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Goals

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

2. You will understand the relationship between properties of dynamic growth models and qualitative phenomena such as stepwise growth and temporary regressions

3. You will be able to build elementary dynamic growth models based on existing research and/or developmental theories

1. Conceptual model

Description

The present model is an entirely unspecified model. You will have to build your own model with the building blocks that you will find in the present file. The building blocks are as follows. The first building block is the notion of growers. These growers are in interaction with each other. A grower is a variable that changes quantitatively on the basis of a principle of increase (e.g. learning) or decrease (e.g. forgetting or suppressing). 

A second building block of the model is the notion of resources. The model distinguishes between background resources and specific resources.

Specific resources are variables that either support or compete with one another variable. For instance, in the behavior modification model we have seen that the variable undesirable behavior supports (i.e. stimulates) the variable punishment, which in its turns competes with (i.e. suppresses) undesirable behavior.

Background resources are all resources that are not explicitly specified in the model (e.g. support from the environment, size of working memory, time spent on tasks, etc.). 

The function of resources is to help maintain and/or increase the level of the growers in the system. The sum of the specific and the background resources is called the carrying capacity of the system. The carrying capacity is defined as the maximal stable level of a grower that the resources can maintain.

The third building block consists of the set of parameters that are used to specify the properties of the growers. 

Parameters
We distinguish two groups of parameters. One group of parameters specifies the properties of each grower separately; the property parameters. The second group of parameters specifies the relation between growers; the relational parameters. The first property parameter is the growth rate. The growth rate is the proportion of change of a grower for each time step. The second property parameter is the grower’s initial value: the value of the grower at the beginning of the growth process. The third property parameter is the level of the background resources. The fourth property parameter refers to the timing of the growth process and is concerned with the onset of the growth process. The fifth property parameter specifies the level of random variation of the growers.

The second group, the relational parameters, comprises different kinds of relationships. The first is support: It is a parameter that specifies the strength of the support, i.e. positive effect, from one grower onto another one. The second is competition, which specifies a negative relationship (e.g. the increase in a more complex cognitive strategy causes the decrease of a less complex one). The third type of relational parameter specifies the extent to which one grower is a condition for or a precursor to another grower (for instance, without a lexicon of a certain minimal size, syntactic learning cannot get started).  The relationships of support and competition among growers may be based on distinct aspects of those growers. For instance, a high level of reading skill supports the rapid acquisition of knowledge. Thus, reading skill supports knowledge acquisition by its level. However, one can image that while the child is still learning to read, the learning of the technical reading skill itself diverges the child's attention from the knowledge it may eventually acquire by reading. Thus, the learning of reading consumes time and attention, to the disadvantage of knowledge acquisition. That is, reading competes with knowledge acquisition by its change (i.e. by the process of learning itself).

2.  Starting to work with the model

Open the program Excel version 97, 2000 or later versions. Open the file connected growers.xls. Click on the button enable macros.

Click on the worksheet tab explanation. Here you can find an explanation of the working of the model (similar to the current text).

Activate the worksheet model setup by clicking on the worksheet tab with that name (unless this worksheet is already activated). You will find a menu structure as in figure 1, on the left. The list boxes that stand against a bluish background refer to the property parameters. If you scroll down, you will find a series of list boxes against a yellow background, which specify the relational parameters (figure 1 to the right).
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Figure 1
The menu structure

In order to help you work with the menu and teach you how to build your own models, we will begin by showing you, in a stepwise fashion, how a simple model of connected growers can be built. Let’s take the time train and travel back to the end of the 19th century. 

3. Applying the model to specific cases

Learning the telegraphic language.

