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Goals

1. You will learn about the components and structure of dynamic growth models

2. You will understand asymmetric dynamic relationships (an asymmetric relationship is a relationship in which a first variable has a supportive influence on the second and the second has a competitive influence on the first) and see which kind of dynamic pattern they produce

3. You will understand the relationship between dynamic processes and the problem of optimization (the problem of obtaining the best possible result with the least possible investment)
1. Conceptual model

Description

One of the problems in many schools is the emergence of undesirable behavior, for instance aggression directed towards other students and the teacher. From the viewpoint of behavior modification, there exist two different ways of reducing the level of undesirable behavior. The first is by means of direct suppression of undesirable behavior, for instance in the form of punishment. The second is by indirect means, which actually reduce the attractiveness of the undesirable behavior, for instance by social modeling of desirable behavior. We will first concentrate on the first principle, namely that of direct suppression of undesirable behavior.

Undesirable behavior has the tendency to grow towards an equilibrium level. For instance in classes where many students show aggressive behavior, the equilibrium level of aggression in each individual student tends to be high. (The more often another person hits you, the more often you tend to hit back, except of course if you are a sadomasochistic Buddhist monk). The equilibrium level will also depend on personality or biological factors. In dynamic system theory this equilibrium level is called an attractor. An attractor is a level to which the variable is literally attracted and at which it will stabilize.

The level of suppressive behavior, e.g. punishment depends on the level of undesirable behavior that needs to be suppressed. For instance the more a student shows aggressive behavior, the more the teacher will tend to punish this student in order to reduce or suppress the student’s aggressiveness.
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From a dynamic systems viewpoint the effect of undesirable behavior on suppressive behavior in general is supportive. The level of undesirable behavior has a positive effect on the level of punishment, i.e. the punishment will increase as a consequence of the occurrence of undesirable behavior. On the other hand, the influence of punishment on undesirable behavior is competitive.  Punishment has a negative effect on the growth of undesirable behavior, i.e. it suppresses the occurrence of undesirable behavior. This is an example of an asymmetric dynamic relationship.
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For a normal teacher, punishment is not a goal in itself. It is unpleasant, requires effort, is related to negative emotions etc. Thus, in principle punishment will show extinction if it is not supported by the undesirable behavior. This means that punishment is simultaneously influenced by an increase factor, namely the effect of the undesirable behavior and a decrease factor, namely the effect of the extinction.

In this model the total process can be evaluated by means of a subjective cost factor. It is defined by both the ‘cost’ of the undesirable behavior and the ‘cost’ of the punishment. Both factors are in fact negatively evaluated, which means that an optimal process of behavior modification should be characterized by the lowest possible total cost.

Parameters

In this model there are four variable parameters and one constant. The constant is the equilibrium level of the undesirable behavior. (In the second part we will change this constant into a variable). The first variable parameter is the growth rate of undesirable behavior. The second is the strength of the effect of undesirable behavior on punishment. If the effect is strong, the teacher is likely to punish more easily, more severely. The third parameter is the strength of the effect of punishment on undesirable behavior; for instance severe punishment has a strong suppressive effect on undesirable behavior. The fourth parameter is the extinction rate of punishment.  A teacher for whom the punishment requires more effort and causes more negative feelings will show a more rapid extinction. Note that in the model you will find a fifth and a sixth parameter, namely the reduction of attractor level of undesirable behavior and the increase of attractor level of undesirable behavior. These are parameters that we will discuss and manipulate later. They should be left at the zero level for the time being.

The total cost factor is not a parameter in the model. It is calculated by taking the sum of the level of undesirable behavior and the level of punishment. In the second part of this exercise we will introduce the meaning of the fifth and the sixth parameter and we will also discuss the content and function of the cost factor.

2.  Starting to work with the model

Open the program Excel version 97, 2000 or later versions. Open the file model of behavior modification.xls. Click on the button enable macro’s.

Click on the worksheet tab explanation. Here you can find an explanation of the working of the model.

In the worksheet model you will find a graph showing the change of the student’s level of undesirable behavior and of the teacher’s level of punishment over time.
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The student’s level is indicated by a blue line, the teacher’s level by a red line. The curve of the attractor level of undesirable behavior is light blue. The six parameters are represented by means of scroll bars.

If you move the cursor over the yellow cells, a comment will appear describing the parameter in question.

In the graph you find a cell in which the total cost is automatically calculated (the cell with the yellow background and the black font color).

3. Applying the model to specific cases

Effect of manipulating the parameters 
Question: Use the scroll bars to set all parameters to their minimal value. Note that the minimal value of the growth rate is 0.1. Try the effect of the parameters separately by leaving all additional parameters at their minimal value. Observe the effects on the resulting curves. 
Remember that the fifth and the sixth parameter must be left at zero level. 
Secondly, set three of the four parameters on an arbitrary value, e.g. 1/5 of the maximal value. Manipulate the fourth parameter by varying it from its minimal to its maximal value. A simple way to do it is by clicking on the small triangle on the right hand side of the scroll bar.
Does manipulating the ‘free’ parameters lead to qualitatively different effects? Describe the most salient qualitative patterns in terms of real events or behavior of a student and a teacher.

Major patterns

The patterns you have seen can be divided in three major groups. The first pattern is the ‘’dictatorial’ pattern, which consists of a constant level of suppression (punishment) and a zero level of undesirable behavior.
The second pattern is a cyclical pattern, with cycles of coordinated decreasing and increasing levels of punishment and undesirable behavior. Note that there is a phase shift between undesirable behavior and punishment.
The third pattern is an equilibrium pattern, in which both punishment and undesirable behavior evolve to an equilibrium level. Note that the first pattern is a special case of an equilibrium pattern.
Question: Try to find the parameter settings that produce each of these three patterns. Hint: the parameter extinction rate of punishment plays a crucial role in simulating the ‘dictatorial’ pattern. Why is this so?

