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1 Overview
This text accompanies the article “The status arena: A generic agent-based model about the gender status gap” submitted to JASSS. It is the basis for articles to write about the PLAYGROUND simulation. This ODD description fits the simulation ‘Playground’, version 2016 02 01 or later, written in Netlogo 5.3. It was made in accordance with Grimm et al. (2013), adopting some of the modifications proposed by Müller et al. (2013).
A few technical terms are:
· Status conferral (Kemper, 2011) is a relational component of any interaction. Status is both conferred and claimed in interactions. A person’s status in a group is thus an emergent social construct that is ‘in the public eye of the beholders’ and can reflect popularity, respect, or power, depending on how it was obtained: by receiving status or by using power.
· Culture is a value orientation shared by the members of a cultural group. In this case all agents share the same culture.
· Names of dimensions of culture according to Hofstede et al. (2010): (IDV: individualism / collectivism, PDI: power distance, MAS: masculinity / femininity, UAI: uncertainty avoidance, LTO: long-term orientation WVS, IvR: Indulgence / restraint). These words carry the meaning defined in Hofstede et al., e.g. while an agent’s sex can be male or female, and a pattern of behaviour could be gendered (i.e. different for boys and girls), a culture could be masculine to feminine, on a scale from 0 to 100, which would affect both boys and girls as well as possibly affecting the emergence of gendered patterns. 
Purpose
To allow researchers to investigate what emergent patterns of gender role division could occur in groups of playing children. The children are modelled as simply as possible as ‘Kemper agents’ having unique status-power characteristics, with shared ‘Hofstede culture’. They are driven to confer and receive adequate status.  Initial differences between girls and boys can be set. Child- , gender- and playground-level parameters will thus lead to emergent status patterns that can either be gendered or not. The main dependent variable in our model is gender-status-gap (GSG), calculated as the difference in the average status of boys and girls at the end of the simulation. If the value is positive, boys have more status on average.
Entities, state variables, and scales
The agents represent girls and boys of around 10-12 years of age on a school playground. They spend their time, in ticks of one to few seconds, forming groups, making status conferrals in dyads within those groups, and perhaps fighting and/or leaving groups. The simulation runs for 300 ticks (about one school break) or as long as the researcher wishes. 
· Agents are 0-40 girls and 0-40 boys. They are identified by a unique number (shown as rightmost number on screen)
· Agent variables, static (distribution by sliders)
· Beauty (from Kemper: conformity with standards for status conferrals, shown by three grades of face symmetry. Randomly distributed)
· Kindness (from Kemper: tendency to confer status, shown by shape of mouth. Randomly distributed)
· Power (from Kemper: capacity to win power exchanges or fights. Shown as leftmost number 0-10. Randomly distributed)
· Agent variables, dynamic
· Status (weighted average of past status conferrals; shown as agent size). Initially halfway the scale for all children.
· Has-been-nice [1…n-1] for all other agents. This is a relational memory vector (with values in range -1…1)that captures how satisfactory they expect conferrals from each individual to be. Starts at 0 and is updated after each exchange.
· Shared agent variables, static (sliders 0 -100). These represent culture as an exogenous variable. Only fight-tolerance is varied.
· Individualism (from Hofstede)
· Power-distance (from Hofstede)
· Masculinity (from Hofstede, called fight-tolerance in the article)
· Uncertainty-avoidance (from Hofstede)
· Environment is an undifferentiated square playground 
· A time step stands for one to a few seconds
Table 1 shows system parameters. 


