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Abstract 

The contemporary culturo-behavioral enterprise concerned with studying cultural 

events is not compatible with a molar, interbehavioral orientation toward understanding 

cultural interbehavior, largely due to its behavior-analytic assumptions. Not only does the 

enterprise not have a definition of cultural behavior, but it directs attention away from 

factors that may participate in cultural change, such as individual proclivities to prefer 

immediate over delayed rewards and the referential properties of interactions. As turn-based 

matching-to-sample procedures (TBMTS) are capable of isolating cultural interbehavior and 

changes of such, the purpose of this thesis was to (1) determine if framing instructions 

referentially altered shared patterns of stimulus-response functions (SRFs) observed in 

TBMTS, (2) predict flexible and rigid patterns of SRFs occurring in TBMTS, and (3) address 

limitations from Fleming and colleagues’ (2021) original TBMTS study. Results suggest that 

referentially framing of instructions for TBMTS is functionally related to the length of trials 

necessary for a shared pattern of SRFs to be established between dyad partners. While 

measures external to TBMTS were not predictive of flexible patterns of SRFs, delay 

discounting rates and typical numbers of hours allocated toward sleeping were found to be 

related to whether dyads established a shared pattern of SRFs, a requirement for establishing 

flexible patterns of SRFs in TBMTS. Major findings of Fleming and colleagues’ (2021) study 

were replicated, but some limitations of their study were only marginally remediated.  

Keywords: interbehaviorism, cultural interbehavior, delay discounting, reference 

 



ii 
 

 

 

Dedication 

 

 

 

 

 

For Rockne and JoAnne Flowers, 

who have given me so much 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii 
 

 

 

Table of Contents 

Abstract . . . . . . . . . i 

Dedication . . . . . . . . . ii 

Table of Contents . . . . . . . . iii 

List of Tables . . . . . . . . . v 

List of Figures . . . . . . . . . vi 

Predictors of Flexibility and the Participation of Referential 

Instructions in a Turn-Based Matching-to-Sample Procedure`. . . 1 

Cultural Interbehavior . . . . . . . 2 

Experimental Research on Cultural Events in Behavior Analysis . 4 

A Molar Orientation to Cultural Events . . . . 7 

Turn-Based Matching-to-Sample Procedures . . . . 11 

Method . . . . . . . . . 16 

 Subjects . . . . . . . . 18 

 Setting and Apparatus . . . . . . . 18 

 Procedure . . . . . . . . 18 

 Data Analyses . . . . . . . . 25 

Results . . . . . . . . . . 30 

 Comparisons with Fleming and Colleagues’ (2021) Findings . . 30  

Participation of Instructions in Patterns of SRFs . . . 32 

External Predictors of Flexible and Rigid Patterns of SRFs . . 34 



iv 
 

 

 

 

Internal Predictors of Flexible and Rigid Patterns of SRFs . . 35 

Discussion . . . . . . . . . 37 

References . . . . . . . . . 43 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

 

 

List of Tables 

Table 1. Instructions Given to Each Group . . . . . 47 

Table 2. Stimuli Sets . . . . . . . . 48 

Table 3. Demographic questions . . . . . . 49 

Table 4. Delay discounting rates . . . . . . 50 

Table 5. Demographic information   . . . . . 51 

Table 6. Data relevant to comparisons between the thesis 

experiment and Fleming and colleagues’ (2021) experiment . . . 52 

Table 7. Conditions completed, trials completed in the first 

two conditions, and flexibility across conditions . . . . 53 

Table 8. Point-maximization strategies reported by each 

participant in the TBMTS post-questionnaire . . . . . 54 

Table 9. Correspondence scores for each participant . . . . 56 

Table 10. Measuring differences between individuals by 

flexible and rigid patterns of SRFs . . . . . . 57 

Table 11. Measuring differences between dyads that 

completed less than two conditions and dyads that 

completed two or more conditions . . . . . . 59 

 

 

 



vi 
 

 

 

Figures 

Figure 1. A metacontingency . . . . . . . 60 

Figure 2. Coordinated operant contingencies . . . . . 61 

Figure 3. Proportions of sets of symmetrical and shared SRFs 

established in the first CM condition among dyads in the 

thesis experiment and Fleming and colleagues’ (2021) study . . . 62 

Figure 4. Values of k’ as a function of conditions completed 

for participants in the D-NR and ND-NR groups. . . . . 63 

   



1 
 

 

 

Predictors of Flexibility and the Participation of Referential Instructions in a Turn-

Based Matching-to-Sample Procedure 

In behavior analysis, the cultural and verbal sub-enterprises have evolved in parallel to 

one another without much overlap. In the cultural sub-enterprise, researchers have mainly 

been concerned with cultural selection occurring through metacontingencies (Glenn et al., 

2016), whereas in the verbal sub-enterprise, researchers have focused on exploring different 

theories to explain the occurrence of verbal behavior (S. Hayes et al., 2001; Horne & Lowe, 

1996; Sidman, 2000). While cultural selection is thought to be facilitated by verbal behavior 

(Glenn et al., 2016; Leite & de Souza, 2012) and verbal behavior is thought to be maintained 

through socially mediated contingencies of reinforcement (S. Hayes et al., 2001; Skinner, 

1957), the establishment of conventional referential behavior has not itself been treated as the 

subject matter of cultural studies in behavior analysis. This is in part a consequence of the 

Skinnerian molecular orientation dominant within behavior analysis, and it may be addressed 

by orienting to cultural behavior from a molar and interbehavioral perspective.  

The purpose of this thesis was to extend a line of research examining cultural 

behavior using turn-based matching-to-sample procedures (TBMTS). Specifically, given a 

molar and interbehavioral orientation, this study aimed to assess how referential 

characteristics of instructions provided to participants and other factors were related to 

flexible and rigid patterns of stimulus-response functions (SRFs) occurring in TBMTS. To 

explain why such factors were the focus of this analysis, this paper will begin with an outline 

of a molar interbehavioral perspective. In doing so, (a) an interbehavioral approach to 
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studying the establishment of shared SRFs, (b) the utility of a molar orientation to studying 

the establishment of shared SRFs, and (c) an experiment conducted from an interbehavioral 

orientation using a turn-based matching-to-sample procedure (TBMTS) will be described. 

Second, the thesis experiment utilizing TBMTS conducted to orient to factors that 

contribute to flexible and rigid patterns of SRFs—in which responding either does or does 

not change across conditions, respectively—will be described. After doing so, the methods 

and results of the thesis experiment will be outlined, and its limitations and implications will 

be discussed.  

Cultural Interbehavior 

 From an interbehavioral perspective, psychological events can be conceptualized as 

integrated fields comprising interrelated factors, including stimulus functions, response 

functions, interbehavioral history, and setting factors (L. Hayes & Fryling, 2018; Kantor; 

1958). An integrated field is a fundamentally different unit of analysis than the operant, 

which is studied through analyzing response rates (Skinner, 1937) or probability of emissions 

(Skinner, 1950), because it is non-causal; an integrated field describes an interrelation of 

factors participating as a psychological event without ascribing causal properties to any one 

factor (L. Hayes et al., 1996). While Kantor often differentiates between stimulus and 

response functions to highlight that both stimuli and responses could have multiple functions 

(Kantor, 1958) and that either function—and not necessarily both—could be substitutional 

(Kantor, 1924), here stimulus-response functions (SRFs) will be discussed to highlight that 

neither function can be defined without respect to the other (Fleming et al., 2021).  
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 Cultural psychological events are a specific class of psychological events (Kantor, 

1982). Cultural psychological events are those involving shared SRFs, or arbitrary SRFs 

conventional across individuals and established under the auspice of a group (Fleming et al., 

2021; Kantor, 1982). To say that such SRFs are arbitrary is to say that they do not refer to 

formal or natural properties of stimuli, but rather to attributed functions established through 

social interaction under the auspice of a group. These functions include a wide array of 

interactions, but most notably they include what is typically considered to be verbal behavior 

or social mediation. To say that such SRFs are shared is to make two claims. First, the same 

SRFs should be observed across multiple individuals in similar circumstances. Second, those 

SRFs must be established through interactions with others participating as both setting 

factors and auxiliary stimulus objects across whom such functions are shared. As such, 

examining cultural psychological events necessitates a dual analysis on the psychological level 

(i.e., in demonstrating the establishment of shared SRFs with respect to interactions with 

others) and the cultural level (i.e., in demonstrating that shared SRFs are shared across 

multiple individuals; Fleming et al., 2021), although such levels may be better characterized 

as dimensions given that analyses across both concern the same events.  