In 1897 and 1899 Professor William Lowe Bryan and Superintendent Noble Harter (that’s how they introduced themselves) published a study on the acquisition of the telegraphic language in the Psychological Review (the noble lady under the psychology journals was four years old at that time). For about 40 weeks in a row, they took the average scores of telegraphic sending and receiving from a number of beginning operators, employed at the Wabash Railway and Western Union Telegraph Company. The data they collected were from individual operators; they did not take group averages but monitored the process of learning in every individual. Figure 2 gives an impression of the learning curve of receiving telegraphic language of John Shaw, from Brookville, Indiana.
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Figure 2
The learning curve of John Shaw

The lowest line in the figure is the learning curve for the decoding of letters, the middle curve for words, and the upper curve, on which we shall focus, for the decoding of text. (Note that the data from the beginning of the learning process have been omitted). According to Bryan and Harter, the curve for the decoding, i.e. receiving of telegraphic text is of particular interest, because it shows a stepwise increase. The stepwise form suggests that telegraphic operators acquire their skills in the form of a hierarchy or progression of « habits », i.e. strategies or skills. At first, John Shaw’s decoding skill raised to a certain level and stayed there for a while (indicated by the straight line, the slowest main line rate). During this telegraphic moratorium, so to speak, John Shaw must have developed a new telegraphic decoding strategy, which causes his receiving skill to rise sharply around February 1897.

Let’s try to build a model of John Shaw’s process of the learning of telegraphic decoding. Do not be worried if you make mistakes, Mr. Shaw will not blame you (if he would still be among us, he would probably tell you that learning to model is far less complicated than learning to read telegraphic language). However – and this is consistent with our 19th century example – follow the instructions in the order they are presented below and wait for the 21st century fiddling-around-with-parameters until you have gone through this first exercise.

1. After having opened the file, save it under a different and recognizable name, for instance telegraph.xls. Activate the worksheet model setup. If necessary, scroll to the top of the worksheet and click on the button Click to set number of growers. Set the number of growers to 2, specify the name of Grower1 as receiving text and that of Grower2 as decoding strategy. Note that we have data only for the receiving of text (the weekly averages), not for the decoding strategy, which is a hidden variable hypothesized by Bryan and Noble. In the model, we will make this hidden variable explicit. 

2. We begin by specifying the property parameters for receiving text . Click on the word receiving text in the list box that contains the names of the growers (the name will turn to white on a blue background). The text above the first two listboxes will now read “The growth rate of receiving text is”. 

· In the list boxes for the growth rate, activate the words positive, and low  

· In the list box for the initial value, activate low
· Set the background support to moderate 

· And the delay to not delayed
· Set the level of variation to zero (which implies that we start with a deterministic model, with no random variation or random influence).
Move the main scroll bar (on the right) back to the top of the worksheet. We will now set the property parameters for our second grower, the decoding strategy.

So far we know nothing about the decoding strategy (and those who could tell us are no longer here…). We shall have to make a number of reasonable guesses. 

· Activate the word decoding strategy in the list box with the grower names (it should then be white on a blue background)

· Set the growth rate to positive and low  (we assume that the decoding strategy will have a low growth rate) 

· Set the initial value to small seed (we assume that the initial level of the strategy will be very low, and in fact zero: as long as there is no basic telegraphic decoding skill, there can also be no advanced decoding strategy) 

· Set background support to moderate (we assume that John Shaw will be characterized by normal motivation, intelligence, effort etc.; if you later think his motivation and effort are very strong, you may later set the current value to very high) 

· Set the delay to not delayed (we assume that the decoding strategy will begin to grow from the moment on the operator begins to learn how to decode or receive telegraphic text). 

· Set the level of variation to zero (in line with the deterministic model assumption)

3. We will now specify the relational parameters. Move the scroll bar down until you arrive at the list boxes with the yellow background. The title is «Specify Structure of Relations/Competition and Support». 

· In the first list box, activate the word decoding strategy, 

· In the second box, activate the word supports,

· in the third, activate receiving text 
· in the fourth, activate moderately,
· in the fifth by level,

· click the button click to confirm choice.

You have now specified a model in which the level of the decoding strategy has a positive, i.e. supportive effect on the increase in the skill to receive or decode text. 

