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Abstract

The implicit relational assessment procedure (IRAP) was initially developed as a
way to assess the strength and probability of natural verbal relations, as defined
within relational frame theory (RFT), and was conceptually rooted within the
behavior-analytic tradition. However, the IRAP quickly became employed primar-
ily as a measure of implicit cognition, more in line with mainstream psychology
than behavior analysis. In doing so, research using the IRAP increasingly employed
ill-defined mainstream psychological terms, focused on correlational analyses with
traditional psychometry, and thus emphasized prediction over the prediction-and-
influence of behavior. Although perhaps beneficial to the study of implicit cognition,
this approach could be argued to have limited the IRAP’s utility in behavior analyses
of human language and cognition. In the current article we will reflect on this sug-
gestion, on the IRAPs place and current use in the field of behavior analysis, and on
its potential future within behavioral psychology in light of recent conceptual and
empirical advances in RFT. In doing so, it is hoped that the measure may be refined
into a better understood, more precise, functional-analytic tool.

Keywords IRAP - relational frame theory - verbal relations - functional analytic -
implicit cognition

In Mary Shelley’s classic novel, Frankenstein (1818), we are presented with the case
of a doctor who creates a living monster by successfully piecing together and reani-
mating body parts from different people. However, not long after the monster has
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been brought to life he becomes Dr. Frankenstein’s nemesis and eventually leads to
their joint demise. In one sense, this tale seems like an appropriate metaphor for the
creation of the implicit relational assessment procedure (IRAP), a behavioral meas-
ure brought to life by piecing together parts of different tools such as the implicit
association test (IAT; Greenwald et al., 1998) and the relation evaluation procedure
(see Barnes-Holmes et al., 2010). The original purpose of the IRAP was to assess
the strength or probability of natural verbal relations, as defined within relational
frame theory (RFT; Hayes et al., 2001), and was conceptually rooted firmly within
the behavior-analytic tradition. However, as was the case with Dr. Frankenstein’s
monster, the creator of the IRAP seemingly lost control of his creation as the pro-
cedure became almost exclusively employed as a measure of implicit cognition. In
the current article we will reflect on the history of the IRAP, its place and use in the
field currently, and its potential future within behavior analysis (and behavior sci-
ence in general) in light of recent conceptual and empirical developments in RFT
(see Barnes-Holmes et al., 2020, 2021; Barnes-Holmes & Harte, 2022). In doing so,
we hope that this story will not end in the same way that Shelley’s did. Rather we
hope that the IRAP, unlike Frankenstein’s monster, will be tamed and refined into a
better understood, more precise, functional-analytic tool.

The current article will first provide a brief overview of implicit cognition as
studied within the mainstream. It will then outline the development of the IRAP as
a measure of natural verbal relations as defined within RFT and how it then became
largely dominated by the study of implicit cognition. The remainder of the article
will focus on how research employing the IRAP has begun to utilize the measure
as a context for exploring the dynamics of complex relational responding (i.e., rela-
tional networks). Finally, we detail one ongoing research program that currently best
exemplifies use of the IRAP in this way. To quote Shelley (1818), “learn from me, if
not by my precepts, at least by my example” (p. 58).

The Study of Implicit Cognition: A Mainstream Concern

During the 1990s, an increasing number of social psychological researchers were
focused on developing a procedure for evaluating what was termed implicit atti-
tudes, which are . . . introspectively unidentified (or inaccurately identified) traces
of past experience that mediate favorable or unfavorable feeling, thought, or action
toward social objects” (Greenwald & Banaji, 1995, p. 8). In brief, it was argued that
people are often unaware of their implicit attitudes or beliefs and as such, they could
not be assessed via traditional self-report measures that required “conscious” reflec-
tion (e.g., questionnaires; De Jong et al., 2001). As a result, alternative procedures
were developed in an attempt to measure these so-called implicit attitudes. The most
well-known of these methodologies is the implicit association test (IAT; Greenwald
et al., 1998).

The basic idea behind the IAT is that participants should find it easier to respond
to two concepts that are somehow similar (e.g., e.g., pressing a specific key when
“flower” and “good” appear together) than two concepts that are dissimilar (e.g.,
“flower” and “bad”) because of associations between these stimuli in “memory.”
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Greenwald et al. (1998) initially tested this idea by presenting participants with
names of flowers, insects, positive words, and negative words. In one block of tri-
als, a keyboard key was assigned to both the flower word and the positive word,
whereas another key was assigned to both the insect and negative words (consist-
ent). On another block of trials, however, one key was assigned to both the flower
and negative words, whereas the other was assigned to both the insect and posi-
tive words (inconsistent). The assumption was that participants should be faster
to respond on consistent relative to inconsistent trials because of an association in
memory between the concepts “flower” and “positive” and between “insects” and
“negative.” In general, results supported this assumption. Since this seminal study,
thousands of articles have emerged employing the IAT and other broadly similar
measures to study implicit attitudes and implicit cognition in general (Greenwald &
Lai, 2020).

Developing a Methodology to Study Natural Verbal Relations: The
IRAP

Despite the IAT’s emergence from mainstream psychology and its mentalistic theo-
retical conceptualization, some researchers argued that the effect observed on the
measure could be interpreted in behavioral terms (e.g., Barnes-Holmes et al., 2004;
Barnes-Holmes et al., 2008). In particular, it was argued that during consistent IAT
trials, participants are required to respond to classes of functionally similar stimuli
as functionally equivalent (e.g., required to press the same key for insects and nega-
tive words); on inconsistent trials, however, participants are required to respond to
classes of functionally dissimilar stimuli as functionally equivalent (e.g., required to
press the same key for insects and positive words).

