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Abstract 

Experiments of rat's open-field exploratory behavior show a consistent pattern of movement around a preferred location defined as a "Homebase". In this paper we describe a computerized model that simulates this type of behavior. The model, developed in the Matlab programming language, concists of 2 main components: an agent, which incorporates internal motivational factors (namely curiosity and security) and memory, and an environment, which contains external representation of the motivations. The results displayed complex explorative behavior similar to the one observed at the lab. Analysis of the results showed that the dynamics of the internal factors were responsible for the agent's Homebase behavior. The model, implemented by a simple and modular algorithm, can serve as an infrastructure for further expansions and experiments.
Introduction

Research in the field of exploratory behavior of rats in an open-field environment showed a consistent pattern of movement. Golani et al (1998) and Mintz (unpublished) recorded a series of sessions in which rats were placed in a circular or square arena. Results showed that rats tend to move to a preferred location along the arena's borders. This location has been defined as a "Homebase", which has distinct characteristics – the rats tend to remain in this location for longer periods of time, and visit this location more frequently than others. The Homebase also serves as an exit point to excursions in the vicinity around it. With time, the rats prolonged their excursions and occasionally formed a secondary Homebase elsewhere. (Golani, 1998, Mintz, unpublished).


Several theories proposed different explanations for the exploratory behavior of animals, but most agree that organisms have some type of 'need' for sensory change, which can be satisfied mainly by exploration (Hughes, 1997). Another hypothesized motivational force, acting on a rat in such experimants, is anxiety – when the rat enters the arena it is exposed to intimidating new surroundings, foreign objects, 
lighting and no possible hiding-place. 

The purpose of this work was to create a computerized simulation of a rat's movement in a virtual 
arena. Using a simple and generic model we attempted to reproduce the exploratory and Homebase behavior of the rat. An agent is placed in an obstacle-free square arena, where it is free to explore within its bounds. The agent’s movement is affected by two motivations: security and curiosity, which represent the two motivations mentioned above – the anxiety, and the intrinsic motivation for exploration. Motivation is a function of both an internal state, and external stimulus (Toates, 1986). Therefore, each of the motivational forces in the simulation is determined by an internal and an external component: the internal component specifies how “afraid” or “curious” the agent is (high values correspond to stronger drives
), and the external component specifies how “interesting” or “safe” each block in the arena is, regardless of the agent’s internal state. The internal factors change as the simulation progresses, based on the agent’s movements (e.g., when approaching a “safe” place, the security factor decreases). The agent remembers the locations it has visited, a capacity that influences the level of “interest” and “safety” of these places. 

Results of the simulation displayed a behavior similar to the one observed in the lab experiments. When placed in the center of the arena, the agent moved directly to one of the corners, where it remained for some time. It then commenced making short excursions along the walls, each time returning to the corner. With time the excursion grew in length, until eventually the agent left the original corner and settled in an adjacent corner, where it resumed performing similar excursions. 

Analysis of the results showed a correlation between the values of the internal factors and the movement of the agent. A high security factor caused the agent to seek safer places, whereas a high curiosity factor caused the agent to seek interesting places. Since the values of these two factors changed frequently, based on the movement of the agent, the agent was motivated to move alternately between the Homebase (a safe location) and the remaining, unvisited blocks (interesting locations). 

The present simulation should not be viewed as a final product. Rather, it should be taken as an infrastructure upon which additional research and development can be made. Various tests and expansions such as introducing new motivations, modifying the arena, and changing the internal factors can be conducted (our model is designed in a modular way that facilitates introducing such changes). Methods of evolutionary natural selection can also be used to reach optimal configurations. 

Method

Overview

The simulation was implemented using the Matlab programming language. It consists of two general components: the agent and the external environment. The external environment is an obstacle-free, flat arena sizing 40*40 blocks, represented by a 40*40 matrix. Based on a consolidation of the two motivational forces, each block in the arena is assigned a numeric value representing its potential. These values are multiplied by a random factor to overcome deterministic results. The potentials then serve as the basis for the agent's movement. 