4. Activate the worksheet growth model. In the Menu bar on top, activate Simulation/Calculate model. An input box will appear, asking you how many steps you want the model to run (a step is a procedure in which the model takes the preceding values of the growers and calculates new values; if your model is supposed to span a time interval of a year and you let it run in 365 steps, every step correspond with one day of developmental growth). The default value is 300. You can simply click ok, unless you want to change this number. 

Watch the graph and observe that the pattern looks somewhat similar to John Shaw’s real growth curve for the decoding of telegraphic text. However, in order to better resemble the data, the first plateau in the simulated curve for receiving telegraphic text should last longer. How can you accomplish this ? It seems that if the decoding strategy were to grow somewhat slower, it would take longer before it can have an effect on the receiving of telegraphic text. Go to the worksheet parameters. 

5. Go to the cell that specifies the growth rate of the decoding strategy, cell B3. Manually change the value of this cell from 0.05 to 0.03. Go back to the worksheet growth model and recalculate the model with this new parameter by activating Simulation/Calculate model in the Menu bar (number of steps is 300). Observe that the first plateau is now long enough, but the increase in the receiving skill is considerably weaker than in the empirical data. 

6. We will now try to make a better fit by making the model more complex. So far, we had the simple assumption that the decoding strategy started to grow from the very first moment on, that is, that it started to grow at the same time as the ability to receive or decode telegraphic text. It is more likely, however, that a decoding strategy, which probably requires some kind of higher order manipulation of the telegraphic information, cannot emerge unless the operator has reached a sufficient skill in the “raw” decoding of telegraphic text. This assumption implies that this sufficient level is a condition for, or precursor of, the emergence of the decoding strategy. As soon as this condition is fulfilled, the decoding strategy will probably grow quite rapidly.  Let us turn these assumptions into parameter values. 

Go back to the worksheet model setup. We first redefine the property parameters of the decoding strategy. Click on the name decoding strategy in the list box with the names of the growers.

· Set the growth rate to positive, and intermediate  

· Set the initial value to small seed (John Shaw had to develop this personal decoding strategy all by himself, the starting value was practically zero) 

· Set the background to moderate 

· Set the delay to not delayed
· And the level of variation to zero 
Scroll down to the listboxes against the tan background (it’s more like salmon, though, but the salmon has been out of the refrigerator a little too long). These listboxes specifiy the conditional or precursor relations. 

· In the first list box, select  high level, 

· In the second list box receiving text,

· In the third list box decoding strategy
· Finally click on the button click to confirm choice
Activate the worksheet growth model. In the menu, click on Simulation/Calculate model. The resulting growth curve of the receiving text grower should now resemble the empirical data quite nicely. Remember that the model will show you the growth of the decoding strategy, which is not given in the empirical data. 

7. A few small tips to facilitate working with the model 

· As soon as you specify a parameter value by clicking on words in the list boxes, the program will describe the chosen option in a cell at the right hand side of the list boxes. You can save these options on a new worksheet. For instance, insert a new worksheet by means of the menu Insert/Worksheet, then right click on the tab with the name of that worksheet, select Rename and give it the name specified models. In addition, you can copy the tables with the parameter values that appear in the worksheet parameters and paste those under the verbal descriptions in the new worksheet. Finally, select the values of the model in the worksheet growth model and paste those values in the new worksheet by means of Edit/Paste Special/Values. 

· It is important to note that if you change the value of an interaction parameter, the old values will still be there. The program assumes that your alterations to the model are in fact additions to what you already did. If you want to replace the values of the interaction parameters by new ones, you must first manually delete the verbal descriptions of the old state-of-affairs (they appear in the cells on the right, select the cell, then click on the delete button). Activate the parameters worksheet and manually delete all values that appear in the matrix that specifies the relational parameters (the first cell of that matrix is cell J1).  If you are not certain that you can do this without making mistakes, just start the model building all over again.  

