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This lecture

1. Life after / other-than SPM
many labs use a mix of tools

2. What kind of answer are you looking for?
groups / individuals? localization only?

3. ... are you using the right tool for the job?

4. Some examples of things you can do



BrainVoyager
Matlab

FreeSurfer caret5

mrTools

Stanford / NYU tools

SurfRelax

Many software packages...

Python
C/C++
GNU Scientific Library

*

*

*

Octave



Matlab

http://tinyurl.com/5kcvqv   –   links to tutorials

http://tinyurl.com/5kcvqv
http://tinyurl.com/5kcvqv


For an overview of 

tools

NITRC website
http://www.nitrc.org/

60+ tools compatible with NIFTI-1

http://www.nitrc.org
http://www.nitrc.org


SPM (+related tools)
+ Large user base (many citations)

+ A lot of documentation

+ Code is open (so you can look + change)

– but Code is nested / complicated

– Hard to look at data / timecourses

– Not good for exploratory analysis

– surfaces / ROIs / non-standard analyses



make any assumptions about the shape of the hemodynamic re-
sponse. The time course index measures the fraction of the variance
in the first 10 s of the BOLD response after stimulus onset that can be
accounted for by a retinotopic or a spatiotopic reference frame

model. Specifically, we subtracted pairs of responses from different
eye fixations that corresponded to the same retinotopic or spa-
tiotopic position, respectively (Fig. 5A). If the responses were per-
fectly accounted for by one of the models, the residual variance for

Figure 2. Criteria used to establish the location of visual areas including MT (subject S1, right hemisphere). For each panel, activity is rendered on a flattened representation of the occipital cortex.
A, Responses to coherently moving dots relative to static dots. The color at each point on the map indicates the coherence of the response at the stimulus frequency. B, Map of visual eccentricity. The
color at each point represents the response phase of the voxel to an expanding/contracting ring stimulus. C, Map of polar angle. The color at each point on the map represents the response phase of
the voxel to a rotating wedge stimulus.
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Figure 3. Retinotopic responses from the left hemisphere of a representative example subject (subject S2). A, Left hemisphere V1. B, Left hemisphere MT. Mean responses were computed for all
voxels in which there was a significant visual response in at least one of three fixation conditions ( p ! 0.01, permutation test). Columns 1–3 plot the responses for fixation conditions at "10, 0,
or #10°, relative to the center, respectively. Purple, red, orange, and blue traces show the responses to visual stimuli presented at "15, "5, #5, and #15° from the center of the screen,
respectively (see A, inset). Columns 4 –5 show the amplitudes of responses as computed by a general linear model using a canonical hemodynamic response, plotted as a function of position on the
screen (column 4) or on the retina (column 5). Light gray, dark gray, and black traces represent amplitude of responses for fixation at "10, 0, or #10°, respectively (see legend).
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Different approaches
Many cognitive studies: where 

are the areas more active in 

Condition A than Condition B

Some studies are aimed at 

understanding processing in 

(pre-)defined regions

(Smith and Ratcliff, 2004). Our finding that the level of activity in
the DLPFC encoded the relative stimulus difference (i.e., our
difficulty variable) suggests that this region may accumulate crit-
ical decision-relevant stimulus information. It is of interest that

decision-relevant stimulus representa-
tions in tactile discriminations engage the
left DLPFC, a region that is often assumed
to contribute to behavioral control (Kerns
et al., 2004; Ridderinkhof et al., 2004;
Rushworth et al., 2004).

In monkeys, neuronal recordings from
cells within a frontoparietal network dur-
ing discrimination of frequency differ-
ences have provided insights into the con-
figuration of the evoked neuronal
responses during tactile decisions. The fir-
ing rate of neurons within this network
during stimulus periods contains suffi-
cient information necessary to solve the
task (Romo et al., 1993, 1999, 2004; Her-
nandez et al., 2000, 2002). Although the
presence of tactile stimuli per se activated a
similar frontoparietal network described
by these monkey experiments, we found
signal changes correlated with the diffi-
culty variable Weber fraction, regardless of
whether trials were correct or not, in the
left DLPFC, in the bilateral insular corti-
ces, and in the dACC. The latter activation
was expressed in Brodmann’s area 6/32, a
region thought to index preresponse con-
flicts (Ridderinkhof et al., 2004). This sug-
gests that these activations may relate to
the encoding of increasing uncertainty
about the decision.

