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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
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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



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).



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



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



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



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.



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



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-Sinchez, & 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



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 payoft dictated by whether the receiver acted with respect to the
state of the world contacted only to the sender. Each individual payoft 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
Sby, S, or Sbs), one partner selects a comparison stimulus from Set A (either Sa;, Sa, or Sa;),

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 difterently, 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 diftered 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 Sh 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 (1¥) an adjusting-amount delay discounting
procedure, (2") TBMTS, (3*) a post-questionnaire about TBMTS, (4™) a demographic
questionnaire, and (5") 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, (1%) one partner

selected a comparison stimulus from set Sa (i.e., either Sa;, Sas, or Sas) in the presence of a
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sample stimulus from set Sb (i.e., either Shy, Sh,, or Sby), (2") 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 (3™) 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:

V= 1+AkD ()

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, IV 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:

k' =1n(k+1) (2)
where k was increased by 1 to keep all values positive. Individual and mean & 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 Sh 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:

- (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 Sh 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 (1 = 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= 38, 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, Sh (or Sh as it was referred to in
Fleming and colleagues’ study) differed across studies; in Fleming and colleagues’ study, Sb,
was a circle, Sh, was a square, and Sb; was a triangle. Fleming and colleagues found that the
set [SailSh; (selecting Sa, and Sb; in the presence of one another), SalSbs, Sa;|Sbh,] 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
[Sa,lShy, SaslShy, SaslSbs] 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 r-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 r-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; ¢
(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; 1 (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.



43

References

Baia, F. H., & Sampaio, A. A. S. (2019). Distinguishing units of analysis, procedures, and
processes in cultural selection: Notes on metacontingency terminology. Behavior and
Social Issues, 28(1), 204-220. https://doi.org/10.1007/s42822-019-00017-8.

Bartlett, F. C. (1932). Remembering: A stua'y in experimental and social psychology. Cambridge
University Press.

Baum, W. M. (1973). The correlation-based law of effect. Journal of the Experimental Analysis
of Behavior, 20(1), 137-153. https://doi.org/10.1901/jeab.1973.20-137.

Baum, W. M. (1974). On two types of deviation from the matching law: Bias and
undermatching. ]ournal of the Experimental Analysis of Behavior, 32, 269-281.
https://doi.org/10.1901/jeab.1974.22-231.

Bickel, W. K., Kowal, B. P., & Gatchalian, K. M. (2006). Understanding addiction as a
pathology of temporal horizon. The Behavior Analyst Today, 7(1), 32-47.
http://dx.doi.org/10.1037/h0100148.

Bond, F. W., Hayes, S. C., Baer, R. A., Carpenter, K. M., Guenole, N., Orcutt, H. K., Waltz,
T., & Zettle, R. D. (2011). Preliminary psychometric properties of the Acceptance

and Action Questionnaire — II: A revised measure of psychological inflexibility and
experiential avoidance. Behavior Therapy, 42, 676-688.
https://doi.org/10.1016/j.beth.2011.03.007.

Branch, M. N. (2006). Reactions of a laboratory behavioral scientist to a “Think Tank” on
metacontingencies and cultural analysis. Behavior and Social Issues, 15, 6-10.
https://doi.org/10.5210/bsi.v15i1.343.

Bruner, J., O’Connor, C., Rubin, H., & Huttegger, S. M. (2018). David Lewis in the lab:
Experimental results on the emergence of meaning. Synthese, 195, 603-621.
https://doi.org/10.1007/s11229-014-0535-x.

Catteeuw, D, & Manderick, B. (2013). The limits of reinforcement learning in Lewis

sighaling games. In Proceedings of the 13" adaptive and learning agents workshop (pp.
22-30). Maastricht University.

Costa, D., Nogueira, C. P. V., & Vasconcelos, L. A. (2012). Effects of communication and
cultural consequences on choices combinations in INPDG with four
participants. Revista Latinoamericana de Psicologia, 44(1), 121-131.

Du, W., Green, L., & Myerson, J. (2002). Cross-cultural comparisons of discounting delayed
and probabilistic rewards. The Psychological Record, 52, 479-492.
https://doi.org/10.1007/BF03395199.

Epstein, R., & Skinner, B. F. (1981). The spontaneous use of memoranda by pigeons.
Behavior Analysis Letters, 1, 241-246.

Epstein, R., Lanza, R. P., & Skinner, B. F. (1980). Symbolic communication between two
pigeons (Columba livia domestica). Science, 207(4430), 543-545.
https://doi.org/10.1126/science.207.4430.543

Fleming, W., Ardila-Sinchez, ]. G., & Hayes, L. J. (2021). Culture and contingencies: Molar



https://doi.org/10.1007/s42822-019-00017-8
https://doi.org/10.1901/jeab.1973.20-137
https://doi.org/10.1901/jeab.1974.22-231
http://dx.doi.org/10.1037/h0100148
https://doi.org/10.1016/j.beth.2011.03.007
https://doi.org/10.5210/bsi.v15i1.343
https://doi.org/10.1007/s11229-014-0535-x
https://doi.org/10.1007/BF03395199
https://doi.org/10.1126/science.207.4430.543

44

insights for the metacontingency enterprise. Mexican Journal of Behavior Analysis,
47(2). TBA.

Fleming, W., & Hayes, L. J. (2021). Relations between description and experimentation in
the metacontingency enterprise: An interbehavioral analysis. Perspectives on Behavior
Science, 44, 417-472. https://doi.org/10.1007/s40614-021-00286-y.

Fleming, W., Thomas, J., Lopez, O., Locey, M. L., & Hayes, L. J. (2021). Evolution of
cultural interbehavior in a turn-based matching-to-sample procedure. The
Psychological Record. https://doi.org/10.1007/s40732-021-00485-8.

