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Cooperation is an important area of investigation for behavior analysis. The prisoner’s 

dilemma game (PDG) provides a useful scenario for studying cooperation in a behavior analytic 

paradigm. The PDG can be coupled with the concept of the metacontingency to investigate how 

various contingency arrangements support and promote cooperation in a group. Players in this 

experiment participated in a PDG and, in some conditions, were given the ability to fine other 

players but could not talk.  The goal of this experiment was to investigate how players’ ability to 

fine one another affected the players’ patterns of cooperation, and whether fining itself was 

affected by the addition of a shared group consequence.  The data show that participants 

cooperated in some conditions, but the fines did not seem to affect players’ rates of 

cooperation. 

 

 

 

 

 

 



ii 

Copyright 2011 

By 

Zachary H. Morford



iii 

ACKNOWLEDGEMENTS 

I would like to thank all of my professors in the Department of Behavior Analysis for 

their tutelage and enthusiasm.  I would especially like to thank the members of my committee, 

Manish Vaidya and Jesús Rosales-Ruiz.  They have been instrumental in my intellectual and 

professional development during my tenure at UNT.  Also, while her name is not officially in this 

document, I would like to express my heartfelt gratitude for the support and guidance of Sigrid 

Glenn.  This thesis would not have been possible without her.  I would also like to thank my 

advisor, Traci Cihon, for her unwavering assistance and enthusiasm, and for the massive 

amounts of time and energy she has poured into this experiment. Finally, I would like to thank 

my fellow graduate students for the help they have provided during the various portions of the 

project. 

  



iv 

CONTENTS 

Page 

ACKNOWLEDGEMENTS ................................................................................................................... iii 
 
LIST OF TABLES AND FIGURES ......................................................................................................... vi 
 
INTRODUCTION ............................................................................................................................... 1 

Social Episodes, Interlocking Behavioral Contingencies, and Metacontingencies ............. 1 

Experimental Analysis of Cooperation ................................................................................ 3 

Prisoner’s Dilemma Game .................................................................................................. 5 

Experimental Analysis of Metacontingencies ................................................................... 10 
 
METHODS ...................................................................................................................................... 14 

Participants ....................................................................................................................... 14 

Setting and Materials ........................................................................................................ 14 

Procedures ........................................................................................................................ 14 

Experimental Setup and Instructions.................................................................... 14 

Trial Sequence. ...................................................................................................... 15 

Independent Variables and Experimental Design ............................................................ 17 

Dependent Variables ........................................................................................................ 18 
 
RESULTS......................................................................................................................................... 19 

Production of Aggregate Products .................................................................................... 19 

Fining Behavior ................................................................................................................. 20 

Potential Antecedent Controls. ............................................................................ 21 

Function of Fines ............................................................................................................... 23 

Group 1 ................................................................................................................. 24 

Group 2 ................................................................................................................. 25 

Patterns of Cooperation ................................................................................................... 26 

Countercontrol .................................................................................................................. 26 
 
DISCUSSION ................................................................................................................................... 28 

Aggregate Products and Fines .......................................................................................... 28 



v 

Verbal Behavior ................................................................................................................. 32 

Interlocking Behavioral Contingencies and Metacontingencies ...................................... 33 
 
APPENDICES .................................................................................................................................. 55 
 
REFERENCES .................................................................................................................................. 59 
 
  



vi 

LIST OF TABLES AND FIGURES 

Page 
 

Table 1. Glossary of terms ............................................................................................................ 39 

Table 2. Two-player prisoner’s dilemma game reward matrix .................................................... 39 

Table 3. Point matrix for a modified prisoner’s dilemma game (X condition) ............................. 40 

Table 4. Point matrix for a modified prisoner’s dilemma game (Y condition) ............................. 40 

Table 5. Probability of switching when immediately fined (Group 1) .......................................... 47 

Table 6. Probability of switching in the same position when fined (Group 1) ............................. 48 

Table 7. Probability of switching when immediately fined (Group 2) .......................................... 49 

Table 8. Probability of switching in the same position when fined (Group 2) ............................. 50 

 

Figure 1. Aggregate products ........................................................................................................ 41 

Figure 2. Cumulative fines ............................................................................................................ 42 

Figure 3. Fines on X or Y (Group 1) ............................................................................................... 43 

Figure 4. Antecedent control of fines (Group 1) ........................................................................... 44 

Figure 5. Fines on X or Y (Group 2) ............................................................................................... 45 

Figure 6. Antecedent control of fines (Group 2) ........................................................................... 46 

Figure 7. Patterns of cooperation (Group 1) ................................................................................ 51 

Figure 8. Patterns of cooperation (Group 2) ................................................................................ 52 

Figure 9. Countercontrol (Group 1) .............................................................................................. 53 

Figure 10. Countercontrol (Group 2) ............................................................................................ 54 



1 

INTRODUCTION 

Social Episodes, Interlocking Behavioral Contingencies, and Metacontingencies 

Skinner (1953) identified social behavior as an important area of inquiry for the field of 

behavior analysis. He suggested the social episode as the analytical unit of social behavior. In a 

social episode, the behavior of one organism affects the behavior of a second organism. Many 

different types of interactions can be considered social episodes, such as predator and prey 

interactions, verbal exchanges between two or more individuals, and leading and following. 

Skinner (1953) defined leading and following as a social episode in which, “two or more 

individuals are reinforced by a single external system which requires their combined action” (p. 

305). This is generally the interaction type and definition used to study what has also been 

called cooperation (Azrin & Lindsley, 1956).  

More recently, Glenn (1988, 1991, 2004) has introduced the term interlocking 

behavioral contingency (IBC) as a way of describing the contingencies involved in the social 

episodes Skinner (1953) discussed. In a social episode, one organism’s behavior can function as 

a discriminative stimulus and a reinforcer for another organism’s behavior. The term 

interlocking emphasizes the dependent relation between the behaviors of both organisms. The 

behavior of each organism is still governed by individual behavioral contingencies; however, the 

contingencies require the behavior of another organism as antecedent and consequent events.  

Glenn (1986) suggested that IBCs are social contingencies that are selected by 

metacontingencies or the selection of IBCs by external consequent events (Glenn, 1986, 1988, 

1989, 1991, 2004). Metacontingencies are contingencies that parallel operant contingencies. In 

an operant contingency, a response in some situation results in a product that then leads to 
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reinforcement. For example, in an operant chamber when a lever press from a rat produces 

food, a sound is simultaneously produced to signal that the food is available. In a 

metacontingency, the IBC has an effect similar to that of the lever press – it results in an 

aggregate product. Depending on how the contingencies are arranged, one or multiple 

aggregate products may result in the delivery of a particular cultural consequence; this 

consequence should function to alter the existing IBCs in the same way that consequences for 

the rat’s lever pressing function to alter the frequency and other dimensions of its behavior. 

This consequence is called a cultural consequence. The cultural consequence is another word 

for the shared consequences discussed in the studies on cooperation (cf., Azrin & Lindsley, 

1956). Table 1 provides definitions of the terms “metacontingency,” “interlocking behavioral 

contingency,” “aggregate product,” and “cultural consequence” as they are used within this 

document. 

 Metacontingencies are a step toward understanding cultural phenomena. Skinner 

(1981) suggested that there are three kinds of selective processes: biological, behavioral, and 

cultural. In order for cultural selection to occur, individual organisms must interact in some 

way. Glenn (2004) considers cultural practices to be a set of IBCs. Thus, from a behavioral 

perspective, the key to understanding culture is to understand the process through which IBCs 

are selected. In a discussion on the social environment, Skinner (1953) stated that, “the 

contingencies to be observed in the social environment easily explain the behavior of the 

conforming individual. The problem is to explain the contingencies” (p. 416). 

The experimental analysis of social episodes is an issue of particular importance to 

behavior analysts. Humans live in environments in which they frequently have to coordinate 



3 

their behavior with another person. Much of our behavior is emitted in the context of groups; 

for example, conducting research, delivering a group presentation, selling items for a company 

as part of a team, conducting military operations, and creating legislation for a country, all 

involve the coordination of the behavior of multiple individuals in order to achieve a shared 

consequence. 

Ultimately, the analysis of any social episode involves the analysis of the contingencies 

operating for each individual. As Skinner (1953) pointed out, it is common to generalize the 

behavior of an individual to the group of which that individual is a part; however, “it is always 

an individual who behaves, and he behaves with the same body and according to the same 

processes as in a nonsocial situation” (p. 298). Todorov (2009) emphasized the same point, 

“groups do not behave, but the behavior of persons in groups has been of interest to behavior 

analysis. While groups do not behave, the behavior of persons grouped together produces 

unique results” (p. 11). These unique results refer to the consequences produced by a 

cooperative social episode in which reinforcement is not possible without the combined action 

of more than one behaving organism. Thus, the issue of cooperation is not an issue of analyzing 

group behavior; rather, it is an issue of arranging the proper contingencies to bring about the 

desired behavior pattern (Emurian, Brady, Ray, Meyerhoff, & Mougey, 1984).  