Throughout the simulation the agent is situated on a single block within the arena. In each step, the agent chooses to move to one of the 9 blocks adjacent to it and under it. The criterion for choosing a block is its potential – the block with the highest potential is chosen and moved to. 

Constructing the Matrixes

 The agent's movement is based on a final matrix, which is created by summing the two motivational matrixes: the consolidated curiosity matrix and the consolidated security matrix (see appendix A). Each of these two matrixes is comprised of three components: 

1. An external motivation matrix (external security matrix and external curiosity matrix), which stores the initial motivational potentials for the arena's blocks. These matrixes remain constant throughout the simulation. Both the external security and curiosity matrixes assign a higher potential to the blocks adjacent to the arena’s walls and corners, and a lower potential to the blocks at the center of the arena (see figure A). According to this, the blocks near corners and walls are regarded as the safest and the most interesting places. The two external matrixes have a similar structure, although the security matrix has a wider range of values. 

2. An internal motivation factor (curiosity factor and security factor) representing the importance that the agent attributes to the motivation. Its value ranges from 0 (the lowest level) to 1 (the highest level). For example, a curiosity factor of 0.2 and a security factor of 0.9 means that the agent is only slightly "curious" and is extremely "afraid". 

3. The memory matrix, which represents the agent’s memory of the blocks it has been on. The initial memory value of all the blocks is set to 0. At each step of the simulation, the value of the block in the memory matrix upon which the agent is situated is incremented. In parallel, the values of all the blocks in the memory matrix are decreased with each step of the simulation. This opposing trend allows for a gradual degradation of the memory, a feature that prevents a state in which all blocks are remembered to the maximal extent (see appendix A). The increment in memory values changes throughout the simulation – blocks visited in the beginning are remembered better than blocks visited later, thus making the first impression of the arena more memorable.   
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The consolidated security matrix is calculated by summing the external security matrix with the memory matrix, and multiplying the result by the security factor. This formulation takes into consideration both the external qualities of the arena, the agent’s memory of the blocks (e.g., a block that was frequently visited will be well remembered, and therefore regarded as a safer place than a block that has yet to be visited), and the respective weight the agent assigns to the security motivation in regard to the other motivations. Therefore, if the agent has a low security factor, the entire consolidated security matrix will receive low values, regardless of the values of the external security and memory matrixes. (See appendix A). 

The consolidated curiosity matrix is calculated in a similar manner to the calculation of the consolidated security matrix, only instead of adding the memory matrix to the external curiosity matrix, it is subtracted from it. This decreases the curiosity value of a well known block that was frequently visited (see appendix A).

Simulation Dynamics

 The internal factors change with every step of the simulation. They are both affected by opposing forces. The security factor grows based on the security value of the block the agent has last moved onto; the less secure a block is, the more the agent’s security factor will grow. In parallel, the security factor gradually decreases with every step of the simulation, meaning the agent is generally “less anxious” (see appendix A). 

The curiosity factor decreases based on the curiosity value of the block the agent has last moved onto; the more “interesting” a block is, the more the agent’s curiosity factor will decrease. In parallel, the curiosity factor gradually grows with every step of the simulation, meaning the agent is “more eager” to explore the environment (see appendix A).

Results

During all simulation sessions, the agent exhibited similar behavior, which consisted of motion towards a corner, performing explorative behavior in the vicinity of the corner, and then motion towards an adjacent corner, followed by more exploration. 

The following description refers to the agent’s motion in a 700 step simulation (See figures B, C and D): After being placed in the center of the arena the agent began moving directly towards one of the corners, reaching it on step #25. Once at the corner, the agent remained there for 11 consecutive steps, and then commenced performing short excursions along both walls. The first excursion reached 3 blocks away from the corner, and the following excursions followed a trend of longer exits, reaching blocks farther away along the walls (until step #84 the agent made excursions of up to 5 blocks away from the corner). Between steps #85 and #170 the agent made longer excursions, without returning to the corner even once, taking paths that deviated from the walls towards the center of the arena. The excursions continued until the agent reached the center block along the wall at step #469, after which it continued advancing along the wall until reaching the adjacent corner at step #519. Upon reaching the new corner the agent remained there for 9 steps. During the remaining steps of the simulation, the agent exhibited a behavior similar to the one around the first corner. 
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We recorded the values of the internal security and curiosity factors at each step of the simulation (see figures E and F). The variance in the values of the internal factors is analyzed in the Discussion section. Following is a description of the variance of the internal factors during the simulation, in accordance with the agent’s motion: 