Fryling, M. J., Hayes, L. J., & Fleming, W. (2021). Interbehavioral psychology and
organizational behavior management. In R. Houmanfar, M. Fryling, and M.
Alavosius (Eds.), Applied behavior science in organizations: Consilience of historical and
emerging trends in organizational behavior management. Springer.

Glenn, S. S. (1986). Metacontingencies in Walden Two. Behavior Analysis and Social Action,
5(1—2), 2-8. https://doi.org/10.1007/BF03406059.

Glenn, S. S. (2004). Individual behavior, culture, and social change. The Behavior Analyst,
27(2), 133-151. https://doi.org/10.1007/BF03393175.

Glenn, S. S., Malott, M. E., Andery, M. A. P. A,, Benvenuti, M., Houmanfar, R. A.,
Sandaker, I., Todorov, J. C., Tourinho, E. Z., & Vasconcelos, L. A. (2016). Toward
consistent terminology in a behaviorist approach to cultural analysis. Behavior and
Social Issues, 25(1), 11-27. https://doi.org/10.5210/bsi.v25i0.6634.

Green, L., Price, P. C., & Hamburger, M. E. (1995). Prisoner’s dilemma and the pigeon:
Control by immediate consequences. Journal of the Experimental Analysis of Behavior,
64, 1-17. https://doi.org/10.1901/jeab.1995.64-1.

Hanson, F. A. (1975). Meaning in culture. Routledge.

Hayes, L. J., Adams, M. A., & Dixon, M. R. (1996). Causal constructs and conceptual
confusions. The Psychological Record, 46, 97-112.
https://doi.org/10.1007/BF03395214.

Hayes, L. ., & Fryling, M. J. (2018). Psychological events as integrated fields. The
Psychological Record, 68(2), 273-277. https://doi.org/10.1007/s40732-018-0274-3.

Hayes, S. C., Barnes-Holmes, D., & Roche, B. (2001). Relational Frame Theory: A Posi-
Skinnerian account of human language and cognition. Plenum Press.

Heaton RK, Chelune GJ, Talley JL, Kay GG, Curtiss G (1993) Wisconsin Card Sorting Test
Manual: Revised and expanded. Psychological Assessment Resources.

Herrnstein, R. J. (1970). On the law of effect. Journal of the Experimental Analysis of Behavior,
13(2), 243-266. https://doi.org/10.1901/jeab.1970.13—243.

Horne, P. J., & Lowe, C. F. (1996). On the origins of naming and other symbolic behavior.
Journal of the Experimental Analysis of Behavior, 65(1), 185-241.
https://doi.org/10.1901/jeab.1996.65-185.

Huttegger, S., Skyrms, B., Tarres, P., & Wagner, E. (2014). Some dynamics of signaling
games. PNAS, 111,10873-10880. https://doi.org/10.1073/pnas.1400838111.

Johnson, M. W., & Bickel, W. K. (2008). An algorithm for identifying nonsystematic delay-



https://doi.org/10.1007/s40614-021-00286-y
https://doi.org/10.1007/s40732-021-00485-8
https://doi.org/10.1007/BF03406059
https://doi.org/10.1007/BF03393175
https://doi.org/10.5210/bsi.v25i0.6634
https://doi.org/10.1901/jeab.1995.64-1
https://doi.org/10.1007/BF03395214
https://doi.org/10.1007/s40732-018-0274-3
https://doi.org/10.1901/jeab.1970.13-243
https://doi.org/10.1901/jeab.1996.65-185
https://doi.org/10.1073/pnas.1400838111

45

discounting data. Experimental and Clinical Psychopharmacology, 16(3), 264-274.
hetps://doi.org/10.1037/1064-1297.16.3.264.

Kantor, ]. R. (1924). Principles of psychology (Vol. I). Principia Press.

Kantor, J. R. (1958). Interbehavioral psychology. Principia Press.

Kantor, J. R. (1982). Cultural psychology. Principia Press.

Lanza, R. P., Starr, J., & Skinner, B. F. (1982). “Lying” in the pigeon. Journal of the
Experimental Analysis of Behavior, 38(2), 201-203.
https://doi.org/10.1901/jeab.1982.38-201.

Leite, F. L., & de Souza, C. B. A. (2012). Metacontingencies, cultural selection and
social/verbal environment. Revista Latinoamericana de Psicologia, 44(1), 35-42.

Lewis, D. (1969). Convention: A philosophical study. Oxford University Press.

Lin, Y., Hu, P., Mai, Z., Jiang, T., Mo, L., & Ma, N. (2020). Sleep deprivation impairs
cooperative behavior selectively: Evidence from prisoner’s and chicken dilemmas.
Nature and Science of Sleep, 12, 29-37. https://doi.org/10.2147/NSS.S237402.

Odum, A. L. (2011). Delay discounting: I'm a k, you’re a k. Journal of the Experimental
Analysis of Behavior, 96(3), 427-439. https://doi.org/10.1901/jeab.2011.96-423.

Marr, M. J. (2006). Behavior analysis and social dynamics: Some questions and concerns.
Behavior and Social Issues, 15, 57-67. https://doi.org/10.5210/bsi.v15i1.345.

Massar, S. A. A., & Chee, M. W. L. (2019). Sleep and delay discounting: Is sufficient sleep a
cause or a manifestation of short-sighted choice? Sleep, 42(4), 1-3.
https://doi.org/10.1093/sleep/zsz005.

Mattaini, M. A. (2006). Will cultural analysis become a science? Behavior and Social Issues, 15,
68-80. https://doi.org/10.5210/bsi.v15i1.380.

Mattaini, M. A., & Cihon, T. M. (Eds.) (2020). Behavior science perspectives on culture and
community. Association for Behavior Analysis International.

