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Working with fMRI Data

Introduction

Magnetic resonance imaging (MRI) is a non-invasive neuroimaging technique that

can capture both structural and functional aspects of neuroactivity. Different

sequences of structural MRI can emphasize aspects of physiological features within

in the brain important to the aims of a study, for example, gray matter and white

matter tract density, cortical thickness, and blood flow to various areas of the brain.

T1-weighted and T2-weighted images are the most often collected structural

images used in neuroimaging studies. Both offer different forms of contrast

between the types of tissues. Another example of  structural imaging is diffusion

weighted imaging (DWI), which studies directional water molecule diffusion and

can provide imaging of the white matter tracts and their directionality.

 

Functional magnetic resonance imaging (fMRI) specifically refers to the use of MRI

for measuring functional activity in the brain while completing tasks related to

experiments, or, in the case of resting state fMRI, where focus is undirected to 



studying the resting/default mode network activity in the brain. In most fMRI

research, what we call activations are actually a measure of the brain’s metabolic

activity, use of oxygen and blood flow, which we call the blood oxygen level

dependent (BOLD) signal.

When performing structural scans of the brain, precise, high-resolution images are

taken, however fMRI uses this same technology to take rapid fire volumes (full

images of the brain at a point in time). Because of the speed required and sheer

volume of the data that is collected, fMRI images appear blurry and require specific

preprocessing steps (discussed later in this booklet) in order to be properly

analyzed. For example, even when structural traits are not a focus of an fMRI study,

T1 images are obtained and used to register with the functional images in order to

aid localization of activated areas.
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fMRI has limitations that make pairing it with other complimentary modalities

lucrative. While fMRI’s strengths lie in localization of neural activation, due to the

nature of the modality, it is not as clear exactly when an activation occurred, and

thus its weaknesses are temporal in nature. Because of this limitation, some studies

have paired fMRI with EEG when timing aspects of an experiment are of

importance. Those considering utilizing EEG along with fMRI should consult our

guide Working with EEG Data.

When performing structural scans of the brain, precise, high-resolution images are

taken. fMRI uses this same technology to take rapid fire volumes (full images of the

brain at a point in time). Because of the speed required and sheer volume of the

data that is collected, fMRI images appear blurry and require specific pre-

processing steps (discussed later in this booklet) in order to be properly analyzed.

For example, even when structural traits are not a focus of an fMRI study, T1

images are obtained and used to register with the functional images in order to aid

localization of activated areas.

Both an exhaustive exploration of the physics involved in MRI and an in-depth

description of the mechanisms measured by MRI/fMRI are beyond the scope of

this booklet. Many excellent resources on these particular topics can be found at the

end of the guide. What we intend to offer in this booklet is guidance for

understanding and managing of data related to these studies. It is aimed at the new

beginner who perhaps has just been given access to an existent dataset and is

struggling to understand what the different file types represent. It is also aimed at

helping new researchers at UiO to understand what software, storage and analysis

options are available to them and the data management issues common to this

particular modality.
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Dataset. A collection of neuroimaging and behavioral data acquired for

use in a specific study. The dataset may consist of data acquired from

multiple subjects, possibly over the course of many sessions.

Data acquisition. An uninterrupted period of time in which the scanner

was acquiring data according to a particular scanning sequence/protocol.

Data type. A grouping of different types of related data. These may

include: func (for functional, task-based and resting state functional

MRI), dwi (diffusion weighted imaging), fmap (field inhomogeneity

mapping data like field maps), anat (for anatomical, which includes

structural imaging such as T1, T2, weighted images etc.), meg

(magnetoencephalography), beh (for behavioral data, for example

collected from tasks using hand grips, eye tracking data, pain stimuli

response, etc.).

Session. A grouping of neuroimaging and behavioral data that is

consistent across participants. A session includes the time it takes to

complete all experimental tasks. This usually begins when a participant

enters the research environment for the day or segment of the day until

they leave it. However, if a subject must leave the scanner room and then

be re-positioned on the scanner bed, the MRI acquisitions will still 

MRI Terminology
The following is a list of fMRI terminology

commonly used to describe stimulation and task

parameters and protocols. The list follows the

terminology used by the Brain Imaging Data

Structure (BIDS - https://bids.neuroimaging.io/)

for structural and functional MRI.
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Task. A set of activities performed by the participant while in the scanner.