Several complementary accounts as-
cribe specific functions to the ACC (and its
anatomical subdivisions) (Ridderinkhof et
al., 2004) as mediating error detection
(Falkenstein et al., 1991; Dehaene et al.,
1994; Holroyd et al., 1998), detection of
behavioral conflicts (Botvinick et al., 1999;
Mayr et al., 2003), or control of effort in
self-generated acts (Kerns et al., 2004). The

DLPFC, on the other hand, is believed to encode on-line infor-
mation necessary for perceptual identification (Everling et al.,
2002; Heekeren et al., 2004) and generation of a subsequent ap-
propriate response (Paus et al., 1993; Paus, 2001). Task-related
interactions between the functions of these medial and lateral
frontal structures have been reported in lesion patients (Gehring
and Knight, 2000) and healthy human subjects (Kerns et al.,
2004), indicating that interactions between the DLPFC and the
ACC may both contribute to behavioral control and guidance
(Ridderinkhof et al., 2004).

In addition to the dACC, we found activations related to the
relative frequency difference (for both correct and incorrect dis-
criminations) within the insula in both hemispheres. An anatom-
ical feature of the somatosensory system and insular cortex is the
complex network of fibers that link functional subregions (Bur-
ton and Kopf, 1984), although specific knowledge about these
pathways in humans is limited. In monkeys, a ventrally directed
tactile processing pathway leads from SI to the frontal cortex and
the temporal lobe limbic structures via relays in SII and the insu-
lar cortex (Friedman et al., 1986; Preuss and Goldman-Rakic,
1989).

In touch or pain perception, the insula has been described as
part of an “interoceptive” network that may code distinct aspects

Figure 2. Cortical regions involved in frequency discrimination (contrast: discrimination trials ! “null trials”). Significant
signal changes were found in the SI and SII contralateral to the stimulated index finger. In addition, we found activation in the
supplementary motor cortex (SMA), the premotor cortex (PMC), the posterior parietal cortex (PPC), the anterior insula, and the
prefrontal cortex (PFC) of both hemispheres (MNI coordinates and t scores are listed in supplemental Table 1, available at
www.jneurosci.org as supplemental material). LH, Left hemisphere; RH, right hemisphere.

Figure 3. Cortical regions showing activity increases as a function of the relative frequency difference (i.e., main effect of
Weber fraction, contrast: Weber fraction across correct and incorrect discriminations ! baseline). All activations are projected on
a coronal (left), axial (middle), and sagittal (right) MRI slice. LH, Left hemisphere. Weighing the stimulus function of all trials
according to the relative frequency difference (i.e., Weber fraction) revealed activation in the left DLPFC ["21, 51, 24 (x, y, z); t #
6.4; Brodmann’s area 10], the dACC ["9, 30, 39 (x, y, z); Brodmann’s area 6; t # 7.24; and "6, "24, 39 (x, y, z); Brodmann’s area
32; t # 5.72], and in both anterior insular cortices [LH: "51, 15, "18 (x, y, z); t # 6.08; right hemisphere: 48, 27, "3 (x, y, z);
t # 5.17]. In all plots, yellow regions show activity thresholded at p # 0.0001 uncorrected, whereas red regions show the
corresponding activity at p # 0.05, family-wise error corrected across the entire brain.

Figure 4. Cortical regions coding the relative frequency difference (i.e., Weber fraction) for
correct compared with incorrect discriminations (interaction contrast: Weber fraction$ correct
trials ! Weber fraction $ incorrect trials). All activations are projected onto a coronal (left),
axial (middle), and sagittal (right) MRI slice. LH, Left hemisphere. The figure shows a region
in the DLPFC [Brodmann’s area 10; peak voxel: "21, 60, 27 (x, y, z); t # 6.31; p # 0.005
family-wise error corrected across the entire brain] that showed positive correlations with the
Weber fraction of the stimulus difference only for correct (mean contrast estimate % 90%
confidence interval, 14.22 % 2.94; t # 7.96) but not for incorrect discriminations ("1.73 %
2.94; t # 0.97).