Mazur, J. E. (1987). An adjusting procedure for studying delayed reinforcement. In J. E.
Mazur, J. A. Nevin, & H. Rachlin (Eds.), The Effects of Delay and of Intervening Events
on Reinforcement Value (Vol. 5, pp. 55-73). New Jersey: Erlbaum.

Rachlin, H. (1992). Teleological behaviorism. American Psychologist, 47(11), 1371-

1382. https://doi.org/10.1037/0003-066X.47.11.1371.

Rachlin, H. (2017). In defense of teleological behaviorism. Journal of Theoretical and
Philosophical Psychology, 37(2), 65-76. http://dx.doi.org/10.1037/te00000060.
Sampaio, A. A. S., Aratijo, L. A. S., Gongalo, M. E., Ferraz, J. C., Alves Filho, A. P., Brito, 1.
S., Barros, N. M., & Calado, J. I. F. (2013). Exploring the role of verbal behavior in a
new experimental task for the study of metacontingencies. Behavior and Social Issues,

22(1), 87-101. https://doi.org/10.5210/bsi.v22i0.4180.

Saussure, F. (1959). Course in general linguistics. (C. Bally, A. Sechehaye, & A. Reiglinger,
Eds.; W. Baskin, Trans.). Philosophical Library.

Sidman, M. (2000). Equivalence relations and the reinforcement contingency. Journal of the
Experimental Analysis of Behavior, 74(1), 127-146.
https://doi.org/10.1901/jeab.2000.74-127.

Skinner, B. F. (1937). Two types of conditioned reflex: A reply to Konorski and Miller.



https://doi.org/10.1037/1064-1297.16.3.264
https://doi.org/10.1901/jeab.1982.38-201
https://doi.org/10.2147/NSS.S237402
https://doi.org/10.1901/jeab.2011.96-423
https://doi.org/10.5210/bsi.v15i1.345
https://doi.org/10.1093/sleep/zsz005
https://doi.org/10.5210/bsi.v15i1.380
https://doi.org/10.1037/0003-066X.47.11.1371
http://dx.doi.org/10.1037/teo0000060
https://doi.org/10.5210/bsi.v22i0.4180
https://doi.org/10.1901/jeab.2000.74-127

46

Journal of General Psychology, 16, 272-279.

Skinner, B. F. (1950). Are theories of learning necessary? Psychological Review, 57(4), 193-
216.

Skinner, B. F. (1957). Verbal behavior. Appleton-Century-Crofts.

Skinner, B. F. (1971). Beyond freedom and dignity. Knopf.

Skinner, B. F. (1981). Selection by consequences. Science, 213(4507), 501-504.
https://doi.org/10.1126/science.7244649.

Skyrms, B. (2010). Signals: Evolution, learning, and information. Oxford University Press,
New York.

Soares, P. F. R., Rocha, A. P. M. C., Guimaries, T. M. M., Leite, F. L., Andery, M. A. P. A,,
& Tourinho, E. Z. (2018). Effects of verbal and non-verbal cultural consequences on
culturants. Behavior and Social Issues, 27(1), 31-46.
https://doi.org/10.5210/bsi.v27i0.8252.

Ventura, R. (2019). Ambiguous signals, partial beleifs, and propositional content. Synthese,
196, 2803-2820. https://doi.org/10.1007/s11229-017-1580-z.



https://doi.org/10.1126/science.7244649
https://doi.org/10.5210/bsi.v27i0.8252
https://doi.org/10.1007/s11229-017-1580-z

47

‘Pep|Og 8.Je SUOIONJISUI Ul Seoualayiq

‘Apnis ayy ul ssalboud 03 3 ¥o110 ‘sieadde uojng anuuo) ay} UBYpA “Jauled JnoA o) uaalb aq ||Im ey Jaylo ayy (Apnis
2y} JO pua a8y} 1e NoA 0} uaalb aq [im Jauned JnoA pue noA Aq paulea Asuow ay} Jo jjeH Asuow Jo Junowe jsow ay} Buluies
Ul }nsad [|Im sasuodsal Jo Junowie 1sama} 8y} Ul sjuiod Jo Junowe jsow ayj Buiule] ‘BuiyiAue o110 0} Jejuiod alym e aq jsnw
J0sIno 8y} ‘UBIg ON pal & SI J0sIND 8y} Uusaym paxdI[0 ag ued BuiyioN sjuiod uies [jim Jaupied Jnok pue nok ‘Apnys siyj uj

‘Apnys ay} ul ssaiboud 03 1 32119 ‘sueadde uoyng anunuo) ay} usyp “Jauped InoA o) uaalb
aq ||Im ey Jaylo ay} ‘Apnis ay) Jo pus ay} je noA 0} uaalb aq |im Jauped JnoA pue noA Aq pauses Asuow auy) jo jjeH "Asuow jo
junowe jsow 8y} Buluies ul }nsal |IM sasuodsal JO Junowe }sema} 8y} Ul sjulod Jo Junowe jsow ay) Bujuie] -BuiyiAue o110 0}
J3JUI0d d1YM B 8g Isnhul Josind 8y} ‘ubig ON paJ B S110SInd 8y} usym pa)olo aq ued BuiyjoN -1akejd puoosas ay} Aq pajosjas

s JoquiAs an|q jeym (g) pue saAhe|d js.i} ayj o) pajuasaid si joquAis an|q jeym (1) uo spuadap uiea [jim noA syuiod