Experimental Analysis of Cooperation 

Skinner (1943) outlined an experimental arrangement to study cooperation. Two 

pigeons are placed in adjacent cages, each with a series of three keys. At any point only one of 

the keys produces reinforcement. Moreover, both pigeons must simultaneously press their 

respective keys in order for the reinforcer to be delivered.  
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Azrin and Lindsley (1956) modified Skinner’s arrangement to study cooperation 

between dyads of children. They demonstrated that cooperative responses between children 

could be taught using a shared consequence – or a consequence that was accessible by each 

member of the dyad. In their study, twenty children were paired into ten dyads. The children 

sat at opposite ends of a table and each dyad was tasked with putting a stylus in a slot on the 

table. If the two children put their respective styli in their slots within 0.04 s of each other, a red 

light flashed and one jellybean was dispensed. Interestingly, control over the cooperative 

responding was achieved by delivering only one consequence (the jellybean) to both 

participants.  

 There are a few terminological and procedural characteristics that differentiate 

procedures used to study cooperation from those used to study the behavior of one individual. 

First, the reinforcers for each individual organism in a group must depend, at least in part, on 

the responses of the other members of the group (Hake & Vukelick, 1972). These responses 

were labeled as “cooperative responses”; the reinforcer remains unavailable to an individual 

unless two or more individuals engage in the behavioral chain necessary to produce said 

reinforcer. An individual response is insufficient to achieve the same reinforcer. Second, there 

must be some way to equitably distribute the responses required to produce a reinforcer 

delivered contingent on the cooperative responses (Hake & Vukelich, 1972).  

 This definition of cooperation leaves room for procedural variation, as Hake and 

Vukelich (1972) pointed out. They classified the procedures frequently used to study 

cooperation in behavior analysis. They drew a distinction between choice and performance 

procedures. In a cooperative paradigm, performance procedures measure the behavior 
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required to reach a cooperative solution. For instance, Azrin and Lindsley (1956) measured the 

behavior of each child. However, choice procedures measure only the selection of a solution 

rather than the behavior required to reach it. Usually choice procedures measure the selection 

of one of several alternative solutions. For instance, cooperate and defect solutions are 

measured in the prisoner’s dilemma game (PDG).  

Prisoner’s Dilemma Game 

 One arrangement that has been extensively utilized to experimentally study cooperation 

is the PDG. This arrangement was influenced by John Von Newmann’s game theory. The game 

was created in 1950 by two researchers working for the RAND Corporation as a way to 

investigate game theory; however, the name “prisoner’s dilemma” was created by a RAND 

consultant, Albert W. Tucker (Poundstone, 1992). 

In the classic PDG, two individuals committed a crime together and have been arrested 

by the police. The police do not have enough evidence to convict either prisoner, so they 

separate the two prisoners and each has option of either confessing to the crime and testifying 

against his partner (defecting), or remaining silent (cooperating). The game is arranged so that 

if both players cooperate, they both go to jail for 6 months. If both players betray one another, 

they go to jail for 5 years. If one player cooperates and the other player defects the defecting 

player gets does not go to jail while the cooperating player goes to jail for 10 years. The PDG 

studied in the laboratory uses point rewards rather than hypothetical prison sentences. Table 2 

is an example of a reward matrix that has been used in a two-person PDG. The traditional PDG 

is a one trial game – players either cooperate or defect. The iterated prisoner’s dilemma game 

(IPDG) is a variation of the PDG in which participants play the game for successive rounds. Such 
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a variation is more useful when studying behavior and cooperation, as researchers can measure 

the rate of cooperation over successive trials, and study how various contingency arrangements 

alter said rates. Both versions of the PDG are considered “non-zero sum games” in the game 

theory terminology. Zero sum games refer to games in which a player either “wins” or “loses.” 

Athletic matches, rock-paper-scissors, and games of chess are all examples of zero sum games. 

Cooperation in the IPDG arrangement is defined as individuals behaving in a way that 

produces the maximum possible points across participants over the length of the experiment. If 

all participants cooperate consistently across trials, then each participant will maximize their 

own gain. Let us consider a two-person IPDG experiment that lasts 10 rounds. According to 

Table 2 the maximum possible pay-off, summed across participants, would be 60 points, or 30 

points per person. No other combination of choices would yield this high of a pay-off for each 

individual. The cooperative response in this arrangement is the most beneficial response in the 

long-term, but the defect response yields the highest immediate pay-off, regardless of the 

other individual’s selection. Thus, the problem of cooperation in the IPDG is an issue of 

arranging contingencies that reinforce cooperative responses despite the larger, more 

immediate benefit of defecting.  

Most classic PDG and IPDG experiments have used two-person experimental 

arrangements. Cooper, DeJong, Forsythe, and Ross (1996) conducted an experiment using the 

IPDG experimental arrangement. Participants in this study cooperated 52% to 57% of trials. A 

common finding, however, is that the rate of cooperation decreases as the number of 

participants in the arrangement increase (Bixenstine, Levitt, & Wilson, 1966; Dawes, 1980; 

Rapoport, Chamah, Dwyer, & Gyr, 1962). Marwell and Schmitt (1972) tested cooperation in a 3-
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person IPDG experiment. Results indicated an increasing rate in cooperation across trials for 

both two-person (dyads) and three-person (triads) groups. After 150 trials, the average 

maximum rate of cooperation was 40% for triads and 80% for dyads. A maximum of 2 out of 12 

triads and 9 out of 12 dyads cooperated on 80% of trials in any given 10-trial block. Yi and 

Rachlin (2004) conducted an IPDG experiment with 5 players and reported cooperation rates of 

between 22% and 28%. These results suggest that adding more people to an IPDG significantly 

decreases the rate of cooperation.  

The reasons for low cooperation rates can be easily explained via an analysis of the 

contingencies for each individual. Consider a possible 4-person IPDG arrangement. On the first 

trial, there is a 50% chance that each player will cooperate. For the fourth player, this means 

that there is a 12.5% chance that all three other players will cooperate. Because the defect 

option has a larger immediate pay-off, the probability of all three players cooperating is likely 

even lower. Given this set of circumstances, the fourth player is much more likely to defect, to 

cut his losses, than to cooperate.  

Another common finding in research using PDG or IPDG arrangements is that if 

participants are allowed to communicate with one another, rates of cooperation tend to 

increase. Several PDG experiments have investigated the relationship between allowing players 

to communicate, allowing players to engage in verbal behavior, and rates of cooperation 

(Bixenstine et al., 1966; Rapoport et al., 1962). For example, Dawes, McTavish, and Shaklee 

(1977) investigated the effects of communication of rates of cooperation in an eight-person 

PDG. They had four groups of up to eight people with various abilities to communicate – one 

group could not talk, one group could talk about an irrelevant subject (income levels of people 
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in Eugene, OR), one group could talk about the problem but could not make a choice 

commitment in the discussion, and one group could communicate and were required to make a 

choice commitment. They found that the first two groups cooperated 30% and 32% of the time 

and the latter two groups cooperated 72% and 71% of the time. These results appear to be 

consistent across experiments and manipulations (Dawes, 1980).  

There are a number of possible explanations for these patterns of cooperation. First, 

humans have an extensive history both verbal behavior and following instructions. Allowing 

verbal behavior gives players the ability to manipulate both antecedent and consequence 

verbal events for other players. For instance, if one individual failed to cooperate, another 

player could say, “Hey! Stop doing that! We need to work together.” Alternatively, players can 

organize behavior by emitting commands before the emission of cooperate or defect choices. 

An example might be, “Everyone pick X this time.” Consequences such as these might function 

to increase the rate of cooperation and decrease the rate of defection among players. This 

explanation still remains to be tested. The manipulation of antecedent and consequence verbal 

events can be related to the social episode. The social episode includes the social contingencies 

that modulate the behavior of each individual in the group. Given the complex nature of verbal 

behavior, the exact verbal contingencies manipulated would be difficult to analyze. However, 

experimental manipulations in which a player can manipulate consequent events for others are 

possible.  

A second possible explanation for verbal behavior leading to an increase in the rate 

cooperation is that verbal behavior can be used to label contingencies in the environment. If 

players are able to say, “When we all do [X] we make the most money,” then the consequences 
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for cooperating can now operate on the behavior of individuals who may not have initially 

identified the cooperation contingency. Vichi, Andry, and Glenn (2009) arranged a social 

situation with four players. Each player began the study with a set amount of poker chips. At 

the beginning of each trial, every player had to bet between 1 and 10 of their poker chips. The 

experimenter determined if they won the trial, and when they did, the players then had to 

distribute the winnings among themselves. Unbeknownst to the players, whether they won the 

bet was determined by how they distributed the poker chips – equally or unequally. While the 

players could communicate and they learned to cooperate (they learned to make the correct 

distribution), none were able to label the contingency in effect. 

Several studies have investigated the effects of the loss of money in the context of a 

cooperative task. Two studies (Marwell, Schmitt, & Shotola, 1971; Schmitt & Marwell, 1971) 

introduced pairs of subjects to this preparation. The pairs of subjects could work either 

individually or cooperatively. In the long run, cooperating paid more, but participants could also 

take $1.00 away from each other in that condition. Working individually did not yield as much 

money as cooperating, but it avoided the loss of money. The results indicated that the loss of 

money disrupted the rates of cooperation. If participants could talk then they eventually 

learned to cooperate, and if talking was available in both conditions, then participants 

eventually learned to cooperate.  

