredefinedROIs provides the data on the predefined ROIs.  The 10 columns give data in right and left pairs for PPC, LIPFC, PSPL, HIPS, and ANG.  The principal analysis of the predefined data is provided by BetasPair.  For instance, to analyze the PPC:

[betas, predictions, extras] = BetasPair(PredefinedROIs(:,1:2),Indices,Events,condBetas);
 

Betas returned above provides the 4 types x 4 quarters x 2 periods x 40 subjects x 2 hemispheres betas values.  Figure 4a can be reproduced by  
mean(mean(mean(betas(:,:,:,Subjects,:),3),4),5)
The non-error bars in Figure 4b can be reproduced by
	reshape(mean(mean(mean(betas(:,:,:,Subjects,:),2),4),5),4,2)
Predictions give the predicted BOLD response from the regression.
Extras is a 40x2 matrix giving for each subject the mean estimate of the fixation and response.

CorrectError returns 6 means and standard errors of these means.   These are pairs of pre and post estimates for correct regulars, correct exceptions, and error exceptions.  It returns such an analysis for each region.  For instance,
correctError(PredefinedROIs(:,1:2),Indices,Events,Subjects);
will provide separate analysis for right and left PPC.  The first 4 numbers giving the engagement values for Figure 4c (along with the fixation and response from extras above.

GetBold will produce the bold response in Figure 4c by
bold= getBold(mean(PredefinedROIs(:,1:2),2),Indices,Subjects);
	mean(bold,3);
Applied to predictions from BetasPair it will produce the predicted function.

Exploratory gives the data for the 18 regions in the order given in Table 4. Regions18 produces the voxel numbers.  To calculate the cognitive betas. BetasSingle will process single regions.  For instance, to get data for Figure 7:
[cogbetas, cogpredictions, cogextras] = 
BetasSingle(exploratory(:,11:18)*regions18(11:18),Indices,Events,condBetas);
To reproduce figure 7a:
mean(mean(cogbetas(:,:,:,Subjects),3),4)

	Outcomes (in behavioral.mat) gives the results for the 8 trials where 0 means error, 1 correct, and 2 time out. The data are organized into 360 cases – the various measures on the 9 exception types for the 40 subjects.  The first 40 rows are for the first type, next 40 for the next type, and so on.  The 8 columns give the results for the 8 blocks.

The function BlocknRegions will take a set of regions and return the activity for 360 cases for those regions for the nth block (n is the last argument).   So to reproduce the analysis in Table 5a:
cogbetas=BlocknRegions(exploratory(:,11:18)*regions18(11:18),Indices, Events,1);
metabetas=BlocknRegions(exploratory(:,1:10)*regions18(1:10),Indices, Events,1);
stepwise(zscore(cat(2,outcomes(:,1)==1,cogbetas,metabetas)),sum(outcomes(:,2:8)==1,2))
and to reproduce the analysis in Table 5b:
cogbetas=BlocknRegions(exploratory(:,[11,12,15,16,17,18]),Indices, Events,1);
metabetas=BlocknRegions(reshape(mean(reshape(exploratory(:,1:10),73439,2,5),2),73439,5),Indices, Events,1);
stepwise(zscore(cat(2,outcomes(:,1)==1,cogbetas,metabetas)),sum(outcomes(:,2:8)==1,2))

To reproduce the data in Table 6:
 calcmeans(sum(outcomes(:,2:8)==1,2),cs) 
where cs (in c.mat) gives classifies the 360 cases into the 8 cells.

To reproduce the within-subjects and between subject analysis including Figure 9 
	[resultsWithin, resultsBetween] = splitEffects(outcomes,cogbetas,metabetas);
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