
Electronic Supplement to The role for simulations in theory construction for the social sciences:  Case studies concerning Divergent Modes of Religiosity

Harvey Whitehouse, Ken Kahn, Michael E.  Hochberg, & Joanna J. Bryson

1. Introduction 

This document and the computer code found in the same directory is a supplement to our  article appearing in Religion, Brain & Behaviour.  That article describes two models derived from the Modes of Religiosity theory.  This document gives a more detailed description of these models, and then the models themselves appear in the code files accompanying this document.

VARIABLE
 

DOCTRINAL

 
IMAGISTIC





    Psychological Features



    

1. Transmissive frequency
High



Low

2. Level of dysphoric arousal       Low                                         High 



High

3. Principal memory system
Semantic schemas

Episodic/ flashbulb






& implicit scripts

memory

4. Ritual meaning


Learned/acquired

Internally generated

5. Techniques of revelation
Rhetoric, logical integration,
Iconicity, multivocal-






narrative


ity, and multivalence





   Sociopolitical Features




  

6. Social cohesion


Diffuse



Intense

7. Leadership


Ascribed 


Achieved

8. Inclusivity/exclusivity

Inclusive


Exclusive

9. Spread



Rapid, efficient

Slow, inefficient,

10. Scale



Large-scale   


Small-scale

11. Degree of uniformity

High



Low

12. Structure


Centralized


Non-centralized

Table 1: Modes of Religiosity Contrasted (adapted from Whitehouse 2004)

To start with, the claims of the DMR are summarized in Table 1.  Note that these claims are intended to be probabilistic rather than law-like. The two modes are envisaged not as a typology (nor even a specification of Weberian ideal types) to which religious traditions should be assigned. Rather, they constitute ‘attractor positions’ (Whitehouse 2004) around which the variables identified would be expected to cluster, given the availability of a sufficiently large sample of case studies. 

2. Model 1:  Characterizations and Consequences of the Routinized Religions and the Emergence of Splinter Groups

The first model was coded by Ken Kahn in close collaboration with Harvey Whitehouse. 
Model 1 was constructed using a tool called the Behaviour Composer [Ken Kahn and Howard Noble. 2009. The Modelling4All project a web-based modelling tool embedded in Web 2.0. In Proceedings of the 2nd International Conference on Simulation Tools and Techniques (Simutools '09). ICST (Institute for Computer Sciences, Social-Informatics and Telecommunications Engineering), Brussels, Belgium, Article 50, 6 pages. DOI=10.4108/ICST.SIMUTOOLS2009.5576]. This tool enables models to be constructed and viewed as hierarchal collections of components from within a web browser. It generates NetLogo code [Wilensky, U. 1999. NetLogo. http://ccl.northwestern.edu/netlogo/. Center for Connected Learning and Computer-Based Modeling, Northwestern University. Evanston, IL] for running simulations of a model.

The source code of the model is available in the same directory as this document, but it is better viewed by browsing at http://m.modelling4all.org/m/?frozen=MVCJ1KiGf59OARDR8vds6g.  If at some future date the modelling4all.org domain has been transferred then use http://m4a-gae.appspot.com/m/?frozen=MVCJ1KiGf59OARDR8vds6g. Clicking on the ‘Run’ tab will load an applet for running the model. Clicking on ‘Go’ will start the model.  Clicking on ‘Show a follower’ will reveal the semantic net of one of the followers. ‘Show labels’ will label the nodes. The colour of the node encodes the motivational quality of a node. The plot displays the mean of the sum the motivational contributions of the nodes of the followers.

The NetLogo 5.0 source code produced by the above is also available in the same directory as this document as KahnWhitehouseRBB12.nlogo.  It requires an auxillary file in the same folder in order to run, bc_auxillary_file_from_download_tab_version_15.nls 

2.1 A more detailed account of model results
As mentioned in the main text, our model executes by simulating the individuals in the population. Some are religious leaders and regularly transmit parts of the doctrine. Others when receiving those transmissions add nodes (practices and beliefs), add links between nodes, and strengthen existing links. Nodes and links in each individual’s semantic network have some probability of being forgotten. The motivational levels of the population are derived from the properties of the nodes representing practices and beliefs. These levels decay with repetition. When the mean motivation level drops below a threshold then the population will begin to accept transmissions from splinter group leaders.