Caldwell (1976) investigated the addition of sanctions, or fines, on rates of cooperation 

in a five person PDG.  In a group that could talk, players were allowed to impose a sanction (loss 

of money) on another player. When two players sanctioned the same player in a trial, that 

player lost 5 points. When four players sanctioned the same player, that player lost 15 points. 
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Caldwell (1976) found a statistically significant increase in the rate of cooperation in the 

sanction group (65%) versus other groups (43%). It should also be noted that the players were 

given information regarding the payoff matrix and how to calculate the number of points they 

would receive. In this study, Caldwell found that a group that could communicate cooperated 

more than one that could not – this latter group was given information regarding the pay-off 

matrix – although this did not produce a statistically significant result.   

Experimental Analysis of Metacontingencies 

 A number of groups, both in Brazil and in the United States, have begun an experimental 

analysis of metacontingencies (or IBCs that are selected by metacontingencies or the selection 

of IBCs by external consequent events (Glenn, 1986, 1988, 1989, 1991, 2004)). Vichi et al. 

(2009) published the first experimental investigation into metacontingencies. Ortu, Becker, and 

Glenn (in preparation) described five studies conducted at the University of North Texas. They 

used a 4-person PDG experimental arrangement. In this arrangement, players interacted with 

one another and made their selections via a computer; however, they could not see one 

another. Players earned individual monetary amounts for selecting either X or Y. Players who 

selected X received 4n points where “n” is equivalent to the number of players who chose X. 

Players who selected Y received 4n+7 points where “n” is again equivalent to the number of 

players who select X. An X selection corresponds to a cooperate choice and a Y selection 

corresponds to a defect choice. Tables 3 and 4 depict the point totals players earned based on 

the aggregate product produced and the cultural consequences delivered for the five possible 

aggregate products. Note that the cultural consequence is graded, and that points are deducted 

for the opposite aggregate product.  
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Experiment 1 investigated the effects of delivering a cultural consequence, company 

profit, contingent upon one of two different aggregate products: XXXX and YYYY. In an A-B-A-B 

reversal design, switching between XXXX and YYYY, the experimenters demonstrated control 

over the aggregate product by the company profit. Experiments 2 and 3 added baseline and 

extinction phases, where no company profit was delivered. Again, company profit gained 

control over the production of the aggregate products, and differences in the aggregate 

products produced were observed between the baseline and extinction phases. Players 

produced XXXX much more frequently in the extinction phase than in the baseline phase. This is 

the most difficult aggregate product to produce without maintenance by a cultural 

consequence, as an X selection is likely to be punished by another player selecting Y. 

Experiment 4 was designed as a yoked experiment – the group in this experiment received the 

same exact schedule of company profit deliver as did the group in Experiment 3. Thus, all of the 

conditions were of similar length, and the company profit was delivered on the same trial 

numbers, regardless of the aggregate product produced. The results indicate that consistent 

aggregate products were produced as a result of positive (greater than 0) company profit. 

Finally, Experiment 5 sought to gradually decrease the magnitude of the company profit. Over 

successive reversal conditions, the magnitude of the company profit was gradually decreased 

until it was no longer delivered. At some point, when the company profit was still delivered, the 

magnitude of the company profit was so low that, in an YYYY condition, picking Y was no longer 

the optimal selection in the sense that all players picking X would have yielded more points; yet 

participants continued to produce YYYY.  
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Skinner (1953) noted that, “behavior comes to conform to the standards of a given 

community [group] when certain responses are reinforced and others are allowed to go 

unreinforced or are punished” (p. 415). These responses have to be exposed to contingencies of 

reinforcement manipulated by members of a group. The elimination of verbal behavior and 

inclusion of aversive consequences allow us to examine more precisely whether these 

contingencies are selected by an external agent – a metacontingency.  

While the previous experiments did not specifically look at the details of the interlocks 

between players; we sought to investigate the effects of a metacontingency on the specifics of 

IBCs. Moreover, given the complexity of verbal behavior, and difficulty of analysis, we did not 

allow players to communicate, but did allow them to deliver consequences assumed to be 

aversive, in the form of a fine (point loss) to other players. As Caldwell (1976) showed, the 

ability to provide aversive consequences for another’s behavior may be an important factor in 

the promotion of cooperation in a group. However, it is not clear whether verbal behavior is 

essential given that fines are available to players. Such a manipulation allows for a cleaner 

analysis of social interactions in a social dilemma game. It stands to reason that, given the 

opportunity, participants might use money loss (fines) as a way to punish defecting behavior. 

The ever-present risk of such a consequence might be enough to prevent individuals from 

defecting and promote high rates of cooperation.  

The specific research questions we addressed were whether players cooperated when a 

cultural consequence – company profit – was delivered contingent upon a specific combination 

of player choices (the aggregate product), without having access to verbal behavior; whether 

players fined one another contingently upon defection, and assuming they did so, whether the 
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fines functions to punish players’ choices; and whether the use of these fines would vary based 

on delivery or non-delivery of company profit. 
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METHODS 

Participants 

Eight participants were recruited from the University of North Texas and surrounding 

community. Individuals participating were over 18 years of age. They were recruited by handing 

out a flyer (Appendix A) and an announcement in undergraduate behavior analysis courses, and 

through personal emails1. Participants were placed in a group of four people to make two 

groups of four participants. Each group took part in the study separately. 

Setting and Materials 

The study was conducted in a conference room at the University of North Texas. The 

following materials were used: a laptop computer, a digital projector, a projector screen, four 

books of 3”x5” index  cards, four sets of two heavy weight 8.5”x11” sheets of paper (each sheet 

depicted a large printed X or Y), and three foam board dividers. Players used the books of index 

cards to specify whom they wanted to fine and how much of a fine would be imposed. Each 

book of index cards was divided so the top and bottom of each index card could be flipped 

independently. The top part of the book specified each of the other three players and the 

bottom part of the book indicated the fine amount (4, 8, 12, or 16 cents).   

Procedures 

 Experimental setup and instructions. Four participants were seated on one side of a 

rectangular table of sufficient length to seat all participants comfortably. Foam board dividers 

separated the participants from one another such that they could not see one another. Two of 

the 8.5”x11” cards were placed in front of each participant. Printed on one card was the letter X 

                                                           
1 Readers can contact the experimenter at culture.experiment@gmail.com for a copy of the emails that were used 
for recruitment. 
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and on the other card, the letter Y.  The primary investigator was seated on the side of the table 

facing the players. On the wall in front of the participants was a projector screen showing each 

player’s choice on the current trial, the money that each player received for the current trial, 

the total amount of fines for each player on the current trial, the company profit, if any, for the 

current trial, and the cumulative amount of money earned for each player. Appendix B shows 

the screen that players would see at the beginning of a trial. 

Participants were given the following instructions prior to beginning the study: 

In this game, you are co-owners of a company. You will earn money throughout the 
game, and the amount you earn will depend on what you do. The amount that you earn 
will be paid to you at the end of the game. At the beginning of each round, each of you 
will select either X or Y by holding up the corresponding sheet of paper in front of you. 
Each of you will make that selection in turns, once per round. I will let you know when it 
is your turn to choose. During some parts of the game, each of you will have an 
opportunity to fine another player after you make your selection. In order to fine a 
player, open up the bound booklet in front of you, select the player you wish to fine by 
flipping the top portion of the booklet to that player’s number; flip the bottom portion 
of the booklet to the amount of the fine you wish to select. If you do not wish fine any 
player, please display the inside of the back cover when I ask you to hold up fines. 
Please refrain from talking with other players throughout the session. Thank you for 
your participation. Are there any questions before we begin?   
 
Trial sequence. At the start of each trial, players had to choose either the X card or the Y 

card. Players selected X or Y in a particular order. This order rotated each trial so that no player 

selected first on every trial. For example, on the first trial, Player 1 would select first, then 

Player 2, Player 3, and finally Player 4. On the next trial, Player 2 would select first, then Player 

3, Player 4, and Player 1. This same rotation pattern continued throughout the experiment. The 

experimenter would signal each player that it was their turn to choose by calling out their 

player number. Each player’s choice was entered into the excel spreadsheet as soon as it was 

selected and that choice was displayed immediately such that all four players could see it. The 
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amount of points each player received for their selection are depicted in Table 3. The point 

values were equivalent to those used in the Ortu et al. (in preparation). These point values 

would be displayed to all players after all four players made their X/Y selections. Players 

accumulated points (in the form of money) throughout the experiment from both their 

individual choices and company profit. The amount of money that they earned in the 

experiment was paid to them at the end of the session. If players did not earn up to $8.00 per 

hour, then the experimenter paid the difference between the lowest paid participant’s total 

and the amount that would equal $8.00 per hour to each participant. 

If players were in a condition in which they earned company profit, then the 

experimenter would display the company profit immediately after the emission of the four 

players’ X/Y selections. Thus, the players’ choices, individual points for those choices, and the 

company profits were all displayed simultaneously. These were all displayed for approximately 

10 seconds, and then the screen was cleared such that nothing but the players’ total points was 

displayed. 