 While Kantor (1982) contended that an experimental analysis of cultural 

psychological events was possible, he did not construct experimental methods for analyzing 

such events. Others in behavior science have constructed methods to examine cultural events, 

particularly for events of cultural selection occurring through metacontingencies within the 

cultural sub-enterprise of behavior analysis. Their experimental effort has been in part a 
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direct response to calls for demonstrating how conducive the metacontingency construct is 

for producing viable empirical data upon which the enterprise can be built (Branch, 2006; 

Marr, 2006; Mattaini, 2006). While metacontingency experiments are useful for studying 

factors that contribute to the production of aggregate products, they are not designed to 

investigate cultural psychological events. They are designed to study culturants, which 

orients their research away from observing shared patterns of SRFs.  

Experimental Research on Cultural Events in Behavior Analysis 

 Several behavior-analytic oriented researchers have studied events similar to—but not 

the same as—cultural interbehavior. Following the trichotomy of selection processes outlined 

by Skinner (1971,1981), the cultural sub-enterprise of behavior analysis has largely been 

constructed on the assumption that behavioral selection is different from cultural selection. It 

is thought that, whereas reinforcement describes the selection of operants by reinforcing 

events, cultural selection describes the selection of culturants by selecting events, as depicted 

in Figure 1. Unlike operants, which refer to classes of environment-altering behavior upon 

which particular reinforcing events are contingent, culturants refer to aggregate-product 

producing interlocking behavioral contingencies, or IBCs, upon which particular selecting 

events are contingent (Baia & Sampaio, 2019; Glenn et al., 2016). Although the logic of 

cultural selection is distinct from that of reinforcement because it is concerned with a 

different unit of analysis (i.e., the culturant rather than the operant; Baia & Sampaio, 2019; 

Fryling et al., 2021), the contingency logic of cultural selection is derivative of or analogous 

to that of reinforcement (Fleming & L. Hayes, 2021; Glenn et al., 2016). Although the logics 
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are similar, they are not the same, given that they concern different types of events (Fryling 

et al., 2021).  

 Given that experiments on culturants are concerned with cultural events rather than 

cultural interbehavior, experimental procedures constructed within the metacontingency 

enterprise are not suitable for studying cultural interbehavior. When reinforcement is 

assumed by cultural selection, it is not explicitly analyzed when iterations of culturants are 

shown to occur at a reliable rate or probability (Fleming & L. Hayes, 2021). When responses 

by individuals are analyzed, target responses investigated are those designated a priori by 

experimenters to produce larger rewards when they occur with respect to certain stimuli. For 

example, Soares and colleagues (2018) scheduled cultural consequences (i.e., donations of 

school supplies) to be contingent on all group members selecting even-numbered rows on a 

Wiggins’ Matrix board. In another study, Sampaio and colleagues (2013) delivered the largest 

point bonuses when group members selected stimuli rotated in a direction relative to that of 

those selected by other members. Such preparations are coherent with the metacontingency 

construct because they involve delivering consequences contingent on environmental 

alterations produced by two or more individuals behaving with respect to each other, but 

they are ill-suited for studying the establishment of shared SRFs. This is because these types 

of arrangements allow for some variability to be observed between groups based on 

interactions occurring within them, but in each case the maximization of rewards was based 

on formal properties between stimuli determined by experimenters prior to interactions 

between experimental subjects rather than arbitrary properties that are the product of group 
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interactions between participants given constraints imposed by experimenters. As Fleming 

and colleagues (2021) state, “Although such experiments [on culturants] may involve cultural 

interbehavior, cultural events—not behavioral events—are the focus of study,” (p. 3).  

 Even when operants, not culturants, are investigated, cultural interbehavior is 

typically not recognizable with high precision from data reported. For example, consider a 

series of experiments by Skinner and colleagues (Epstein et al., 1980; Epstein & Skinner, 

1981; Lanza et al., 1982) on symbolic behavior among non-human organisms, as discussed 

by Fleming and colleagues (2021). In these experiments, the researchers individually 

established conditional discriminations for pairs of pigeons so that they would peck a certain 

key in the presence of a particular stimulus. After training, they were able to demonstrate 

“communication” through the production of discriminative stimuli. In the presence of a 

particular light, one pigeon would peck a key with a particular symbol on it. That key would 

then light up in view of the other pigeon, which would then peck a certain key of a color 

identical to that shown to the first pigeon for access to grain. While one may state that the 

first pigeon “told” the other what color they saw by pecking a symbolic key, the behavior is 

not cultural interbehavior with respect to groups of experimental subjects because (a) the 

pigeons did not participate in the establishment of each other’s behavior and (b) all behavior 

was established with respect to the formal, non-arbitrary properties of food. While their 

intertwined behavior may seem like, “a sustained and natural conversation” (Epstein et al., 

1980, p. 544), it was not so if conversing is to be considered cultural interbehavior. 
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 To some extent, experiments examining operant behavior are incompatible with 

examining cultural interbehavior because of their underlying molecular protopostulates. 

From a Skinnerian perspective, reinforcement is a process by which an operant is 

strengthened on the basis of contiguous relations between discrete events (Baum, 2020; 

Skinner, 1938). In this way, operant behavior is effective behavior, or behavior that is 

effective at producing reinforcers. But the establishment of arbitrary functions likely does not 

occur immediately in the natural environment. The very fact that Epstein and colleagues’ 

(1980) pigeons needed to be trained substantially to meet performance criteria suggests that 

experimenters needed to maintain socially mediated contingencies of reinforcement for some 

time despite a lack of reinforcing consequences for doing so, for at least some time. A 

Skinnerian account of verbal behavior—which is definitively cultural in behavior analysis like 

it is in interbehavioral psychology as it is socially established—is only coherent when the 

behavior of listeners reinforces the behavior of speakers. In situations in which multiple 

verbal interactions are necessary to produce reinforcing events, a contiguity-based 

conceptualization of reinforcement is arguably more mentalistic (if appeals to reinforcement 

through private rule-governance are necessary to explain temporally-extended behavior) and 

less applicable in scope (if functional relations are thought to pertain to discrete events) than 

molar, correlation-based alternatives to understanding the organization of behavior.  

A Molar Orientation to Cultural Interbehavior 

 A molar behavior-analytic approach to cultural interbehavior departs from a 

molecular approach in two fundamental ways: unit of analysis and types of relations between 
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units. The units of molecular analyses are discrete events, like individual discriminated 

operant behavior and reinforcing events, whereas the units of molar analyses are patterns of 

events, extended through time. Given that patterns of events overlap and are intertwined 

with one another (Rachlin, 1992), relations between patterns are thought of as correlations or 

covariances, not contiguities (Rachlin, 2017). These two divergences have profound 

implications for behavioral science, just as they do for analyses of culturant interbehavior. 

 Consider Figure 2, which depicts two sets of coordinated operant contingencies in 

which patterns of behavior are reinforced. From a molar perspective, the contingency should 

not be thought to describe relations between discrete events but environmental regularity by 

which patterns of such events can become correlated (Fleming, Ardila-Sánchez, & L. Hayes, 

2021). In the top panel, the contingency depicted is similar to that in Figure 1 where P1’s 

responding functions as discriminative events for P2’s responding, and both P1’s and P2’s 

responding are necessary to produce specific reinforcing events. When patterns of such 

events are considered, though, reinforcing events should be reconceptualized because (1) 

relevant patterns of events are correlated by the contingency and (2) conditional reinforcing 

events may only retain their reinforcing functions because of their correlation with other 

events (Baum, 1973). It is also important to note that, while reinforcing events may not be 

contingent on all responding, any responding that does occur can be correlated with 

reinforcing events and responding upon which such reinforcing events are contingent. Such 

a correlation-based approach orients research toward a wider array of circumstances, like that 

depicted in the bottom panel of Figure 2 in which reinforcing events are not only necessarily 
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dependent on responding by P2 but only correlated with one another when P2 contacts 

verbal responding by P1. 