Table 1: system parameters.
	Parameter
	Range
	Default
	Function

	basic-R&T-acceptance
	0-1	Comment by Student, Jillian: Should we not be consistent with 2 decimal places for all scalar values? This will help show which values are absolute numbers and whic are not e.g hbn looks like it is -1, 0 or 1
GJ: it looks ok to me now
	0.25
	mediate acceptance of R&T by receiver

	beauty-stdev
	0-0.25
	0.25
	random standard deviation initialisation of beauty

	calling-distance
	1-6
	4
	physical distance a-child can perceive other a-children to join

	conferral-stdev
	0-0.2
	0.2
	random component of conferrals

	FTol, fight-tolerance
	0-100
	0
	cultural condemning / condoning of fighting, shared by all children

	fight-penalty
	0-1
	0.1
	status loss for picking a condemned fight

	fight-threshold
	0-1
	0.2
	status deficit above which a receiving a-child picks a fight

	GBR, girl-beauty-ratio
	0-1
	0.5
	beauty of girls compared to boys

	GKR, girl-kindness-ratio
	0-1
	0.5
	kindness of girls compared to boys

	GPR, girl-power-ratio
	0-1
	0.5
	power of girls compared to boys

	girl-R&T-ratio
	0-2
	0.1
	multiplier for doing and liking R&T of girls relative to boys

	IDV, individualism
	0-100
	50
	modifies status-importance, segregation-tendency

	interchild-gap
	1-4
	1.5
	minimum distance between any a-children used during repositioning

	intergroup-gap
	2-10
	3
	minimum distance between a-children from different groups used during repositioning

	kindness-stdev
	0-0.25
	0.25
	random standard deviation initialisation of kindness

	min-distance
	0-10
	2
	spatial clustering within a group, looking for mate

	n-boys
	0-40
	20
	number of a-boys in the classroom

	n-girls
	0-40
	20
	number of a-girls in the classroom

	PDI, power-distance
	0-100
	50
	modifies fighting-condemned?, status-importance

	power-stdev
	0-0.25
	0.25
	random standard deviation initialisation of power

	rejection-penalty
	0-0.5
	0.2
	hbn loss to child that rejects attempt to join group, by rejected child

	R&T-augmenter
	0-100
	0
	extra status conferral percentage of R&T

	R&T-by-status?
	y/n
	y
	R&T initiated by child with more status (or more power if R&T-by-status? off)

	R&T-offence?
	y/n
	n
	if yes, subtract / neglect unacceptable R&T conferral to status

	R&T-stdev
	0-0.2
	0.2
	

	R&T-threshold
	0-1
	0.2
	status surplus needed to consider doing R&T

	sex-factor-on-conferral?
	y/n
	y
	add GSG to conferral

	UAI, uncertainty-avoidance
	0-100
	50
	modifies segregation-tendency

	Volatility
	0-0.2
	0.1
	discount old values against latest one, for status and relationship

	Whbn R&T
	0-1
	0.5
	weight hbn during R&T interpretation 

	Ws, status-ratio
	0-1
	0.25
	relative weight of the status of the other a-child’s current status on the status conferral 

	Wp, personality-ratio
	0-1
	0.25
	relative weight of personality on the status conferral (i.e. my beauty and your kindness)

	Wr, relationship-ratio
	0-1
	0.25
	relative weight of the relationship (hbn) on the status conferral  



Process overview and scheduling
· Children enter the playground alone in tick 1 and go to a random location by way of initialization. Initially, children do not belong to any group.
· At the start of each tick every child looks for a playmate; this is the most attractive child within the child’s calling-distance. This playmate may or may not be alone. A child can remain in its current group, create a group with another one, or join an existing group of children. The result is that they gather in groups. A group will have its own colour for as long as it exists. Children outside groups are shown in grey.
· Within groups, children form pairs. One of the two ‘playmates’ then confers a status value on the other, and the receiver of the conferral responds. 


Figure 1: Flowchart of child’s actions during one tick, indicating process inputs and belief updating (has-been-nice and status).
· Rough-and-tumble is a behavioural strategy that conveys both friendly intent and force. It is therefore inherently ambiguous and can either lead to extra ‘buddy feelings’ or give offence.  The simulation can be run with or without rough-and-tumble (R&T). If with, then each conferral may be topped up with a R&T conferral. Figure 2 shows how this happens. 