The Security Factor

The security factor’s initial value was set to 0.5. The factor rises quickly and constantly to a maximum as the agent begins moving from the center towards the corner. After a number of steps, the factor changes direction and falls continually until the agent reaches the corner. During the stay at the corner an even greater drop is seen. The security factor rises as the agent steps out of the corner, and drops back upon returning to the corner.

During the first short excursions around the corner (less than 4 steps away), we see oscillations in the security factor. As the agent moves further out, we see a rise in the security factor that reaches a maximum value, after which the agent turns back inwards. This type of variance in the security factor remains while the agent explores the vicinity of the first corner. 

During the crossing from the first corner to the second corner, the security factor shows a moderate climb towards the middle of the way, and moderately declines as the agent approaches the other side. Upon reaching the second corner the security factor drops even sharply. 

[image: image5.wmf]MEM

MEM

*

a

=


The Curiosity Factor

The curiosity factor’s initial value was set to 0. The factor rises quickly and constantly as the agent begins moving from the center towards the corner. After a number of steps, the factor changes direction and falls continually until the agent reaches the corner. During the stay at the corner, initially the factor continues to drop, but after a number of steps it changes direction and begins to rise again. 

The curiosity factor decreases as the agent steps out of the corner, and upon its return to the corner the factor rises again. These oscillations continue during the excursions; the curiosity factor decreasing as the agent reaches new (far) places, and rising again when the agent turns back towards the first corner. 

During the crossing from the first corner to the second corner, the curiosity factor drops constantly all the way. Upon reaching the second corner the curiosity factor drops even sharply. 
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Discussion
As described in the Method chapter, the external motivational forces remain constant throughout the simulation. In addition, the external security and curiosity matrixes are in positive correlation. However, the simulation results show that the agent moves, changes directions, and behaves in a complex manner. In the following paragraphs we will show that this behavior is a result of the internal factor’s dynamics. We will focus on the factor’s values in the different parts of the simulation, in correspondence with the agents’ motion, according to the principals described in the method section. 

The agent’s motion from the center to the first corner

The initial rise in the security factor is caused by the low values of the external security matrix at the center of the arena (i.e., the agent is in an insecure area). As the agent approaches the corner, the security factor drops, due to the “constant decrement” part in the calculation of the security factor. This decrease is not compensated for by the external security values, which are already high at this point. 

The curiosity factor also displays a quick rise at first, which is probably an artifact of the formula for calculating the curiosity factor (the “constant growth” part of the formula being dominant at this stage) (see Appendix A, “Formulas”). As the agent approaches the periphery of the arena (i.e., the more “interesting” area), the curiosity factor is large enough to overcome the constant growth, and therefore we begin to see a decline, which continues until the agent reaches the first corner. 

Around the first corner

As the agent reaches the corner, the security factor drops, as the agent is now in a safe place, and it’s anxiety is relieved. While in the corner, this tendency continues, and it’s “courage” grows. The curiosity factor first drops, as the agent has reached an interesting place, and it’s curiosity is satisfied. However, after a few steps the curiosity factor rises again, as the agent is “getting bored” of staying in the known corner, and it seeks new stimulus. (See figure G). This negative correlation between the factors is what causes the agent to step out of the corner. Upon stepping outside of the corner, the security factor rises and the curiosity factor drops, and as the agent steps back into the corner, the security factor drops and the curiosity factor rises again. In terms of the motivational forces, the agent left a safe and “boring” place for an unsafe and “interesting” place. Therefore its anxiety grows and its curiosity falls; causing the agent to return to the safe corner. 
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It takes a while for the agent to make more “brave” attempts to leave the corner, and until then we see oscillations in the internal factors. It is the memory, which finally enables the agent to begin making longer excursions. The memory makes the entire vicinity of the corner appear more safe and less interesting to the agent. Therefore, it has both the “courage” and the curiosity to seek new and interesting places. When the agent begins to make longer excursions we begin to see a more structured behavior – as the agent moves out, we see a rise in the security factor, and after it reaches a maximum value, the agent turns back inwards. The curiosity factor decreases as the agent reaches new places, and rises again when the agent turns back towards the corner. (See figure H). 
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Crossing sides to the second corner

