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Title: Automated Visual Cognitive Tasks for Recording Neural Activity using a Floor Projection Maze

Schematic Overview (read by a voice talent at JoVE)
The overall goal of this protocol is to demonstrate optimized shaping and training procedures for fully automated visual cognitive tasks and simultaneous neural data acquisition in rats using a Floor Projection Maze . (Intro)  This is achieved by integrating video tracking and neural data acquisition systems with a behavioral control system that is capable of delivering task relevant stimuli and intracranial reward according to the animals’ behavior. (C1)  After rats learn to hold a stationary ‘ready position’ in the center of the arena,(C2), target images appear that require a relevant behavioral response according to the task rules. (C3)  Time-stamped neural data for peri-event analyses show neural correlates to the ready position, the onset of target image presentation, and other task-relevant events. (C4)
Video editor: 

Show the provided visuals for each narrative statement.  Animate them as follows:

C1 – Start by showing the left side in full screen.  Then shrink down the left side to make room for the right side.  On the right side, control room, initially have all the arrows in light grey and the computer screens blank.  Then trace on the first red line to the computer, followed by the red line to the second computer.  Next, trace on the two arrows to the Omniplex and the green arrow back to the behavior room.  Finish with tracing the two headed blue arrow.  Whenever a computer is first pointed out by a color-traced arrow, make the screen show the content provided.  Keep ALL the labels.  Allow a little time for the view to soak in the schematic.

C2 – Zoom in on the CinePlex screen and show the C2 graphic that looks like the graphic there instead, filling the screen

C3 – Fade to the C3 graphic.

C4 - Fade to the C4 graphic.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Jonathan Ho: The main advantage of this technique over existing methods, like touchscreen tasks where visual images are presented vertically, is that The Floor Projection Maze takes advantage of anatomical and behavioural evidence that rats preferentially process visual information in the lower visual hemifield. Also, tasks developed for this apparatus exploit rats’ natural tendency to actively explore the environment.   

1.2. Tara Jacobson: We developed this technique to provide face validity and better translational relevance to studies conducted with humans and nonhuman primates. The Floor Projection Maze has better application to understanding human disorders of memory and attention because these disorders usually involve processing of visual information.
Protocol Chapters (read by a voice talent at JoVE):

2. Floor Projection Maze Overview

2.1. The Floor Projection Maze is an open field, without walls. (TEXT: 147.3 cm x 111.8 cm) A rear projection screen serves as the floor of the apparatus. (TEXT: 0.6 cm thick). Any shape maze or arena can be placed on the floor or virtual visual borders can be projected.
2.1.1. WID: talent enters room with Plexiglas floor maze, pan over the maze

2.1.2. MED: talent sets a test arena onto the Plexiglas floor
2.2. The rear projection screen floor is constructed of three layers. Dual Vision Fabric is stretched over a thick rectangular piece of Plexiglas. A thin layer of Plexiglas is placed over the fabric to  protect the screen material. Sandwiching the screen material between thick Plexiglas underneath and thin Plexiglas on top provides the most effective image projection.(TEXT: 147.3 cm x 111.8 cm x 1.25 cm) Below and to the side of the maze is a short throw projector, which back projects images onto the underside of the maze floor.
2.2.1. MED: side view of maze, lower the camera to look under the maze, showing the stretched canvas below it – continue panning to the short throw projector
2.2.2. MED: view from under the maze as projector casts a maze image onto the screen below the maze
2.3. An overhead camera, attached to a computer with the CinePlex Basic Behavior module, provides video tracking and online analysis of positional data. (TEXT: Hardware and software detailed are in the text protocol.)
2.3.1. WID: above the maze, the image is projected on the maze (2.2.2), pan from the image up to the camera mounted above the maze
2.3.2. MED: pan over to the computer running the behavior program (show the CinePlex graphic on the screen)
2.4. To follow the rat’s position, either attach LEDs to the rat’s headstage or track the centroid of the rat’s contour  with the video tracking system. 
2.4.1. MED: a headstage, no need for an attached rat, is handled by the talent – attaches an LED or turns on an LED on the headstage
2.4.2. MED: talent reviews video data showing the contour of the rat running around the maze, show screen clearly in shot
2.5. The test arena for behavioral tasks, placed on the Plexiglas, should be constructed of matte material.  
2.5.1. MED: pan around the walls of the test arena, show that they are not transluscent
2.5.2. CU: show the rat’s view of the walls from within the maze, pretend the camera is an exploring rat checking out the maze walls
2.6. When using the neural data acquisition system, ensure that the Floor Projection Maze and the ICS system are grounded to the preamplifier to minimize electrical noise.
2.6.1. CU/MED: follow the ground wire from the floor projection maze to the preamp
2.6.2. CU/MED: follow ground wire from the ICS to the preamp
3. Behavioral Shaping: Early Stage
Note that there are several days passing between steps 3.1 and 3.4 (not to mention in the next sections) – it may be a pointless exercise, but the talent should certainly always be in a lab coat to mask the fact that the talent is probably wearing the same clothing across all these days.  Perhaps the talent could don a hat on some days and not others – get creative, the talent should make a little effort to help make this look like several different days.  Usually, I press the point with each shot.  In this case, this will be my only note, because the days change so often.
3.1. First, habituate the rat to the behavioral room for 10 minutes with the equipment switched on, then return the rat to the colony.  On the next day, repeat this step. (TEXT: Two days of 10 minute room habituations.)

