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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _________ If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__FSL for fMRI data analysis______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps
2. Task design, steps 2.4 and 2.5

3. Experimental protocol, step 2.1

3. Data analysis, steps 3.3 and 3.4

4. Results, step 4.2

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Task design: planning and preparation.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
The overall goal of the following experiment is to show how task design can influence the interpretation of results in fMRI (pronounce f-m-r-i) studies, particularly when taking paradigms from other imaging modalities. (Intro)
This is achieved by first choosing an appropriate task for the cognitive or psychological construct of interest, in this case the visual oddball paradigm__. (P1) (see author provided powerpoint for animation)
The second step _involves designing 3 different versions of the visual oddball task using the same stimuli, which will result in the volunteer modifying their behaviour during the fMRI scan. (P2)  (see author provided powerpoint for animation)
Next, the fMRI data is analyzed in order to quantitatively assess the differences in brain activation between task versions (P3) (see author provided powerpoint for animation)
Results are obtained that show  how cognitive and motor processes can be differentiated based on  appropriate experimental design and data analysis. (P4)  
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name _Warbrick_______: This method can help answer key questions in the cognitive neuroscience field that involve identifying the neural substrates underlying human perception, cognition and behaviour.  

1.2. Author name __ Reske______: We first had the idea for this method when we noticed that interpreting our own results in relation to the existing literature was difficult due to subtle differences in task design and experimental protocols across papers. 
Protocol (read by voice talent at JoVE):

2. Task Design
2.1. To begin, choose an appropriate task to investigate the cognitive or psychological construct of interest.  Before setting up the task, first determine the appropriate number of trials required for a robust brain response, as well as the sequence stimuli timing, and be sure to consider the hemodynamic response-delay between stimulus onset and the measured brain response (Figure 2).
2.1.1. TITE SCREEN: first sentence with title screen.

2.1.2. MED over the shoulder: Talent at a computer to begin setting up the task, perhaps viewing some of the stimuli that will be used in the paradigm that will be set up in subsequent steps.

2.1.3. LAB MEDIA: figure 2
2.2. Download and install optseq (pronounce: opt-“seek”) software, then run optseq to determine the stimulus order by optimally distributing the trials across the experiment based on number of trials, stimulus duration, and scan parameters.
2.2.1. MED over the shoulder: talent opens the optseq software.
2.2.2. [combined with 2.2.1] MED: talent determines the stimulus order is generated by optseq by optimally distributing the trials across the experiment.
2.3. Next, implement the previously determined order of stimuli in a suitable program for presenting the paradigm to the subject. Specify all information relevant to the paradigm in terms of type of stimuli, timing and responses. 
2.3.1. MED over the shoulder: talent opens up presentation software and begins coding the paradigm. 

2.3.2. MED: another view of the subject setting up the task. 

2.4. The paradigm is the visual oddball task (Figure 1) which can be used to measure target detection responses and the effects of attention on target detection.  There are three versions of the oddball task that can be prepared. 

