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    Outlier subjects are a problem in fMRI data sets for clinical populations. This protocol 

and program are a method to identify outlier subjects to be excluded from a group 

analysis. The program uses the estimates (con images) produced at the single subject 

level to detect which of the single subjects have many unusual estimates relative to the 

other subjects in the group. These subjects are likely to be outlier subjects that were 

poorly modeled as the single subject level. The program will also suggest optimal 

subgroups of subjects that can give strong group activations for within-group analyses. 

These subgroups also have low standard errors for the estimates of the within-group 

mean, which may be advantageous for between-groups analysis. 

 

    The program scales results into percent signal change to help detect whether single 

subject estimates were corrupted by task-correlated motion or artifacts. The scaling 

method is described in FMRIPercentSignalChange.doc. Note the contrast_sum will 

depend on which contrast is being brought to the group level, so it is important to do it 

for each group analysis. The method also assumes that the peak value of all the design 

regressors (i.e. each column) is the same, which is usually the case. The peak value and 

contrast sum will be the same for all subjects.  

 

 

RUNNING THE PROGRAM 

 

The program is written in Matlab, and can be run by itself (>>art_groupoutlier) or as an 

option to >>art_groupcheck. The former method is necessary if you have not run a group 

analysis. The latter method may be easier if a group analysis has been run, and a group 

level SPM.mat is available. 

 

For the >> art_groupoutlier option:  

STEP 1: 

Find the scaling into percent signal change for your experiment. 

Get the peak value and contrast sum for the experiment using >>art_percentscale. 

>> art_percentscale 

The GUI asks to select a con image for a single subject…then answers are: 

Peak value    = 1.13 

Contrast sum  = 1 

Mean value    = 145.7004 

(peak/contrast_sum)*100/bmean  = 0.77556 

 

STEP 2: 

If  >>art_groupoutlier will be started by itself, change directory to a folder where you 

would like the outputs to be written. Results will be displayed both on the screen, and in a 

file called “OutlierSubjects….txt” in this folder. 

 



STEP 3: 

The program, art_groupoutlier, is already in the ml7spm5 matlab path. The program is 

compatible with SPM2. To start it by itself: 

>> art_groupoutlier 

 

There are two GUI inputs: 

  1.  Select a set of single subject con images the same way that images are selected to 

make an SPM group study. 

      One method is to make a list of the contrast images from all the subjects, and enter 

      it into a .txt file. When SPM asks for images, push the “Ed” button to start its editing 

      window. Then copy the list of con images from the .txt file, and paste (Ctrl-V) into 

      the editing window. Hit the right mouse button to Accept.  

 

  2.  Enter the value of:   peak/(contrast_sum) from Step 1 (e.g. 1.13 in the above case.) 

 

To start it as an option within  >>art_groupcheck.  

The user selects a group level SPM.mat file, and the program will calculate a scale factor 

and suggest it to the user. Accepting that value is now pretty reliable. Then choose the 

Global Quality option in the menu to start the art_groupoutlier program. In this option, 

the resulting outputs are written to the same folder as the SPM.mat file. 

 

 

INTERPRETING THE RESULTS 

 

The program will produce several types of outputs, display them on screen, and print 

them to the output folder. 
 
 

 
 

Figure 1:  Single subject Global Quality output. 

 

 

     The first set of outputs are Global Quality calculations for each subject (Figure 1). 

These histograms describe the distribution of contrast estimates over the brain. They are 

flashed on the screen and not saved.  



     Each histogram can be summarized by its mean (GQmean) and standard deviation 

(GQwidth). Table 1 shows these values for an example for the NoGo-Go contrast from 

22 adolescent subjects. Column 4 shows the average residual error over all the voxels in 

the brain (RESavg = mean(sqrt(ResMS)) over the brain. Column 5 shows the RMS of the 

GQwidth and (GQmean-robustmean). The robustmean is listed below the table. This 

sample data is from the NoGo-Go contrast for 22 normal adolescents.  
 