Experimental conditions that allowed player fines included a second part to each trial. 

After the screen was cleared of player choices, individual points, and company profits, 

participants had an opportunity to anonymously fine another player. Players were able to take 

away 4 points, 8 points, 12 points, or 16 points from another player. Only one such fine was 

allowed for each player in any given trial. The opportunity to fine was signaled by the 

experimenter asking players to hold up the amount they wished to fine. To fine another player, 

players selected a card from their respective flip books. Each book had a top and bottom which 

could be flipped independently. The top portion of the booklet specified player numbers for the 
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other three players and the bottom portion specified the fine amount. A player who wished to 

impose a fine on another player flipped both portions to the appropriate labels and held up the 

booklet so the experimenter could see it clearly. If a player did not wish to impose a fine, they 

would flip the booklet to the inside back cover (which was blank) of the booklet. The fines 

selected by the participants were entered into the excel spreadsheet all at once. Then, the 

experimenter would display the total fines for that trial for 10 s. The experimenter would then 

clear the screen such that nothing but the players’ total points were displayed and then next 

trial would begin.  

Independent Variables and Experimental Design 

 Two variables were manipulated in this study – the delivery of company profit (cultural 

consequence) contingent upon one of two combinations of X and Y choices (either XXXX or 

YYYY), and the ability for players to fine each other. In the two baseline conditions company 

profit was not delivered and in the other two conditions company profit was delivered 

contingent either on XXXX or YYYY. The value of the company profit that was delivered is 

depicted in Tables 3 and 4.  

There were a total of four experimental conditions in this experiment. In the Baseline 1 

condition (B1), players could not fine and no company profit was delivered. In the Baseline 2 

condition (B2), players had the ability to fine one another, but again, no company profit was 

delivered. In the X condition, positive company profit was delivered contingent on the 

production of XXXX, and negative company profit was delivered contingent on the production 

of YYYY; in the Y condition, these values were reversed. For each experimental group, the B1 

and B2 conditions were in effect for at least 30 trials. If the XY combination (aggregate product) 
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changed on trial 30, then that condition was continued for at least two more trials to ensure 

that any change in the subsequent condition was a result of the condition change and no other 

variable. Conditions X and Y ended after either 20 trials or 80% of the 10 most recent trials 

resulted in an aggregate product specified by the metacontingency. 

Experimental design. A reversal design was arranged for both groups. Both groups 

began the experiment in the B1 condition for 30 trials, and then switched to the B2 for the next 

30 trials. After that, the specific conditions that were arranged depended upon the 

performance of the group. The resulting reversal design for Group 1 was B1-B2-X-Y-X-B2-Y-X, 

and the resulting reversal design for Group 2 was B1-B2-Y-X-B2-Y-X-B2-X-Y-X. 

Dependent Variables 

 The primary dependent variable was the player choices on each trial and the aggregate 

product for each trial (XXXX, YYXX, etc.). In addition to these variables, data were collected on 

player points earned each trial, cumulative player points, who players fined and for how much, 

and cultural consequences for each trial.  
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RESULTS 

Production of Aggregate Products 

Figure 1 shows the aggregate products that were produced on each trial for each group, 

and the corresponding company profit that was delivered on that trial contingent upon the 

aggregate product. If the company profit was $0 in the two baseline conditions, then there was 

no feedback delivered at all. For trials in the XXXX and YYYY conditions – conditions in which a 

metacontingency was in effect – $0 company profit was displayed as feedback in the trial. The 

first two conditions were B1 and B2 for both groups. As Figure 1 (top panel) shows, Group 1 

failed to produce the XXXX aggregate product after 47 trials in the first X condition, but very 

quickly reached stability in the following Y condition. Group 1 continued to produce the XXXX 

aggregate product in the second B2 condition. Control over the aggregate products was gained 

by the cultural consequence in both the Y condition and X condition on reversals following the 

B2 condition. 

 Group 2 (Figure 1, bottom panel) never produced either XXXY or XXXX in either the first 

B1 or B2 conditions. Because of this, the Y condition was arranged before the X condition. The 

group reached stability within 11 trials. Group 2 never produced the XXXX aggregate product in 

the first X condition; in fact, the group consistently produced the XXYY aggregate product until 

the condition change to B2. The condition was changed to B2 at this point because the value of 

the cultural consequence produced by the XXYY aggregate in the X condition, -13.3 cents, is the 

same as the value of the cultural consequence produced by the XXYY aggregate product in the Y 

condition. A change to the Y condition would not have produced any environmental changes 

that would have evoked any changes in behavior. Thus, in order to evoke changes in the 
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behavior of the two members of the group that were consistently selecting Y, the experimenter 

switched the condition to B2. The group consistently produced the YYYY aggregate product in 

both the B2 condition and the Y condition that followed. Even when the group was placed in 

the X condition a second time, there was no apparent change in the aggregate products. The 

experimenter again changed the condition to B2 in an attempt to produce changes in aggregate 

products; however, Group 2 continued to produce XXYY, even in B2, except for the final two 

trials of that condition. When the experimenter saw that the group switched to producing XXXY 

in B2, he reversed back to the X condition; though on the first trial of the reversal, the group 

switched back to XXYY rather than continuing to produce XXXY. This change occurred before 

the cultural consequence for the first trial of that X condition was delivered. After some time in 

this X condition, Player 3 switched his choice to X, which resulted in a change in the aggregate 

product from XXYY to XXXY. This aggregate product was produced for X trials, but because 

Player 1 never switched his choice to X, the XXXX aggregate product was never produced. The 

experimenter switched to the Y condition, and the YYYY aggregate product was produced at a 

stable rate within 10 trials, then the condition was reversed back to the X condition. The XXXY 

aggregate product was produced within two trials of this new condition, but, as with the 

previous X condition, the XXXX aggregate produced was never produced. 

Fining Behavior 

 Figure 2 shows the trials in which each player fined someone. Three players in Group 1 

(top panel) – Players 2, 3, and 4 – began fining on the first trial of B2. They continued fining 

throughout the condition and subsequently ceased part-way through the first X condition. All 

four players maintained their cessation of fining until the reinstitution of the B2 condition. At 
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this point, Player 1 began fining and Players 3 and 4 resumed a similar pattern of fining that was 

seen in the first B2 condition. The fines were not as frequent as can be seen by the differences 

in the slopes of the lines. Player 2 fined on several trials in the second B2 condition, but did not 

continue the pattern that he had exhibited in the first B2 condition. All four players ceased 

fining shortly before the end of the condition. This cessation corresponded to a consistent 

pattern of cooperation – the production of YYYY. None of the players fined in the last X 

condition.  

 Only two players in Group 2 (bottom panel) fined another player – Players 2 and 4. 

Player 2 exhibited the highest rate of fining. Player 2 began fining in the first Y condition, but 

stopped half-way through the condition. He started fining again half-way through the 

subsequent X condition and ceased at the beginning of the second B2 condition. Player 2 

exhibited a high rate of fining in the last half of the second X condition and did not stop fining 

until the beginning of the last Y condition. He started fining again in the last X condition. These 

data demonstrate a clear effect of the different conditions upon Player 2’s fining behavior. 

Player 4 was the only other player in Group 2 who fined another player, and he started in the 

third X condition, stopped in the following Y condition, and began again in the last X condition. 

As with Player 2, these data show a clear effect of the X and Y conditions upon Player 4’s fining 

behavior.  

 Potential antecedent controls. The previous data showed control over fining behavior 

via the presence or absence of the metacontingency. There were several potential antecedent 

variables that may have evoked fining behavior. Data analyses were conducted to investigate 

whether individuals who defected or individuals with the highest overall amount of money 
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were controlling instances of fining. Figure 3 shows whether each player in Group 1 fined 

individuals who selected X or Y. Players 2, 3, and 4 (top right and bottom two panels) exhibited 

high rates of fining against individuals who picked Y in the first B2 condition and the first X 

condition. Player 2 fined individuals who picked X more frequently than the others, but still 

fined individuals who picked Y more often. In the final B2 condition, Player 2 fined only 

individuals who picked X. However, Player 3 fined individuals who picked X and Y at about the 

same frequency, and Player 4 only fined individuals who picked X. Player 4 fined at a high rate 

until the group began producing XXXX in the B2 condition. All players ceased fining in the final 

B2 condition within two trials of producing XXXX. They continued to produce XXXX until they 

reached the stability criterion. Players 2 and 4 did not fine for the rest of the study; however, 

Player 1 (top left panel) began fining again when the condition changed to Y. He fined only 

individuals who picked Y, but ceased when the group was cooperating consistently (producing 

YYYY).  