Tasks usually involve stimuli and responses. Resting state scans should also

be considered a task. A task is always performed in connection to one data

acquisition. Even if during one acquisition the subject performed multiple

conceptually different behaviors (with different sets of instructions) they

will be considered one (combined) task.

Run. A continuous period of data acquisition that has the same acquisition

parameters and task (however events may change from one run to another

in relation to different subject responses or because of randomized

presentation of the stimuli). A run is essentially the same as data

acquisition.

Event. An isolated occurrence of a stimulus being presented, or a response

being made. It is essential to have exact onset timing and duration

information in addition to identify the events and when they occurred.

Some tasks will not have events however (for example, resting state).

 
be considered to be one session and match sessions acquired in other

subjects (although this should be documented in the lab book, as it may

impact pre-processing and analysis). In situations where different data

types are obtained over several visits (for example fMRI on one day and

EEG on the next) they may be grouped in one session.

A session typically starts with obtaining informed consent and completing

the MRI safety checklist. It generally ends when the participant is removed

from the scanner, but can also include a number of pre- or post-

observations and measurements (e.g., additional behavioral or clinical

testing, blood tests, questionnaires, EEG, etc.).
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Conducting an fMRI Study
A neuroimaging study typically follows specific steps. First one sets up the

experiment itself, using various software detailed elsewhere in this handbook.

Then pre- and pilot testing is followed by the actual data acquisition and finishing

with the analysis.

Experiment Setup
While setting up an experiment one must decide which software to use for stimulus

presentation. At UiO researchers are presented with the choice between three

different options: E-prime, MATLAB/Psychtoolbox and Python/PsychoPy

(although some may prefer Presentation, it is less commonly used). The following

table gives a short overview of the three most frequently used programs.
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After testing the experiment behaviorally,  data from 2-5 subjects are usually

collected and analyzed, including the analysis corresponding to the main

hypotheses. 

Pilot tests may be performed on a phantom or healthy volunteer at the scanner,

depending on what the study entails. Volunteers for pilots must go through the

same screening and consent process as regular participants. In addition to fulfilling

the need for informed consent, we also must ensure that pilot participants do not

have any health conditions or prosthetics that contraindicate MRI scanning. Pilot

tests should not only include the testing of scanning sequences, tasks and stimuli,

but also tests of the pre-processing and analysis pipelines should be performed at

this stage. After the analysis of these datasets, flaws, suboptimal design features,

extraneous conditions or the need for additional conditions may be found.  

Pre-tests
Pre-tests are preliminary tests of sequences,

equipment and stimuli scripts performed at the

scanner prior to actual pilot testing. 

Pilot tests
Before collecting data for the experiment, it is

essential to discuss the experiment design with

colleagues and have them perform the task to

provide feedback on its design. Pilot test your

experiment behaviorally to make sure you can

obtain the predicted behavioral effect before

proceeding to collect brain data.
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Tips!
The procedure/design is satisfactory. 

The experiment will not be changed after the pilot.

The pilot participants fulfill the study's inclusion criteria.  

Pilot datasets can be used for the final analyses if the following

criteria are met:



Data Capture
Equipment
Neuroimaging studies at PSI are primarily performed using the Philips Ingenia 3T

scanner at The Intervention Centre at OUS Rikshospitalet. The lab is also equipped

with a 32-channel EEG amplifier, eye tracking camera and a MRI-compatible active

sound system. Several devices from Nordic Neuro Labs are available for use in

tasks while participants lie in the scanner, including an in-room screen for

participant viewing of stimuli, response grips, a response pad and joysticks. Goggles

may also be used to present stimuli during fMRI tasks. PSI is responsible for

maintenance and operation of all the equipment that is not directly part of the MRI

scanner.
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Raw data types and structure
DICOM, NIfTI & ANALYZE file formats. The most common raw form of data

collected from the scanner is in DICOM file format. DICOMs from Philips

scanners come in two formats, classic and enhanced. The format one wishes to use

must be designated when files are transferred from the scanner to hard drive.   

DICOMS are most often converted to Neuroimaging Informatics Technology

Initiative (NIfTI) format prior to analysis. Most pre-processing and analysis

programs use this format and it is also the format supported by the Brain Imaging

Data Structure (BIDS). NIfTI files come in two forms, as two separate .img and .hdr

files (.img.gz and .hdr.gz in their compressed form) or as a single file, .nii (or .nii.gz

in its compressed form). 