 A molar behavior-analytic approach has already produced experimental analyses 

concerning verbal contingencies like that depicted in the bottom panel of Figure 2, although 

mostly outside of behavior analysis. By adopting both the framework proposed by Lewis 

(1969) and an evolutionary perspective, Skyrms (2010) and other researchers have used Lewis 

signaling games to study the evolution of conventional systems in cooperative situations. 

Basic Lewis signaling games comprise a series of trials in which (1) given a state of the world, 

a sender sends a particular message (typically some symbol) to a receiver, then (2) given the 

message from the sender, a receiver acts in accordance with a possible state of the world, 

followed by (3) a shared payoff dictated by whether the receiver acted with respect to the 

state of the world contacted only to the sender. Each individual payoff is not dependent on 

what message is sent by the sender, but the receiver can only reliably behave with respect to 

the state of the world contacted only to the sender if states of the world and messages are 

correlated with one another. When there are an equal number of states of the world, 

messages the sender can send, and actions the receiver can take to produce shared outcomes, 

maximization of payoffs is produced in accordance with strict or separating Nash equilibria 

in which only one message is sent for each state of the world and one action is taken for each 

message. When such responding is shown to be consistent, a signaling system has been 

formed (Lewis, 1969). 
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 Reinforcement has been incorporated in Lewis signaling game models to describe the 

establishment of signaling systems (Bruner et al., 2018) and to create learning algorithms for 

simulated agents (Catteeuw & Manderick, 2013), but these models are notably based on 

Herrnstein’s (1970) matching law rather than Skinner’s (1938) construction of reinforcement 

as a strengthening process. The matching law, which describes relations between relative 

rates of responding and relative rates of obtained reinforcement (Baum, 1974), is a distinctly 

molar description because it relates patterns of operant and reinforcing events rather than 

relations among their constituent elements. Simulations of Lewis signaling games often 

adjust response probabilities molecularly (i.e., trial by trial) through “urn learning,” but the 

equilibria payoffs upon which such adjustments are based are molar variables. When 

maximization is assumed, such variables can be arranged as utility functions to predict and 

control behavioral patterns (Rachlin, 1992). Utility functions based on the matching law have 

accounted for a high proportion of variance in choice observed during Lewis signaling 

games with both humans and simulated agents (Huttegger et al., 2014). 

 While Lewis signaling games demonstrate the establishment of arbitrary SRFs, they 

are typically ill-suited to demonstrate shared SRFs. Sending a specific message given a 

particular state of the world and making a certain action given a particular message are 

arbitrary in Lewis signaling games because any message or action could be taken as long as 

they are coordinated. For such functions to be shared, individuals must participate in Lewis 

signaling games as both sender and receiver, and they must behave identically when 

participating in the same role. This is hardly—if ever—incorporated into Lewis signaling 
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games with humans and is likely related to mentalistic orientations (i.e., possessed “beliefs” 

are thought to be updated based on empirical contacts; Lewis, 1969; Ventura, 2019). The 

lack of concern for accounting for processes relevant to relations between sender and 

receiver roles is most apparent by the lack of any parameter addressing the change in 

probability of a sender acting like a receiver or vice versa within their models. Certain 

features of Lewis signaling game experiments with humans also make it difficult to discern 

the participation of different factors in the establishment of functions, such as providing 

multiple points of feedback simultaneously (e.g., points as well as what all group members 

selected). Additionally, Lewis signaling game experiments only incorporate replications 

across groups of cooperating members rather than within each group, decreasing reliability 

that reliable signaling game systems were observed. These limitations are addressed by 

TBMTS, a procedure constructed to demonstrate the establishment of shared SRFs (Fleming 

et al., 2021). 

Turn-Based Matching-to-Sample Procedures 

 Although TBMTS may be considered a special variant of a Lewis signaling game, it 

will be described here in behavioral terms more suited to the present analysis and theoretical 

orientation. In TBMTS, dyad partners take turns selecting comparison stimuli in the 

presence of sample stimuli across a series of trials in order to earn shared points. On each trial, 

(1) in the presence of a particular, randomly determined sample stimulus from Set B (either 

Sb1, Sb2, or Sb3), one partner selects a comparison stimulus from Set A (either Sa1, Sa2, or Sa3), 

then (2) in the presence of the comparison stimulus from Set A selected by the first partner, 
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the other partner selects a comparison stimulus from Set B, after which (3) both partners 

receive a shared reward simultaneously. The amount of each reward is determined by 

whether correspondence or noncorrespondence occurred on the trial. Correspondence refers 

to the second partner to respond selects a comparison stimulus that is identical to that shown 

as a sample stimulus to the first, whereas noncorrespondence refers to the second partner to 

respond selects a comparison stimulus that is not identical to that shown as a sample stimulus 

to the first. Dyads switch between completing trials in a correspondence maximization (CM) 

condition or a noncorrespondence maximization (NCM) condition depending on stability 

criteria. In CM conditions, correspondence produces more points than noncorrespondence; 

in NCM conditions, noncorrespondence produces more points than correspondence. Every 

trial, partners switch roles so that, if one responds first on one trial, that participant responds 

second on the next. While partners are told that they will be working with one another to 

earn points and see one another before starting the experiment, partners cannot see or hear 

the other during TBMTS; their only contacts are through programmed dependencies. 

Because partners switch roles, shared SRFs in which both dyad partners select the same 

comparison stimuli in the presence of the same sample stimuli can be demonstrated. 

Preventing participants from responding with respect to one another except substitutionally 

through TBMTS prevents previously established communicative conventionality from 

permeating the task. Switching between CM and NCM conditions allows for differential 

patterns of SRFs to be established and reconstitute across conditions. As such, TBMTS 

satisfies requirements to demonstrate shared SRFs. 
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 Fleming and colleagues (2021) demonstrated the establishment of shared SRFs using 

a version of TBMTS in which dyads began in a condition in which correspondence 

maximized points. In each analyzable case during stability trials in that condition across all 

dyads, dyad partners always selected an identical comparison stimulus in the presence of a 

particular sample stimulus. Not only were such functions shared, but they were symmetrical; 

if a participant selected a particular comparison stimulus in the presence of a particular sample 

stimulus, they selected that sample as a comparison in the presence of that comparison as a 

sample. In all subsequent like conditions where correspondence maximized points, 

participants generally responded in accordance with the pattern of SRFs established in the 

first condition. Replication of the establishment of shared SRFs, then, were observed in each 

dyad and across dyads. As would be expected if the functions were arbitrary, different 

patterns of shared SRFs were established across dyads, although some patterns were more 

likely than others.  

In NCM conditions, one participant’s responding in each dyad typically adjusted 

while their partner continued to respond as they did in CM conditions. Certain observations 

predicted flexible (i.e., of the individual whose responding changed more across conditions) 

and rigid (i.e., of the individual whose responding changed less across conditions) patterns of 

SRFs, including (1) the first deviation in the first NCM condition from the pattern of SRFs 

observed in the first CM condition, (2) consistency of responding in the first CM conditions, 

and (3) the number of initial responses (i.e., first responses with respect to a particular sample 

stimulus) that were consistent with the terminal pattern of SRFs established within the first 
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CM condition. These findings were related to discriminability across conditions, varied by 

whether dyads earned more, less, or the same number of points for correspondence in NCM 

conditions than they did in CM conditions. As flexible and rigid patterns of SRFs may have 

implications for propensities to engage in or deviate from established patterns of cultural 

conduct, understanding factors that contribute to flexible and rigid patterns of SRFs is a 

worthwhile endeavor. Of particular interest are factors that may be measured prior to and 

predictive of performance in TBMTS, as such measurements may also be able to predict 

cultural change. 

