
20 40 60 80 100 120 140 160 180 200
1
5

rat 01 21

An Automated Maze For Assessing Effort And Reward Driven Decision Making And Delayed 
Alternation Performance In The Rodent 
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Tailoring behavioral tasks for use in electrophysio logical experiments 
requires contending with multiple constraints. For instance, tasks should 
include many trials so that signal can be extracted  from variable neural 
responses. Ideally, reversals or set shifts should be included to ensure that 
selective neural responses are not due to task-irre levant cues or 
sensorymotor feedback. Furthermore, experimenter-ani mal interactions 
should be minimized to limit the possibility of uni ntended cues and, 
importantly, to reduce the considerable labor inves ted in animal training. 
These constraints demand automated solutions for be havioral training. 
Although commercial and non-commercial systems have  been developed for 
automating training and testing in head-restrained animals and rodents 
behaving in operant chambers, solutions are far les s common for rodents 
running on mazes. The devices that do exist are typ ically designed for a 
particular maze configuration, rely on a proprietar y system/software, and are 
extremely expensive. As a result, behavioral neurop hysiologists using 
rodents and mazes often have to invest considerable  resources to develop 
in-house solutions or rely on non-automated solutio ns. 

We describe a system for training and assessing eff ort and reward driven 
decision making, reversal learning and delayed alte rnation behavior. 
Animals trained in this system can perform all of t hese behaviors during a 
single recording session without human intervention , with animals 
commonly completing over 200 trials on the effort-r eward and reversal 
learning task and over 100 trials on the delayed al ternation behavior. In its 
simplest form, the apparatus consists of a square w ooden maze with a 
decision region located on one leg of the maze. The  decision region consists 
of multiple servo-controlled doors. Touch-sensitive  pads detect the animal’s 
location on the maze and an inexpensive microcontro ller monitors the 
sensors and manages all of the automation. The devi ce can be generalized 
to almost any maze configuration or schedule of rei nforcement, is 
inexpensive (<$500), requires only a moderate knowl edge of electronics and 
very little soldering, and is relatively easy to co ntrol. As a result, it is hoped 
that this apparatus, or elements of it, will help e ase the training load, reduce 
costs, and enhance the experimental possibilities a vailable to the behavioral 
neurophysiologist.
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Identify the neural basis of…
•effort and reward guided decision making.
•working memory.

A behavior that requires animals to…
•make decisions based on the effort or reward 
associated with an action. 
•maintain a memory of the preceding trial.
•perform many trials.
•perform multiple reversals.

An apparatus that is…
•inexpensive.
•relatively easy to construct, debug, and 
control.
•useful to many laboratories for a wide range of 
experimental questions.
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A) Barrier for the effort condition (barrier swivels into the maze). B) Solenoid feeder. C)
Underside of the multiple choice region of the maze. The servos and the servo controller 
are mounted underneath the maze. D) Step sensor. E) Servo motor, servo controller, and 
solenoid valve. F) Control board: ZBasic microcontroller (lower left) and optoisolator relay 
(lower right) for controlling the solenoid valve. 

Example code for triggering the 
feeder. A principal advantage of this 
brand of microcontroller is the 
simplicity of the programming 
language (Visual Basic).

A) Delayed Alternation 
Performance . Trials start at 
170 as the alternation 
condition followed the effort-
reward discrimination task. 

B) Performance across 
sessions. Performance 
reached 75% after 2-3 weeks 
of training. 

Cost/Benefit T-Maze: (Salamone et al. 1994)

+ Easy to train.
- Few trials.
- Animals must be picked-up at the

end of each trial.
- Animals are hand fed.

0
Effort and Reward Based Decision Making: A trial begins when the animal runs 
over a pressure sensitive pad (dashed box). At trial onset, either one (forced trial) 
or two (choice trial) doors open at the decision region. The animal selects a path 
and this choice determines the outcome (high/low reward, high/low effort). After the 
animal learns the correct association (e.g. Door 1 = high effort, Door 2 = low effort), 
the reinforcement contingencies are reversed. Reward is liquid Ensure™ delivered 
through a solenoid. The effort condition occurs when a climbable barrier rotates 
into the path of the animal. 

Delayed Alternation: Trials proceed as above except that on each trial, both doors 
remain open. A trial is rewarded (or effort is omitted) when the animal chooses the 
path that was not chosen on the preceding trial.

+ Long common return path, increasing the capacity to distinguish working-memory related activity
from sensory-motor effects.

+ Same apparatus can be used to test two frontal tasks during the same recording session.
+ Many trials.
+ Completely automated.

We present a unified behavioral paradigm for traini ng and 
testing effort and reward driven decision making an d delayed 
alternation performance in the rodent. The tasks ar e optimized 
for the demands of physiological recording. The sys tem is 
entirely automated, inexpensive, and can be readily  adapted to 
a wide variety of experimental conditions and quest ions .
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Figure 8 Maze: (Olton et al. 1979)

+    Easy to train.
- Animals typically hand-fed

(but see Pedigo et al. 2006).
- Potential ‘embodied memory’

effects (rats can lean into the
turn).

1. Habituation and lap-running (1 week).
2. Reward discrimination training (1.5-2 weeks).
3. Effort discrimination training (1 week).
4. Combine Effort and Reward training (1-2 weeks).
5. Extend the maze length to increase the distance to the 

feeder and barrier (1-2 sessions).
6. Alternation training on a shortened maze (2 weeks).
7. Alternation Training: Extended maze (1 session).

Criterion to progress to the next phase: reversals on 3 
consecutive sessions.

Reward Effort Alternation

Week 1 2 3 4 5 6 7 8

CombinedLap-running

Effort RewardCorrect Incorrect Forced

Advantages and Disadvantages of 
Established Tests of Frontal Function

Advantages and Disadvantages of 
Established Tests of Frontal Function

The Multiple Choice, Multiple Outcome TaskThe Multiple Choice, Multiple Outcome Task

Training ProcedureTraining Procedure Post-Implantation PerformancePost-Implantation Performance

Materials List
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Rat 1

Rat 2

Rat 3

Training Phases:

Effort-Reward Driven Decision Making Performance. Each plot represents 
the performance of an animal during a single experimental session. Circles 
indicate the door the animal chose on a particular trial. Trials proceeded in 
blocks. For example, in the top plot, the first block involved reward 
discrimination and one reversal (purple colors) and was followed by an effort-
discrimination block (tan colors). 
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A) Number of completed trials by training 
session. Each rat is indicated by a unique 
color. 

B+C) Number of successful reversals per 
training session. Reversals occur when 
animals achieve 85% correct performance. 

D) Examples of reward-discrimination 
performance within a training session. Circles 
indicate the chosen door during a trial. 
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Reversals Per Session: Rat 6Learning Progress
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