3.1.1. WID: from outside the behavior room talent, enters behavior room with one of a few different caged rat, all the equipment in the room is switched on 

3.1.2. WID: from outside the behavior room, talent leaving behavior room with the caged rats and returns to room with different caged rat
3.2. On the third day, connect the ICS and headstage tethers to the rat, and habituate the rat to the testing arena for 10 minutes. 
3.2.1. MED: attaching ICS and headstage to the rat  
3.2.2. MED: setting rat with attached devices into the arena, rat does some exploring or freezes – doesn’t matter
3.3. On the fourth day, determine the lowest ICS amplitude to establish a place preference using an informal place preference conditioning protocol.  Slowly increase Pulse 1 and Pulse 2 amplitudes until the rat is conditioned to the place where ICS reward occurs.  Typical amplitude values are between 20 and 80 µA.  
3.3.1. MED: talent places rat in maze, hooked up to ICS and headstage (like 3.2.2, only different angle)

3.3.2. SCREEN: 3_3_2_Increasing ICS.avi; amplitude values increasing
3.3.3. MED: talent observing rat, presents a pulse 

3.4. On Day 5 and onward, deliver an ICS reward to train the rats to the Ready Area and to entry into the East and West Image Areas.  Continue the training until the rat is alternating between the two Image Areas.
3.4.1. MED: rat in maze, talent in “observation space”  - rat does something to earn an ICS pulse, talent applies pulses

3.4.2. MED: rat in maze, enters the West Image Area then enters East Image Area – performing the desired alternating behavior

3.4.3. CU: talent dialing down the pulse amplitude from a value >20, down to 20 µA

4. Behavioral Shaping: Intermediate Stage (NOTE TO VIDEO EDITOR: floor of this procedure is gray/blank. “+” symbol appears in the east or west image area)
4.1. It is critical to train rats to maintain a stationary ‘ready position’ in the Ready Area. The ‘ready position’ controls from which direction the rat approaches the target images, and the distances from which the rat views the presented images.
4.1.1. SCREEN: 4_4_1_long cineplex ready zones.avi: demonstrating where the ready zones are
4.2. For the intermediate stage, introduce 50 dB of white noise to signal the start of a trial. Turn off the white noise when the rat enters the Ready Area.
4.2.1. WID: (record audio) talent starts a trial with the white noise sound

4.2.2. CU: (record audio) on rat, it enters the Ready Area and noise goes out
4.3. Automate the delivery of an ICS reward to the rat for entering the Ready Area and for successfully completing the ‘ready positions’.   Gradually decrease the reward probabilities for entering the Ready Area and successful completion of ready positions to between five and ten percent.  
4.3.1. SCREEN: 4_3_1_reward probability.avi: changing reward probabilities
4.3.2. CU: on the screen, showing the tracking of rat into the ready position, an indication of an ICS reward would be great to see too
4.4. Tailor the reward probabilities to suit the individual rat’s performance. Gradually decrease the reward probabilities, for entering the Ready Area and successfully holding ready positions, down to between five and ten percent. NOTE: This is the same as 4.3, should be one step.
4.4.1.  MED: screens and talent, showing the schedule to reduce the length of the reward program

4.4.2. CU: the scheduled rewards, showing the plan to drop their likelihood to between 5 and 10% per successful ready area entrance – this is the plan for a specific rat