From a molar perspective, few processes are as ubiquitous or relevant to 

understanding the organization of behavioral patterns as delay discounting. Delay 

discounting refers to the decrease in the value of a commodity or activity as delay to its 

receipt is increased (Odum, 2011). Said differently, delay discounting describes temporal 

horizons, or the temporal window by which operant events are organized by correlated 

consequences (Bickel et al., 2006). Since socially mediated consequences are contingent on 

the behavior of two or more individuals, temporal horizons may need to be expansive to 

accommodate delays to rewards imposed by the behavior of others. Explanations of this logic 

have been given to describe the lack of cooperation among pigeons and rats during 

prisoner’s dilemma games (Green et al., 1995). Given that point maximization on any single 

trial reduces point maximization across trials in an iterated prisoner’s dilemma game, the 

behavior of non-human organisms may not be sensitive enough to temporally-extended 

rewards to maintain cooperative responding. Said differently, outcomes of cooperation may 
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be too remote to organize cooperative social interactions for some individuals that play 

prisoner’s dilemma games, as well as whole species of organisms. A similar logic can be 

applied to dyads that fail to complete the initial condition within TBMTS; a consistent 

pattern of shared SRFs may not actualize in TBMTS if, in the initial CM condition, one 

participant’s consistent responding does not persist long enough for their partner’s 

responding to adjust with respect to each Sb sample stimulus. If this occurs, more frequent 

switching between different patterns of responding may be indicative of temporally-

restricted or impulsive choice. In terms of delay discounting, impulsive choice is measured as 

a steep discounting rate (i.e., rewards steeply lose value when their receipt is increasingly 

delayed). Such rates are typically calculated from data collected using a monetary-choice 

questionnaire (Odum, 2011), which may also be used to predict performance in TBMTS if it 

is related to delay discounting. 

Flexible and rigid patterns of SRFs observed during TBMTS may also be related to 

initial orientations toward the task, particularly contact with instructions that pertain to its 

referential characteristics. From an interbehavioral perspective, referential events are those in 

which a referor refers a referee to a referent (Kantor, 1977). Although rudimentary, TBMTS 

incorporates dependencies of this form of reference. Interactions on each trial can be seen as 

the first dyad partner to respond referring their partner to a particular stimulus shown to 

them through their selection of a comparison stimulus. Considering that it is possible, albeit 

unlikely, that shared SRFs could be established with participants not interacting verbally or 

referentially in the task (Fleming et al., 2021), constructing instructions that frame TBMTS 
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in more or less referential terms may be alter patterns of SRFs observed. If it is shown to be 

related to flexible and rigid patterns of SRFs, such patterns may not only be predicted by 

measures of referential competency but controlled through framing circumstances in 

referential terms. 

Method 

 The primary purposes of this thesis project were to identify factors relevant to the 

prediction of flexible and rigid patterns of SRFs observed during TBMTS and to examine 

how referential instructions participate in the establishment of shared SRFs. With respect to 

predicting flexible and rigid patterns of SRFs, (1) delay discounting, (2) the referential 

framing of instructions, (3) awareness of one’s own and one’s partner’s responding across 

conditions in TBMTS, (4) demographic variables, including age, gender, and (5) typical time 

allocated to various activities were of particular interest. To this end, an experiment was 

performed in which dyads, assigned to groups that differed on the basis of how instructions 

emphasized referential characteristics of the task, completed TBMTS after each participant 

completed a delay discounting procedure similar to that constructed by Du and colleagues 

(2002). After TBMTS, participants were asked to report what comparison stimuli they chose 

in the presence of each sample stimulus across all conditions, as well as what they thought 

their partner was selecting, to determine the extent to which participants could reference 

their own behavior and that of their partner. They were also required to answer 

demographic questions and report how much of their time during a typical week was spent 
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participating in various activities to assess relations between them and patterns of SRFs 

observed during TBMTS. 

 This project also sought to address limitations of Fleming and colleagues’ (2021) 

TBMTS study. In their study, Fleming and colleagues found that the use of one set of stimuli 

composed on arbitrary symbols and one set of conventional shapes was likely related to an 

increased probability of observing a particular pattern of shared SRFs within CM conditions. 

The current study sought to balance the probability of observing any pattern of shared SRFs 

by using two sets of arbitrary symbols instead of just one. They also could not determine 

whether SRFs were shared with respect to responding the in presence of each sample 

stimulus for every dyad in every CM condition because not all dyad partners contacted the 

same sample stimuli during stability trials in CM conditions. To address this, the probability 

of presenting each Sb symbol as a sample stimulus was made more consistent (i.e., from three 

times for each block of nine trials to one time for each block of three trials) and the number 

of consecutive point-maximizing trials necessary to complete a condition was increased from 

nine to twelve. Additionally, Fleming and colleagues found that, when the number of points 

for correspondence decreased from CM to NCM conditions, dyads were more likely to 

complete the first NCM condition in less trials than the first CM condition. As this may have 

been related to decreasing the number of points for correspondence to the number of points 

for noncorrespondence in CM conditions specifically rather than decreasing points for 

correspondence generally, the thesis experiment sought to replicate this finding when points 

decreased to a value not previously contacted in TBMTS.  
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Subjects 

 Thirty-four undergraduate students from the University of Nevada, Reno through 

the Department of Psychology’s SONA system. In order to participate in the study, 

participants were required to be students enrolled in at least one psychology course, over 18 

years of age, and speak English. Participants received SONA credits for participating in the 

study and up to $16 for their performance in the study. All participants signed informed 

consent forms prior to participating. Participants were assigned to a dyad (i.e., pair of 

participants) based on whoever signed up to participate during the same timeslot on SONA. 

Setting and Apparatus 

 Dyads completed experimental sessions in a small observation room outfitted with 

two desks separated by a divider and a table with two storage containers. One dyad partner 

used a computer at each desk to complete the study. Each participant wore headphones 

playing brown noise at 25% of their computer’s total volume (or less if requested to a more 

comfortable volume) to minimize distractions and auditory stimulation from their partner. 

All participants were asked to silence or turn off their electronic devices and store their 

personal belongings in one of the two storage containers or under the table if their 

belongings did not fit. Experimental tasks, instructions, and questionnaires were 

programmed using Visual Studio 2019. The computers were networked together so that 

each computer could read and write to the same files stored in a shared folder.  

Procedure 
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 After gaining consent, each dyad completed a single experimental session. Each 

session comprised participants completing (1st) an adjusting-amount delay discounting 

procedure, (2nd) TBMTS, (3rd) a post-questionnaire about TBMTS, (4th) a demographic 

questionnaire, and (5th) a time allocation questionnaire. All questionnaires and tasks besides 

TBMTS were completed individually; participants only interacted with each other during 

TBMTS.  

Adjusting-amount delay discounting procedure  

The adjusting-amount delay discounting procedure used in this study was similar to 

that constructed by Du and colleagues (2002). Before beginning the procedure, participants 

were shown the following instructions: 

“Please read the following questions as they appear. You will be asked 
whether you would prefer a smaller amount of money today or a larger 
amount of money after a particular delay. Although these rewards are 
hypothetical, please answer as if you were actually receiving the rewards you 
choose. Choose your preference by clicking on the button with your 
preference when it appears. When you are ready to begin, click Start when it 
appears.” 

 

The procedure consisted of seven sets of six questions in which participants chose 

whether or not they preferred to receive an amount of money less than $200 today or $200 at 

a specific delay that remained the same in each set. All rewards were explicitly hypothetical 

and framed in US dollars. Across sets, the delays (i.e., 1 month, 3 months, 9 months, 2 years, 

5 years, 10 years, and 20 years) progressively increased after completing each set. Within 

each set, the first question always asked participants whether they would prefer $100 today or 

$200 at the specified delay for the set. If a participant selected the smaller amount of money, 
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the smaller amount of money decreased by $50 on the next question. If a participant selected 

$200, the smaller amount of money increased by $50 on the next question. On subsequent 

questions, each titration of the smaller amount of money was half of that of the previous 

titration (i.e., $25, $12.50, $6.25, and $3.13). Participants completed on set after the other; 

sets were only discriminable by changes in the smaller amount of money and the delay for 

the $200 option. 

Each question was presented in the same way. Before each question was presented, 

the screen was blank. Then, different blocks of text appeared with 1 s intervals between them 

to increase the probability of participants attending to each part of each question. The first 

text to appear was the question, “What would you prefer?” Second, the smaller amount of 

money option would appear (i.e., $X Today, where X was the smaller amount of money 

rounded to the nearest cent) beneath the question. Third, the conjunction, “or” appeared 

beneath the smaller amount of money option. Fourth, the $200 option appeared (i.e., $200) 

beneath the “or” (i.e., $200). Fifth, on the same line as the $200 option, the delay for the $200 

option (i.e., in X, where X was the specific delay in either months or years). Sixth, buttons 

the participant could click to choose either the smaller amount of money or the $200 

appeared beneath the $200 option. The smaller amount of money option was always 

presented on the left side of the screen, and the $200 option appeared on the right. No time 

limit was imposed on responding to each question.  