2.4.1. LAB MEDIA: use “graphic_illustration_C2” version of figure 1 here.  Have images appear as they do in this PowerPoint file.  (The 3 versions appear at the end in blue.)
2.5. In the Passive version, the subject only observes the visual stimuli, and does not respond.  In the Silent count version, the subject should be instructed to count the target stimuli in their head. This task requires directing attention towards these stimuli and a discriminating process.  
2.5.1. MED over the shoulder: talent views the Passive paradigm as it is running. 
2.5.2. MED over the shoulder: talent views the Silent count paradigm as it is running, and points to the screen as stimuli appear, indicating to the camera/viewer that these should be counted.  We shot two versions of shot 2.5.2, one with the talent (Warbrick) counting the target stimuli by marking a piece of paper and one with the talent indicating with a hand gesture that a target stimulus had been displayed. The videographer will have the take number for each of these
2.6. Finally, in the Respond version, the subject should push a response button upon seeing a target stimulus. This task requires attention, process of discrimination, and selection/production of a response to target stimuli.  
2.6.1. MED over the shoulder: talent tests out the Respond version of the task, using a Button box (or buttons on keyboard) to indicate the target stimuli.   
3. Experimental Set Up  (Note to videographer: do not enter the scanner room with camera or any equipment, film from doorway, through glass, or at a safe distance as indicated by staff.  The scanner is a very strong magnet that cannot be turned off. Follow directions of MRI staff to avoid injury and damage. )
3.1. Begin setting up for the fMRI experiment by first preparing the scanner room. Connect the bottom section of the head coil to the scanner bed, then place clean protective covers on the scanner bed and cushions.
3.1.1. WIDE: talent enters the scanner room.
3.1.2. MED: talent connects the bottom section of the head coil to the scanner bed.
3.1.3. MED: talent places clean protective covers on the scanner bed and cushions.
3.2. Next, turn on the display device that will present the experimental paradigm to the subject inside the scanner, as well as record the responses using a held button press device. 
3.2.1. MED: talent turns on the display device that will present the experimental paradigm.
3.2.2. CU: talent presses the buttons on the button box to test that it is working. Note that we have two versions of this scene (videographer may comment on labeling); one showing a computer screen with a button test, one showing talent Reske standing in scanner room, holding a response device pressing buttons.
3.3. Then, open the software that will deliver the experimental paradigm and enter a name for the logfile.   Also register the subject in the MR scanner database, and make sure that the MR sequences to be run are set up and ready.
3.3.1. MED over the shoulder: talent opens the software that will deliver the paradigm and then enters a name for the logfile.
3.3.2. MED over the shoulder: talent registers the subject info in the MR scanner, and selects the MR sequences that will be run.  
2. Subject Set Up Comment: Section 2 already exists above, this was not noticed during filming so there will be duplicate shot names. However the two section 2s will be easy to distinguish since they involve 2 different people in different locations: ‘section 2: task design’ involves Warbrick sitting at a desk preparing the stimulation programme and ‘section 2: subject set up’ involves Reske talking to the subject for screening and putting the subject in the scanner. 
2.1. Screen all potential subjects for MRI contraindications during the study recruitment procedure.  Then, upon the subject’s arrival, perform thorough MRI safety screening with trained personnel.   Ensure that the subject is metal free, and that items such as a belt, watch, or jewelry have been removed, as well as any pocket items such as coins. 
2.1.1. TITLE SCREEN: first sentence with title screen.
2.1.2. WIDE: the subject arrives and is greeted by talent.
2.1.3. MED: Talent reviews a MRI screening form with the subject: asking questions as the subject responds.
2.1.4. MED: the subject removes a few items from his/her pockets (such as coins, cell phone, wallet…) 
2.2. Once the subject is ready, ask them to sit on the scanner bed and place earplugs for hearing protection. Then have them lie down comfortably on the scanner bed with their head in the imaging coil.
2.2.1. MED: the subject sits on the scanner bed, as talent hands them ear plugs, and they place them into their ears.
2.2.2. MED: the subject lies down on the scanner bed with their head in the imaging coil.
2.3. Use small cushions to secure the subject’s head to minimize unwanted head movements during scanning. Then place the top section of the head coil over the subject’s head and plug in the connectors.
2.3.1. MED: talent uses small cushions to secure the subject’s head.
2.3.2. MED: talent places the top section of the head coil over the subject’s head and then plugs in the connectors.
2.4. Place a mirror on top of the head coil that will allow the subject to see the experimental paradigm displayed on the screen behind.  Hand the subject an emergency call button to stop the scan if required, as well as the response device.  Finally, move the subject into the bore of the scanner.  
2.4.1. MED: talent places a mirror on top of the head coil.
2.4.2. MED: talent hands the subject an emergency call button in one hand, and then the response device in the other.
2.4.3. MED: talent uses the buttons on the side of the scanner to move the subject into the bore of the scanner. 
3. Experimental procedure
3.1. Before acquiring images, first assure that the subject can hear the experimenter via the intercom and that they are comfortable and ready to begin the scan. Then, perform a localizer scan to obtain the position of the subject’s head in the scanner. 
3.1.1. MED: talent uses the intercom, and then listens to assure that the subject can hear them.
3.1.2. MED over the shoulder: talent acquires a localizer scan.
2.1. Next, perform a high resolution structural scan such as an MPRAGE (say “M-P-rage”).  Then, perform the functional MRI scans with the 3 runs of the visual oddball task. Speak to the subject in between runs to provide task instruction and reassurance, and to assure that they are comfortable and ready to continue with the study.  The numbering of shots here is incorrect - it switches to ‘2.1’ when it is in section 3 to avoid confusion other sections we used ‘6’ here. This shot was called 6.1
2.1.1. MED over the shoulder: talent sets up for an MPRAGE (or, views the already acquired image on the scanner console) and starts the sequence.  This shot was called 6.1.1 take 1
2.1.2. MED over the shoulder: High resolution image of MPRAGE comes up on screen. this newly added shot was called 6.1.1 take 2 
2.1.3. MED over the shoulder: show as the scanner console fMRI is being acquired, and, if possible, show the computer running the fMRI visual oddball task in the same shot  (ie on a laptop) this shot was called 6.1.2 
2.1.4. MED: talent speaks to the subject via the intercom between runs, then waits a brief moment for a response, then begins the next fMRI scan. this shot was called 6.1.3
2.2. When all structural and functional imaging is complete, inform the subject that the experiment is finished.  Then, enter the scanner room and help the subject out of the scanner. this should be  6.2
2.2.1. MED: we see the fMRI paradigm end, then talent speaks to the subject via the intercom to let them know imaging if now finished. this shot was called 6.2.1
2.2.2. MED: talent presses the button on the side of the scanner, and the bed slides out of the scanner. this shot was called 6.2.2
3. Data Analysis
3.1. Select a software package that is suitable for analyzing the acquired fMRI data. Begin by applying standard preprocessing steps to prepare the data for further analysis.   Steps may include motion correction, slice timing, image coregistration,  spatial smoothing, highpass temporal filtering, and spatial normalization.
3.1.1. TITLE SCREEN: first sentence with title screen
3.1.2. MED over the shoulder: talent sits as a computer, using fMRI analysis software  (ie FSL) to perform the preprocessing steps.  
3.2. Next, for the statistical analysis, first specify the onset times and durations of all events that occurred in the paradigm. These are also termed explanatory variables, or regressors.  
3.2.1. MED over the shoulder: talent enters the onset times and durations of all events into the software.  
3.3. Then, set up contrasts to determine which explanatory variables will be compared. For example, to identify the BOLD (say “ bold”) activation specific to detection of target stimuli,  set up a contrast to specify that  target  stimuli are greater than non-target stimuli. 
3.3.1. MED/BROL: side view of talent using the computer (generic shot) – get a few shots like this in case needed anywhere in this section to cover narration.  