Fischer’s hierarchical model of development 
[image: image3.wmf] 

In his lecture on Tuesday June 24, Kurt Fischer has given us an idea of his theory of development (it’s a bit strange to write a sentence like this on the 13th of June, but never mind …). In short, Fischer distinguishes four major stages (or tiers) of development. Every stage is characterized by a host of specific “growers”, i.e. specific forms of knowledge and skills that emerge and grow during this stage (and often continue to grow when a new stage has emerged). Figure 3 shows three of such growers, A, B en C, which are followed across three stages. 

Figure 3
Fischer’s model

Let us pretend that Grower A is the ability to make an addition, e.g. answer questions such as 13 + 8 = …. This is a kind of ability or skill that occurs in the stage of Operations. Grower B is the ability to understand the relationship between operations, for instance the operation of addition and the operation of subtraction. Such ability emerges during the stage of Relations. Grower C represents the ability to understand the relation between such relations, which implies that a student understands the structure of the relationships between addition, subtraction, multiplication and division. This ability is typical of the stage of Systems (this description is no more than a quick-and-dirty representation of Fischer’s theory, to help us get an idea of the pattern that we shall model in this second exercise). 

As the figure clearly shows, there is a stepwise increase in each of those growers. The hierarchically higher grower supports the hierarchically lower one. B supports A, and C supports B. For instance, as soon as children are able to understand relations between operations such as addition and subtraction, they will in general become better in making additions and subtractions. Technically speaking, this is a form of support-by-level: the better your understanding of the relationship between addition and subtraction, the stronger the effect on the growth of the (already established) addition and subtraction skill.

At the same time, however, there is a competition between the hierarchically higher and the hierarchically lower skills or abilities. That is, B competes with A and C competes with B. How can B at the same time compete with A and support A? Let us take a closer look at what this competition entails. If children are in the midst of acquiring an understanding of the relationship between addition and subtraction, they might pay more attention to the issue of the relationship than to the operations themselves. As the insight into the relationship increases, they might lose their confidence in the automatic ways in which they have done additions and subtractions so far. Technically, it is a form of competition-by-change: the increase in the understanding of the relation consumes resources (attention, working memory, …) that are also needed for the operations of addition and subtraction itself and thus exerts a negative effect on the ability to add or subtract. Thus, the hierarchically higher grower supports the hierarchically lower one by its level but competes with the latter by its change.

The fact that competition and support are simultaneously present, explains why the developmental plateaus also show a temporary regression. This regression, which is also known as U-shaped growth, precedes a developmental leap. For instance, in language development, children tend to increase the number of errors in the formation of grammatical sentences when they are busy acquiring a new grammatical principle or rule.

Finally, it is clear that a hierarchically higher grower cannot emerge if the hierarchically lower one is not sufficiently developed: you cannot obtain an understanding of the relation between addition and subtraction if you don’t know how to add and subtract. Thus, the hierarchically lower grower is a condition to or precursor of the hierarchically higher grower.

In many publications, Kurt Fischer has presented growth models of his theory, based on the notions of support and competition. But, everything Fischer can do, we can do … well, maybe not better, but let’s say, just as well… 

1. Open the file connected growers.xls. Save the file under a new name, for instance Fischer model.xls. select the worksheet model setup. Set the number of growers to 3, for the name of grower1 type  operations, for grower2 relations, and for  grower3  systems.

For the three growers, set the property parameters to

· Growth rate to positive, and low  

· initial value to seed
· background support to moderate 

· the delay to not delayed
· level of variation to zero.

2. The relational parameters of support and competition are as follows. We have seen that the hierarchically higher grower supports the lower one by level and competes with it by change. Here’s an example of how to set the parameters for the relation between relations and operations. Move the scrollbar to the place where you can find the relation-parameter list boxes (yellow background).

· Relations
· Supports
· Operations
· Moderately
· By level
· Click to confirm choices
Repeat the specification of the relationship by change

· Relations
· Competes with
· Operations
· Moderately
· By change
· Click to confirm choices
Finally repeat the whole procedure for the relationship between Systems and Relations. 