Figure 4 shows whether each player in Group 1 fined individuals who defected or 

individuals who had the highest total amount of money prior to the fine. Note that it was 

possible for a player to fine players who both defected and who had the highest amount of 

money on a trial. Thus, it was possible for both lines to increase on each trial. If one of these 

two variables were more likely to evoke a fining response, the difference between their 

evocative effects would be clear on the graphs. However, there is no clear difference depicted 

for Players 1, 2, or 3 (top panels and bottom left panel). Player 4 (bottom, right panel) shows 

the clearest difference between control via defection or the highest total money. This 

difference is in only the first B2 condition. Also, players in the first B2 condition were more 
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likely to pick Y than pick X, so it was more probable that any players that fined someone would 

have fined a player that defected. Player 4’s fining behavior in the last B2 condition was more 

likely to be evoked by the individual with the highest total money; however, this does not 

account for all of Player 4’s fining behavior in this condition. 

Figure 5 shows the patterns of fining behavior exhibited by Players 2 (top panel) and 4 

(bottom panel) in Group 2. These two players only fined Players 1 and 3, and did so only in the 

B2 and X conditions. In addition, all of the fines imposed by both players were against 

individuals who picked Y. Players in Group 2 that picked X never received a fine. Figure 6 shows 

whether the fining behavior exhibited by Players 2 and 4 were controlled primarily by 

individuals who defected or individuals who had the highest total amount of money. With the 

exception of a few trials in the first X condition, both Player 2’s and Player 4’s fining behavior 

rate of fining defectors also matched their total rate of fining.   

Function of Fines 

 Tables 5 and 6 show whether fines functioned as punishers for players in Group 1, and 

Tables 7 and 8 show the same information for Group 2. For each player, data were calculated 

for the percent of trials in each condition in which a player did or did not receive a fine, and 

whether the player switched their choices given that they were or were not fined. Tables 5 and 

7 show the immediate effectiveness of the fines – whether the fines produced a change in a 

player’s choice behavior on the trial following the one in which they were fined. Tables 6 and 8 

show the conditional effectiveness of the fines – whether the fines produced a change in a 

player’s choice behavior on the next trial in which that player chose in the same position. 
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Because each player did not chose in the same position every trial, the position in which they 

chose could begin to exert stimulus control over their choice behavior. 

Group 1. There were four conditions in which players in Group 1 received a fine – both 

B2 conditions, the first X condition, and the last Y condition. No fines were emitted in the other 

three conditions, so no difference data were calculated for these three conditions. 

Player 1 is the only player that was consistently more likely to switch his behavior on a 

trial following a fine than on a trial following a non-fine (Table 4). The difference between the 

switch percentages on trials when Player 1 was fined versus when he was not fined are the 

highest in the final B2 condition. In fact, all four players show a difference of +18% or higher in 

the final B2 condition. The obtained range was 18.42%-32.22%. Player 1 showed larger 

differences in switching choices, when fined immediately, during the first B2 and X conditions 

(B2 = 19.39%, X = 25%) than when he switched the next time he was in the same position (B2 = 

4.78%, X = 1.52%).  

Some players were less likely or equally likely to switch when they were not fined on a 

trial than when they were fined on a trial. The differences displayed in for Players 2 and 4 with 

respect to immediate fines are much lower than those with respect to fines based on choice 

position. With respect to immediate fines, the range obtained for Player 2 was -10.0%-8.33% 

(M = -6.6%); and the range obtained for Player 4 was -40.0%-24.29% (M = -10.38%). With 

respect to fines based on choice position, the obtained range for Player 2 was -25.0%-18.42% 

(M = -2.06%). The obtained range for Player 4 was -7.69%-32.22% (M = 6.20%). However, the 

fines showed similar patterns of effectiveness for both Players 2 and 4 within each condition. 

For example, both players were less likely to switch immediately given a fine in the first B2 
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condition and last Y condition, but more likely to switch given an immediate fine in the first X 

condition and the second B2 condition. Likewise, both Players 2 and 4 were less likely to switch 

their choice when choosing in the same position in the first  B2 condition, first X condition, and 

last Y condition, but more likely to switch their previous choice in the last B2 condition. 

Player 3, in contrast to Players 2 and 4, was much more likely to switch his choice, given 

a fine, in the first B2 condition (both an immediate switch and a switch based on position) and 

the last B2 condition. He was slightly less likely to switch his choice given a fine in the first X 

condition and the last Y condition. 

 Group 2. Players 1 and 3 were the only two players in Group 2 that ever received a fine. 

Tables 7 and 8 show the data regarding the effectiveness of fines as punishers. The only time 

Player 1 changed his choice behavior was in the first X condition, and those changes were on 

trials after which he was not fined. Player 3 also switched his choice behavior in the first X 

condition, and these changes were on trials after which he was not fined. Player 3, in contrast 

to Player 1, switched his behavior in two different conditions – the last B2 condition and the 

third X condition. In both of these conditions, the data show a positive effect of the fines (B2 

condition = 33.33%, X condition = 16.67%). However, these data are not observed when 

controlling for choice position. In fact, the difference for the B2 condition, controlling for choice 

position, is negative, and the difference in the third X condition is close to zero. Thus, Player 3 

was much more likely to switch his behavior in the final B2 and X conditions when he was fined 

than when he was not fined, but this was true only if he switched his behavior on the next trial 

and not if he switched the next time he chose in the same position.  
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Patterns of Cooperation 

 Figures 7 and 8 show frequency of cooperation from each player in Groups 1 and 2 over 

the course of the study. One line shows a cumulative record of trials in which each player that 

chose before the target player cooperated according to the current condition. The second line 

on the graph shows whether or not the target player defected on that trial given that this 

pattern of cooperation was present. This means that these graphs take into account only trials 

in which each player chose second, third, or fourth. All of the graphs, with the exception of the 

graph for Player 2 in Group 2 (Figure 8, top right panel), show accelerations in the rate of trials 

in which a cooperation pattern preceded their choice. The graph for Player 2 in Group 2 does 

not show this acceleration because Player 1 in Group 2 (Figure 8, top left panel) always 

defected in the B2 and X conditions. Because Player 2 (Group 2) always chose after Player 1 

(Group 2), these opportunities were never present except in the Y conditions, in which Player 1 

was cooperating. Seven individual player graphs also show a deceleration in the rate of 

defecting given a preceding choice pattern of cooperation. The one exception to this finding is 

Player 1 in Group 2 (Figure 8, top left panel). This player defected on every trial, so the line 

depicting these data is accelerating at the same rate as the line depicting a pattern of 

cooperation. 

Countercontrol 

 Counter-control was one other variable that may have been exhibited by players. In this 

experiment, counter-control was defined as fining anyone in the group the trial after you, as a 

player, received a fine. Figure 9 shows these data for Group 1. Player 3 (Figure 9, bottom left 

panel) shows a high rate of counter-control throughout the experiment; Players 2 (Figure 9, top 
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right panel) and 4 (Figure 9, bottom right panel) initially emit a high rate of counter-control, but 

less so at the end of the experiment. Player 1 (Figure 9, top left panel), when he began fining at 

the end of the experiment, shows a relatively high rate of counter-control. All four players also 

stopped exhibiting counter control at the end of the last Y condition as all four players stopped 

fining one another. Figure 10 depicts these same data for Group 2. No counter-control was 

exhibited by individuals in Group 2 as the only two players who ever received fines, Players 1 

(top left panel) and 3 (bottom left panel), never fined another player over the course of the 

experiment.  
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DISCUSSION 

Aggregate Products and Fines 

The effects of the metacontingency conditions on the aggregate products of  

Group 1 were consistent with previous studies using a similar experimental arrangement (Ortu, 

et al., in preparation). However, the effects of the metacontingency conditions on the 

aggregate products of Group 2 were not consistent with previous metacontingency research. 

This group failed to produce the XXXX aggregate product over the course of 239 trials. There 

are several potential explanations for this effect. First, note the differences in the aggregate 

products in the baseline conditions for both Group 1 and Group 2. The baselines for Group 1 

show an extremely varied pattern of aggregate products, while the baselines for Group 2 show 

less variation and more consistency in producing XYYY or YYYY. Group 2 never produced XXXY 

or XXXX in either baseline condition. Group 2, however, did produce XXYY on 7 trials across 

both baselines. We can see that the degree to which the pattern of aggregate products varied 

in baseline matched onto the degree of variation observed in subsequent conditions, at least 

until the metacontingency gained control over the production of one aggregate product.  

In the last B2 condition for Group 2, the aggregate product switched from XXYY to XXXY. 

This pattern continued for two trials, and the experimenter switched the condition to the X 

condition in an effort to capture this aggregate product. However, on the first trial of the next 

condition, Player 3, the individual who switched from Y to X in the B2 condition, switched back 

to Y in the X condition. The change that is observed on that trial is not due to a change from the 

B2 condition to the X condition; though given the prior history of the last two X conditions, it 

was likely that the participants would go back to producing XXYY. The group did begin 
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producing XXYY, as the group’s baseline history would predict, but eventually the group began 

producing XXXY at a stable rate.  