Figure 1 depicts the Kivung system of beliefs and practices and their motivational qualities for a typical follower of the mainstream movement when the network is relatively new.  Figure 2 contains a graph of the mean motivational level. Figure 3 displays the semantic network of a typical follower soon after beginning to accept the splinter group.  Figure 4 shows the same network much later.  Some of these figures appear in the main text, but they are repeated here for additional context & details.
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Figure 1: Mainstream Semantic Network of the Kivung system of beliefs and practices and their motivational qualities for a typical follower of the mainstream movement when the network is relatively new and ‘fresh’ (e.g. soon after joining or after a rejuvenating splintering event has been experienced). The nodes with low motivational qualities are dark blue while those with moderate motivational qualities are green. 
7. [image: image2.png]1000

motivation

Motivation level Plot

time

73.8

Dwotivation level





Figure 2: Typical dynamics of mean motivational level  for the population plotted against time. This shows a steady decline as the mainstream doctrine is frequently repeated until it becomes low enough for followers to begin to accept beliefs of the splinter group. As more nodes are acquired the motivation level increases while older nodes contribute less to motivational levels due to repetition. 
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Figure 3: The semantic network of a typical follower soon after beginning to accept the splinter group (new splinter group nodes labeled in red). The other nodes motivational qualities have been refreshed.
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FFigure 4: The semantic network of the simulated follower from Figure 3 soon after incorporating all of the splinter group nodes. This semantic network corresponds close to the peak motivation level depicted in Figure 2. 
At present the behavioral repertoire of lay adherent agents in our tool kit is quite limited: the only behavior is periodic attendance at Kivung orations. In the future we may add further behaviors e.g. interruptions to temple visits due to migrant work or illness. The tool kit will be extended so that we can model transmissions and motivational changes caused by followers interacting with kin, in-laws, neighbors, and others. We have begun extending the tool kit to model multiple villages and a hierarchy of leadership. Several behaviors could be added to enable the modeling of long-term dynamics including birth, death, migration, and interactions between generations. We plan to enhance the set of behaviors that can be used to model leaders including variable frequency of sermonizing, variability in the themes of sermons, proselytizing, and doctrinal innovation.  We may also one day support the modeling of competing doctrinal traditions and the role of ritual and cohesion in between-group competition. We could also exploit one of the strengths of agent-based modeling and allow for the expression of individual heterogeneity by providing individual variation in parameters for motivational levels and memory. Nevertheless, even with the present level of abstraction we have learned considerably about the consequences of the DMR.

3. Model 2: Modeling competition among doctrinal traditions 
The second model was coded by Michael Hochberg in close collaboration with Harvey Whitehouse. In this model we explore is at a far higher level of abstraction than the case study simulated in model 1.  Here we look at how doctrinal religions compete in a pluralistic environment.  We take from biology a more ecological and evolutionary approach with this model. Population and evolutionary processes can be modeled in a variety of ways.  The level of detail for a model and the values estimated for its parameters depend on both our level of knowledge about the target system we are trying to understand and also our objectives in describing the system. Here we take a joint population dynamic / cultural evolution approach by modeling religious groups as units that can change in membership and in behaviors. Depending on our objectives, we could investigate short- or long-term dynamics, the birth, evolution and extinction of groups, or we could model behavioral trait evolution. 

Model 2 is a simple model of group competition and trait evolution. A fixed number of religious groups are defined at the beginning of a simulation, and each are followed at every subsequent time step.  A simulation may be halted at any desired time, for example after either only one group remains because the others have gone extinct, or when we see two or more groups are coexisting stably. Competitive dynamics leading to group extinctions and domination can be tallied and explained, as well as the dynamics occurring when groups persist over long periods of time.  Despite its conceptual simplicity, the model requires a surprising number of rules to achieve the desired level of realism. It is simulated numerically through an iterative process, with 10 iterations per simulated year. The model can follow any specified number of religious groups from year to year. The three main components of the model are as follows:

1. State of group traits in any year of the simulation. The four traits for any group (we refer to each group as “j”) are: size of population (Nj), ritual frequency (Fj), and the number of euphoric practices (hereafter called ‘carrots’; Cj) and dysphoric practices (‘sticks’; Sj). Nj can take on any positive number. Fj is normalized, such that groups with the lowest ritual frequency are at Fj=1 and the highest at Fj=40. Cj and Sj can take on any number greater than or equal to 0. All of these traits are integer values.

2. Initial conditions for group states. These can be set to any desired values, but in the simulation illustrated here, they are set to the following values for all groups: Nj=1000, Fj=20, Sj=50, and Cj=50. 