Figure 2: Detailed process model of ‘determine conferral’ highlighting the role of R&T. Child ‘Giver’ confers status on child ‘Receiver’. Legend as in figure 1.
2 Design concepts
Basic principles
The model should allow to assess the relative roles in causing a system-wide gender status gap of nature, group-level attributions, culture, and behavioural strategies. It should show stylized facts that are recognizable from field studies of children playing in different cultures. Agents are motivated by the drive to confer status upon the worthy and claim / receive status in proportion to their own expectations, as described by Kemper. The model is the first of its kind in its operationalization of Kemper’s status-power theory. Hofstede’s dimensions have been used before in ABM, but not together with Kemper. The ambition of the model is to show the basic status-power dynamics behind glass ceiling formation, abstracting away from the symbolic world, but keeping our nature as status-power driven social mammals. The authors expect Kemperian agents to be usable for generic and faithful models of human social behaviour.
Data sources are numerous studies on child behaviour, ranging from experimental work to ethnographies to comprehensive overview books. Both sex-group-level and individual-level data were available. Cross-cultural data were scarce.
Emergence
The main emergent phenomenon is a potential gender status gap, that is, one sex obtaining larger average status than the other. Also emerging is the amount of fighting. Another emergent phenomenon is the distribution of status among the boys and girls, shown as two histograms. Further emergent phenomena are correlations of beauty, kindness and power with status, shown as point clouds; frequency of the four types of conferral outcomes shown as a graph; spatial distribution and longevity of groups, not summed. 
All of the above could have emergent dynamics over simulated time.
Adaptation
The agent population is fixed during runs. Temporal aspects are modelled through a parameter volatility (set at .1) that acts as a discount factor for the latest conferral against the previous value of status or has-been-nice.
Objectives (of agents)
The agents take implicit objectives from our interpretation of  Kemper’s status-power theory. Implicitly, agents want to avoid having their status lowered. This they do be being attracted to agents in their range from whom they expect the largest status conferrals. They also want to convey appropriate status on others when they approach them. This they do by taking into account personal (kindness, beauty), relational (has-been-nice) and public (status) characteristics. Finally, they want to punish those that confer insufficient status on them. This they do by lowering their has-been-nice of others that gave them less status than they currently have, and perhaps by picking a fight. Groups of agents punish group members that pick an unjustified fight; this is not an agent action but a cultural attribute, not modelled at agent level other than through its status effects.
Learning
Agents learn to recognize friends and enemies. They update their has-been-nice of others after every status exchange, which may change their selection of playmates. Other learning is technically only perception: agents ‘learn’ who counts. Status shifts happen after every status exchange and may change agents’ preference for playmates. 
Collective learning could occur as e.g. networks of friendship between boys and between girls, but are not given an identity. Another collective attribute is the GSG. The GSG can be used to modify cross-sex conferrals.
Prediction
The agents do not predict beyond expected status conferrals from potential group mates when they are selecting playmates. What they expect is always their current status.
Sensing
Spatial sensing is limited by calling-distance. Social perception is transparent. Agents use the beauty, status, and has-been-nice of others to judge their attractiveness and during status conferrals, both as giver and as receiver.
Interaction
Agents consider interacting in each tick. If they find no other agent to be attracted to, they do not actually interact. 
Heterogeneity
Agent variables (beauty, kindness, power) are initiated as normal distributions with variances in sliders. They do not change during a run. All the agents’ social decisions are affected by them, as well as by evolving variables status and has-been-nice, so that heterogeneity typically grows during a simulation.  
Stochasticity
The random seed can be fixed so as to run simulations with the same simulated school class many times. Status conferrals are subject to various social and cultural variables, with random noise determined by conferral-stdev. 
Collectives
The following collectives exist implicitly:
· All boys, all girls (relevant when sex-factor-on-conferral is on, and when a group decides whether to blame a fight picker).
· ‘my play-group’: All children currently in my group (i.e. of my colour; this makes all other children an out-group). 
Observation
The model shows at each time step: status of each child (along with fixed beauty, power and kindness), counts of different events (conferral types, leaving group, etc.) and gender-status-gap. 
3 Details
Initialization
Within one experimental setup, all parameters are set to fixed values. Multiple runs use their own random seed; this is the only source of variation between runs in the same experimental setup.
[image: ]The number of boys and girls can be set between 0 and 40 independently. Their beauty, kindness and power is random (0..1), with a standard deviation set by a slider (0..0.25). Girls and boys may have different means, determined by girl-beauty-ratio, girl-kindness-ratio, girl-power-ratio. These ratios specify the means of the normal distribution, which vary symmetrically around 0.5 (between 0..1; > 0.5 means girls are higher). 
Children are randomly placed on the playground. Each child is alone, i.e. not a member of any group. They all have a status of 0.5, and a has-been-nice vector filled with zeroes. Figure 3 shows how the distribution affects relative value of the traits between the sexes.
Figure 3: distribution frequencies of power of girls and boys at girl-power-rate (GPR) 0.25. This is similar to the bell curves for height of adult males and females (Eliot, 2009) (p. 12). In the model, values beyond the 0-1 interval are re-drawn until they fit.
Input data
The model has no external input.
Submodels
Find friend or group
See figure 4.