TBMTS  
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The version of TBMTS used in this study was like that constructed by Fleming and 

colleagues (2021). After completing the adjusting-amount delay discounting procedure, 

participants were brought directly to instructions for TBMTS. Instructions differed across 

groups, as shown in Table 1. Dyads were pseudo-randomly assigned to one of three 

groups—the D-NR, D-R, or the ND-NR group—so that, in every three consecutive dyads, 

one dyad was randomly assigned to each group. Each participant in dyads assigned to the D-

NR group were presented instructions that described critical aspects of point-maximization 

contingencies in non-referential terms similar to instructions presented to participants in 

Fleming and colleagues’ (2021) study. Each participant in dyads assigned to the D-R group 

was shown similarly descriptive instructions but in referential terms that highlighted the 

“messaging” aspect of TBMTS. Participants in dyads assigned to the ND-NR group was 

delivered instructions that neither described the point-maximization contingency nor were 

framed in referential terms. The differences in instructions across groups was the only 

programmed difference among them. Participants were shown instructions for TBMTS and 

not able to start it by clicking a “Continue” button until 15 s after both dyad partners 

completed the adjusting-amount delay discounting procedure. Once both participants 

clicked the “Continue” button, they started TBMTS. 

For the sake of describing TBMTS and data analyses thereafter, the first partner in 

each dyad to respond first on a trial will be referred to as P1 and the first partner to respond 

second on a trial will be referred to as P2. As stated above, on each trial, (1st) one partner 

selected a comparison stimulus from set Sa (i.e., either Sa1, Sa2, or Sa3) in the presence of a 
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sample stimulus from set Sb (i.e., either Sb1, Sb2, or Sb3), (2nd) the other partner selected a 

comparison stimulus from set Sb in the presence of a sample stimulus identical to that selected 

by the first partner to respond, and (3rd) both partners received a shared reward 

simultaneously. Table 2 shows stimuli included in each set. While one dyad partner was 

making a selection, their partner’s screen only showed the text, “Please Wait” and their 

cursor was an inoperable red No signal (i.e., ∅). The presentation of stimuli was staggered so 

that comparison stimuli followed the presentation of the sample stimulus by a 1 s delay. After 

the comparison stimuli appeared, the partner’s cursor switched from an inoperable red No 

signal to an operable, typical white cursor. Comparison stimuli appeared left to right in a 

randomized order for each selection. The sample stimulus presented to the first partner to 

respond on a trial was pseudo-randomly presented so that, in every set of three trials, all Sb 

stimuli were randomly presented once. The order of Sb sample stimuli was the same across all 

dyads. When dyad partners received their shared reward each trial, the text was staggered so 

that the text “Your team has earned” was followed by “X points” after a 1 s delay where X 

was the number of points earned on the trial. After another 1 s delay, partners could click a 

“Continue” button that started the next trial after each partner clicked it. Partners switched 

roles each trial so that if one selected a comparison stimulus first or second on a given trial, 

then they selected second or first, respectively, on the subsequent trial.  

TBMTS consisted of two condition types: a correspondence-maximization (CM) and 

a noncorrespondence maximization (NCM) condition. In CM conditions, dyads received 25 

points for correspondence (i.e., the second partner to respond on a trial selecting a 
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comparison stimulus identical to that shown to the first partner to respond as a sample) and 5 

points for noncorrespondence (i.e., the second partner to respond on a trial selecting a 

comparison stimulus that was not identical to that shown to the first partner to respond as a 

sample). In NCM conditions, dyads received 15 points for correspondence and 45 points for 

noncorrespondence. Participants completed trials in a given condition until they completed 

12 consecutive point-maximizing trials, hereafter referred to as stability trials. Conditions 

alternated on a mixed schedule with the only discriminable differences across conditions 

being the number of points received for correspondence and noncorrespondence. All dyads 

began in the CM condition. Each CM condition was followed by a NCM condition, and 

each NCM condition as followed by a CM condition. There was no limit or minimum 

number of condition reversals; dyads simply continued to complete trials until forty-five 

minutes has elapsed.  

TBMTS Post-Questionnaire 

After completing TBMTS, all participants completed a post-questionnaire. The post-

questionnaire consisted of two open response questions in which participants were asked: 

“Did you come up with a strategy to make the most amount of points in the 
fewest amount of responses? If so, what did you do?” 
 
Participants could submit their answer by pressing the “Continue” button that 

appeared 10 s after they began to type their response. Afterwards, participants were asked to 

select which comparison stimuli they chose in the presence of each sample in each condition 

to maximize points. The general prompt for each question in this section was: 
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“When the most amount of points you could earn on a trial was X, which Y 
symbols(s) did you choose in the presence of the Z symbol that will appear 
below to earn X points? Select all the Y symbols that apply by clicking on 
them. You can unselect symbols by clicking on them again. When the 
Continue button appears, click on it to proceed in the study” 
 

where X was either 25 or 45 points (corresponding with CM or NCM conditions, 

respectively), Y was either black or blue, and Z was either blue if Y was black or black if Y 

was blue. Participants were able to select multiple stimuli for each response. With the 

exceptions of the prompt on the screen, the consistent placement of comparison stimuli, and 

text stating “Selected” appearing above selected comparison stimuli, how participants selected 

stimuli was identical to how participants selected stimuli during TBMTS to minimize 

differentiation between the post-questionnaire and TBMTS; the presentation of each sample 

stimulus and comparison stimuli was staggered and positioned on the screen as they were in 

TBMTS. After indicating they selected in the presence of each sample stimulus in both 

conditions, participants completed a nearly identical questionnaire in which they indicated 

what they thought their partner was selecting in the same circumstances. Participants in 

dyads that did not complete the first condition were only asked what they selected when the 

most number of points they could earn was 25. 

Demographic Questionnaire 

 After the TBMTS post-questionnaire, participants completed a series of demographic 

questions pertaining to age, gender, languages spoken, semesters of college completed, and 

GPA. The details of each question are included in Table 3. 

Time Allocation Questionnaire  
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After the demographic questionnaire, participants indicated how many hours was 

spent engaged in various activities during their typical week. Participants were required to 

allocate exactly 168 hours across eight activities, including (1) Eating (outside other 

activities), (2) Exercising, (3) Occupational Work, (4) School Work, (5) Sleeping, (6) Social 

Media, (7) Social Outings, and (8) Other. Participants allocated hours by clicking up and 

down on a numeric counter or typing their response for each activity. The total number of 

hours allocated was displayed on the screen. A message stating “Too High” or “Too Low” in 

red text was shown on the screen if the total number of hours allocated was over or under 

168, respectively.  

 If participants indicated that they were 21 years of age or older on the demographic 

questionnaire, they were also asked how many days (0-7) they drank alcohol, used/consumed 

products with nicotine, and used/consumed products with THC in a typical week.  

 After both participants completed the time allocation questionnaire, the study was 

completed. Participants were each paid $2 for each condition completed. If participants had 

any questions about the study, they were answered by the researcher or the research assistant 

running the session. 

Data Analyses 

 Raw data was organized in Excel prior to being subjected to refinement and formal 

statistical analyses using GraphPad Prism 8. Parametric statistical analyses were used unless 

data were determined statistically non-normally distributed by a Shapiro-Wilk test. Alpha 

was 0.05 for each statistical test. 
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Delay Discounting 

Data from the adjusting-amount delay discounting procedure was used to calculate k 

values, or discounting rates according to the Mazur’s (1987) hyperbolic discounting 

equation: 

𝑉𝑉 = 𝐴𝐴
1+𝑘𝑘𝑘𝑘

     (1) 

Equation 1 relates the value of the amount of money less than $200 available today to the 

$200 available after a specific delay. In this equation, V is the value of the amount of money 

less than $200, A is 200, as the value of the delayed amount of money was always $200, D is 

the delay, and k is the rate at which V decreases as a function of D. Values for V, which will 

hereafter be referred to as indifference points, were found for each delay by averaging the 

value of the amount of money less than $200 the last time the amount of money less than 

$200 was selected and the last time $200 was selected for a particular delay. If only the 

amount of money less than $200 was selected, the indifference point for that delay was $1.57 

(the average of $0 and $3.13). If only $200 was selected, the indifference point for that delay 

was $198.44 (the average between $196.87 and $200). After an indifference point was 

calculated for each delay, a k-value was determined by fitting Equation 1 to a participant’s set 

of indifference points across delays with k treated as the only free parameter. 