There may be notable differences in the conversion of enhanced DICOM to NIfTI

format. Issues may arise when converting the raw data to files that conform to

BIDS (see https://github.com/rordenlab/dcm2niix/issues/170).  
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It is advisable to maintain the original raw data even after NIfTI conversion. Some

data repositories may prefer DICOMs over NIfTI format. Full re-conversion from

NIfTI to DICOM format is not possible due to the complex nature of DICOMs and

the metadata lost when converting to NIfTI format. BIDS makes up for the loss of

this metadata with the creation of JSON sidecar files at the point of conversion.

   



NIfTI compiles these images into one cohesive file (except when using a BIDS-

compatible convertor, in which case a JSON file is also created). The headers for

DICOMs are embedded within in the file and can be read in neuroimaging

software and MATLAB by calling the dicom_info function. The NIfTI compiled

file format also has an embedded header, albeit lacking much of the details found

in DICOM metadata. As previously stated, JSON sidecar files may be created to

preserve this metadata. The two-file NIfTI format comes in .img files with the

actual image data and .hdr files with the header information, but has similar

metadata limitations to the .nii file. For more information on how to understand

NIfTI headers, see: https://brainder.org/2012/09/23/the-nifti-file-format/.

Prior to conversion to NIfTI, DICOMS may need to be renamed and sorted. It is

important to keep in mind that they may have the same name as other DICOM

files when taken directly from the scanner. This can lead to some files being

mistakenly overwritten if transferred to the same folders. Occasionally, researchers

have also experienced that the individual DICOM files may be extracted from the

scanner in an unexpected order, which will result in the need for resorting to

prevent error messages when converting to other file formats. For the sake of the

safety of the raw data, new, renamed files should always be directed at a different

folder, while maintaining the original DICOMS in the previous folder. We

recommend automating this process. MATLAB and Pydicom (python-based) are

good options for this.

It is also possible to download raw data in the

NIfTI format directly from the scanner,

however, most projects opt to transfer the

complete DICOM files and convert them after.

This is in part because DICOM files contain rich

metadata embedded in the headers which are

not present in the headers associated with other

file types. DICOMs are stored in folders which

contain images for each individual slice, while 
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Transfer of Raw Data
Data from the MR scanner, EEG and behavioral data are transported from the

hospital to the department via portable, password-protected encrypted disks. It is

important that transfer of the DICOM images occurs at the time of data capture, as

data is not kept long term at the scanner.

Data is transferred to Lagringshotell or TSD using the following steps. First, the

responsible party contacts the data manager. The password-protected encrypted

disk is then delivered to the data manager (you must also provide the password).

The images are then uploaded and made available to you in Lagringshotell.

General info on the usage of Lagringshotell can be found here (in Norwegian):

https://www.uio.no/tjenester/it/hosting/storage/lagringshotell/. 

EEG Raw Data

Those using other modalities  along  with MRI will have other raw data forms to

maintain. For EEG, these files are generated on the EEG laptop located at the

scanner. These files are the result: the header, marker, and a binary data file. The

files from the EEG at the scanner are  proprietary Brain Vision files. Brain Vision is

on of the file formats supported by BIDS for EEG.  The other most common file

type used in EEG is the proprietary Biosemi file format.  For more information on

these data types, please see our guide Working with EEG Data. 
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Behavioral Data 
The type of files generated when collecting
behavioral data differ depending on which program
was used. This guide will briefly discuss the different
data types produced by the most commonly used
programs: E-Prime, PsychoPy, Presentation and
PsychToolbox.  
 

E-Prime
E-Prime is a suite of programs which simplify the creation, execution and analysis

of psychology experiments. It uses a number of proprietary and standard file types

in creation of experiments, result reporting and analysis. File extensions in E-

prime   
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Psych Toolbox
Psych Toolbox, another popular experiment and stimuli presentation program, is

built as an open access add-on to MATLAB and GNU Octave. As such, the files that

you will encounter, as well as the syntax, are all the same as those encountered in

MATLAB. These files' content in the context of Psych Toolbox are detailed below:

Presentation
Presentation is  popular proprietary software

option for the creation of neuroscience

experiments. It has three primary file types

that you will encounter. The program uses

two proprietary, easy to learn languages,

Presentation Control Language (PCL) and

Scenario Description Language (SDL). SDL is

a language used to create experiment design

elements like variables or duration times.

PCL is the actual programming language

used for writing the actual scripts.  
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will vary depending on the version of E-Prime used to write the file. Newer E-

Prime files with 2.x and 3.x suffixes cannot be used in legacy E-Prime versions (1.x).