Historically, the XXXX aggregate product is the least likely aggregate product to be 

produced, especially in the absence of a cultural consequence (Ortu, et al., in preparation). On a 

trial in which three players pick X, the fourth player can earn the most amount of money by 

picking Y. In contrast, if three players pick Y on a trial, the fourth player would earn 4 cents if he 

picked X, and 7 cents if he picked Y. In addition, the three players who picked Y will earn more 

money when the fourth player picks X, than when he picks Y. Thus, there are two consequences 

that could increase the likelihood of the fourth player picking Y given those scenarios – the 

avoidance of a lower amount of money, or the receipt of a larger amount of money and the 

avoidance of other players receiving more money than oneself. Ultimately, any given player will 

always earn more money on a trial if he picks Y than if he picks X, regardless of what every 

other player does. All of these factors contribute to the improbability of the XXXX aggregate 

product. 

However, under certain conditions in this study, some players selected a choice that was 

to their immediate detriment. For example, Player 4 in Group 2 began selecting X consistently 

within three trials into the first X condition, and continued throughout the experiment (except 

in Y conditions, in which he selected Y). It is important to note two things; first, Player 4 was the 

only player in Group 2 that sampled the X choice in the baseline conditions and the first Y 

condition on a frequent basis. Second, all other players at the time of Player 4’s switch were 

selecting Y. At the time of his switch, Player 4 was earning only 4 cents per round from his X 

choice, and losing 6.67 cents per round due to the cultural consequence (-26.7 cents ÷ 4). This 
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resulted in a net loss of 2.67 cents per round. If Player 4 had chosen Y, instead of X, he would 

have earned a net loss of 3 cents per round. At the same time, Player 4’s switch from Y to X 

resulted in every other player going from a net loss of 3 cents (earning 7 cents from picking Y 

and -10 cents from the cultural consequence) to a net gain of 4.33 cents (earning 11 cents from 

picking Y and -6.67 cents from the cultural consequence). While Player 4’s X choice was to his 

immediate detriment (4 cents versus 7 cents), it was actually the most optimal choice for 

minimizing his net loss on a trial. His choice could be considered cooperative, and, in a way, 

altruistic, as he took an immediate loss in points that resulted in a larger net gain for the other 

three players.  

Group 2, despite being exposed to the same exact conditions as Group 1, failed to 

produce XXXX. This effect is due to Player 1 not switching his choice from Y to X during the 

experiment. Note that, as depicted in Figure 6, two players were consistently fining the Player 1 

for picking Y in the last two X conditions. When both Players 2 and 4 in Group 2 were fining 

Player 1, Player 1 was earning 19 cents per round, but losing 20 cents per round due to fines. 

Even with the net loss of one cent per round, Player 1 still never switched to picking X. The 

experimenter ended the session for Group 2 due to time constraints, so it is not clear whether, 

given longer exposure in the last X condition, Player 1 would have switched his choice to X 

resulting in the production of the XXXX aggregate product. It is also possible that had Player 1 

encountered a net loss greater than 1 (it is possible to lose 13 cents per round); he would have 

changed his response.  

In contrast to Group 2, Group 1 eventually produced the XXXX and YYYY aggregate 

products reliably upon changes in conditions. However, while the fining behavior for Players 2 
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and 4 in Group 2 seemed to be evoked exclusively by defecting players, this was not the case 

for players’ fining behaviors in Group 1. According to these data, it is uncertain whether fines 

functioned as punishers for players in Group 1. It is possible that three different variables may 

have been controlling Group 1 players’ fining behavior at any given time: counter-control, 

defecting players, and players with the highest total amount of money. The fining behavior of 

Players 3 and 4, in particular, seemed to be more controlled by countercontrol in early 

conditions. It is important to note that countercontrol and the other two variables can overlap. 

If a player is exhibiting countercontrol by fining anyone simply because he was fined in the last 

trial, then it is highly likely, especially in the first B2 condition, that the player who was fined, 

will fine someone with the highest amount of money or someone who defected in that round. 

Thus, it seems that fining behavior for players in Group 1 was multiply controlled, or the control 

varied from trial to trial. In spite of this, Group 1 eventually produced the aggregate products 

specified by the metacontingencies in effect. 

The goal of the experimental manipulations in this experiment was to establish an easy 

method for measuring interlocking behavioral contingencies. It turns out that this kind of 

manipulation is not quite as simple as might be expected. The fines were conceptualized as 

consequences that would be used to punish the behavior of players. No constraints were 

placed on the use of the fines because the experimenter wanted to see how they would be 

used in the absence of any other restricting variables. It turns out that, in some conditions, the 

fines were used as contingent aversive consequences for defecting players (Group 2); however, 

in other conditions they are not used in such a way, or at least they were not used consistently 

(Group 1). Also, it is clear from the data for both groups, that more manipulations are required 
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in order to understand how the fines can come to function the way the experimenters intended 

them to function (i.e., as punishers). One manipulation that might achieve this outcome would 

be to add a cost for one player to fine another player. For instance, one experimental 

arrangement could be that players pay, out of their own funds, 50% of the magnitude of the 

fine in order to impose a fine. The addition of this cost would likely decrease the frequency of 

players fining one another; players would only use the fines under conditions in which the use 

of the fines had produced beneficial consequences for the player using it. Another manipulation 

that may increase the likelihood that fines would function as punishers for individual player 

behavior would be to alter the number of fine values from four values to one value (perhaps 

the maximum fine value). If question of experimental interest were how players use fines, then 

it would be beneficial to limit the fines to one value to observe how players use the one value, 

and then add additional fine values in subsequent experiments or simply manipulate the fine 

value.  

Verbal Behavior 

 This study did not investigate the relation between verbal behavior and cooperation. 

However, verbal behavior remains an important variable to research in cooperative 

experimental paradigms. As verbal organisms, humans often communicate verbally, and 

humans rely quite heavily upon verbal behavior in order to coordinate their behavior. As such, 

experiments should be designed to isolate the specific effects of verbal behavior and its 

components (e.g., tacts, mands, intraverbals, etc.) in cooperative paradigms. For instance, a 

study could be designed where players can emit only predetermined verbal responses that are 

designed to serve some function. The verbal responses available could include admonitions for 
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players to cooperate, praise for specific responses, and rebukes for other responses. In this 

way, the analysis of the verbal behavior of each player and its effect on other players’ behavior 

could be more easily analyzed.  

Interlocking Behavioral Contingencies and Metacontingencies 

 Other than the use of fines and verbal behavior, there is another way in which players’ 

behavior interlock in the IPDG arrangement used in this study – the choices preceding a player’s 

choice can set the occasion for that player’s choice, and choices following a player’s choice can 

reinforcer or punish that player’s choice. For instance, a baseline pattern or a pattern in Y 

conditions in which the first three players pick Y is going to set the occasion for the fourth 

player to pick Y. If the fourth player on that trial picks X, he will earn fewer points than if he 

picked Y. It is highly likely that, in baseline conditions and after some exposure to the 

experimental arrangement, that three Y’s will function as an discriminative stimulus for the 

fourth player to pick Y. Alternatively, if the player that chooses first picks X, and the other three 

players subsequently pick Y, then the first player’s behavior of picking X is likely to be punished 

due to the lesser amount of points that he would receive as a result of the other three players’ 

choices. However, the degree to which other players’ choices can come to exert stimulus 

control over, reinforce, or punish a player’s choice changes based on players’ histories in the 

experiment, as well as the condition currently in effect. For instance, three players picking X in 

the B1 condition is likely to set the occasion for the fourth player to select Y; however, the same 

pattern is likely to set the occasion for the fourth player to select X in the final X condition 

(Group 2 in this study being the exception). One question that arises, especially in light of the 

data from Group 1, is whether these interlocks are sufficient to promote high frequencies of 
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cooperation. The players in both groups could not engage in any verbal behavior, so it is clear 

that, under some conditions, verbal behavior is not required in order for cooperation to come 

about. It is also clear that fines are not necessarily required in order to promote cooperation.  

 One way to investigate the utility of fines and verbal behavior would be to change the 

schedule upon which the cultural consequences are delivered. For example, an experiment 

could be designed in which the cultural consequence is delivered initially on a continuous 

schedule, but gradually switched to a variable ratio schedule. The infrequent delivery of the 

cultural consequences might increase the utility of various IBCs in maintaining a specific pattern 

of behavior. It is possible that, given a continuous schedule of cultural consequence delivery, 

the cultural consequences could alternatively reinforce or punish the individual choices of 

players. It is not possible to address either of these issues in the current experiment. However, 

it would be advantageous if future experiments were designed to address these issues.  

 There are a number of other issues that future studies could address. One limitation of 

the current study is that there was no way to verify that participants were actually looking at 

other players’ choices. One way to require observing responses would be to make the cultural 

consequences contingent upon non-uniform aggregate products – that is aggregate products 

that consist of different choices. For instance, one could place the company profit contingent 

upon the product XYYY. It would be interesting to observe the effects of such a manipulation 

because the player picking X would be earning far fewer points than all other players. Assuming 

positive company profit is driving the production of this aggregate product, the contingency 

would require participants to emit a choice that depends upon the choices of all of the other 

players. The aggregate products XXYY and XXXY would accomplish the same feat. 
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 Another issue that needs to be addressed is the measurement of IBCs. As with the 

previous studies utilizing the IPDG preparation, this study failed to specifically measure any IBC. 