3. Finally, specify the conditional or precursor relations among the growers ( a hierarchically lower grower is a condition for the emergence of a hierarchically higher one). Scroll to the list boxes with the tan (or salmon) background.

· high level 
· of operations 
·  is a precursor of relations
· high level 

· of relations 

· is a precursor of systems
· Click to confirm choices
Go to the worksheet growth model, click on the menu item Simulation/Calculate model (number of steps is 300) and compare the resulting curves with Fischer’s.  You can freely play with the values of the parameters in the worksheet parameters to increase the similarity between Fischer’s and your model.  A better fit can be obtained by changing the growth rates (which are in the matrix of parameter values that begins in cell A1). 

Building your own model

Maybe you have your own favorite theory of development that you want to describe in the form of a model of connected growers. The only limitation is that your theory can be described or, better, transformed, into a model of connected growers. Although this model is very general, it does not necessarily apply to all possible theories of development. But it probably does apply, to a sufficient extent, to a considerable number of such theories. 

In order to build your own model, you have to specify the main growers (preferably not too many). Then proceed by specifying their relationships in terms of support, competition (either by level or by change) and conditionality. 

Note that the program that calculates the growth curves applies a rather crude step-wise approximation of what in fact should be differential equations. However, it will work for most models that you wish to experiment with. If the number of growers is high (five to six is already rather high) or you wish to experiment with high values for the parameters, it is better to increase the number of steps. Remember that the temporal meaning of the steps depends on the time span you wish to model. If you want to model growth over a period of 18 years and you want a step to represent what happens over approximately one week, you must specify 954 steps. 

Once you have defined a model and saved it you might want to continue working on it. If you re-open a model file, it is strongly recommended to continue the building process by manipulating the two parameter matrices that you find on the worksheets parameters.
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Rate

Initial

Delay

Support

variation

operations

0.05

0.01

1

1

0

relations

0.05

0.001

50

1

0

systems

0.01

0.001

75

0.6

0.1


Here’s an example of the first matrix, that of the property parameters. 

The first column shows the names of the parameters. The first row shows the number of growers (3) and the names of the parameters. For instance, the rate of 0.01 in the row devoted to systems corresponds with a small positive growth rate. In the third column you find the initial values of the growers. The delay is given in terms of model steps: a delay of 50 means that growth onset takes place at step 50. The support level is the level of the background support. An average support level is equal to 1. If variation is 0, there is no random variation. A positive variation (a negative is not allowed), for instance 0.1, means the following. Assume that the program calculates a value of 0.7 for the variable that is randomized. This calculated value is then replaced by a value randomly drawn from a normal distribution with mean of 0.7 and a standard deviation of 0.7 times the variation number, i.e. 0.7 * 0.1 = 0.07.
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Here’s an example of the second matrix, that of the relational parameters.

There are three kinds of relationships: support or competition by level and by change and precursor or conditional relationships. Empty cells are interpreted as having the value 0. If you look at the upper part of the matrix, you will find the number 0.05 in one of the cells. It is easy to see that it specifies a positive relationship (0.05 is a positive number) from the grower Relations to the grower Operations. If you need to specify a competitive relationship from the grower Operations to the grower Relations, you could specify a negative number, e.g. -0.05, in the yellow colored cell. The principle is the same for the relationships by change. Note that the parameter values are in general about 40 times bigger there than in the by-level part (the amount of change per step is much smaller than the level). Note that the diagonals all have the value 0. This is because a grower cannot support itself. Adding a number in a diagonal cell will have no effect on the model.

The final part of the matrix specifies the precursor or conditional relationships. The number 0.8 at the crossing of “from operations” and “to relations” means that the grower Operations must have reached a level of 0.8 before growth in Relations can take place. 

If you change any of the numbers in the matrices and run Simulation/Calculate model, the numbers will overrule the verbally specified relationships on the model setup worksheet. This worksheet is just meant to facilitate the building of a model from scratch. Once the major parameter values have been specified, it is easier to continue working on the parameter matrices.
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