E-Prime will ask if you wish to convert the files when used with a newer version. 



SDL elements are read and held in the memory prior to the execution of the code
written in PCL.
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Data outputs from presentation come in the form of log files and output text files: 

PsychoPy
PsychoPy is a free and open source

presentation software which is functional

across operating systems. Researchers can

create their experiments using its Builder

interface or by writing code in Python.

PsychoPy additionally makes it possible to

conduct experiments online. One benefit of

using PsychoPy is that it is free and doesn’t

require a license for costly programs like

MATLAB or E-Prime. Additionally. PsychoPy

is also a great alternative for those who wish to

adhere to the  open science initiative  



because it is accessible for all when sharing experiments along with datasets. It uses

basic xml files which can be read in other programs in addition to PsychoPy. The

experiment files generated by the program or researcher are:

PsychoPy creates a folder after a run called “data” as well as a .py file. Inside of the

folder you will find the data for analysis. The files you will see are as follows:
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Analysis
Data analysis and preprocessing for MRI/fMRI

typically is performed using a VDI, often accessing

files stored in Lagringshotell or within TSD using its

own VDI, while accessing files also stored there. The

lab engineer can be contacted for more information

about how to connect and use VDI.   

  

Software 
Several programs have been developed by the neuroimaging community to

analyze MRI/fMRI data. These different programs and toolboxes often have

different goals, strengths and weaknesses that must be considered prior to deciding

which one to use. Some of these decisions will be based upon a researcher’s

personal preference, others will be strategic and based upon the study’s specific

needs. The open-access nature of some of the programs may also lead researchers

to choose one type of software over another. Some researchers additionally opt to

run some parts of their preprocessing and analysis using in-house written code.

The following sections will first outline the different steps involved in

preprocessing, and then continue with an overview of some of the most commonly

used programs employed in preprocessing and analysis, their data outputs and

structures. 

 

   
VDI – Virtual Desktop Infrastructure. A VDI offers users access to a virtual computer

with the software and processing power they need. This computer can be used in the

same way you use your local computer but can be reached from different devices and

operating systems. Which programs that are mounted and can run on the VDI

machine is decided together by yourself, your local IT and program managers at the

departments. A VDI may offer advantages over using one’s office desktop computer

for analysis, as the VDI processing capabilities are more powerful.
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Preprocessing  
fMRI data is inherently noisy. As a result, a number of preprocessing steps must be

performed to prepare your data prior to analysis. Preprocessing creates a 4D

dataset (the 4th dimension being time) from what begins as a 3D dataset. It also

improves the signal to noise ratio. Some steps are also performed to anonymize the

data, improve localization within subjects by co-registering the T1 to the structural

images and across subjects by warping the images to fit a universal template.

These steps can be carried out in many of the same programs which are used to

analyze the data. Each step will create its own output file, which varies slightly

depending on the program, but the output is usually a new NIfTI file. 
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Artifact-correcting Preprocessing Steps
There are several sources that can contribute to noise and artefacts in fMRI data.

Steps can be taken when developing protocols such as making adjustments to TE

(time to echo), TR (time to repeat), carefully planning which sequences are used,

and adjusting parameters (such as slice thickness or field of view) in order to reduce

noise and artefacts (Bell & Yeung et al., 2019). Some noise and artefacts, however,

will inevitably need to be dealt with after the images are acquired. This can be

accomplished during the preprocessing phase.

Defacing and Skull-stripping
One method of ensuring anonymization of fMRI data is by using defacing software.

Defacing software removes the voxels associated with facial features or makes

them unreadable. One concern is that some of the algorithms used in defacing

may inadvertently remove data relevant to a study’s purpose (Bischoff-Grethe et

al., 2007).  Some investigators will prefer not to deface the data because of this.
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Similarly, skull-stripping, or brain extraction,  removes

all voxels that are not necessary for analysis, leaving

just the brain, without bone, dura, surrounding air, etc.

While this is yet another way of ensuring that the data

is anonymized, as well as cutting down on the amount

of space  the data takes up in storage, not all

researchers will choose to perform this step for many

of the same reasons as defacing. It is essential to

conduct a quality check to ensure the extraction results

are precise if they are used.

 It is important to remember that different researchers, as well as different

software, may perform these preprocessing tasks in an order that differs from the

visual on the previous page. In some cases, researchers may choose not to  employ

some preprocessing steps. These decisions are ultimately made based on the

study’s needs. The following section will provide a brief description of the various

steps involved in preprocessing of fMRI data and their purpose. 