Give an interpretation of the cyclical pattern in terms of actual behaviors in the classroom. 
Try to find a parameter setting for the equilibrium pattern. What does this pattern mean in terms of actual behavior? Which parameter is crucial for changing this pattern into a cyclical pattern?
Which pattern do you think is the most desirable one from the educational point of view, if any such pattern exists?
4. The attractor level as a variable and the principle of optimization
One of the disadvantages of punishment is that it leads to suppression of the actual undesirable behavior, but as soon as punishment disappears, it is likely that undesirable behavior will be restored at its original equilibrium level (or more technically its attractor level). Instead of trying to suppress the undesirable behavior, it is more efficient to reduce its equilibrium level, which can be done by reinforcing alternatives for the undesirable behavior. 

Schools try to do this in the form of specific educational interventions. For instance, the school is running a social training program and an aggression reduction program. These programs are not aimed at suppressing the actual aggressive behavior, but at offering behavioral alternatives to aggression and by doing so increase the attractiveness of these behavioral alternatives. The effect of these programs is the reduction of the attractor level of aggressive behavior.

On the other hand, however, there are various contextual factors that increase the equilibrium level, i.e. the attractor level of aggressive behavior. We have already mentioned one of these contextual factors, namely the level of aggression in the classroom. The contextual factor that we will explicitly incorporate in our model is the level of punishment. Punishment evokes negative emotions, increases the level of resistance in the students, and has a social modeling effect. All this contributes to increasing the attractor level, i.e. the equilibrium level of the aggressive behavior.

In summary, there are two antagonistic factors. The first is the reduction of the equilibrium level by means of educational programs; the second is the increase of the equilibrium level by means of contextual factors, such as punishment. 

In the original theory section we mentioned the cost factor. The cost factor was defined by both the ‘cost’ of the undesirable behavior and the ‘cost’ of the punishment. We will now introduce a third cost factor which is the ‘cost’ of the training programs. Training programs require specialized staff, time, effort etc. 

From the viewpoint of efficiency it is important that the smallest possible investment in terms of ‘costs’ leads to the highest possible effect, in terms of reduction of aggressive behavior. 

Parameters and cost factors

Now we will change the equilibrium level from a constant into a variable determined by two additional parameters. The first parameter is the reduction of attractor level of undesirable behavior. This parameter is determined by the amount of training programs and other efforts aimed at reducing the equilibrium level of for instance aggressive behavior. The second parameter is the increase of attractor level of undesirable behavior.  This parameter is determined by the amount of punishment which is aimed at suppressing the expression of undesirable behavior, but at the same time increases the equilibrium level of that behavior.

The cost factor is not a parameter but an output variable. The first component is the cost of undesirable behavior; its cost is determined by things like the risk of burn out in teachers and harmful effects on other persons. The second component is the cost of the punishment; its cost is determined by the unpleasantness of having to punish students, the negative emotions it evokes which can lead to a loss of motivation in the teacher etc. The third component is the actual cost of the educational intervention and training programs. The total cost is simply the sum of these three components. 

5. Applying the model to specific cases

Effect of manipulating the attractor level

Question: Set the first four parameters in such a way that one of the major patterns is obtained (cyclical or equilibrium pattern). Manipulate the attractor level parameters separately and describe their effect.
If you run into an equilibrium pattern, you will probably see that the attractor level of undesirable behavior rises to its maximum (which is 2 in the present model). In principle, undesirable behavior should evolve towards its maximal level if it is not suppressed by punishment. Thus if we switch off punishment, undesirable behavior should rise to its attractor level, which is 2. But remember that in these dynamic models all phenomena are related to each other. Will the attractor level still be 2, if punishment is switched off?
Question: Set the parameters in such a way that you obtain an equilibrium pattern for the undesirable behavior and the punishment and a maximal level for the attractor of the undesirable behavior.
Predict what will happen with the level of the undesirable behavior if the punishment level were zero. At which level will the undesirable behavior stabilize?
Test your prediction by manipulating the parameters in such a way that the punishment factor is zero. This can be done either by manipulating the parameter effect of undesirable behavior on punishment or by manipulating the parameter extinction rate of punishment.
Give an interpretation in terms of real behavior in the classroom.
Cost factor

A central problem in education (and behavior modification, for that matter) is the problem of optimization. Optimization means to obtain the best possible result for the smallest possible cost. In education the optimization problem is related to finding the best possible result given a fixed budget. The financial means are limited.
Question: Find the set of parameters that result in the smallest possible total cost. Give an interpretation in terms of actual behavior, actual intervention and so forth.
The current total cost factor is based on a calculation in which the three components have more or less identical weights. If the undesirable behavior is potentially harmful, e.g. aggression with firearms, the potential cost of undesirable behavior far outweighs the financial investments or the subjective costs of punishment.. 

Question: In order to experiment with a different cost pattern, assume that the cost of undesirable behavior is five times as high as in the current pattern. Click on cell K 53, which is to the right of the cost of undesirable behavior and type =J53*5 (finish with clicking on the Enter button). 
Let‘s also assume that the cost of punishment remains the same. In cell K 54, type =J54.  
Thirdly, assume that the financial investment has about half the weight it has in the standard cost pattern. 
Type in cell K 55  =J55/2. In cell K 56  type =sum(k53: k55).
This sum is the total cost under the new assumptions. Try to find a minimal total cost and compare this solution to the minimal total cost under the original cost pattern.
Final discussion question: Do you have any suggestion for extending the model in a more realistic direction? 
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