3. Rules for iterative changes in N, F, C and S for each extant group. It is assumed that each group j may change its ritual frequency (Fj) and practices (Cj, Sj), depending on a set of rules. Each of the following routines is executed 10 times per year, for each group.

a) Practices. If group j practices rituals at low frequency (i.e., Fj<=20), then it may add one “carrot”, with a probability that increases as frequency decreases, or Probcj+ = 1/(X*Fj), where X is a constant. It may either/also adopt a “stick”, with probability Probsj+ = 1/(Y*Fj), where it is assumed Y>X, since we assume that “carrots” are more readily adopted compared to sticks for any given ritual frequency level. If a group practices rituals at higher frequencies (Fj>20), then a carrot can be lost, and this happens with probability that increases with frequency, such that Probcj-= Z*Fj/40, where Z is a constant. We place no a priori value on Z, relative to X and Y. In the simulations presented below, X=2, Y=2.5 and Z=2.

b) Changes in ritual frequencies due to changing practices. Depending on what happens during phase A, a group may choose to lower, maintain or increase its ritual frequency. If there is an increase in the stick to carrot ratio over the past several years, then the group will always increase its F by 1 unit. Or, if there is no net change in the stick to carrot ratio over the past several years, then the group decreases its F by 1 unit. Finally, if the S:C ratio decreases over the past several years, then the group does not change its ritual frequency. Note that the time span over which these changing ratios occur, can itself be a parameter, and we take this to be 0.5 years in the simulations illustrated below.

c) Splinters and reformations. After both A and B are accomplished for a particular group j, there is a chance that it will experience either a splintering or reformation. Splintering occurs if the group runs out of carrots, with a constant probability Psplintj. We take this yearly probability to be equal to 20%, meaning that, on average, a group with no carrots will splinter, which means that it has a 66% of splintering after 5 years (1 – 0.85). When splintering occurs, the group’s ritual frequency is set to F=20, it loses 20% of its sticks, and gains a random number of carrots, between 20 and 100. Reformation occurs if the group runs out of sticks, with a probability Preformj. We assume this yearly probability also to be equal to 20%. When reformation occurs, F is set to 20, the group loses 20% of its carrots, and gains a random number of sticks between 20 and 100.

d) Migration of members between groups. After A-C are accomplished, and assuming that more than one group persists, members of group j will be exposed to practices in another, randomly selected group k, and vice versa. If the number of carrots in group j are 50% or more in excess of group k, then 2% of group k migrates to group j, but only if the stick to carrot ratio in group k is less than 1.5:1. Alternatively, if these conditions are reversed and Ck > 1.5 Cj and Sj<1.5Cj, then 2% of group j migrates to group k. If one group succeeds in attracting members of another group according to these rules, then the ‘winning’ group increases its carrots by 1 unit, and the losing group increases its sticks by 1 unit.

The results presented in the main text are the outcome of two numerical experiments. We repeat those results here to augment their description with parameter values, and further mention a third. In the first (figure 5 here & in the main text), we let a single religious group evolve to see how it may or may not change in isolation. In the second (figure 6), we introduce 10 identical religious groups into the system, and explore how their characteristics change through time. Finally, we consider a situation like the previous, but in which carrot adoption for groups with F<20 is much more pronounced than adoption of sticks (not pictured). 
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Figure 5: Dynamics of (i) ritual frequency (F) and (ii) proportion of carrots (C/(S+C)) in a single group over 1000 years of simulation. Note the generally negative relationship between F and S/(S+C). Parameter values given in the main text.
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Figure 6: Competition between 10 religious groups over 2000 simulated years. (i) Normalized population sizes, N; (ii) Ritual frequencies, F; (iii) Proportion of carrots in each group, C/(S+C). Notes that dynamics require about 800 years to settle to a stable pattern of coexistence between 2 of the 10 initial groups. Notice as well the approximate negative association between F and C/(S+C), whereas there is little or no direct association involving population size, N.
Whereas in the experiment presented in Figure 6 it was assumed that for low ritual frequency groups, adoption of carrots (X=2) was slightly greater than for sticks (Y=2.5), we conducted an experiment in which carrot adoption was much more probable than stick adoption (X=1). As expected, the ratio of carrots to sticks increases compared to the previous experiment (to about 75% carrots), but more interestingly, several groups coexist at the lowest ritual frequency (F=1), and similar group sizes (third simulation, not shown).
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