Spatial Preprocessing Steps
There are several sources that can contribute to noise and artefacts in fMRI data.

The following steps are used to correct these issues. 

Coregistration. In this step, the T1 and/or T2 structural images are used for co-

registration of the functional scans so that the functional images align with the

anatomical structures/brain regions of the participant.  

Spatial Normalization. Human brains can have significant variations from one

participant to the next. Thus, when comparing subjects, it is important to ensure

that all of the data conforms to the same space so that a voxel in one subject

represents the same location compared to another subject. This is achieved by

warping the data to a template/atlas brain. This step is necessary to second level

analysis in order to compare across participants.  

Spatial Smoothing. This step corrects for any limitations of the normalization step by

blurring any leftover anatomical variation, improving signal to noise ratio and

inter-subject registration. Smoothing may not be performed in studies of only one

subject. 

 
Motion correction/realignment. This step corrects for any movement that participants

may have made in the scanner by aligning all of the functional images with one

reference image (often the first or mid-point image). It is important to check the

data carefully after this step.

Slice-timing correction. fMRI analysis assumes that all slices in a volume were taken

simultaneously. This, however, is not the case. This step corrects for the fact that

each slice from the total volume is taken at a different point time due to the nature

of MRI data collection and adjusts for the slight delay.  

B0 distortion correction. This step corrects distortions that result due to the B0

magnetic field inhomogeneity.
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Analysis Software & Data Structures
The following section is a basic primer on the different data types produced during

analysis by the most commonly used analysis software. It should enable new users

who either receive a dataset that is already analyzed or are new to the programs to

understand the data structures that are produced by that software and what the

different components entail in terms of analysis.

Analysis strategies themselves will vary dramatically depending on what task is

being analyzed, and thus, a complete overview of fMRI analysis strategies is beyond

the scope of this guide. Several approaches can be used depending on the goals of

the study; be they localization of activation in the brain, studying connectivity

between regions or to study predictive models. The aims of the study may also

dictate which programs and adjacent toolboxes are chosen for analysis.
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SPM12
SPM12 is the most widely used neuroimaging analysis tool and can handle various

modalities in addition to fMRI. A wide range of open access toolboxes are available

for use with SPM12, broadening its capabilities. The program was developed by

University College London and is based upon theoretical concepts of Statistical

Parametric Mapping. SPM can be a good program to begin learning analysis with

due to its easy to use GUI. Although the package itself is free, it must be used with

MATLAB or Octavia. 

SPM also has several corresponding toolboxes for use in analysis. Like SPM these

are open access. For example, MarsBar is used for region of interest (ROI) analysis,

Conn is primarily used for functional connectivity analysis, and CAT can be

employed for more accurate segmentation and normalization during pre-

processing. For a comprehensive list of the different toolboxes available for use

with SPM as well as the corresponding SPM versions, see

https://www.fil.ion.ucl.ac.uk/spm/ext/.
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Tips!

It is important not to change versions of SPM mid-project, as the files

outputted by SPM12 may not properly load in earlier versions. There

are also some differences in how preprocessing and other tasks are

performed in previous versions of SPM. This is important to be aware

of if you are working with an older dataset which may have been

preprocessed in an older SPM version.

 
Preprocessing and File Naming Conventions in SPM12
As you are carrying out the different stages of preprocessing, SPM will

automatically add (prepend) a prefix letter to the beginning of the file name to

prevent overwriting previous files. Although you may designate different prefixes

in the batch editor, the defaults are generally well known by SPM users and so

maintaining the defaults may help others understand your dataset. The following

are the default prefixes: 



SPM12 Data Overview
The table that follows gives a very basic overview of the file types that are produced

under analysis with SPM12. 
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AFNI
AFNI is another open source program for analysis of fMRI data. It was developed

by the National Institutes of Health in the United States. One downside is that it

runs only on Unix-based operating systems. Some prefer AFNI for its versatility,

more fine-grained options for exploration and visualization of data and for

analyzing specific types of data, such as resting state fMRI analysis. AFNI now

operates with GUIs for many tasks, you may want to have some familiarity with

Unix to truly utilize its features. AFNI runs with C as its primary programming

language.

AFNI Data Overview 
3D arrays in AFNI are called sub-bricks. There is one number per voxel in each

sub-brick. Datasets are stored in directories, which are called sessions, because they

contain the data from one scanning session with a participant. 