As delay discounting data is sometimes unsystematic (Johnson & Bickel, 2008), delay 

discounting data was included in analyses according to particular criteria (Matthew Locey, 

personal communication). If no indifference points increased as delay increased, that 

participant’s k-value was included within all relevant analyses. If no indifference points 
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increased as delayed increased besides one, all indifference points besides that one were used 

to determine that participant’s k-value. If more than one indifference points increased as 

delay increased or the indifference point for the longest delay was not less than that of the 

shortest delay, that participant’s k-value was not included in any analysis. These inclusion 

criteria were used in lieu of Johnson and Bickel’s (2008) criteria to retain as much completely 

systematic data as possible. 

After determining a k-value for each participant with systematic data, k-values were 

normalized according to the following natural-log function: 

𝑘𝑘′ = ln (𝑘𝑘 + 1)    (2) 

where k was increased by 1 to keep all values positive. Individual and mean k’ values for each 

group are shown in Table 4. 

TBMTS 

Data refinements for TBMTS data were similar to those conducted by Fleming and 

colleagues (2021). Refinements concerning SRFs occurring during TBMTS were calculated 

as relevant to demonstrating group differences and assessing the predictability of flexible and 

rigid patterns of SRFs. For each dyad, the number of trials completed in the first CM and 

NCM conditions, the number of different sample stimuli contacted in the first CM 

condition, the number of conditions completed, the proportion of CM trials completed in 

the first two conditions, and the number of trials into the first NCM condition necessary for 

responding with respect to Sa and Sb sample stimuli to deviate from the pattern established in 

the first CM condition were calculated. As was found in Fleming and colleagues’ (2021) 
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study, all SRFs observed in stability trials within CM conditions were shared (i.e., dyad 

partners selected the same comparison stimuli in the presence of the same sample stimuli) and 

symmetrical (i.e., participants selected the same comparison and sample stimuli in the 

presence of one another), allowing for each dyad to be characterized by the set of 

symmetrical SRFs observed during stability trials established within the first CM condition. 

For each participant, the total number of SRFs in non-stability trials in the first CM 

condition that were consistent with those observed during stability trials, the total number of 

SRFs consistent with those occurring in stability trials in the first CM condition occurring on 

the first opportunity to occur, and flexibility (i.e., the degree to which SRFs remained 

consistent across conditions) were calculated. Flexibility was determined by the average 

overall consistency scores between dyad partners using Fleming and colleagues’ (2021) 

equation: 

𝑎𝑎
𝑏𝑏
     (3) 

where a is the most times a particular comparison stimulus was selected with respect to a 

particular sample stimulus across stability trials in all conditions and b is the total number of 

comparison stimuli selected with respect to a particular sample stimulus across stability trials 

in all conditions. If the same comparison stimulus was selected more than once in stability 

trials in the same condition, those additional selections did not count toward a or b. Overall 

consistency scores for each sample stimulus were averaged together to produce an average 

consistency score for each participant. The pattern of SRFs for the partner in each dyad with 

the lower average overall consistency score was deemed flexible, whereas the patterns of 
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SRFs for the partner with the higher average overall consistency score was deemed rigid for 

the sake of statistical analyses. 

TBMTS Post-Questionnaire 

Across all participants, a correspondence score was calculated for each set of sample 

stimuli in each condition from the point of view of each dyad partner. Equation 3 was used 

to calculate each correspondence score, but in this case, a was the number of comparison 

stimuli selected in the post-questionnaire with respect to either Sa or Sb sample stimuli that 

corresponded with comparison stimuli that the participant actually selected in TBMTS to 

maximize points in a particular condition or what that participant thought their partner 

selected to maximize points in a particular condition, and b was the total number of 

comparison stimuli selected in the post-questionnaire for that particular set of sample stimuli 

in a particular condition by a particular dyad partner. As such, correspondence scores ranged 

from 0 to 1, in which a score of 0 indicates that a participant could not accurately describe 

what they or their partner selected in the presence of sample stimuli from a particular set to 

maximize points in a particular condition. Conversely, a score of 1 indicates perfect accuracy 

in describing such behavior.  

 With respect to typed responses to the open-ended question regarding each 

participant’s strategy to earn points in TBMTS, responses were categorized as (1) 

incorporating one’s partner or (2) not incorporating one’s partner based on whether their 

response included any reference to their partner. 

Other Measures 
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Responses to the demographic questionnaire were analyzed as reported, but responses 

to the time allocation questionnaire were transformed. Proportions of time allocation for 

each activity were calculated by dividing the reported hours spent engaged in that activity by 

168, the total number of hours in a week. Due to the lack of participants that were 21 years 

of age or older (n = 4 of 34), data regarding alcohol use and consumption of products with 

nicotine or THC were not incorporated in data analyses. Demographic information for all 

participants is shown in Table 5. 

Results 

 Data analyses were conducted to address three central aims: (1) addressing limitations 

from Fleming and colleagues’ (2021) study; (2) how instructions that are more or less 

referential and more or less descriptive of relevant contingencies participate in patterns of 

SRFs observed during TBMTS; (3) whether or not external measures external to TBMTS 

(i.e., k’, awareness of one’s own and one’s partner’s TBMTS selections, demographic factors, 

and time allocation) could predict flexible and rigid patterns of SRFs; and (4) whether or not 

the measures internal to TBMTS that Fleming and colleagues (2021) found to be predictive 

of flexible and rigid patterns of SRFs would predict such patterns again. The results reported 

below will thus address each of these aims separately. 

Comparisons with Fleming and Colleagues’ (2021) Findings 

 Table 6 shows findings pertinent to assessing how changes of TBMTS in the thesis 

experiment addressed limitations of Fleming and colleagues’ (2021) study. In their study, 

Fleming and colleagues found that, when points for correspondence decreased from CM to 
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NCM conditions for dyads in the ↓ Reward group, dyads generally completed the first NCM 

condition in less trials than the first CM condition. As they point out, this finding may be 

specifically related to decreasing points to the number of points awarded for 

noncorrespondence in CM conditions rather than decreasing points in itself. This finding 

was replicated in the thesis experiment within the D-NR group, the group with instructions 

nearly identical to those delivered in Flemings and colleagues’ study, despite points 

decreasing to a value not previously contacted in TBMTS. The proportion of trials 

completed in the first two conditions that were completed in the first CM condition did not 

statistically differ between comparable groups (i.e., the D-NR and ↓ Reward groups) these 

studies according to a Mann-Whitney U test (D-NR Median = .68, n = 3; ↓ Reward Median 

= .71, n = 7; U = 8, p = .667). With respect to the number of trials necessary to complete the 

first CM condition, a Mann-Whitney U-test did not find a significant difference between 

the D-NR (Median = 158, n = 6) and the ↓ Reward (Median = 32, n = 8) groups (U = 10; p = 

.078), although more dyads failed to complete the first CM condition in the thesis 

experiment (5) than in Fleming and colleagues’ study (1).  

 Differences between the thesis experiment and Fleming and colleagues’ (2021) 

related to the number of stability trials were also examined. While all SRFs in stability trials 

of Fleming and colleagues’ study were shown to be shared (i.e., dyad partners selected 

identical comparison stimuli in the presence of identical sample stimuli) and symmetrical (i.e., 

pairs of stimuli were selected in the presence of one another), shared and symmetrical SRFs 

could only be analyzed in 110 of 138 cases (79.10%) in the first CM condition because not all 
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participants contacted all sample stimuli during stability trial in that condition; on average, 

both dyad partners only contacted 5.39 of 6 possible sample stimuli. To address this, the 

number of stability trials in the thesis experiment was increased from nine to 12 consecutive 

point-maximizing trials. In the thesis experiment, both dyad partners contacted 5.5 of 6 

possible sample stimuli, allowing for 60 of 70 cases (83.33%) to be analyzed.  