There are two ways in which this could be accomplished in any choice paradigm. First, players 

could be required to pay some amount of money to see each other’s choices. Then the 

experimenter could measure when a player switched or kept his choice based upon his 

observations. Second, players could be required to make two responses for their choices. The 

first response would indicate what choice a player was leaning toward, or what they were likely 

to choose. Players would then have a window in which they could change their choices based 

upon those of other players. Any change they made would be the second and final choice. This 

would also allow an experimenter to assess how players change their choices based on those of 

other players. Both of these manipulations could be combined in a number of ways, along with 

other manipulations to really start understanding how and why behavior of individuals 

interlocks. 

 One last point that justifies some discussion is the way in which IBCs and 

metacontingencies are conceptualized. Currently, the term “metacontingency” is talked about 

as a parallel to an operant contingency; it describes the relations between antecedent 

conditions that evoke IBCs and the cultural consequences that are delivered contingent upon 

the emission of an IBC. Before continuing in this discussion, it should be noted that 

metacontingencies do not entail the entirety of cultural level phenomena. Behavior need not 

enter into a metacontingency in order to be considered cultural (Glenn, 2004) – they need only 

be transmitted into the behavioral repertoires of other organisms. The term 

“macrocontingency” refers to behavior of individuals that are functionally independent from 
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person to person, but have cumulative effects across individuals engaging in that behavior. This 

effect is a consequence dependent upon the macro-behavior (sum of the effects of the 

behavior of all individuals), but the behavior of each individual is not dependent upon that of 

another. The cumulative effect does not in any way function to alter any dimension of any 

individual behavior upon which it is dependent. This is important to keep in mind when 

considering the entirety of cultural level phenomena (Glenn, 2004).  

In contrast to macrocontingencies, metacontingencies “...describe the process by which 

complex cultural entities evolve...” (Glenn, 2003, p. 237). That is, the metacontingency provides 

an account for the way in which cultural level phenomena come to exist. In this and other 

experiments that were previously described, there seems to be evidence to suggest that 

differential arrangements of environmental conditions (i.e., the criteria required to receive 

positive company profit) result in differential interactions of the participants of a group. 

However, whether these differential interactions are selected – as per the theoretical notion of 

“selection” (Hull, Langman, & Glenn, 2001) – as are responses in an operant contingency, or 

whether these interactions are emergent phenomena (e.g., “stimulus equivalence” and 

“contingency adduction”)2 is not yet clear. It is possible that, rather than describing a process 

like that of a three-term contingency, metacontingencies instead operate more like motivating 

operations (Laraway, Snycerski, & Michael, 2003; Michael, 1993, 2000) – changes in the 

surrounding environment that may function to alter the reinforcing value of different 

consequences, and thus result in differential frequencies of interactions of individuals with each 

                                                           
2 For further discussions on stimulus equivalence see Sidman (2000), Sidman (2008), and Sidman (2009). For 
further discussion on contingency adduction see Andronis, Layng, and Goldiamond (1997). For further a discussion 
on notion of selection, see Hull, Langman, and Glenn (2001). 
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other and their environments. For instance, the depletion of a resource in the environment may 

motivate individuals in a group to seek out other resources that can serve the same function at 

the resource that was depleted. The depletion of the resource does not necessarily signal that 

other resources are available; it merely serves to change the contingencies operating in the 

environment for the group. Assuming that the depleted resource was crucial to the survival of 

the group, either another resource must be found or some method discovered to compensate 

for the lack of the resource in order for the group to survive. This notion is merely speculative; 

however, and experiments should be designed to clarify how metacontingencies and other 

group contingency arrangements function to change behavior and IBCs. 

Ultimately, a fruitful experimental analysis of metacontingencies depends on teasing out 

the conditions under which metacontingencies are effective in promoting cooperation in a 

group, determining how they affect the contingencies operating between individuals within the 

group, and understanding how they interact with other environmental variables (e.g., other 

metacontingencies). Such an analysis has implications for understanding how individuals will 

cooperate in natural environments. Most importantly, it may lead to a more sophisticated 

scientific account of culture. Malagodi (1986, 1989) called for behavior analysts to contribute to 

the understanding and resolution of cultural problems, and suggested several ways in which 

this could be accomplished. He stated that, “…our culture is not dealing effectively with its 

problems of educational inadequacies, individually and socially troublesome by-products of 

aversive contingencies, depletion of natural resources, environmental pollution, its dark 

journey into nuclear winter, and so forth” (Malagodi, 1986, p. 2). Skinner (1948, 1953, 1971) 

argued frequently that behavior analysis could contribute to such an analysis. Both men argued 
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against the use of aversive contingencies, it is necessary for behavior analysts to understand 

both the conditions under which aversive contingencies arise in a culture, and also how 

individuals respond to those contingencies. The fines used in this experiment were one step 

toward such an analysis. 

A recent issue of The Behavior Analyst (November, 2010) featured a series of articles 

discussing the role of behavior analysis in the issue of climate change. This issue featured an 

article from Lonnie Thompson (Thompson, 2010), a climatologist, professor, and research at the 

Ohio State University, in which he presents evidence for climate change as seen by the 

recession of glaciers around the world. In addition to this, an environmental sustainability 

special interest group in the Association for Behavior Analysis International has recently been 

established. These two facts, combined with a list of talks presented at the past three Annual 

Meetings for the Association for Behavior Analysis, provide evidence that behavior analysts are 

finally taking interest in the application of our science to globally relevant issues. If behavior 

analysts are going to have an impact on issues such as climate change and other issues 

involving the behavior of more than one individual, then we are going to need a basic scientific 

understanding of how individuals cooperate with one another, and even how groups organize 

with other groups. This scientific basis will allow behavior analysts and their colleagues to 

create a world like the one Skinner (1948) envisioned in Walden Two. 
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Table 1 
 
Glossary of Terms 
 

Term Definition 

Interlocking 
Behavioral 
Contingency 

An operant contingency in which the antecedent conditions, the 
consequences provided for an organism’s behavior, or both of these 
conditions involve the behavior of another organism. 

Aggregate Product 

A physical result produced by the behavior of multiple individuals. 
Examples include the cumulative amount of CO2 in the air produced by a 
variety of behaviors, a bill pass by members of congress, or a shot on a 
soccer goal that involved a complex series of passes between multiple 
players on a soccer team. An aggregate product is not only produced 
from IBCs; it can be produced from non-interlocking behavior as well 
(e.g., smoke from cigarettes). 

 
Cultural 
Consequence  
 
 

An environmental event that’s delivery is dependent upon the emission 
of one or multiple IBCs. This is similar to the dependent relation between 
a rat’s lever press and the delivery of food. 

Metacontingency 
A contingency describing the relations between antecedent evoking 
stimuli, the emission of IBCs, and the cultural consequences that change 
or maintain some measurable dimension of those IBCs. 

 

 
Table 2 
 
Two-Player Prisoner’s Dilemma Game Reward Matrix 
 

 Player 2 

Pl
ay

er
 1

  Cooperate Defect 

Cooperate 3, 3 1, 4 

Defect 4, 1 2, 2 
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Table 3 
 
Point Matrix for a Modified 4-Person Prisoner’s Dilemma Game (X Condition) 
 

Aggregate Product Individual Points Cultural Consequence             
(X Condition) 

X X X X 16, 16, 16, 16 40.0 

X X X Y 12, 12, 12, 19 0.0 

X X Y Y 8, 8, 15, 15 -13.3 

X Y Y Y 4, 11, 11, 11 -26.7 

Y Y Y Y 7, 7, 7, 7  -40.0 

 
 
 
Table 4 
 
Point Matrix for a Modified 4-Person Prisoner’s Dilemma Game (Y Condition) 
 

Aggregate Product Individual Points Cultural Consequence             
(Y Condition) 

X X X X 16, 16, 16, 16 -40.0 

X X X Y 12, 12, 12, 19 -26.7 

X X Y Y 8, 8, 15, 15 -13.3 

X Y Y Y 4, 11, 11, 11 0 

Y Y Y Y 7, 7, 7, 7  40.0 
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Figure 1. These graphs depict the aggregate products that were produced on each trial, for each 
experimental group, as well as the corresponding company profit received on each trial. 
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Figure 2. These two graphs show the cumulative instances in which one player fined another 
player. 
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Figure 3. These four graphs show the cumulative number of instances of fining for all four 
players in Group 1, and whether each fine was against a player that selected X or a player that 
selected Y. 
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Figure 4. These graphs depict three different antecedents that may have evoked fining behavior 
from players in Group 1. Players who defected in baseline conditions and X conditions picked Y, 
and players who defected in Y conditions picked X.  
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Figure 5. These two graphs show the cumulative number of instances of fining for Players 2 and 
4 in Group 2, and whether each fine was against a player that selected X or a player that 
selected Y. 
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Figure 6. These graphs depict three different antecedents that may have evoked fining behavior 
from Players 2 and 4 in Group 2. Players who defected in baseline conditions and X conditions 
picked Y, and players who defected in Y conditions picked X. 
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Table 5  
 
Probability of Switching Next Choice when Fined Immediately (Group 1) 
 

Player 1 (Group 1)  Player 2 (Group 1) 