JO Junowe ayj} ‘jel} yoea uQ "noA o} pajuasalid ase sjoquis anjq Yaiym Jayjo yoea ||9} 0} sjoquiAs yoe|q ay} asn ||IMm
noA moy Jaujied unoA pue noA o} dn si ) 19Ae|d )su1} 8y} Aq Juas joquiAs yoe|q ay} umoys Bulaq Jayje joquAs an|q e
s)09]9s oym “19Ae|d puodsas ayj pue ‘jloquiis yoe|q e Buipuas Aq noA o} pajuasaid sem joquiAs an|q Jeym 1aAe|d puoosas
ay} s|19) oym ‘1ahe|d 3siiy ay) Bulaq suin) aye} ||Im hoA “18yjabo) sjulod uiead |jim sauied a1noA pue noA ‘Apnis siy} uj

-Apnis ay} ul ssaiboud 0} 31 %2119 ‘sieadde uoyng anulUo)D By} UBYAA

“Jauped JnoA 03 uaalb aq |Im Jley Jayio ay) ‘Apnis ayj JO pua ay} 1e NoA o} uaalb aq [im Jaulled InoA pue noA Aq paules Asuow
8y} Jo JleH "Asuow Jo Junowe jsow ay} Bujuies ul }nsal ||IM sasuodsal JO JUNowWe }sama} 8y} Ul sjuiod Jo JUNOWE }sow 8y}
Buiutex -BuiyiAue o110 0} JBjuI0d S}IYM B 8q }SNW J0SInd Y} ‘ubIS ON paJ B SI JOSIND 8y} usym paxyal aq ued BuiyioN -1aked
puodas ay} Aq pajo9|as si joquiis anjq jeym (g) pue 1alked sy ayj o) pajuasaid si joquiAs an|q }eym () uo spuadap
uiea [|1m noA sjulod jo Junowe ayj} ‘jel} yoea uQ ‘JoquwAs anjq e s}03|9s oym ‘1ake|d puooas ay} pue ‘joquiis yoe|q

e s)09]9s oym ‘19he|d )si1} ay) Bulaq suuny aye} ||IM ho A “19yjabo) sjuiod uiea |j1m saupied unoA pue noA ‘Apnis siyj uj

dN-AN

dN-d

dnoi9 yoe3g 0} usAi9 suoonsu|

l 8lqel



48

tqs “qs 'qs
as
m@.m. N\G.m. H\G.m.
es
sjes Iinwns

c¢olqel



49

"pap|Og 8Je SUOoIONJISUI Ul S8oualayI(

"JOMSUE INOA JO aIns Jou ale

00°66-000 481unog duewnN/Anuz xe L noA JI ajewixoiddy ¢ d9 1Ua1INd INOA S Jeypn vdO
.0, 108J8s Jo paeldwon
66-0 Jeyunog ouswnN/Anug xeL  adA) ‘sjsawes jsuy Inoh st siyy 4| ¢pajeidwioo | L o
noA aney a69)|09 Jo s1a)sawas Auew MoH } S
Lm,EO Em_m_w:w_ Em__m:, uea.oy (payosjas sem Jay10, Aidde jeyy e | sebenbue
-9sauIy) -esaueder UeWIaD J AU IX ] +) XOg08yD  oayD iApuany yeads nok op seBenbue| jeumm ueyodsg
‘youald ‘ysiueds ‘ysibug : ¢
JayO ‘lemsue (payoolas sem Jauyl0,, ‘Aldde 1oDUS
0] J0U Jojald ‘9le|\ ‘elewa 1 Anug xa] +) Xogyoayn eyl |le oay) ¢ se Ayuapl noA op Japuab jeypn pued
"Jamsue InoA 109|8S 0] SMmolie ay}
66-0 J81uno) ouswnN/Anug 1xa ] uo 2119 JO Jajug ssald pue mojaq X0qg)xa} ay} aby
ul Jamsue JnoA adA) Jayy3 ¢,noA ase pjo moH
suondp asuodsay adA] asuodsay uonsanp 10}0B

suonsany olydeibowa

€9|qel



50

el

uolsnjoul J@aw jou pip ejep Buiunoasip AejaQy

(#16°0) 092°0

(¥18°0) 62£°0
(9%5°0) 62£°0

888°0) GZ9°0
8£6°0) 900°0
¥18°0) /890
¥08°0) 8120

—~ e~~~

(616°0) 2210
(¥58°0) ¥EL°0
(¥26°0) £62°0
(286°0) LLL'O

(#16°0) €200

(9v6°0) £££°0

(858'0) €1€°0

(zv8°0) L¥¥ 0
(zz170-) 850°0
(z¥8°0) 8650

(226°0) 69€°0
(56.°0) LOY'O
(868°0) G210

(€22°0) 9810
(629°0) 9810
(128°0) €LE0
(€22°0) ¥1L0°0

X

(ze6°0) LBE0

UeIpSAl [Bj0 L

ueipa|\ dnolo
.10
GlLo
clo
200
900
100

dN-AN

ueipa|\ dnolo
710
0L0
800 d-a
00
€00

ueipa|\ dnolo

(6£6°0) ¥£0°0 X 910
(z66°0) 2010 (2€6°0) 6E00 €10
(91%°0)890'c  (LG¥°0) 2hL'L O | yneg
(¥56°0) 09270 (Z16°0) LBE0 600
(066'0) €920  (£96°0) 69E°L 500
(00£°0) 90%°0 (#¥6°0) G£2°0 200

Zd 1d peAg  dnoio

() 1

sajpy bununoasig Aojag

v alqel



51

abe Jiay} Jo asnedaq payse Jou alom pasn
SI DH.L JO ‘UnOdIN ‘|oYOoo|Y YDIyM Ul deam e Ul sAep Jo Jaquinu [eaidA} Joj senjeA Jnoypm sjuedioiued ‘Zd Jo | d Jeyue “Jsuned sejousp d

