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Tailoring behavioral tasks for use in electrophysio logical experiments (0] ; —— 5 ]
requires contending with multiple constraints. For instance, tasks should Correct O Incorrect Forced Effort £ - ﬁ
include many trials so that signal can be extracted from variable neural e |
responses. Ideally, reversals or set shifts should be included to ensure that Rat 1 == =
selective neural responses are not due to tagk-|rre Ie_vant cuesor 5 eSS |
sensorymotor feedback. Furthermore, experimenter-ani mal interactions 1mo 5 w B -
should be minimized to limit the possibility of uni ntended cues and, ( 20 40 60 80 100 120 140 160 180 200
importantly, to reduce the considerable labor inves ted in animal training.
These constraints demand automated solutions for be havioral training. . Rat 2
Although commercial and non-commercial systems have been developed for o) B W
automating training and testing in head-restrained animals and rodents o 3@ o 50 100 150 500 2%
behaving in operant chambers, solutions are farles s common for rodents ) )
running on mazes. The devices that do exist are typ ically designed for a Cost/Benefit T-Maze: (Salamone et al. 1994) Figure 8 Maze: (Olton et al. 1979) 5 Rat 3
particular maze configuration, rely on a proprietar y system/software, and are + Easy to train. + Easy to train. 1 m _— m
extremely expensive. As a result, behavioral neurop  hysiologists using - Few trials. - Animals typically hand-fed 20 40 60 ~ 80 100 120 140
rodents and mazes often have to invest considerable resources to develop - Animals must be picked-up at the (but see Pedigo et al. 2006). Training Phases: Trial
in-house solutions or rely on non-automated solutio ns. . 1 . , . ] )
end of each trial. - Potential ‘embodied memory 1. Habituation and lap-running (1 week).

We describe a system for training and assessing eff  ort and reward driven - Animals are hand fed. effects (rats can lean into the 2.  Reward discrimination training (1.5-2 weeks). Effort-Reward Driven Decision Making Performance Each plot represents
decision making, reversal learning and delayed alte  rnation behavior. turn). 3. Effort discrimination training (1 week). 3 ’ - i - i X
Animals trained in this system can perform alloft  hese behaviors during a ) 4 Combine Effort and Rewarg 'Eraining )(1_2 weeks). the performance of an animal during a single experimental session. Circles . - _ . . _
single recording session without human intervention , with animals 5 Extend the maze length to increase the distance to the indicate the door the animal chose on a particular trial. Trials proceeded in A) Barr!er for the effort cond|t!on (barrler swivels into the maze). B) Solenoid feeder. C)
commonly completing over 200 trials on the effort-r eward and reversal . : _ blocks. For example. in the top plot. the first block involved reward Underside of the multiple choice region of the maze. The servos and the servo controller

: : : : : feeder and barrier (1-2 sessions). ple, p piot, are mounted underneath the maze. D) Step sensor. E) Servo motor, servo controller, and
learning task and over 100 trials on the delayed al ternation behavior. In its } : } : - discrimination and one reversal (purple colors) and was followed by an effort- lenoid val | board: ic mi ller (lower left) and optoisolator rel
simplest form, the apparatus consists of a squarew  ooden maze with a The M u Itl ple ChO|Ce M u |t| ple Outcome Task 6.  Alternation training on a shortened maze (2 weeks). discrimination block | solenoid valve. ) Control board: ZBasic microcontroller (lower left) and optoisolator relay
decision region located on one |eg of the maze. The decision region consists s ] 7. Alternation Tl’ainingi Extended maze (1 SGSSIOI’]) Iscrimination bloc (tan co OI’S). (Iower rlght) for Controlllng the solenoid valve.
of multiple servo-controlled doors. Touch-sensitive pads detect the animal’s
location on the maze and an inexpensive mlcrocontr(_) ller monitors the _ Criterion to progress to the next phase: reversals on 3 Example co.de.for triggering the .
sensors and manages all of the automation. The devi  ce can be generalized : . A Rat 1 feeder. A principal advantage of this in
to almost any maze configuration or schedule of rei  nforcement, is consecutive sessions. <5 @ o) o) o) o) o) o) o) brand of microcontroller is the Cai Puirin (Fasdarpin,C) 1 op :
inexpensive (<$500), requires only a moderate knowl  edge of electronics and 81 ((F 00-0-0-00—0-0-0-00-0—aD-00-0O—0-00-00—0-00-O0-T00—-DOO0—IDO00— simplicity of the programming T11 Putbin(Pesdarnin,1) e
very little soldering, and is relatively easy to co  ntrol. As a result, it is hoped 170 180 190 200 210 220 230 240 250 language (Visual Basic). e
that this apparatus, or elements of it, will help e ase the training load, reduce —p k

costs, and enhance the experimental possibilitiesa  vailable to the behavioral
neurophysiologist.
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Materials List

Week - 2 - 4 - 6 - 8 Alternation Training Performance Quantity ftem Part No. and Description Source Price  Total