Figure 4: Find friend or group. Legend as in figure 1.
If the child is member of a group, it chooses a mate from that group. Otherwise it first tries to find or form a group (figure 3). The formula for mutual attractiveness is
Attractivenessyou to me 	= (Ws × (statusyou – statusme + 1) / 2 ) 
+ (Wp × (kindnessme + beautyyou) / 2 )					(1)
        			+ ( Wr × (hbn you to me + 1) / 2 )
‘Step back from favorite’ means moving min-distance patches away to try other children from the same group. ‘Flee’ means moving flight-distance patches away. 
Choose mate
A child in a group chooses a random other child from its group to ‘play’, which is to confer status upon. The idea is that in a group all children have to engage with one another periodically.
Confer status
· Each status conferral involves an agent that confers and an agent that responds. Responding can be: accepting the conferral, or not. If not accepting the responder can pick a fight, after which one or both might leave the group, and the group implicitly condones the fight or condemns it through its cultural fight-tolerance. The exchange leads to an update in the status of both, the direction and magnitude of which depends on culture.
· (Determine conferral:)Like any status value, the status conferred is represented by a number between 0 and 1. It has random variation around a value that depends on three weighted factors:
· Current status of receiver
· Personality (kindness of conferrer and beauty of receiver)
· Relationship (has-been-nice of receiver in the eyes of the giver) 
The mean value of the normally distributed conferral value is as follows: 
conferral = ((Ws × statusyou) 
+ (Wp × (kindnessme + beautyyou) / 2)					(2)
        			+ ( Wr × hbn receiver to me))
The standard deviation is given by a model parameter.
If a gender-based prejudice factor is switched on, the conferral value is further modified by discounting the conferral by half the current gender-status-gap.
· (Update has-been-nice:) After a conferral the receiving agent updates its has-been-nice (hbn) of the conferring one by discounting their current has-been-nice against it. 
hbnnew =  (hbnold  * (1 – volatility)) + (volatility * (conferral – statusold))		(3)
· (Mate happy?) The receiver accepts a conferral if conferral >= statusreceiver. Else the receiver incurs a ‘status-affront’. A status affront is how much status they received less than expected. (Make will fight?) Depending on the receiver’s kindness and their has-been-nice with the giver, a status affront can induce the mate to pick a fight (comparison of power) with the giver: 
Mate picks a fight if fight-threshold < (Wp × (1 - kindnessmate) 
+ Ws × scorn 					(4)
– Wr × hbn giver to mate ) 
in which scorn is a factor ranging from –1 to +1 determined by the status and power of the two, and boosted by fight-tolerance, as follows
( (FTol/100) × (powermate – powergiver) + (PDI/100) x (statusmate – statusgiver) )  /  2	(5)
· (Mate accepts conferral:) If the receiver accepts the conferral (either directly or by deciding not to pick a fight), the receiver’s status is updated according to the conferral:
statusnew = statusold + W × (conferral - statusold) x volatility 				(6)
in which
W = ( (100-PDI) + PDI * statusgiver) / 100
· The class (all children) judges fights through fight-tolerance, a cultural parameter. The class is more likely to condemn a fight if it deems that the status affront was small or absent.  
Fighting-condemned if 
random-float 1 >  1 - perceived-affront – gender-influence + felt-status-difference	(7)
in which 
perceived-affront =  statusmate – conferral
gender-influence = ( sex-gap x segregation-tendency + ( 100 – fight-tolerance)) / 2
sex-gap = 0 if same sex, else 1
segregation-tendency = (100 – individualism + uncertainty-avoidance) / 200
felt-status-difference =  (statusmate – statusself) PDI  / 100 
· If the group condemns the fight (mate gets fight penalty:) the attacker loses an amount of status determined by the fixed parameter fight-penalty.
· If the group condones the fight (winner gains status, loser loses status:) the winner gains status proportional to the loser’s status and inversely proportional to its own, relative to the status scale (0 to1):
statuswinner =( 1 – PDI / 100) + ( PDI / 100 x statusloser x volatility)  			(8)
· and status of loser decreases by ...:
statusloser=  (1 – PDI / 100) - (PDI / 100 * (1 - statuswinner) x volatility			(9)
· A fight’s outcome is determined by the power difference, modified by the attacker’s perceived status affront and a random factor. The worse the insult felt, the more chance of winning:
Receiver wins if powerreceiver > powergiver -  ~N (affront,conferral-stdev)			(10)