- - - G0’ L ys11bu3 ajewad 8l Zd 10
- - - 8¢ L ysibu3 alen 8l ld
- - - G'¢ L ysiueds ‘ysi|bu3 ajewad 6l Zd 510
- - - L€ } ysiueds ‘ysi|b6uz ajewad 8l Id
- - - €€ € ysbu3 ajewaH 0z Zd

skepo  skepy  Aepl  v6'S / ysiibu3 olewed 2z Id ¢lo SN-ON
- - - G¢ € ysiibu3 ajewaH 6l Zd 100
- - - Ge L ysibu3 alen 6l ld
- - - G'¢ L ys11bu3 ajewad 6l Zd 900
- - - 0¢ l ysijbu3 ajewaS 6l ld
- - - 8¢ 0 EENEWENN ajewad 6l Zd
- - - 8¢ ! ysiibu3 ale 8. Id +00
- - - L€ € ysibu3 ajewaH 6l Zd 10
- - - 9L } ys11buz ajewad 6l ld

skep 0 shep / skep 0 1€ 0 ysibuz EIEN 1z Zd 010
- - - zie } cw_cwo_m ajewad 6l Id
- - - 0¥ L ys11bu3 ajewad 8l Zd
- - - o€ F ysibug oeway 8,  Id 800 dd
- - - 0C z ysiueds ‘ysi|bu3 EE 0z Zd 400
- - - Ge l ysibu3 ajewaS 8l ld
- - - 86°€ € ysybu3 ajewaS 6l Zd €00
- - - 06 € ysiueds ‘ysi|buz aei 6l ld
- - - G¢ 0 ysybu3 ajewaS 8l Zd 910
- - - G¢g l ys11buz ajewad 8l ld
- - - L€ € ysi1bu3 EE 6l Zd €10
- - - 0y L uelssny ‘ysi|buz ajewad 8l ld
- - - 10 L ysybu3 BB 8l Zd 110
- - - ¥'0 L ysi1bu3 aen 8l ld uN-d
- - - (4 L ysi1bu3 ajewad 6l Zd 600
- - - Gz’ L ysi|bu3 ajewaS 8l ld

skep 0 skep 0 skep 0 6'¢ G ysi1bu3 ajewad 1z Zd 600
- - - 00'¥ L ys11buz ajewad 6l ld
- - - 00'¥ L ysybu3 ajewaS 8l Zd 200

shep o shep 0 shep z £6°¢ S ys11buz ajewad ¥4 ld

OHL QUI0dIN |oyoo|y Ydo slo)sowas sabenbue] IERVED) oby d peiqg dnoig

uojewiojul olydeibowag

g 9lqeL



52

‘UOI}IPUOD UONBZIWIXEW 80USPUOdSaLI0oUoU = [ADN :UOIHIPUOD UOIIBZIWIXEW 82Uspu0dsaliod = |\D

- - - - - - - 861 .10
£q5|Ens ‘TqS|éns “qs| 'S S 9/ 9/ G1/S2 G1/9¢ €0 /8 GL0
Eqs|tns ‘tqs| s ‘Cqs| 'S 9 9/l 9/l Zrlies  evl/lol - vGl r4X0) )
£qs5|evs Tqs|20s 2qS| WS 9 a0z 9z €6/99  £6/8¢ 980 S0l 00 | dNGN
¢qs|tns ‘€qS|*ns 1qs| oS 9 9/ 9/g 6L/ 61/8 €50 L 900
¢qs|tns ‘€qs|*ns 1qs| oS S 9/S 9/l LEIve Le/ice ¥.°0 Y 100
'qs|tvs 2qs|tvs ‘Eqs| oS 9 9/9 9/0 881/88L  881/86 X 002 710

- - - - - - - 4} 0L0
'qs|tvs ‘€qS|éns “qs|'vs 9 9/9 9/S z/L 2z G20 4" 800 ¥-a
¢qs|tns ‘€qS|*ns 1qs| oS 9 9/g 9/g ¥SLIYOL  ¥SL/STL X 991 ¥00
'qs|tvs ‘€qS|éns “qs|'vs % ol ¢9/9 92/9 9z/01 ¥20 8¢ €00

- - - - - - - yAYA 910
£q5|Ens ‘TqS|évs “qs| 'S 9 9/ 9/g 18/0¢€ 18/1L€ 890 66 €10

- - - - - - - 192 Lo | un-a
¢qs|tns ‘€qS|*ns 1qs| oS S 9/ 9/ €1/6€ €1/SY 690 G8 600

- - - - - - - 8Lz S00
¢qs|tns ‘€qS|*ns 1qs| oS S ol ol oL/S oL/S 850 22 200

siied sleul Ayngels Zd ld Zd ld (S WOisudu  peAg  dnoip
S4YS [eOUBWWAS Buunq Jeuped INON + WO sL]  paleidwod
yoe3 Aq pajoejuo) / sleul ND st) sleuy
so|dwes juaiayiq ‘doud |euL
Ajunpoddo jsii4 s44S Alligels

uo Buind2Q
s44S Angels

U)IM JUS)SISUOD
s44S AligeIs-uoN

Juswiuadx3y (Lz0z) .senbesjjo) pue buiwa|H pue juswiliadx3g SISaYy | 8y} usamjaq suosLeduwo) 0} Jueas|ay ejed

99|qelL



53

‘(710 ‘210 ‘P00 speAQ@) uonipuod DN ISt} @Y1 4o (210 ‘910 ‘L L0 ‘010 ‘SO0 speAq) uonipuod D 1sdi 8y} 8)e|dwod
10U pIp peAp ay} asnesaq payliuapl 1o paje|ndjed ag jJou PiNod anjeA ay) Jey} Sajouap - (UOIIPUOD DN dwes ay} ul AJljiqixa]} pajelisuowap
sJauped ylog jey; sajeolpul siauped usamaq Yse|s pJemlio) 7 "SUOIIPUOD Usamiag paydims AJljIqIXal} Jey) sajedlpul siauyed usam)aq
ysep Y ‘Palind00 UOBIASP OU = Y//N UOIIPUOD UOHEBZIWIXEeW 82Uapuodsalioouou = DN ‘UOIIPUOD UoljezZiwIXew aouspuodsallod = ND