Condition 

Percent 
of 

Trials 
Fined 

Switch 
% on 
Trials 
Fined 

Switch 
% on 
Trials 
Not 

Fined 

Difference 

 

Condition 

Percent 
of 

Trials 
Fined 

Switch 
% on 
Trials 
Fined 

Switch 
% on 
Trials 
Not 

Fined 

Difference 

B2 36.67% 36.36% 31.58% 4.78%  B2 40.00% 25.00% 27.78% -2.78% 

X 6.38% 33.33% 31.82% 1.52%  X 4.26% 50.00% 48.89% 1.11% 

Y 0.00% 0.00% 0.00% -  Y 0.00% 0.00% 21.05% - 

X 0.00% 0.00% 15.00% -  X 0.00% 0.00% 35.00% - 

B2 43.48% 50.00% 23.08% 26.92%  B2 17.39% 50.00% 31.58% 18.42% 

Y 28.57% 50.00% 30.00% 20.00%  Y 14.29% 0.00% 25.00% -25.00% 

X 0.00% 0.00% 10.00% -  X 0.00% 0.00% 10.00% - 

          
Player 3 (Group 1)  Player 4 (Group 1) 

Condition 

Percent 
of 

Trials 
Fined 

Switch 
% on 
Trials 
Fined 

Switch 
% on 
Trials 
Not 

Fined 

Difference 

 

Condition 

Percent 
of 

Trials 
Fined 

Switch 
% on 
Trials 
Fined 

Switch 
% on 
Trials 
Not 

Fined 

Difference 

B2 43.33% 53.85% 35.29% 18.55%  B2 43.33% 46.15% 47.06% -0.90% 

X 14.89% 14.29% 17.50% -3.21%  X 8.51% 50.00% 48.84% 1.16% 

Y 0.00% 0.00% 10.53% -  Y 0.00% 0.00% 15.79% - 

X 0.00% 0.00% 25.00% -  X 0.00% 0.00% 25.00% - 

B2 34.78% 50.00% 26.67% 23.33%  B2 21.74% 60.00% 27.78% 32.22% 

Y 35.71% 20.00% 22.22% -2.22%  Y 7.14% 0.00% 7.69% -7.69% 

X 0.00% 0.00% 10.00% -  X 0.00% 0.00% 10.00% - 
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Table 6  
 
Probability of Switching Next Choice in the same Position in which One was Fined (Group 1) 
 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

Player 1 (Group1)   Player 2 (Group 1) 

Condition 

Percent 
of 

Trials 
Fined 

Switch 
% in 

Trials 
Fined 

Switch 
% in 

Trials 
Not 

Fined 

Difference  Condition 

Percent 
of 

Trials 
Fined 

Switch 
% in 

Trials 
Fined 

Switch 
% in 

Trials 
Not 

Fined 

Difference 

B2 36.67% 72.73% 53.33% 19.39%  B2 40.00% 33.33% 41.38% -8.05% 

X 6.38% 66.67% 41.67% 25.00%  X 4.26% 0.00% 16.67% -16.67% 

Y 0.00% 0.00% 0.00% -  Y 0.00% 0.00% 0.00% - 

X 0.00% 0.00% 0.00% -  X 0.00% 0.00% 0.00% - 

B2 43.48% 50.00% 42.86% 7.14%  B2 17.39% 25.00% 16.67% 8.33% 

Y 28.57% 50.00% 50.00% 0.00%  Y 14.29% 0.00% 10.00% -10.00% 

X 0.00% 0.00% 0.00% -  X 0.00% 0.00% 0.00% - 

           

Player 3 (Group 1)  Player 4 (Group 1) 

Condition 

Percent 
of 

Trials 
Fined 

Switch 
% in 

Trials 
Fined 

Switch 
% in 

Trials 
Not 

Fined 

Difference  Condition 

Percent 
of 

Trials 
Fined 

Switch 
% in 

Trials 
Fined 

Switch 
% in 

Trials 
Not 

Fined 

Difference 

B2 43.33% 61.54% 42.31% 19.23%  B2 43.33% 38.46% 44.83% -6.37% 

X 14.89% 28.57% 33.33% -4.76%  X 8.51% 25.00% 44.44% -19.44% 

Y 0.00% 0.00% 0.00% -  Y 0.00% 0.00% 0.00% - 

X 0.00% 0.00% 0.00% -  X 0.00% 0.00% 0.00% - 

B2 34.78% 25.00% 18.75% 6.25%  B2 21.74% 60.00% 35.71% 24.29% 

Y 35.71% 0.00% 0.00% 0.00%  Y 7.14% 0.00% 40.00% -40.00% 

X 0.00% 0.00% 0.00% -  X 0.00% 0.00% 0.00% - 
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Table 7 

Probability of Switching Next Choice when Fined Immediately (Group 2) 
 

Player 1 (Group 2) 

Condition 
Percent of 

Trials 
Fined 

Switch % 
on Trials 

Fined 

Switch % 
on Trials 

Not Fined 
Difference 

B2 0.00% 0.00% 0.00% - 
Y 27.27% 0.00% 0.00% 0.00% 
X 28.57% 0.00% 5.71% -5.71% 

B2 0.00% 0.00% 0.00% - 
Y 0.00% 0.00% 0.00% - 
X 13.51% 0.00% 0.00% 0.00% 

B2 62.50% 0.00% 0.00% 0.00% 
X 69.70% 0.00% 0.00% 0.00% 
Y 10.00% 0.00% 0.00% 0.00% 
X 81.82% 0.00% 0.00% 0.00% 

     
     
     

Player 3 (Group 2) 

Condition 
Percent of 

Trials 
Fined 

Switch % 
on Trials 

Fined 

Switch % 
on Trials 

Not Fined 
Difference 

B2 0.00% 0.00% 0.00% - 
Y 0.00% 0.00% 0.00% - 
X 14.29% 0.00% 4.76% -4.76% 

B2 11.11% 0.00% 0.00% 0.00% 
Y 0.00% 0.00% 0.00% - 
X 37.84% 0.00% 0.00% 0.00% 

B2 37.50% 33.33% 0.00% 33.33% 
X 27.27% 33.33% 16.67% 16.67% 
Y 0.00% 0.00% 10.00% - 
X 0.00% 0.00% 9.09% - 
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Table 8 
 
Probability of Switching Next Choice in the same Position in which One was Fined (Group 2) 
 

Player 1 

Condition Percent of 
Trials Fined 

Switch % in 
Trials Fined 

Switch % in 
Trials Not 

Fined 
Difference 

B2 0.00% 0.00% 0.00% - 
Y 27.27% 0.00% 0.00% 0.00% 
X 28.57% 0.00% 0.00% 0.00% 

B2 0.00% 0.00% 0.00% - 
Y 0.00% 0.00% 0.00% - 
X 13.51% 0.00% 0.00% 0.00% 

B2 62.50% 0.00% 0.00% 0.00% 
X 69.70% 0.00% 0.00% 0.00% 
Y 10.00% 0.00% 0.00% 0.00% 
X 81.82% 0.00% 0.00% 0.00% 

     
Player 3 

Condition Percent of 
Trials Fined 

Switch % in 
Trials Fined 

Switch % in 
Trials Not 

Fined 
Difference 

B2 0.00% 0.00% 0.00% - 
Y 0.00% 0.00% 0.00% - 
X 14.29% 0.00% 0.00% 0.00% 

B2 11.11% 0.00% 0.00% 0.00% 
Y 0.00% 0.00% 0.00% - 
X 37.84% 0.00% 0.00% 0.00% 

B2 37.50% 33.33% 50.00% -16.67% 
X 27.27% 22.22% 21.88% 0.35% 
Y 0.00% 0.00% 100.00% - 
X 0.00% 0.00% 0.00% - 
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Figure 7. These graphs show the trials in which each player in Group 1 encountered a 
cooperative choice pattern – that is that every player who chose before them cooperated as 
defined by the current condition. They also show whether or not each player defected on those 
trials. 
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Figure 8. These graphs show the trials in which each player in Group 2 encountered a 
cooperative choice pattern – that is that every player who chose before them cooperated as 
defined by the current condition. They also show whether or not each player defected on those 
trials. 
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Figure 9. These graphs show instances of counter-control for players in Group 1. The red lines 
show the cumulative fines that each player received, and the blue lines show instances of 
counter-control – whether each player fined someone on the trial after he received a fine. 
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Figure 10. These graphs show instances of counter-control for players in group 2. The red lines 
show the cumulative fines that each player received, and the blue lines show instances of 
counter-control – whether each player fined someone on the trial after he received a fine. 
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APPENDIX A 
 

RECRUITMENT FLYER



56 

Have Fun – Earn Money! 

 
How:   Participate in social behavior study 

 
Where:  Department of Behavior Analysis 

   Chilton Hall, Room 360 
 

When:  Saturday, March 26, 10am – 1 pm 
   Sunday, March 27, 11am–2pm  

 
How Much:  You will earn $7-$12 per hour 

 
How Long:  Sessions will last 2 to 3 hours 

 
Contact:  Culture.Experiment@gmail.com 
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APPENDIX B 

PLAYER SCREEN
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