 Given that two sets of arbitrary stimuli were used in the thesis experiment instead of 

just one like in Fleming and colleagues’ (2021) study, established patterns of shared SRFs 

were examined across studies. Only one set of stimuli, Sb (or Sh as it was referred to in 

Fleming and colleagues’ study) differed across studies; in Fleming and colleagues’ study, Sb1 

was a circle, Sb2 was a square, and Sb3 was a triangle. Fleming and colleagues found that the 

set [Sa1|Sb1 (selecting Sa1 and Sb1 in the presence of one another), Sa2|Sb3, Sa3|Sb1] was the 

most common set established, occurring across 10 of 23 dyads (43.48%). This set was also the 

most common in the thesis experiment, occurring in 5 of 12 dyads (41.67%), but the set 

[Sa1|Sb2, Sa2|Sb1, Sa3|Sb3] was nearly just as common (4 of 12 dyads, 33.33%). Unlike in 

Fleming and colleagues’ study where five different sets were shown to be established across 

dyads, only four different sets were established in the thesis experiment. Proportions of sets 

observed across each study are illustrated by Figure 3. 

Participation of Instructions in Patterns of SRFs 

 The differential participation of instructions in patterns of SRFs observed during 

TBMTS was assessed by measuring the number of conditions completed, the number of 

trials completed in the first CM and NCM conditions, and the consistency of flexible and 
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rigid patterns of SRFs, as shown in Table 7. If dyads did not complete at least two conditions, 

analyses involving trials completed in the first NCM condition were not included. Brown-

Forsythe ANOVAs did not find significant differences in mean conditions completed (F (2, 

9.683) = 0.229, p = .800), mean trials completed in the first CM condition (F(2, 12.88) = 

0.059, p = .943), or mean trials completed in the first NCM condition (F(2, 1.187) = 1.892, p 

= .428). However, a significant difference was found in mean proportions of trials completed 

in the first two conditions that were CM trials (i.e., trials completed in the first CM condition 

divided by the number of trials completed in the first CM and NCM conditions; F (2, 4.261) 

= 24.15, p = .005). Post-hoc Donnett’s T3 multiple comparison tests found significant 

differences in the mean proportion of trials completed in the first two conditions that were 

CM trials between the D-NR (M = .650) and D-R groups (M = .245; p = .016) and between 

the ND-NR (M = .715) and D-R groups (p = .015) but not between the D-NR and ND-NR 

groups (p = .787). With respect to flexible and rigid patterns of SRFs across groups, the D-R 

group was the only group in which both partners within a dyad demonstrated a flexible 

pattern of SRFs. In the case of dyad 008, both partner’s responding in the first NCM 

condition deviated from the pattern established in the first CM condition, an observation that 

was not seen in any other dyad. 

 Differences across groups were also examined in responses to the TBMTS post-

questionnaire. Table 8 shows each participant’s reported strategy—or lack thereof—for 

maximizing points during TBMTS. Groups differed in the number of dyads in which at least 

one partner within a dyad mentioned their partner in describing their strategy. In three of six 
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dyads in the D-NR group, four of five dyads in the D-R group, and one of six dyads in the 

ND-NR group, one participant in a dyad referenced their partner in their reported strategy. 

A Kruskal-Wallis test did not find this difference to be significant (H (2) = 4.163, p = .160). 

Table 9 shows correspondence scores for participants across all dyads. Kruskal-Wallis tests 

did not find any significant differences in correspondence scores for one’s own selection of 

stimuli or that of their partner’s with respect to any set of stimuli in any condition among 

groups (p ≥ .222).  

External Predictors of Flexible and Rigid Patterns of SRFs 

 Given the limited number of dyads included in data analyses (due to COVID and the 

failure of eight dyads to complete at least two conditions) and the significant difference in 

mean proportions of trials completed in the first two conditions that were CM trials, 

differences correlated with flexible and rigid patterns of SRFs were assessed by combining 

dyads in the D-NR and ND-NR groups without including dyads in the D-R group. 

Differences in age, gender (self-identification as male or female), languages spoken (whether 

a participant reported only speaking English or English and at least one other language), 

semesters completed, GPA, hours allocated toward eating, exercising, school work, sleeping, 

social media, social outings, occupation work, or other activities in a typical week, k’, self-

awareness of one’s responding in NCM conditions, and awareness of one’s partner 

responding in NCM conditions between dyad partners with lower (flexible) and higher 

(rigid) average overall consistency scores were assessed, as shown in Table 10. If all tested 

data passed Shapiro-Wilk tests, a paired t-test was use; if not, a Wilcoxon matched-pairs 
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signed rank test was used. Across all factors assessed, none were found to be significantly 

different across flexible and rigid patterns of SRFs (p ≥ .125).  

 As determining flexible and rigid patterns of SRFs was conditional on dyads 

completing the first CM and NCM conditions, similar analyses conducted between partners 

participating within flexible and rigid patterns of SRFs were conducted for participants in 

dyads that did or did not complete two or more conditions, as detailed in Table 11. Since 

dyads were not paired across groups, unpaired t-tests and Mann-Whitney U tests were used 

to assess differences instead of their paired counterparts. Awareness of one’s own responding 

and one’s partner’s responding in NCM conditions was not compared between these groups, 

as dyads in one group necessarily did not complete the first NCM condition. Participants in 

D-R dyads were also excluded from this analysis. While most differences were not shown to 

be significant (p ≥ .053), the proportion of hours allocated toward sleeping in a typical week 

was found to be greater for participants in dyads that completed less than two conditions 

(Mean = 0.341) than those in dyads that completed two or more conditions (Mean = 0.265; t 

(22) = 2.421; p = .024). Additionally, k’ was found to be greater for participants in dyads that 

completed less than two conditions (Mean = 0.805) than those in dyads that completed two 

or more conditions (Mean = 0.370; t (19) = 2.508; p = .021)), as shown in Figure 4. With 

respect to this finding, it is especially noteworthy that k’-values of dyad partners were found 

to be positively correlated (Pearson’s r = .738; p = .006). 

Internal Predictors of Flexible and Rigid Patterns of SRFs 
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 Initial deviations from response patterns with respect to Sa and Sb sample stimuli 

were correlated with the establishment of flexible patterns of SRFs. Table 7 shows which 

trials initial deviation in the pattern of SRFs established occurred and the partner that 

participated in the deviation, as well as which partner participated in a flexible pattern of 

SRFs (i.e., their responding changed across different conditions; the partner with the lower 

average overall consistency score). Of the dyads that completed at least two conditions, the 

partner who participated in a flexible pattern of SRFs was also the partner whose responding 

first deviated in the first NCM condition from the pattern established in the first CM 

condition with respect to both Sa (8/9 dyads) and Sb (9/9 dyads) sample stimuli. In the case of 

dyad 008, deviations with respect to both Sa and Sb sample stimuli were correlated with 

flexible responding despite P1 first deviating with respect to Sa sample stimuli and P2 first 

deviating with respect to Sb sample stimuli because both participants demonstrated flexible 

responding in the first NCM condition. In subsequent conditions completed, only P2 

demonstrated flexible responding in dyad 008. 

 Flexible patterns of SRFs were also generally associated with the dyad partner whose 

responding throughout the first CM condition was more consistent with the terminal pattern 

of SRFs established in the first CM condition. Table 6 details observations of responding for 

each participant and dyad in the first CM condition. In five of the eight dyads that completed 

at least two conditions (and in which only one dyad member engaged in flexible 

responding), the dyad partner participating in a flexible pattern of SRFs responded more 

consistently throughout all trials in the first CM with the pattern established in the first CM 
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than their partner. In no case did a dyad partner who participated in a flexible pattern of 

SRFs respond less consistently in the first CM condition with the pattern established in the 

first CM condition on the first opportunity to respond to each sample stimulus than their 

partner.  

Discussion 

 The results from the thesis experiment suggest that patterns of SRFs are functionally 

related to instructions delivered at the beginning of TBMTS. Not only were references to 

one’s partner more likely in groups that received instructions in which instructions were 

framed referentially, but dyads that received such instruction—and were able to complete 

two or more conditions—were more likely to complete more trials in the first NCM 

condition than in the first CM condition. This was not observed in any other group, 

supporting the conclusion that framing instructions referentially can foster sensitivity to 

changes across conditions. Although conclusions are limited due to the lack of participants 

restricted by COVID-19, the thesis experiment suggests that pattens of SRFs observed in 

TBMTS are related to instructions. Specifically, referential instructions seem to participate in 

patterns of SRFs that are shared relatively soon into TBMTS or relatively later, as some dyads 

in the D-R failed to complete two conditions. 