3.3.2. MED over the shoulder: talent sets up the contrast for: target > than non-target stimuli.
3.4. Perform the first level statistical analysis for each subject and each condition separately. Then, once data has been acquired for multiple subjects, compare the three conditions using second level, or group level, analyses.
3.4.1. LAB MEDIA: show “graphic_illustration_C3”  here.
3.4.2. MED over the shoulder: talent ‘performs’ group level analysis, or, views a resulting BOLD map from such an analysis.  3 different BOLD maps were viewed (in the same shot)
4. Results: BOLD activation associated with a visual oddball task
4.1. The stimulation and analysis method elicited BOLD activation in brain regions associated with the visual oddball task. The target greater than non-target contrast revealed no activation for the passive condition but did reveal activation in both the count condition and the respond condition as seen here.
4.1.1. LAB MEDIA: Figure 3: the first row is indicated when “count condition” is spoken  and second row is indicated when “the respond condition” is spoken.
4.2. BOLD activation for the count condition against the passive condition can be seen here (left row) while the respond condition against the passive condition can be seen here (right row). All data represent the target greater than frequent lower level contrast. Activation can be seen in the supplementary motor area (SMA, say “ S-M-A”) common to both conditions, while middle frontal gyrus (MFG, say “M-F-G”) activation is seen for the respond condition only. 
4.2.1. LAB MEDIA: Figure 4.  Left row is indicated when “count condition against the passive” is spoken, then the right row is indicated with “respond condition against the passive”  … Then, SMA is highlighted when “supplementary motor area” is spoken, and then “MFG: is highlighted when “middle frontal gyrus” is spoken.  
2. Conclusion (said by authors on camera)
2.1. Author name __Warbrick_______: After watching this video, you should have a good understanding of how to _design and implement fMRI experiments and understand how the design can impact on results interpretation.

2.2. Author name __Reske_______: Don't forget that working with fMRI can be extremely hazardous and precautions such as screening volunteers thoroughly should always be taken while performing this procedure.  In addition, these procedures should only be performed by trained personnel.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

Figures and Tables:
n.b. file names from original submission used, MS number changed to 51793 at some point…
2.1 - JoVE51363_Warbrick_Figure 2.tif - hemodynamic response function
2.4-2.6 - JoVE51363_Warbrick_Figure 1.tif - schematic of the oddball paradigm

4.1 JoVE51363_Warbrick_Figure 2.tif - fMRI results for count and respond versions of the task
4.2 - JoVE51363_Warbrick_Figure 2.tif - fMRI results illustrating brain areas similar are different between the count and respond conditions.
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