4.4.3. WID: rat in maze, talent in observation area, rat moving around between areas, if the light indicating an ICS reward is given, try to angle the shot to include it
4.5. At the same time, taper up the ‘ready position’ latencies in 100 millisecond steps to train the rat to stop and wait in the ‘ready position’. At this stage of training it is important not to over-reward rats in the ready position because overtraining will result in delayed transition to late shaping and task specific rules. 
4.5.1.  SCREEN: 4_5_1_List of Ready duration.avi: Demonstrate with behavioral code that durations are drawn randomly from a list created
4.5.2. CU: a completed plan for incrementing the ICS latency, values in ms shown, increasing by 100 ms per step 
4.6. Tara Jacobson:  It is important to titrate the probability of reward delivery when training the rats to maintain a stationary ‘ready position’. Overtraining will result in the rat remaining in the Ready Area waiting for a reward and delay transition to Late Shaping and learning task specific rules.

4.6.1. WID/MED: interview shot of Tara at/near the behavior room

4.7. If the rat prematurely breaks the ‘ready position’, turn on the white noise; the rat has to restart the trial on the opposite side of the arena.
4.7.1. CU: (record audio) rat enters the ‘ready area’, but leaves quickly, and in response there is a burst of white noise

4.7.2. MED: talent moves this rat to the opposite side of the arena – I’m not sure if the talent moves the rat or the rat moves itself, show either
4.8. Move on to Late shaping when the rat can reliably maintain the ‘ready position’ for up to 1200 milliseconds. For each trial, a new ‘ready position’ duration determines how long the rat must remain still before the target images appear.
4.8.1. CU: rat searching maze, enters the ‘ready area’ and waits a little longer than a second before moving onto other area – if the rat keeps returning to ‘ready area’ that would be cool