AFNI has its own unique set of file systems and extensions that one should be

aware of when examining a dataset analyzed with the program:
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AFNI has a series of strings present either in the file name or descriptors which

inform the researcher of what type of image they are viewing and what pre-

processing or analysis steps have been performed on them. The following are some

examples: 

regional volumes and cortical thickness. It may also be used to average inter-

subject structural and functional data based on cortical folds to produce alignment

of different neural substrates. The program creates a 2D surface mesh from the 3D

volumes to better locate sources of activation. This is  helpful in cases where a

particular voxel covers two different areas of the brain or two different tissue types.

Boundaries are traced by the program and an inflated brain is produced, much like

an brain-shaped balloon. It is also possible to further expand this inflation to the

shape of a sphere for comparison across subjects. Rather than thinking about your

data in terms of voxels, Freesurfer approaches the data in terms of vertices and

edges (Jahn, 2019).    

FREESURFER
Freesurfer is an open source software for Linux

and MacOS for the processing and analysis of

fMRI data. Freesurfer is commonly used in

preprocessing, when a researcher wants to create

models from their fMRI data, and to measure the

morphometric features of the brain such as   
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Parcellation is the act of labeling the different brain regions, which Freesurfer

performs using two atlases, the Desikan-Killiany atlas and the Destrieux atlas.

Freesurfer notoriously uses up quite a lot of processor time and memory, so you

will want to run Freesurfer in an environment that supports analysis with a

significant amount of processing power. Otherwise reconstruction and analysis of a

large dataset can take many days. When using Freesurfer on a very large database,

you may find that it is necessary to use a supercomputer. Because of these features,

some researchers may find the prospect of using Freesurfer inconvenient.

However, it may be worth the hassle depending on what you hope to accomplish

with your fMRI data.

Freesurfer uses its own simple command language and jargon set that users must

become acquainted with. Some examples of this jargon include:
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Freesurfer Data Overview
Freesurfer creates its own complex file types for different stages of the processing

and analysis. These native file formats include (listed by category):
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Freesurfer additionally uses its own program to view the data and analysis results,

Freeview. The program can be used to view standard formats like NIfTI, as well as

the Freesurfer-specific formats generated during preprocessing and analysis.

Freesurfer operates with a specific file directory schema. The $SUBJECTS_DIR

contains the outputs of recon-all commands. 3D volumes are found in the ‘mri’

folder, while regions of interests and atlas annotations are found in the ‘label’

subdirectory. The ‘scripts’ directory includes log files of events that occurred while

running recon-all. The ‘stats’ directory contains structural measures for the

thickness and volume of each parcellation, while the ‘surf’ directory contains your

surfaces, such as pial and inflated surfaces. See the directory mockup on the next

page for an overview of the directory structure and the files that are commonly

found within each directory.
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Parts of the output file names in Freesurfer are separated by periods. Below are the

most common file segments/naming conventions created by Freesurfer during

analysis and what they mean in terms of the file contents:
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After performing second-level analysis and cluster correction (to account for

multiple comparisons) the following outputs will be produced:

Cache.th13.pos.pdf.dat  

Cache.th13.pos.sig.cluster.mgh

Cache.th13.pos.sig.cluster.summary

Cache.th13.pos.sig.masked.mgh

Cache.th13.pos.sig.ocn.annot

The cluster.summary will list your statistically significant clusters and the

cluster.mgh file will allow you to view your results in Freeview. (Jahn, 2019) ROI

outputs, when desired, are created by Freesurfer as tab delimited text files (.txt).

FSL
FSL was created by University of Oxford. It can be used with Windows, Mac and

Linux operating systems. Like AFNI, you will need to have some familiarity with

Unix and a shell-like bash or tcsh to take full advantage of the program. This can be

a drawback for new beginners, but it does have an easy to use GUI to assist new

users. Preprocessing and analysis in FSL is performed using the application FEAT. 

FSL Data Overview
FSL reads and produces the same file types used by SPM, namely, the NIfTI and

ANALYZE standards. You will need to create your own timing/onset files in the .txt

format for FSL to read. You will also need to create a separate .txt file for each

condition and run. FEAT creates its own FEAT output directories for the results.

For a comprehensive listing of the file structure and outputs of these directories,

see https://poc.vl-e.nl/distribution/manual/fsl-3.2/feat5/output.html.
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FSL  also has a jargon that must be understood for the purposes of analysis and file

naming conventions:

Below is  a basic visualization of the  different inputs/outputs related to second level

analysis in FSL:



Scripting Preprocessing & First-level Analysis
in SPM and FSL 
Performing preprocessing and first-level analysis manually can be time-consuming

and prone to error, so we recommend automatizing these tasks by writing scripts.
 