- - - VIN VIN - - 861 0 .10
zd ¥90 00'L (zd) £ (1d) € €10 €¢ /8 € GL0
- - - VIN VIN x oz ¥S1 L L0 | N-aN
ld 00l Z¥0 (1d) 8 (1d) 2 980 Ll S0l % 100
ld 00t S¥0  (d) 9l (1d) 21 €60 X e 14 900
Zd 250 00 (zd) v (zd) s v2°0 Gl cP S 100
- - - VIN VIN X 14 002 L ¥10
- - - VIN VIN - - 9zl 0 010
Zded/ld 190 860 (2d) 9l (1d) ¢ G20 1937 14" 6 800 d-a
- - - (1d) 6 VIN - Ll 991 L ¥00
ld 00L sS50 (1d) 6oL (1d) 99 ¥2'0 6L1 8¢ 9 €00
- - - VIN VIN - - yAYA 0 910
ld 00L 650 (1d)9g (1d) s¢ 890 9f 66 . €10
- - - VIN VIN - - 192 0 L0 UN-C
Ld 00L €50 (1d) 9z (1d) €2 69°0 6€ G8 S 600
- - - VIN VIN - - 8Lz 0 S00
zd €¥'0 001 (zd) ¢ (zd) s 8G°0 9l 22 14" 200
Jauped Zd ld qs DS (WON+WOD/WD)  WON1Isi4 WD iIsii4  peyedwo)  peikg dnoig
a|qIxa|4 "doud |euy ul sjeuy ursjeul  suolIpuo)
$98100S (poieInaq oypn Jauned)
Aousysisuon IInwng ajdwes
IleJaAQ Ag IND Ul paysiiges3
abelony }8S woJ} uoneirnaq

}sdi4 JO NON Ul [el]

suonIpu0D SS0JoY AjiqIxaj4 pue ‘SUORIPUOD OM] JSJiH 8y} ul pajejdwo) sfel] ‘pepe|duwio) SuoRIpuo)

Lajqel



54

"Jouped

J19y} 0} Jajai jou pip Juedoiued e ‘ON = N “auned Jiayy 0} Jayal pip Juedpied e ‘sap = A “Jauped sjuedionied e 0] S90UBIBI SB)J0UIP I1XS) pap|og

A “dn sujw 8bueyo j,upjnoys | usy} suiw oy uiaped ‘ules Ajispusiod pjnoo | syujod ¥10
umo Jay abueyo 0} sasoyo ays JI pue ‘useped sy} 0) UO Yoled pINoys | 8y} aziwixew o} Yyoiym payojew sadeys yoiym paoniou jsnl |
Jaujed Aw jey; Jybnoyy | "awi} ajoym ayj sdied asoy} Yum onis
pue susajed }oe|q 8y} Jo 8Uo YyIm uleped anjq yoes paje|sion |
A "SUOI}BO0| BY} JNOCE MOUY J8Yj0 3y} ABajens Aue asn jou pip | 0L0
19| 0] pasoddns a1em @m MOy UO pasnjuod ||1}s SEAA @N(q JO UONEDO|
1se| 8Y} Yyum papuodsiiod ey} yoe(q ayy paxold pue ‘an|q ayj Jo Joplo
JUS1IND BY} YIM paydijew jey) sjoquiAs 3oid o} Jayjo ayy apinb o) pau|
N ‘syujod aiow uieb ‘waysAs ,anyy 800
0} JopJo ul ebew oyoads jey) o) esuodsal Aw abueyo o} pey | ey} pue pauy, 8y} 0} ¥oeq juam isnl | jou J| *dn xoeq sjuiod ayy da
MBUY| | 8JoW 8y} ‘a1em sjulod 8y} ss8| 8y ‘epew pey | jey) asuodsal 1ybnouq 1ey 4l 88s 0} S0y | sjoquihs ay) BuiBueyo pau |
yoea 10} pajedo||e alom ey} sjulod 8y} uo snooy 0} sem ABajeis Ay | ‘siemsue awes ay} Joj pabueyo sjuiod ay) a1 paweas )i §|
A sadeys uo yojeo pjnom Jauyied Aw jey) sadoy yym joquiAs yoe|q ¥00
8y} UsaMm}aq SUO}oBUU0D axew o) pajydwaye Aldwis | ‘Jey) op Jou pIp | awies ay) YiIm |oquiAs aniq sy} yojew o} pauy | swnkiany
A ‘usaped ay) pamoj|oy 1snl | ‘syuiod jsow asuodsal €00
ay} 106 0} Japio ul os ‘sadeys doe|q yoiym yym juam sadeys aniq pabueyo sy Joy Junowe Jaybiy e ul Buiynsal alom apew
yoiym jo wisped e yym dn sweod | pue Jauped Aw jey) |8} pjnoo | | sebueyo ay) pazijeal | usym s|oquiAs oe|q 0} pa)e|aiod
sjoquiAs an|q yoiym pabueyd | pasealou] Junowe ay} Usypn
N adeys Jayjo ay} 0} yojew ‘uiened e pul Ajjeal Jou pip | ‘Ajwiopuel paxolo isnl | "ON 910
0} way} ul sdoo| pue Buissolo saul| pey sadeys yoiym Buieas pauy |
A "2J8Y} Wouy A|Yloows Jusm J1 pue no 3l painbiy Ajjenjuaas | usyy ‘syulod aiow sw aAeb jey) Jied Jayjoue €10
pue yoe|q yoes Joy Bupoid sem ays anjq jeym jno ainbiy oy pauy | | punoy | ‘pabueyo anjea juiod 8y} 80UQ "9SOY) Po}oOdIeS pue
sjuiod 1sow ay} aw aneb sadeys pasied yoiym no painby |
A ‘uo suonidalip syj puejsispun jupip 110
yojeo pinom Jauped Aw adoy ui swnhions uondo ajppiw 8y} paxoIo | | ‘Buiop sem | Jeym eapl ou pey | }ssuoy Ajee|dwod aq o
A ‘syuiod jsow ay} ‘payom }l ‘sjuiod JO Junowe jsow 600
Buiyew ui yJom o} pswass jey) pue ‘Buisooyd Aisnoiraid ussqg pey ay} 186 0} jualayip Aj@)e|dwod Bulyiswos asoyo pue ,pjow UN-a
| 1eym yojew o} sjoquiAs awes ay} Buisooyo 1dey | ‘uo Juem awiy sy 8y} @y0lq, | ‘sjuiod jo junowe Jsjjews e Bueb uebag am
uaym Ing ‘sjoquiAs Jayjo yum sjoquiAs ajeroosse o} uebaq |
N Jayjeboy sebewt ey} yoyew oy pau} | ON S00
N ‘aJowAue yoel) dosy| 0} aw Joj Aem ou sem alay} os uleped "awi} yoea sjuiod Jo Junowie }sow ay) aw aAeb jey) 200
yoes Jad sx0110 Jo Junowe swes a8y} Buieq paddoys )1 usyy INg ‘spuno. ainb1y Moe|q auo yym ainbly anjq suo 8)e[a1100 0} paue)s |
99lU) JOo OM] JNOQE 10} PaXJIOM }| "J19A0 Bulyoyms aiojeq uisped auo uo
2J9M 9M Sawl} AueW MOy JUNod pinom | os uleped ,Jaylo, ayj 0} JOA0
PBYOJIMS }I 81048 SOLI} JO JUNOWE UIBMSD B SeM 818y} Jybnoy) | 3sii I
¢48uped Zd ld peAg  dnoig