Both fighters may consider leaving a group after having been involved in a fight. When they do so is shown in figure 1. The outcome is determined  by the following; leave if
 random(0..1) > (( Wstatus x (statusyou – statusme)  x PDI / 100 ) + 1 + (100 – IDV) / 100) / 3
		+ Wpersonality x kindnessme					
		+ Whbn x hbnyou to me							(11)
Groups of one cease to exist.
Rough-and-tumble process
There are three steps: 1) for the giver to determine whether to do a R&T conferral, 2) for the giver to determine its magnitude (R&T-value), 3) for the receiver to interpret the R&T. See figure 2.
· Whether to do R&T is determined by status. Children of slightly larger status than their playmate may do R&T. A “slightly larger status” is determined by comparing status of giver (with a normally distributed variation) to status of mate and a given R&T threshold : 
          statusmate < ~N(statusgiver, R&T-stdev) < statusmate + R&T-threshold			(12)
If switch R&T-by-status is off, power not status is the criterion:
          powermate < ~N(powergiver, R&T-stdev) < powermate + R&T-threshold		(13)
· The magnitude of the R&T conferral (R&T-value)is maximised to the conferring child’s power.  Girl-R&T-ratio determines the relative R&T strength of girls versus boys. The formula is
          R&T-conferral = ~N(R&T-augmenter * conferral * R&T-factor, R&T-stdev)
The R&T conferral cannot be smaller than zero.
· The R&T is accepted by boys if
random(0..1) > basic-R&T-acceptance – (Whbn-R&T x hbnyou to me) 			(14)
For girls, acceptance could be lower because the right-hand side of (11) is augmented with
 + (1-girl-R&T-ratio)
· If R&T is accepted, the R&T value is added to the conferral. If not, the R&T-offence switch determines whether the receiving child just ignores the R&T, or whether it actually takes offence. If so, it subtracts the R&T value from the conferral.
Movement
At the end of a tick, all the agents move as specified in reposition-myself. Individual agents can also move when finding-friend-or-group (to join or create a group) or during play-with-mate (to act on the outcome of a fight). The possible movements are:
· Avoid-border. This ensures the agent remains visible in the interface.
· Avoid-all-groups. This makes agents who are alone select patches unoccupied by children in groups (using intergroup-gap).
· Flee. This makes agents cover a long distance away from where they were (using world-size).
· Settle. This makes agents start a new group at an empty spot (using intergroup-gap).
· Step-off-others. This makes agents shift position (using interchild-gap) so that everyone is visible in the interface.
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