4.8.2. SCREEN: 4_8_2_Ready Duration Trial by Trail.avi: trial by trial data being captured as rat performs task
5. Behavioral Shaping: Late Stage (vBCD) (NOTE TO VIDEO EDITOR: the floor of the initial luminance discrimination is a black Q and a white triangle on a solid light gray floor) Can also use file EXTRA LAB MEDIA_vBCD_Lumininace Discrimination.avi for additional rat in maze footage.
5.1. Training during late shaping is specific to the task and is automated in all task parameters with the flexibility to manually deliver ICS rewards. 
5.1.1. WID: talent entering room with rat, now the maze is set up for the task 
5.1.2. CU: talent applying ICS reward, manually, light goes off indicating ICS
5.2. For the initial training in the visual biconditional discrimination task, train rats on a luminance discrimination.  Begin the trial by turning on the white noise.
5.2.1. MED: the maze, with the images for the vBCD task are lit up
5.2.2. MED: (record sound) talent starts the trial, puts rat in maze, and applies the white noise
5.3. Vary the required duration for the rat to remain in the ‘ready position’ between trials.  (TEXT: 700 milliseconds - 1200 milliseconds)
5.3.1. CU: schedule of required time in ready area, showing how it varies between trials.  Can re-use 4.8.2
5.4. If a rat is not reliably maintaining a stationary ‘ready position’, deliver an ICS reward manually.
5.4.1. reuse 4.7.1, no sound Zoom in from video of talent at computer of ICS stimulation (red light flashing, or oscilloscope showing voltage changes in response to ICS delivery) 
5.4.2. reuse 5.1.2
5.5. Present a pair of images in the image presentation area.  Pseudo-randomly present the correct image on the left or right side of the Image Area.  Deliver an ICS reward when the rat approaches the correct image.  
5.5.1.  MED: maze, showing the correct image switch from left to right area
5.5.2. CU: rat’s point of view of the correct image lit up in the maze, move the camera toward that point like it were a rat approaching that spot
5.5.3. Reuse 5.1.2 Use EXTRA LAB MEDIA_vBCD_Lumininace Discrimination.AVI of rat performing task.
5.6. On the first day of training only, issue a 75 dB burst of white noise as a deterrent for an incorrect response.
5.6.1. LAB VIDEO MEDIA: 5-6-1_Rat POV_LD Incorrect.AVI: Rat makes incorrect choice and is signaled by a burst of white noise. (record audio) rat’s point of view, correct image lit up, but move the camera away from that image and then there is a burst of noise
5.6.2. MED: (record audio) talent tracking rat from computer, it moves to the wrong location and there is the burst of noise (the Plexon logo may show up here – which is good)
5.7. Issue a correction trial after an incorrect trial.  Correction trials are carried out on the opposite side of the arena - use the same correct left or right side and ‘ready position’ latency as the previous incorrect trial.
5.7.1. MED: talent moves the rat to start a correction trial
5.7.2. MED/WID: rat running through the maze on the correction trial USE EXTRA LAB MEDIA: 5_7_1_vBCD Correction Trial.mov: Rat makes an incorrect choice and moves to the opposite side of the arena to repeat the same trial.
5.8. Once the rats successfully perform the simple luminance discrimination, introduce  the biconditional discrimination task. Do not issue noise burst for incorrect trials.  (NOTE TO VIDEO EDITOR:  the images for this maze are on either a gray floor or a striped floor, the images are a black star or a white circle)
5.8.1. MED: show the maze, no rat, talent switches up the pattern to a more advanced pattern, There is only 1 pattern.  USE EXTRA LAB MEDIA: 5_8_1_BCD floor examples.avi: shows different floor patterns and placement of images.
5.8.2. CU: rat’s point of view, looking out over one of these more advanced patterns
5.9. For the biconditional discrimination task, the correct image is determined by  the floor pattern.  For example, the black star is correct when the floor is grey and the white circle is correct when the floor is striped.  Trials alternate between the East and West sides with the correct image presented pseudorandomly on the left or right side of the image area.  Implement correction trials folliowing incorrect trials. 
5.9.1. MED: the black star with grey floor pattern maze, pan around the maze
5.9.2. MED: the white circle with striped floor pattern maze, again, pan around
Alternatively: use EXTRA LAB MEDIA: Annotated vBCD.mp4: this is a rat completing several trials of the task with both striped and gray floor patterns
5.10. Continue the training, alternating between East and West trials presenting the biconditional problem, pseudorandomly, and implementing correction trials.
5.10.1. MED: rat running one of the more advanced condition mazes, with correct pattern in the West
5.10.2. MED: As above with correct pattern in the East (There are no additional/more advanced patterns)
6. Behavioral Shaping: Late Stage (VSA) NOTE TO EDITOR: in the VSA task, the floor is solid grey with three dark grey circles located in the East/West Image Areas
6.1. For the visuospatial attention task, present grey circles at defined spatial locations. 
6.1.1. MED: maze, talent lights up the visuospatial attention (VSA) task – grey circles are present at a variety of places on the maze
6.2. Begin the trial with white noise and turn it off when the rat enters the Ready Area. After the rat holds the 'ready position' for the required duration, illuminate the target circle by turning it white.  Correct locations are assigned pseudorandomly.
6.2.1. MED: (record sound) rat put into maze for VSA task, white noise is on, rat moves to the ready area and the noise goes away – next, a grey circle turns white and the rat moves toward that circle (film long enough to cover the long narrative for this single shot)
6.3. Deliver ICS rewards as needed to keep the rat in the 'ready area' for the required time.
6.3.1. MED: rat enters and leaves the ready area too quickly on VSA task maze
6.3.2. Reuse 5.1.2  (This idea has been reinforced in previous sections.  Cannot reuse footage from previous tasks because the floor pattern is different.)
6.4. After the rat has successfully completed the ‘ready position’, illuminate a target circle and deliver an ICS reward when the rat approaches the correct circle within five seconds.
6.4.1. Reuse 6.3.2  Use footage of rat in maze, overhead view, performing the task with audio
6.4.2. Reuse 5.1.2
6.5. If the rat approaches a different circle, no reward is delivered. The rat starts a new trial at the opposite side of the arena. 
6.5.1. MED: rat in VSA task maze, it goes to the wrong circle – talent enters scene and moves rat to the opposite side of the maze and starts a new trial (or rat just moves itself to where it needs to be on its own)
6.6. If the rat fails to approach any circle within 5 seconds, score this as an omission trial, illuminate the whole floor and do not deliver a reward.
6.6.1. MED: rat in VSA maze, doesn’t go to any circle for five seconds, then the floor lights up -
6.7. Initially keep the target circle illuminated until the rat approaches it.  As learning progresses, gradually decrease the amount of time the target circle remains illuminated.
6.7.1. LAB VIDEO MEDIA: 6_7_1_Rat POV_VSA Spot stays on.AVI : rat’s point of view, find the white circle then move camera toward it like a rat, but the circle goes back to grey before you arrive to it, all the same keep moving to the location
6.8. When the rat reaches 80% accuracy, decrease the illumination time on the target circle to one second and make no other changes.  When the rat achieves 80% correct on the one-second illumination condition,  reduce the cue time to 500 milliseconds. 
6.8.1. LAB VIDEO MEDIA: 6_8_1_Rat POV_VSA 1 sec spot.AVI: rat runs maze, like 6.2.1, only the target circle is illuminated for one second
6.8.2. MED: as above, only target circle is illuminated for half a second