aJ1euuoNsand-jSod S1Ng. ey} ul juedioiued yoeg Aq pepodey seibajes)S UoNeZIUIXep-juiod

8 9|qeL



55

"Jauped

J19Y} 0] J9jai Jou pip Juedioed e ‘oN = N Jauled Jiay) 0} Jajal pip juedioned e ‘sap = A “Jauped s juedionied e 0] S90USI9 8. SBJ0UBP 1X8) pap|og

N ‘alam Ajsnoinaid Aay) aleym ‘uonsanb /10
0} Way} ydjew pue uolisanb yoes uo sjoquiAs ay} azuowaw 0} paLl} | Buimojjo} 8y} 0} Jamsue ay} sem jey} pamoys abewl
U0 8y} usym jey} si 1no a1bny pinod | yeyy Buiyy Ajuo ay
N yaiym ‘Paydjew *1%0]
UHIM JUBM BUO YoIym Jo Moel} daay 0} aweu e adeys yoes aneb | 1ey} sainjoid ayj Jo yoel} deay | Jey) Sem pIp | Jeym
A ‘aw Auans abew yoes oy Buiyy swes ay) paydlo Ajuo | “1ayjebo) ‘suled 19s € pey am pue uo jybned ays Z10
sadeys ayj yojew o0} pauy | os dn paxiw aiom sabew suosiad Jayjo Ajlenjuang -dn awe9 j1 swi} 1Xau ay} |OqWIAS swes ay} op
Ay} JI aIns Jusem | Jng "auo Jybu ay} 32110 Ajuo sAemfe 0} pau | ISl Iy 1snl pjnom | uay} syuiod Gz 106 pue payojew am Ji ‘sl Iy &N-aN
N ‘sbez 61z ul adeys ay} sem 912110 Biq 8y "N e 81| $H00| ‘pazuowsw aq 0} sjulod Jo Junowe jsaybiy ay) /00
1ey) adeys ay} sem 92419 Y| ay] "AIBBInbs ay} sem 9[oJ10 9|ppIWi 8Y] | YHOM SIaMSUR 8y} JO} pamojje yoiym uisljed e paziubooay
N dn paddod a|qissod sjuiod 3saybiy ayy 900
aUo Jay)o ay} swikans Jayaboy sadeys om) swes ay} payolew | aw aAIb pjnom sadald yoiym Jaquiawial 0} Alowaw pasn |
N adeys ayj 1noge puiw Aw ul [eneds a8 ul suibewi 0} asn | ‘SOA sjuiod alow jo Buiuies ay} yum pajeloosse 100
1 1ey} sainjoid awes ay} 321j9 Aj[enunuod sem pip | IV
(Jauped Zd Ld peAg  dnoio

(7u0D) aireuuolsand-1Sod SINgG1 oy ui juediiued yoeg Aq pepodey seibejel)S uojeziluixepy-juiod

g8 9|qeL



56

' z 8% 9 8 6 6 € 0 0 L 1L L & & 6 uepsp

- - e - - - - - - 10

v v ¢ ¢ ¢ 9 & 9 0 0 L 1 1 1 L 510
T ] L - - Lo - - L Z10 -
o v L L1 i L0 0 Lo ! L Joo | HNON
o 0 L L L 1 L 0o o0 L L L 9 § ¢ 900

o 0 L L L 1 1 L0 0 b 1L ] L 100

o 0 L L L L ¥ 6 2z S 6 L S S L | uepsp
T ) L - - Lo - - L 10

- - - - - - - - - - - 010

o 0 L L 1 1 LY 0 9 1 1 L 800 | ¥-a
A -y RS - Lo - - L 00

o 0 L L 1 L L o0 ¢ - - A €00

o 0 L L 1 1 L0 00 b L ! L L uepsp

S e e e - - - - - . . - - 910

o 0 L L 1 1 L0 0 L1 1 L €10

- - - e - - - - - - 110 -
o 0o L L 1 1 ) L0z L L ! L eoo | dNd
- - - a e - - - - - - 500

o 0 L L 1 L L0 0 b1 ! L 200

S 8 ¢S & dJs & dS e dS e dS e 4S8 qs &S  pekg  dnom

WON WO WON WO WON WO WON WO

Buipuodsay s Jauued Buipuodsay s uedoied Buipuodsay s Jouned Buipuodsay s uedonied