Movable A) Delayed Alternation 90 ° 1 Microcontroller Zbasic 1280 Development Board www zbasic.net $89.95 $89.95
e <«— Door barrier ~ . B N 2 Servos for doors Hitec HS-311 Standard Servo Motor  www.towerhobbies.com  $8.99 $17.98
5<—Trial start Performance . Trials start at 85 d e © 1 Servo controller Pololu Micro Servo Controller www.pololu.com $19.95 $19.95
. . eed 170 as the alternation 801 .o % %% 1 Solenoid (feeder) 2P025 1/4 12VDC stcvalve.com $18.43 $1843
s o ° hd ° 2 Solendoid fittings MC 1/4 N1/4 stcvalve.com $1.10  $2.20
M Otlvatl O nS Feeder — ‘ . . COI’]dItIOI’l- fO”'OV\'IEd the effort- B85y o '.'. ° °® 2 Sheetmetal 24"x30" 28Gauge galvanized steel ~ www.acehardware.com  $18.00/ $36.00
Tra| Ni ng Performan ce reward discrimination task. S 70l o e . 1 4 of 1/4” vinyl tubing Tubing for feeder www.acehardware.com $2.00/ $2.00
O o’ ° 1 Opto-Isolator board 70RCK4R www.digikey.com $21.50/ $21.50
o _ _ _ _ B) Performance across S 65%e ° 1 Opto-Isolator 70-0DC5 www digikey.com $9.59 $9.59
Effort and Reward Based Decision Making: A trial begins when the animal runs sgssions Performance o ° . 2 Power supplies 17261-PS ledsupply.com $1499 $2998
Identify the neural basis of... over a pressure sensitive pad (dashed bo>_<)_. At trla_l onset, enher one (forced trial) Leaming Progress  Reversals Per Session: Rat 3 Reversals Per Session: Rat 6 reached 75% after 2-3 weeks 551 e e e e $24758
Hort and d auided decisi Ki or two (choice trial) doors open at the decision region. The animal selects a path A ©B : C : of training o | | | |
° . . . . . : 4 . ° )
€ Or_ and reward guiaed decision making. and this choice determines the outcome (high/low reward, high/low effort). After the : S . 5 0 10 ZOSessionso 40 50
sworking memory. animal learns the correct association (e.g. Door 1 = high effort, Door 2 = low effort), w . e } P
the reinforcement contingencies are reversed. Reward is liquid Ensure™ delivered B LA Summar
H H H . g . . < ) o M ':... R0 0 0,20 2 & y
A behavior that requires animals to... through a solenoid. The effort condition occurs when a climbable barrier rotates e SR U - S e eesse
make decisions based on the effort or reward into the path of the animal. m W e T e -
associated with an action. Delayed Alternation: Trials proceed as above except that on each trial, both doors e e R e T I T e I T We present a unified behavioral paradigm for traini ng and
emaintain a memory of the preceding trial. remain open. A trial is rewarded (or effort is omitted) when the animal chooses the Comect © Incomect O Forced testing effort and reward driven decision making an  d delayed
i ath that was not chosen on the preceding trial. i ini . . .
«perform many trials. P P g A) Number of completed trials by training Reversal alternation performance in the rodent. The tasks ar e optimized
eperform multiple reversals ‘L ) | ing th v to distinauish worki \ated activit session. Each rat is indicated by a unique 2 Door Reward Discrimination _ _ _ _
. frgrrﬁjsc:rggsnr;gtg:negzct,smcreasmg e capacity to distinguish working-memory related activity color. _5crm D) ©0 T 0000 for the demands Of phySIOloglcaI recordlng ] The Sys tem IS
- . o ! . . . .
An apparatus that is... + Same apparaliys can be used (o test two frontal tasks during the same recording session. B+C) Number of successful reversals per 81\ OOER0000 00 e 00000000005} 50-00 00 AICECINEDEE0 G entirely automated, inexpensive, and can be readily  adapted to
+ Many trials. . _ ; ; ; e ;
sinexpensive. + Commletely automated. training session. Reversals occur when S0 100 150 200 250 30 a wide variety of experimental conditions and quest  ions.
- animals achieve 85% correct performance.
erelatively easy to construct, debug, and 0 P 3 Door Reward Discrimination References -
control. D) Examples of reward-discrimination S 4 [ o 0co w 00O OO 00 OO 0 0O  ®A™ Olton DS, Becker JT, Handelmann GE (1979) Hippocampus, space, and memory. Behav. Brain Sci. 2:313-65
i ; e . ; ; a 0CD0 000 O CO o) 0COC0 €D 000 . . e . . .
euseful to many laboratories for a wide range of performance within a training session. Circles > I | ‘ | { ‘ 1 Pedigo SF, Song EY, Jung MW, Kim JJ (2006) A computer vision-based automated Figure-8 maze for working memory test in
. . inli ; ; WU RAYT R WU U WL A A i A rodents. J. Neurosci. Methods 156:10-16
experlmental queStlonS' indicate the chosen door durlng a trial S0 100 150 . 200 S0 300 Salamone JD, Cousins MS, Bucher S. (1994). Anhedonia or anergia? Effects of haloperidol and nucleus accumbens dopamine
Trial depletion on instrumental response selection in a T-maze cost/benefit procedure. Behav. Brain Res. 65:221-229
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