 
INDIVIDUAL SUBJECT PROPERTIES (ordered as input) 
  Index   GQwidth    GQmean     RESavg     GQrms 
 
    1     0.2907     0.0659     0.6602     0.2959 
    2     0.4663     0.1515     1.0441     0.4872 
    3     0.4086    -0.5320     0.9000     0.6792 
    4     0.3705    -0.1505     1.0196     0.4040 
    5     0.3466    -0.0442     0.8537     0.3509 
    6     0.5881     0.1110     1.5459     0.5967 
    7     0.3452     0.1259     1.0995     0.3640 
    8     0.1899    -0.0098     0.5185     0.1910 
    9     0.1406     0.0572     0.4589     0.1482 
   10     0.2469    -0.0148     0.5745     0.2482 
   11     0.3044     0.0223     0.5482     0.3046 
   12     0.2532     0.1879     0.5508     0.3091 
   13     0.2573    -0.0227     0.6832     0.2595 
   14     0.2066     0.0632     0.5642     0.2132 
   15     0.2999    -0.1003     0.6940     0.3197 
   16     0.2541     0.0361     0.6090     0.2554 
   17     0.1825    -0.0404     0.5421     0.1895 
   18     0.8269     0.1417     1.3134     0.8373 
   19     0.2458    -0.1515     0.5362     0.2945 
   20     0.3005     0.0061     0.5743     0.3006 
   21     0.2180     0.0141     0.4969     0.2180 
   22     0.3759    -0.0635     0.9662     0.3832  
  
 ESTIMATES OF GQmean averaged over the Group 
 Mean, Median and 50% trimmed mean of subject GQmeans  
   -0.0067 
 
    0.0101 
 
    0.0111 
 
Robust mean = average of median and trimmed mean 
    0.0106 
 
 

Table 2:  Summary of Global Quality scores by subject ID. 
 
 

(For the specialists…GQrms is different from ResMS in SPM. ResMS tells the error of 

the data from the model design, assuming zero bias noise, while GQrms tells the 

observed error from an estimated single subject true result. If task-related motion causes 

biased estimates, GQrms detects it more reliably than will ResMS.) 
 



 
Figure 2: Scatterplot of Global Quality scores for each subject. Each subject is a 

black dot. The red open box is a visual reference frame for accuracy…points far 

from the box are likely to have poor estimates that are corrupted by task-related 

motion or artifacts. However, the size of the box depends on the experiment, subject 

variability, and estimation errors, so the box is only a guide and not necessarily the 

truth for a given experiment.  

 

 

The same values as the table are visualized as a scatterplot (Figure 2). The red open box 

is a visual reference for an assumed range of subject variability and loss of estimation 

accuracy from short duration experiments. The GoNoGo group response (0.0,0.1) for 15 

low motion subjects lies roughly at the bottom center of the box. The actual box size is 

unknown, so points near the box may be correct. 

 

The black dots far away from the central cluster are outlier subjects. The outlier near the 

top has significant task-correlated motion. The outlier to the far left had significant task-

correlated deep breaths (i.e. often took a deep breath at the start of a NoGo block). These 

inferences about the physical causes of the two large outliers were performed from 

separate analyses…the scatterplot visually helps a user to detect an outlier but does not 

tell the physical cause of the outlier. 

 
 

 



 

 

Figure 3. Subjects are sorted according to GQrms, while maintaining a low bias. 

Red is GQrms and Blue is GQmean of the subject. Black assumes GQrms combined 

with large intersubject variability. The blue dotted lines correspond to the limits of 

the red box in Figure 2.  

 

 

The next question is to select which outlier subjects should be excluded from a group 

analysis. The strategy is to select subjects in the central cluster and then add subjects to it 

in order to optimize estimation accuracy. The subjects are sorted primarily according to 

the value of GQrms in Table 1. Two sort algorithms are performed, one that is only by 

GQrms, and one that is primarily by GQrms while maintaining a small bias relative to the 

robust mean. After sorting, the value of GQrms and the corresponding bias are plotted 

(Figure 3), which used the latter sorting method. The first subjects in the list have low 

variance and bias…these are the subjects whose GQ scores lie in the red box. The middle 

set of subjects have larger variances, and the algorithm alternates choosing subjects with 

positive and negative bias. The final subjects are outliers with the largest variances and 

large biases. 

 

 
 
 
 
 
 



 
Figure 4:  Predicted Standard Error of Effect Size for each subgroup size. Red, if 

only GQrms is assumed; Black, if there is relatively large intersubject variability; 

Green, theoretical curve if all subjects had the same error. Blue line shows subgroup 

mean. Because of the outliers, the curve has a minimum when the whole group is not 

used. Dotted lines are group sizes that also have a minimum bias. 

 

Assuming that the global errors can be applied to a voxel-wise analysis, we can 

approximate the accuracy and bias of the mean estimate as a function of subgroup size. 