Pleger et al. • Neural Coding of Tactile Decisions J. Neurosci., November 29, 2006 • 26(48):12596 –12601 • 12599

Pleger et al (2006) J Neurosci

10 subjects

“Areas involved in discriminating two 

vibrotactile stimuli applied to index 

finger [versus stimuli only]”

“Is the reference frame of visual areas 

retinotopic (w.r.t. retinal coordinates) 

or spatiotopic (w.r.t. position in space)”

Gardner et al (2008) J Neurosci
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Figure 3. Retinotopic responses from the left hemisphere of a representative example subject (subject S2). A, Left hemisphere V1. B, Left hemisphere MT. Mean responses were computed for all
voxels in which there was a significant visual response in at least one of three fixation conditions ( p ! 0.01, permutation test). Columns 1–3 plot the responses for fixation conditions at "10, 0,
or #10°, relative to the center, respectively. Purple, red, orange, and blue traces show the responses to visual stimuli presented at "15, "5, #5, and #15° from the center of the screen,
respectively (see A, inset). Columns 4 –5 show the amplitudes of responses as computed by a general linear model using a canonical hemodynamic response, plotted as a function of position on the
screen (column 4) or on the retina (column 5). Light gray, dark gray, and black traces represent amplitude of responses for fixation at "10, 0, or #10°, respectively (see legend).
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Figure 2. Cortical regions involved in frequency discrimination (contrast: discrimination trials ! “null trials”). Significant
signal changes were found in the SI and SII contralateral to the stimulated index finger. In addition, we found activation in the
supplementary motor cortex (SMA), the premotor cortex (PMC), the posterior parietal cortex (PPC), the anterior insula, and the
prefrontal cortex (PFC) of both hemispheres (MNI coordinates and t scores are listed in supplemental Table 1, available at
www.jneurosci.org as supplemental material). LH, Left hemisphere; RH, right hemisphere.

Figure 3. Cortical regions showing activity increases as a function of the relative frequency difference (i.e., main effect of
Weber fraction, contrast: Weber fraction across correct and incorrect discriminations ! baseline). All activations are projected on
a coronal (left), axial (middle), and sagittal (right) MRI slice. LH, Left hemisphere. Weighing the stimulus function of all trials
according to the relative frequency difference (i.e., Weber fraction) revealed activation in the left DLPFC ["21, 51, 24 (x, y, z); t #
6.4; Brodmann’s area 10], the dACC ["9, 30, 39 (x, y, z); Brodmann’s area 6; t # 7.24; and "6, "24, 39 (x, y, z); Brodmann’s area
32; t # 5.72], and in both anterior insular cortices [LH: "51, 15, "18 (x, y, z); t # 6.08; right hemisphere: 48, 27, "3 (x, y, z);
t # 5.17]. In all plots, yellow regions show activity thresholded at p # 0.0001 uncorrected, whereas red regions show the
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Figure 4. Cortical regions coding the relative frequency difference (i.e., Weber fraction) for
correct compared with incorrect discriminations (interaction contrast: Weber fraction$ correct
trials ! Weber fraction $ incorrect trials). All activations are projected onto a coronal (left),
axial (middle), and sagittal (right) MRI slice. LH, Left hemisphere. The figure shows a region
in the DLPFC [Brodmann’s area 10; peak voxel: "21, 60, 27 (x, y, z); t # 6.31; p # 0.005
family-wise error corrected across the entire brain] that showed positive correlations with the
Weber fraction of the stimulus difference only for correct (mean contrast estimate % 90%
confidence interval, 14.22 % 2.94; t # 7.96) but not for incorrect discriminations ("1.73 %
2.94; t # 0.97).
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Today: 

inspecting anatomies + an 

fMRI dataset with FSL and 

Matlab +

some pointers for individual 

subject analysis



Viewing anatomicals
Whole head anatomy

+ !brain only"

VolumeViewer om_intcorr.img

fslview om_intcorr.img



Viewing anatomicals
Whole head anatomy

+ !brain only"

Whole head anatomy

+ white matter surface

+ pial surface



volume versus surface

vertices in 3D, connected to 

form triangles / polygons

(mesh)

pixels / voxels in 3D

(image)



Segmentation – 

Flattening

Jonas Larsson’s Tools
www.cns.nyu.edu/~jonas



  

V2

V3

V3A/B

V7

IPS1

IPS2

V4

MTLO2LO1

LO1 and LO2:

   Larsson & Heeger, J Neurosci (2006)