Videographer: vary the camera angle of watching the rat run the maze for each of those shots.

7. Shaping Timeline and Neural Recordings in Late Stage Shaping
7.1. Early shaping typically requires 100 - 150 trials for the rats to alternate between the East and West Image Areas of the arena.  During Early shaping the rats typically run through the Ready Area in the center of the arena and spend most of their time exploring the perimeter of the arena.

7.1.0 : LAB MEDIA 7_1_0_Intro to path diagrams.avi: Show rat in maze with tracking overlaid first to demonstrate what is portrayed in Figure 4A-C 

7.1.1. LAB MEDIA: Figure4A (51316_Burwell_Figure4A.tif)

7.2. For intermediate shaping, rats require 600 – 700 trials to reliably maintain the required stationary ‘ready position’. Their paths are stereotyped loops from the Ready Area to the Image Area with less time spent exploring the perimeter of the arena.  
7.2.1. LAB MEDIA: Figure4B (51316_Burwell_Figure4B. tif)

7.3. By the end of Intermediate shaping, rats reliably maintain a stationary ‘ready position’ in the Ready Area before approaching the target visual stimulus.  The rat then initiates the next trial on the opposite side of the arena.

7.3.1. LAB MEDIA: Figure4C (51316_Burwell_Figure4C.tif)
7.4. At the end of Late shaping, single-unit and local field potential activity were collected by the Neural Data Acquisition System. In the postrhinal cortex of rats performing the vBCD task, cells increased their firing rate at the onset of the target presentation and at the onset of the floor pattern presentation.

7.4.1. LAB MEDIA: Figure5A (51316_Burwell_Figure5A.tif)
7.5. In the posterior parietal cortex of rats performing the VSA task, cells increased their firing rate in response to the circle illumination, and when the rat approached the target circle. 
7.5.1. LAB MEDIA: Figure5B (51316_Burwell_Figure5B.tif)
7.6. In the VSA task, while the rats were in the ‘ready position’ before the circle illumination, local field potential activity in the posterior parietal cortex during performance in the VSA task showed strong power in the theta range, at about 8 Hertz.

7.6.1. LAB MEDIA: Figure5C (51316_Burwell_Figure5C.tif)
8. Conclusion Interview (spoken by you on camera)

8.1. Jonathan Ho: By following these shaping and training procedures using the Floor Projection Maze, any number of visually guided tasks can be designed to study visual information processing and cognitive functions in rodent models.  
8.2. Tara Jacobson: This technique provides a sophisticated behavioural paradigm for researchers in the field of learning, memory, and attention that will permit better translation of findings in rodent models to humans.
List of Provided Media Filenames and Descriptions

Images

7.1.  51316_Burwell_Figure4A.tif  -  rat path in Early shaping

7.2.  51316_Burwell_Figure4B.tif -  rat path in Intermediate shaping

7.3.  51316_Burwell_Figure4C.tif  -  rat path in Late shaping

7.4.  51316_Burwell_Figure5A.tif  -  Perievent histogram of a cell in postrhinal cortex in the VBCD task

7.5.  51316_Burwell_Figure5B.tif  -  Perievent histogram of a cell in posterior parietal cortex in the VSA task

7.6.  51316_Burwell_Figure5C. tif  -  Spectrogram analysis of local field potentials in posterior parietal cortex in the VSA task

Videos
Annotated vBCD.mp4  -  video clip of visual biconditional discrimination task

VSA Correct Trials.mp4 - video clip of visuospatial attention task

VSA Incorrect Trials.mp4 - video clip of visuospatial attention task

VSA not waiting in ready.mp4  -  - video clip of visuospatial attention task

VSA Omission Trials.mp4  -  - video clip of visuospatial attention task
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.

( 2013, Journal of Visualized Experiments