These results are shown in Figure 4. The red curve shows that the standard error of the 

estimated group mean decreases as the number of subjects increases (as expected), but 

then the standard error increases when outlier subjects are added. The solid vertical line 

marks the number of subjects yielding the minimum standard error. In this example, the 

U-shaped red curve shows the minimum variance (best group estimate) is obtained when 

outlier subjects 19-22 are excluded from the group analysis. Conversely, in the “normal” 

case of uniform subjects (green curve), more subjects are always better. 

 

Other subgroups may also be good choices, and these are marked with dotted lines. For 

example, the researcher might want to use an equal number of subjects in each group for 

a group analysis. The other sorting method, by minimum variance only, also may have 

useful subgroups. Note these approximations are predictions of what will happen when 

the subgroup is chosen, as opposed to actually measuring the performance of the group 

analysis when using the selected subgroup. 



PREDICTED SUBGROUP PERFORMANCE 
 RECOMMENDED: SUBGROUP SELECTIONS WITH MEAN NEAR ROBUST MEAN 
 Group    Group      Group      Group       Individual 
  Size    StdErr     StdEHi      Mean     Index      Subject 
 
    0     0.1910     0.2765    -0.0098       8   bipolar/control_subs/02-05-16 
    0     0.1208     0.1860     0.0237       9   bipolar/control_subs/02-05-17 
    0     0.1024     0.1543     0.0024      17   bipolar/control_subs/03-07-23 
    0     0.0987     0.1405    -0.0019      10   bipolar/control_subs/02-05-21 
    0     0.0902     0.1270     0.0013      21   bipolar/control_subs/03-12-12 
    0     0.0867     0.1191    -0.0027      13   bipolar/control_subs/02-10-05 
    0     0.0828     0.1121     0.0028      16   bipolar/control_subs/03-06-11 
    0     0.0772     0.1047     0.0104      14   bipolar/control_subs/03-03-20 
    0     0.0773     0.1021    -0.0019      15   bipolar/control_subs/03-04-21 
    0     0.0759     0.0988     0.0005      11   bipolar/control_subs/02-06-06 
   11     0.0742     0.0956     0.0010      20   bipolar/control_subs/03-10-20 
   12     0.0741     0.0939    -0.0028       5   bipolar/control_subs/01-01-16 
   13     0.0721     0.0909     0.0025       1   bipolar/control_subs/00-07-06 
   14     0.0723     0.0899    -0.0022      22   bipolar/control_subs/04-03-19 
   15     0.0717     0.0884     0.0063       7   bipolar/control_subs/01-05-07 
   16     0.0718     0.0875    -0.0035       4   bipolar/control_subs/00-12-19 
   17     0.0700     0.0852     0.0078      12   bipolar/control_subs/02-09-12 
   18     0.0681     0.0828    -0.0011      19   bipolar/control_subs/03-09-30 
   19     0.0717     0.0852     0.0048       6   bipolar/control_subs/01-03-01 
   20     0.0724     0.0851     0.0122       2   bipolar/control_subs/00-08-03 
    0     0.0761     0.0878    -0.0137       3   bipolar/control_subs/00-08-04 
    0     0.0820     0.0925    -0.0067      18   bipolar/control_subs/03-09-16 
  
 

Table 2: Recommended subgroups. 

 

The same results as Figure 4 are listed in a table (Table 2). The table shows which 

subjects to include in the subgroup, and in particular, outlier subjects 19-22 are identified 

at the end of the list. Look for the minimum values in GroupStdErr if you believe GQvar 

errors are more important, or in GroupStdEHi if you believe the intersubject variability is 

high relative to those errors. Suggested subgroups are shown with positive numbers in the 

Group Size column. Groups marked with size zero have unusual biases or use fewer than 

half the subjects in the group.   

 

It is possible that different parts of the brain would work best with different group sizes, 

or different choice of subjects, which is why the program cannot know the “best” group 

size. In the case shown above, several possible subgroups have smaller variance and less 

biased mean than the full group, and thus are better choices than the full group. Sample 

group and subgroup results are shown in Figure 5. 

 

This example data did not use repairs or motion correction. In many cases, these 

functions will improve the single subject results, which will yield fewer outliers in the 

corresponding scatterplot of Global Quality scores. 

 

 

 

 

 
 
 



 

 
 

 

Figure 5:  NoGo-Go contrast for four subgroups of 22 healthy adolescents. Full group is shown at 

lower left. 19 subjects (3 outliers) is shown in upper right. 16 subjects (smaller variance, same bias as 

22 subjects) is upper left. 15 subjects (smaller variance, near zero bias) shown in lower right. All 

subgroups are much better than full group of 22 subjects. 