IPS1 and IPS2:

   Schluppeck, Glimcher, & Heeger, J Neurophysiol (2005)

   Silver, Ress, & Heeger, J Neurophysiol (2005)

Lateral view

Human visual areas



fully automated !
http://surfer.nmr.mgh.harvard.edu/

http://surfer.nmr.mgh.harvard.edu
http://surfer.nmr.mgh.harvard.edu


Caret



A functional data set

1. Some details about the data set

2. using FSL related tools for a quick analysis

3. exploring data in Matlab

4. pointers to a tutorial (your own time)

5. exploring data in AFNI (not currently in A5)



rl 135

dataset: visual cortex

~dimensions (mm)

ds

24

~# of slices ~# of voxels

rl 64

oblique 64

64#3mm=192mm

! our MR scanner ~13slices/s, so can run with a TR of ~1.5s

72



stimulus + timing

• rotating wedge checkerboard

• subject fixates

• 24s for one cycle of rotation 

• 10 cycles per scan

• TR = 1.5s

• # of dynamics = 168

• initial 8 dynamics are ‘dummies’ 



stimulus + timing

• rotating wedge checkerboard

• subject fixates

• 24s for one cycle of rotation 
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• TR = 1.5s

• # of dynamics = 168
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( Retinotopy )

angle map eccentricity map



some setup...



info about the data...

ds1$ fslinfo

ds1$ fslinfo retino01.img

ds1$ fslhd retino01.img

• fslinfo gives succinct info about data

• try fslhd for more detail



FSL command line 

tools for analysis

ds1$ fsl<bla>

ds1$ fslview &

• ... next few steps for a quick and dirty 
Fourier analysis (for free / no $)



simple image stats

ds1$ fslstats

ds1$ fslstats retino01.img -R

ds1$ fslstats retino01.img -r

• fslstats can do descriptive stats 

• how about the mean value for all non-zero 

voxels?? std??



splitting / combining 

data
ds1$ fslroi

ds1$ fslsplit

ds1$ fslmerge

ds1$ fslroi retino01 retino01cut 0 64 0 64 0 24 8 160

• use fslroi to get rid of first 8 dynamics... 



simple arithmetic

ds1$ fslmaths

ds1$ fslmaths retino01cut.img -Tmean retino01mean.img

• fslmaths is a 3D/4D image calculator

• e.g. calculate the mean 3D image of the 4D 

timeseries... (how about the std??)



timeseries to % 

signal change...

ds1$ fslmaths retino01cut.img -div retino01mean.img 

-sub 1 -mul 100 retino01psc.img

• divide the timeseries by the mean and 

subtract 1

• e.g. calculate the mean 3D image of the 4D 



power spectrum...

ds1$ fslpspec 

ds1$ fslpspec retino01psc.img retino01power.img

ds1$ fslinfo retino01power

• calculate the voxelwise power spectrum 

from the % signal change timeseries...

• NB! new image dimensions??



power spectrum...

ds1$ fslview &

ds1$ fslroi retino01power.img retino01comp10.img 0 

64 0 64 0 24 9 1

ds1$ fslmaths retino01power.img -Tmean -mul 80 

retino01sumPower.img

• extract the component in spectrum 

corresponding to 10 cycles per scan 

(index = 9)

• ... and also the summed power spectrum.



F / c statistic

ds1$ fslmaths retino01comp10.img -div 

retino01sumPower.img statisticImage.img

ds1$ fslview &

• compare power at stimulus component to 

rest of spectrum. The ratio gives us an idea 

abut signal and noise...



F / c statistic

ds1$ fslmaths retino01comp10.img -div 

retino01sumPower.img statisticImage.img

ds1$ fslview &

• compare power at stimulus component to 

rest of spectrum. The ratio gives us an idea 

abut signal and noise...



Anatomy

ds1$ fslview &

• load in file om_intcorr.img

• NB! this is a different subject than for the 

functional data set



For the rest of today...

skip AFNI related 

demos



For the rest of today...

1. Spatial filtering with fslmaths
e.g. apply gaussian filtering to anatomy

-kernel gauss 2 -fmean

2. other statistics on functional data set?

3. other mathematical operations on fMRI data?

4. advanced ...
create the F statistic image (Fourier method)

use cluster command to find spatial clusters



Thanks –

have a go...