During the crossing, the security factor shows a moderate climb towards the middle of the way (the external security and curiosity values change like a sine along the wall). During that time the curiosity factor moderately declines, as the agent discovers new places. Upon reaching the second corner we can see a steep drop in the security factor and a large rise in the curiosity factor, as the agent has reached a preferred place again, which is both safe and interesting. 

Creation of a Homebase


Analysis of the motion pattern distinctly shows a creation of what one may consider as a Homebase, around the corners. A Homebase can be identified by the number of visits the agent makes in a particular position, multiplied by the time it spends there (Mintz, unpublished). Since in our simulation each step is one time unit, the figure showing the number of visits per position also shows the locations of the Homebase (the peaks being the Homebases) (see figure C). 

Conclusions
The present model simulates to some extent the basic Homebase behavior of a rat in an open-field environment, thus fulfilling our main goal. The agent selected a preferred location, and performed gradually increasing excursions out of that location, hence creating a Homebase. However, our simulation can also be used as a platform for conducting additional research by introducing changes to the environment or the agent. Entering obstacles or additional walls in the virtual arena could test the rat’s behavior in a restricted arena. Adding constraints on the internal factors could simulate chemical manipulations of the organism (e.g. lowering the internal security factor values could simulate administration of an anxiety reliever). Additional motivations will make the agent’s behavior more complex. Our model supports additions of new motivations fairly easily; each new motivation will have a new external matrix and a new internal factor, which will be used to calculate the additional consolidated matrix. The values of the new consolidated matrix will be added to the existing values, and the agent’s behavior will then change accordingly. Examples for such possible additions are food, or odors. A more sophisticated expansion of our model could be with the use of genetic algorithms methods. Our model consists of a framework of formulas, which include a number of constants. An agent could be identified by it’s set of constants (his “genes”), and one could “breed” an agent which behaves in a desired manner, under specific circumstances. 

Appendix A – Formulas

Aliases:

External Curiosity Matrix = EXT_CUR.

External Security Matrix = EXT_SEC.

Consolidated Curiosity Matrix = CONS_CUR.

Consolidated Security Matrix = CONS_SEC.

Curiosity Factor = CUR_FACTOR.

Security Factor = SEC_FACTOR.

Memory Matrix = MEM.

Final Matrix = FINAL_MAT.

Step Number = COUNT.
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Calculating the Final Matrix:
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Calculating The Memory Matrix:
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Constant Decrement:
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Increment:

Calculating the Internal Curiosity Factor:
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Decrement:
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Constant Increment:

Calculating the Internal Security Factor:
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Figure A: The external security matrix. 





Figure D: number of stays at each block during a 10,000 step simulation session.








Figure C: number of stays at each block during two 700 step simulation sessions.





Figure E: The security internal factor over 700 steps.


Note the first drop as the agent approaches the first corner, and a similar drop (around step 505) as it reaches the second corner.


 





Figure F: The curiosity internal factor over 700 steps. 





Figure B: snapshots of the simulation every 100 steps.





Figure G: The changes in the security factor (blue) and the curiosity factor (red),


 while the agent is at the corner (the x-axis representing step number).





Figure H: The changes in the security factor (blue) and the curiosity factor (red) during excursions. The x-axis represents the percentage of the maximum distance from the corner the agent reached in the excursion, and the y-axis shows the mean values of the internal factors at this part of the excursion. These means are based on the recordings of a number of excursions, of different lengths.
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