Figure Legends

Figure 1. The main components of the system (A) and a schematic drawing of the custom-made auditory operant chamber (B). A. The operant chamber is located in a double-walled sound-proof room. Anechoic foam wedges are mounted throughout the walls of the room to eliminate sound scattering and deflection. a: Commutator for routing wires to neuronal activity recording system; b: Video camera for monitoring and recording animal behavior; c: Pellet dispensers; d: Operant chamber. e: Infrared receivers. B. The operant chamber comprises three acoustically transparent walls and one modular-operation panel. See Text for detailed descriptions.

Figure 2. Schematic overview of the system. The system consists of two sub-systems: behavioral training and neural activity recording system. The two subsystems interactively communicate with each other via TTL pulses (see System Configuration for details). The red arrows represent commands and/or behavioral events sent out from the computer; the green arrows denote animal response signals feeding back to the computer; and the blue arrow represents signal inputs of neural spike events detected online with the Neuralynx recording system.       
Figure 3. Two-Alternative Choice Frequency Discrimination Task. Top, Block diagram showing the basic task sequence. Bottom, Schematic depiction of main behavioral actions. Green arrows indicate the sequential flow of the task.
Figure 4. Representative results of Two-Alternative Choice Frequency Discrimination Task. A. Learning curves: Each colored line represents the learning progress of a rat on discriminating each frequency variations (ΔFs). The dark line represents the averaged learning curve for frequency variations. B. Distribution of reaction time measured as time laps from the onset of cue to lever push. C. Distribution of inter-trial interval. D. Temporal dynamics of performance within a session measured with accumulated rewards obtained in early, middle, and late stage of a session. All the data in B – D was obtained in the last stage when the rat’s performance was over the 75% hit rate.
Figure 5. Example of cognitive behaviors and brain functions that can be investigated using the system. A. Cognitive behaviors. The top captions describe each action in a sequence of one trail. The bottom captions indicate the cognitive behaviors that can be studied. Note that both levers were extracted in all pictures except for in d where the lever is in the processing of extending into the chamber. B. Firing patterns of a neuron recorded in the NB of a rat performing the two-choice auditory task. Top, Raster image plot of firing across each trial. Each colored rectangle represents the firing of the cell and the firing rate is coded by the color. Bottom, Peri-event histogram of the firing rate. Note the building-up of the firing before the action (pushing lever at time zero microseconds, indicated by the red-dotted vertical line) and gradual dispersion of the firing after the action. C. Firing patterns of a neuron recorded in the VTA of a rat performing the two-choice auditory task. Top, Raster image plot of the firing of a single VTA neuron across each trial. Each colored rectangle represents the firing of the VTA neuron and its firing rate is coded by color. Bottom, Peri-event histogram of the firing rate shown in the raster image. Note the sparse firing immediately before the action of pushing lever (at time zero microseconds, indicated by the vertical red-dotted line) and vigorous firing during the time period when the rat is obtaining the reward.  The activity of this neuron is virtually silent between these two actions. Tungsten stereotrodes implanted in the brain were used to record neural activities simultaneously from the NB and VTA while the rat was performing the task. Spike-sorting was performed off-line using SpikeSort 3D Software (Neuralynx, Bozeman, MT).