 The differential speeds at which dyads in the D-R completed—or failed to complete—

the first CM condition is likely related to referential patterns of SRFs. If patterns of SRFs that 

dyad partners were participating in at the beginning of TBMTS were more similar, fewer 

trials would be required for one participant to adjust to their partner’s pattern of SRFs. 
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Participants in the D-R group may have more easily established consistent response patterns 

given their initial orientation to such response patterns through instructions, but this may 

interfere with the establishment of shared patterns of SRFs if their responding was rigid. 

More dyads are needed to demonstrate a “U” shaped function in which referential 

instructions either facilitates or impedes the establishment of shared SRFs, but current 

evidence supports the assertion that referential instructions may do so given how similar 

initial participations in patterns of SRFs are between dyad partners. 

 While no measure external to TBMTS predicted flexible or rigid patterns of SRFs 

during TBMTS, some measures predicted a dyad’s ability to establish a shared pattern of 

SRFs in the first CM condition, a pattern that is seemingly necessarily to participate in the 

first NCM condition (as shared SRFs were probable, but not necessary, to complete the first 

CM condition). The relation between lower delay discounting rates (i.e., higher self-control) 

and a dyad’s likelihood to complete more than two conditions was expected, given previous 

theorizing on dyad’s inability to cooperate during prisoner’s dilemmas games (Green et al., 

1995). The increased probability of flexible patterns of SRFs for participants that responded 

more consistently throughout the first CM condition with the pattern of shared SRFs that 

was to be established in the first CM condition is different than that observed in Fleming and 

colleagues’ (2021) study in which they saw an increased probability of flexibility among 

those who responded less consistently in the first CM condition for dyads in the No Disc. 

group (the group that did not experience a change in points for correspondence between 

conditions). This suggests that flexible patterns of SRFs are functionally related to historical 
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circumstances; flexibility is not just a property of a particular dyad partner’s history but that 

of the dyad in TBMTS. 

 Although most demographic factors were not shown to be related with dyad 

performances during TBMTS, participants in dyads who completed less than two conditions 

reported sleeping more during a typical week than those who completed two or more 

conditions. Some existing evidence suggests that this relation should be seriously considered, 

especially given deviations observed in the current findings. While researchers have found 

sleep deprivation to be related to decreased cooperation in Chicken games (Lin et al., 2020) 

and others have found patterns of short sleeping durations to be related to higher delay 

discounting rates or impulsive choice (Massar & Chee, 2019), participants who completed 

less than two conditions in the thesis experiment typically reported sleeping longer and had 

higher delay discounting rates than other participants. As sleep deprivation may potentially 

be more likely among participants who sleep a larger proportion of the time, more data on 

more immediate sleep patterns prior to TBMTS is needed to assert that sleeping more is 

related to poorer performance in TBMTS. 

 A rather surprising finding was that delay discounting rates of dyad partners were 

correlated. Given that participants could not see each other complete the adjusting-amount 

delay discounting procedure and completing that procedure was the first thing participants 

did, similarities in delay discounting rates cannot be attributed to experimental interactions. 

Further study is necessary to determine why partner’s delay discounting rates were 

correlated, but it is clear with the current data that similarity in delay discounting rates 
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between partners does not necessarily facilitate performance in TBMTS. Said differently, 

absolute values of delay discounting rates seem to be more important than relative rates 

between partners in relation to TBMTS performance. 

 It is important to state that the thesis experiment replicated major findings from 

Fleming and colleagues’ (2021) study despite changes to TBMTS. When dyads completed 

the first CM condition, SRFs were always shared and symmetrical. Decreasing the number of 

points for correspondence from CM to NCM conditions was associated with completing 

more trials in the first CM condition than in the first NCM condition, unless the dyad was in 

the D-R group. First deviations in the first NCM condition from patterns of SRFs established 

in the first CM condition were highly predictive of flexible patterns of SRFs being 

established. These repeated findings suggest that TBMTS findings are consistent despite use 

of different stimuli sets, different randomizations of sample stimuli, different stability criteria, 

and requiring participants to complete other tasks prior to completing TBMTS. 

While some differences may not have been statistically significant, they should be 

noted nonetheless. Less dyads in the thesis experiment completed the first CM condition than 

in Fleming and colleagues’ (2021) study, suggesting that changing stability criteria and 

stimuli used made TBMTS more difficult for at least some dyads. It is also important to note, 

though, that some differences were only marginal. Like in Fleming and colleagues’ study, 

not all participants contacted all sample stimuli during stability trials in the first CM 

condition. Furthermore, a similar distribution of sets of shared symmetrical SRF pairs was 

observed across both studies. Given that participants were selected from the same pool (i.e., 
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undergraduates participating in psychology courses at UNR) and presumably participate in 

similar cultural auspices, similar patterns in the variability of patterns of SRFs established 

during TBMTS may always be expected. However, stricter stability criteria should be used to 

ensure that participants contact all sample stimuli, such as requiring that participants continue 

to complete trials in a particular condition until both dyad partners have contacted each 

sample stimulus a certain number of times. As doing so may reasonably extended the 

duration of conditions, additional criteria—such as forcing dyads to complete at least two 

conditions before concluding TBMTS—may be necessary to guarantee viable data for 

conducting relevant analyses after. 

Additional studies may consider two lines of thought. The first concerns other 

possible predictors of flexible and rigid patterns of SRFs. It is possible that flexible and rigid 

patterns are properties of social interactions and, therefore, only loosely related to 

psychological indices. However, there are other measures of flexibility that were not 

examined in the current study, most notably the Acceptance and Action Questionnaire-II 

(Bond et al., 2011) and the Wisconsin Card Sorting Task (Heaton et al., 1993). If responding 

on such were shown to be related to performances during TBMTS, research would be 

oriented to exploring relations between clinical applications like Acceptance and 

Commitment Therapy and the establishment of patterns of shared SRFs and cultural change 

with respect to such patterns. The second line of thought concerns altering dependency 

relations within TBMTS. In the current variation of TBMTS, referential dependencies are 

forced, but in more natural settings, reference is never forced; verbal behavior is, by 
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definition, ineffective with respect to its immediate relation to environmental outcomes—it 

bears indirect influence (Skinner, 1957). As such, modifying TBMTS so that referential 

responses may occur without points being necessarily dependent upon them may increase 

the social validity of the task as well as impact types of flexibility observed.  

 These types of research questions—as well as the relevance of verbal repertoires for 

TBMTS—are vitally important for cultural studies in behavioral science. Behavioral science 

certainly consists of many sub-enterprises that are related to studying conventionality, such 

as those interested in verbal behavior and cultural events, but not a specific enterprise 

dedicated to understanding conventionality itself. The construction of such an enterprise 

may be useful in several ways for behavioral science as a whole. Behavioral scientists 

interested in cultural events have long advocated for a comprehensive, interdisciplinary 

science (Mattaini & Cihon, 2020). Social psychologists, anthropologists, and linguists could 

certainly participate in such a science, but their involvement would depend on how coherent 

the science is with their own approach. Formalizing an account of conventionality could 

foster expanded participation within the science, especially considering the attention 

conventionality has received in other sciences concerned with similar events (Bartlett, 1932; 

Hanson, 1975; Saussure, 1959). It could also help unite behavior-analytic sub-enterprises that 

have long operated in parallel to one another, particularly those interested in cultural and 

verbal relations. At the very least, understanding conventionality may lend itself to 

systematizing behavioral science or, in other words, formalizing a conventional system in 

which behavioral scientists can operate in. 
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Figure 1. A metacontingency. SD : discriminative event; RP1 : operant event of Person 1; RP2 : 
operant event of Person 2; SR+ : reinforcing event; SE : selecting event. The box denotes the 
boundary of the culturant iteration. Arrows denote dependency relations. 
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Figure 2. Coordinated operant contingencies. SD : discriminative event; RP1 : operant event of 
Person 1; RP2 : operant event of Person 2; SR+ : reinforcing event. The box denotes the 
boundary of the culturant iteration. Solid arrows denote dependency relations. Dotted 
arrows denote correlated but not dependent relations between events. 
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Figure 3. Proportions of sets of symmetrical and shared SRFs established in the first CM 
condition among dyads in the thesis experiment (top) and Fleming and colleagues’ (2021) 
study (bottom).  
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Figure 4. Values of k’ as a function of conditions completed for participants in the D-NR and 
ND-NR groups. Circles denote the lower k’-value and squares denote the higher k’-value 
among partners in each dyad. Lines represent simple linear regressions, neither of which 
were significant (p ≥ .129)  
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