Scripting involves looping over and applying the same steps to all of your subjects.

This requires that files are consistently labeled across subjects: functional scans,

structural scans and timing files must have consistent labeling and folder structure.

This is yet another reason why we recommend adopting the BIDS-format.
 
In general, scripting is based upon creating a template using one example subject.

You then change the subject-specific references in this template to apply it to each

individual subject.

Scripting for SPM
SPM is a MATLAB-based toolbox, so you will script your analysis as MATLAB-

scripts. Scripting involves taking advantage of the "batch"-system in SPM (see the

batch-button in the SPM menu), where you can specify preprocessing or statistical

analysis steps.

There are two main ways of scripting in SPM:

1. Creating batches for different stages of the process ("realignment", "coregistration", etc.) and

saving them as .mat files (created with save batch). After, you can then loop over all your

subjects, and load this .mat file for each subject. When you load it, it will show up as

a variable called "matlabbatch" in MATLAB. Inside each loop (each subject), you

must edit the contents of this variable, specifically all references to filenames so that

they refer to the current subject, while keeping everything else the same.
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You can use spm_select to select subject directories. You can also use spm_select to

make SPM find the appropriate files using a filename-filter (^EPI.nii in the example

below). Spm_jobman is used to run the job (see the last line in the code below).
 
We present the following examples to demonstrate how a script might look in SPM.

Here, several variables are defined earlier in the script (such as func_dir), adapted

to the specific folder structure of this dataset.
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Selecting subjects using spm_select and saving them as a cell array with

deblanked filenames:

Looping over subjects, loading and applying .mat file – in this case performing

realign&unwarp:

This approach is flexible, as you can easily edit your .mat files or save slightly

different versions in the SPM batch system in the GUI.



Scripting like this involves a bit of trial and error and seeking help from

experienced users, as some SPM functions require the filenames as strings, some as

cells, and you have to make sure that SPM selects all volumes of the 4D EPI files

and not just the first. When testing a new pipeline like this, always do one subject

one step at a time and check in the “matlabbatch” variable that the right files are

being selected. This will make you more intimately acquainted with what goes into

the SPM functions.

If you are new to this, it is recommended that you use the “help” function in

MATLAB to explore what each function does, for example typing: help spm_select

 

2. Save batch and script.

This method is detailed in

https://andysbrainbook.readthedocs.io/en/late

st/SPM/SPM_Short_Course/SPM_06_Scripti

ng.html

 

This method takes advantage of the

“dependencies” option in the batch system,

where you can specify multiple preprocessing 

steps and first level modelling in sequence. You create a batch of your pipeline

specified for the files of one subject. The batch containing all the steps is saved as a

.m file. Thus, you already have a matlab script and you only need to change the

filenames (=subject) references. You then replace the references to the one subject

with a list of your subjects and a looping variable, turning your subject-specific

pipeline into a general pipeline for all subjects. This is adequately described in

Andrew Jahn’s example in the link above.
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While it might be helpful to look at scripts from experienced

users, beware! You should never uncritically apply a script to

your own data that was intended for another dataset. Only use

other researchers’ scripts to increase your understanding of

SPM functions.Tips!



Lastly, always carefully examine your data after preprocessing. Check the output of

different preprocessing steps and statistical (con or T) images using the “Check

Reg” function in SPM.

Scripting for FSL
FSL is based on Unix, which means that you can perform FSL functions within the

terminal on a Linux or Mac, or in the FSL GUI.

 

The process is similar to the “save batch & script” option in SPM. In the FSL GUI,

you click on FEAT fMRI analysis and select the analysis steps you want to perform.

You can save this as a .fsf file, which is a subject-specific job that can be run in the

terminal using the “feat” command. You can write a Unix (usually a bash) script

that loops over subjects, copying this template into each subject directory (using

the “cp” command) and changing the subject-specific information to the subject in

the current loop (using the “sed” command), before running the job (using the

“feat” command).