¢d ld

juedidiued yoe3 1oj S8109S 8ouspuodsaLion

6 21qeL



57

-abenbue| Jayjo auo }se9) e pue ysijbug = g ‘Ajuo ysibug = | :uaxodg sabenbue {(1apuab Joj pajosjas aiom suondo Jaylo ou) sjews = Z ‘9|e|\ = | :1opuss)

e - cctsf A 4 i iy
s - swo  (@0000OMO0 (oo 4 s
- owes  (@HOTOGGMe (g 4 s
N IR el 4 s
o - swo  (ETlgwIs (gue 4 s
e - owoy  (OTwegmes (@i 4 s
o - oweo  (2mOgsme (g 4 s
s e Goemie (o N iy
@ o ah ey iy o
o ! g iy s
wo oo e oLt iy o
o5 ame uyu iy o
d M ] (4o1) veipsp (gs) vespy liMm-ondeys ssed adA1 dnoin

uisjed 44S

S4Y4S JO stuaped pibly pue 8|qixa|d Aq S|enpiAipuj Ueamjaq Seoualayiq buLinsesyy
0l dlqeL



58

"anjeA awes ay} pey sjuedioied |je asnesaq pawiopad 84 Jou pjnod 18} 8Y} 1By} SaJousp pljeAu]

. (000°0-000°0) 000°0 (920°0) 620°0 ON pibry
- 0 SsSaualemy Jaule
052 ¢ (001°0-000°0) 000°0 (051°0) 1200 ON alqixald NON 4 v ouked
. (000°1-000°L) 000°L (000°0) 000°L pijeAu] pibry
- 0 SsaualeMmy-}|o
008 € (000°L-0080) 000'} (#21°0) 206'0 ON a1qxal NON 4 VHeS
o - } (¥2t°0-060°0) GEZ'0 (zsz'0) €120 SOA pibry ¥
(zov'0-€21°0) 08€°0 (L¥1°0) ¥0€0 ON a|qIxa|4 ‘
. . (z€Z'0-000°0) €LL°O (961°0) ¥¥L°0 SOA pibry
- Jo
€8y 20 (291°0-000°0) 20°0 (220°0) 8800 N a1qxal Ho
d M ] (4o1) vepsiy (as) uesiy AlIM-odideys ssed adA1 dnoig

ulsped 448

(7U0D) SH5S Jo suiaped pibry pue ajqixaj{ Aq s|enpiAipu| usamjaq seauaiayiq buunsesyy
0l dqeL



59

1 = U :suoRIpuod +g paje|dwiod
1By} 8S0U] ‘0] = U :SUONIPU0D Z > paje|dwood jey) sjuedioned ‘pepnjoul aie sdnoib YIN-aN PUe YN-a 8yl ut spehp Aluo’(s0o" >) Jueoiubis ale senjea-d papjog

W e EREES EINS @ z ,
SONECINE = A A g
SO =t I 3 g o stz
e SIS URREE = g
ORI TR - R v 2 S
oo e EEEDE MM = g
so - owor  (BEELOmES (mogws 4 2 v oucs
o wme (BEEIES R g
N T I R g
SN i S i g
w owo w0 3 B oo
1412 0S - MWWW w Am@ﬂ% wmm._‘ MH va 7 uayodg sabenbue
wwe W wr o G x g
. " £
d M ] (4oI) ueipsiy (as) uesiy lim-ondeys ssed paje|dwo) dnoig
suomIpuod

SUoRIPUOY 810y 10 oM paja|dwio) Jey) speAg pue suolipuo) om] uey) SSa pajejdwo) jey; speAq usemjaq seausaiayig buunsesyy
Ll alqel



60

Culturant

|
Rp1 l
/ \
sP gR*, gP SE / SR*
\ l

Figure 1. A metacontingency. SP : discriminative event; Ry, : operant event of Person 1; Rp, :
operant event of Person 2; S** : 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. S” : discriminative event; Ry, : operant event of
Person 1; Ry, : operant event of Person 2; S** : 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.



Say|Sby, Sa,|Sbs, Sas|Sh, (41.67%)
Say|Sby, Say|Shy, Sas|Sbs (33.33%)
Say|Shy, Sa|Sbs, Sas|Shy (16.67%)
Say|Shs, Say|Sb,, Sas|Sby (8.33%)

OO0N

Thesis (n =12)

Say|Shy, Sa,|Sby, Sas|Shs (13.04%)
Say|Sby, Sa,|Sbs, Sas|Shs (43.48%)
Say|Sh,, Sa,|Sby, Sas|Shs (4.35%)
Say|Sby, Sa,|Sbs, Sas|Shy (30.43%)
Say|Shs, Say|Sby, Sas|Shy (8.70%)

ooomn

Fleming et al. (n = 23)

Figure 3. Proportions of sets of symmetrical and shared SRFs established in the first CM
condition among dyads in the thesis experiment (fop) and Fleming and colleagues’ (2021)
study (bottom).
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25
2.0
15 -o- Dyad's Higher k'
- Dyad's Lower k'
Xx 1.0

5 10 15
Conditions Completed

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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