 

Andrew Jahn explains this in his tutorial, where the bash script

run_1stLevel_Analysis.sh copies, edits and runs the design.fsf file:

https://andysbrainbook.readthedocs.io/en/latest/fMRI_Short_Course/fMRI_06_S

cripting.html

His Unix tutorial is also recommended if you are unfamiliar with basic scripting

like for-loops.
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Researchers must record exactly what processes were involved in preprocessing of

the data, which software was used, which operating system the preprocessing was

performed on, and ideally, what order tasks were performed in. Any anomalies

like drop-out that could not be corrected for, or a high degree of movement in a

certain subject should also be recorded in the metadata pertaining to that subject’s

scans, as well as if that subject left the scanner during the session (for example, to

use the bathroom). If data is compared across scanners (or significant

upgrades/maintenance were performed on a scanner during the study), B0

correction may help correct for this, but these challenges should be noted, as these

can impact the data in significant ways.

Researchers must be aware that the broad range of methods and software

employed in analysis may create problems when it comes to reproducibility. For

example, the software, software version or even operating system used can

produce sometimes wide variation in results (Bowring, Maumet & Nichols, 2019).

Even programming languages and their packages change over time, which can

result in difficulty running the same analysis using the same scripts  later (Nichols

et al., 2017). Thus, documenting which programming language, its version and/or

software and its version, as well as which operating system was used is important

and should be part of the metadata.

Metadata
Metadata is data about data. Metadata needed

to understand basic traits of the data should be

easily readable in file names and structures.

Those working with the data should take care

to document all steps implemented in data

processing. A lack of this information may

impede replication. A list of dependencies

should be made explicit in the metadata files

for your project (Wilson et al., 2017). 
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BIDS
The brain imaging data structure

(BIDS) (Pernet et al., 2018) is a

format created to facilitate the 

 sharing of neuroimaging data by

using agreed-upon standards

created by the neuroimaging

community itself. BIDS offers a

systematic way to organize data into

folders using dedicated names, in

association with text files, either as

tabulated separated value file (.tsv)

or JavaScript Object Notation file

(.json) to store metadata. We

encourage the local neuroimaging

research community to share their

data using this data structure as it

results in greater ease of

communication, reproducibility

and the development of data

analysis pipelines. It also facilitates

compliance with the FAIR

principles of Findability,

Accessibility, Interoperability, and

Reusability. See our handbook

Structuring Data with BIDS for more

information on how to use BIDS for

fMRI and EEG data.

fMRI Data 37

Image source: The Bids Starter-Kit



 

Anonymization
Neuroimaging data is inherently sensitive and requires special care to ensure safe

handling of data. Data is removed from the scanner on password-protected,

encrypted hard drives. At the point of transfer of data from the scanner to external

encrypted hard drive, one must always remember to check the box for

anonymization of the data at the scanner console and designate a participant

number or alias instead. This is because DICOMs have headers that contain

identifying patient data. If anonymization is not performed at the source, the

DICOM headers must be anonymized by hand, which can be time-consuming.

Storage of neuroimaging data is permitted only in TSD or Lagringshotellet at UiO.

Some patient groups may only be stored in TSD. Prior to data archival and sharing,

neuroimaging data should be defaced or skull-stripped. Some may opt to instead

make preprocessed data available, however this raises questions as to whether

better methods of preprocessing data might be applied in the future (Nichols et al.,

2017).

It is important to anonymize data from the start of data collection by providing

participants with participant numbers and keeping any identifying information like

name, address, phone number, birthday or national identification number separate

from the neuroimaging data. Name, contact information and the subject’s ID are

not stored together. Documents where ID and name are linked are stored on

encrypted storage mediums. Those devices should be stored in locked cabinets

separate from the data. These steps are of even greater importance when one is

working with patient populations.
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Research data archives 
There are national, international, and domain-specific archives that meet

international standards for archiving research data and making it accessible. UiO’s

researchers can choose the archiving solutions that are most appropriate to their

discipline and that meet the conditions of applicable legal frameworks. Depositing

data resources within a trusted digital archive can ensure that they are curated and

handled according to best practices in digital preservation.

Neuroimaging is moving toward open science but there remain several hurdles to

this process including policies regarding ownership of the data, individual attitudes

toward sharing and ownership, fears that errors will be revealed, the resources

involved in curating, storing and sharing data and anonymity (Nichols et al., 2017).  

Re3data.ord (a global list of archives)

Zenodo (EU’s archive)

Open fMRI (domain specific)

OpenNeuro (domain specific)

Neurodata (domain specific)

Neurovault (domain specific)

The fMRI Data Center (domain specific)

NIRD/Sigma 2 (national archives)

DataverseNO (national archives)

 

Some archival resources for MRI data are:

For more information, see our guide Data Management: DMPs & Best Practices.
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