When the preceding example is viewed through this functional-analytic lens, the
IAT involves two classes of stimuli with appetitive functions (i.e., flower words and
positive words) and two classes with aversive functions (insect words and nega-
tive words). When responding on consistent trials, the same response function is
established for both appetitive classes (i.e., press one key for flower words and posi-
tive words) and likewise the same response function is established for both aver-
sive classes (i.e., press another key for insect words and negative words). During
inconsistent trials, however, this is not the case. That is, during these trials the same
response function is established for both classes, appetitive and aversive (e.g., one
key for flower words and negative words and another key for insect words and posi-
tive words). The slower response latencies on inconsistent trials are thus explained
by the fact that participants are required to respond in a manner that is inconsistent
with a previously established pattern of stimulus relations.

The behavior analytic interpretation of the IAT draws on the concept of stimu-
lus equivalence, which had become an area of significant interest and study within
the field because it appeared to provide a functional analytic definition of semantic
meaning within natural language (Sidman, 1994). The basic idea is that, in verbally
able humans, training a subset of relations (e.g., A = B and A = C) tends to reliably
produce derived or emergent relations (B = C and C = B) in the absence of further



562 Perspectives on Behavior Science (2022) 45:559-578

training or reinforcement. Stimuli that participate in such relations are referred to
as members of an equivalence class. It is critical that when a specific function is
established for one member of an equivalence class, that function may emerge for
the other members of that class, also in the absence of direct reinforcement; this
phenomenon is referred to as the derived transfer of functions (e.g., de Rose et al.,
1988; Dougher et al., 1994; Perez et al., 2015). Insofar as the stimulus relations that
are targeted in the IAT are seen as functionally similar to equivalence relations,
and derived function transfer, a behavior-analytic conceptualization of the behav-
iors observed on the measure seemed to readily yield. Indeed, some support for
this interpretation was obtained in earlier research that had found that lab-induced
equivalence relations often failed to emerge when they competed with equivalence
relations that had already been established in participants’ learning histories (e.g.,
Barnes et al., 1996; Dixon et al., 20006; Leslie et al., 1993; Watt et al., 1991). In
broad terms, therefore, these findings were seen as supporting the foregoing behav-
ioral interpretation of the IAT effect.

The IRAP was initially conceived with the foregoing behavior-analytic inter-
pretation in mind. In addition, development of the measure drew on work with the
relational evaluation procedure (REP; e.g., Stewart et al., 2004), a task that requires
participants to respond to specific stimulus relations. For example, in the presence
of two circles presented on a computer screen, participants might be presented with
the response options “Similar” and “Different” and are required to indicate the cor-
rect relation. The basic idea was that in combining aspects of both measures, a new
procedure for evaluating previously established verbal relations (e.g., equivalence
classes) could be developed; that is, a procedure that requires participants to switch
between response patterns that are consistent versus inconsistent with a previously
established pattern under time pressure. In other words, average response laten-
cies should be faster for responses consistent with previously established patterns
(e.g., flowers and positive words) than inconsistent patterns. It is critical to note
that although the IAT (and other associative measures) typically involved partici-
pants responding to pairs of stimuli in some way (e.g., pressing a specific key when
“flower” and “good” appear together), each trial of the IRAP typically asks partici-
pants to confirm or deny a specific verbal relation (or set of relations) between two
label and target stimuli within a short response window. That is, rather than simply
associating stimuli, participants must confirm or disconfirm the truth value of a spe-
cific verbal relation or proposition (see Hughes et al., 2011, for a detailed argument).

In addition, corrective feedback is also presented on the IRAP that, in general, is
implemented in a manner consistent with participants’ preexperimental learning his-
tories for half of the blocks of trials and inconsistent with this history for the other
half. For example, an IRAP assessing verbal relations in the context of race might
present a picture of a person at the top of the screen (e.g., a picture of a white person
or Black person) as a label stimulus, a word or phrase in the center of the screen
(e.g., “safe” or “dangerous”) as a target stimulus, and the response options “True”
and “False” on the bottom of the screen. Half of the trials would require participants
to respond “True” when presented with the picture of the white person and the word
“safe” and a Black person and the word “dangerous,” whereas the other half would
require opposite responding (e.g., “False” in the presence of the white person and
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“safe” and “True” in the presence of the Black person and “safe”).The IRAP struc-
ture yields four separate trial-types (continuing with the race example: white person-
Safe; white person-Dangerous; Black person-Safe; and Black person-Dangerous).
As mentioned above, the basic logic is that participants should tend to respond more
quickly to relations that are consistent versus inconsistent with their preexperimental
learning histories. The difference between history consistent and history inconsist-
ent responding is referred to as the IRAP effect. The IRAP effect of each of the four
trial-types of a given IRAP is taken to be the measure of the strength of this rela-
tional responding (i.e., faster and more accurate in one direction than the opposite).

Before continuing, we should be clear that the use of the term “strength” in the
context of IRAP performance is metaphorical rather than technical. Indeed, the defi-
nition of “strength” could be seen as somewhat vague, at least in behavior analy-
sis, when it is used to refer to response strength, for example. We wish to empha-
size, therefore, that differential latencies/accuracies obtained across two differential
patterns of relational responding is the primary metric on the IRAP and the term
“strength” is simply used as a summary, if somewhat loose, term. Thus, the term
strength should not be taken to reflect an underlying behavioral or psychological
construct. Indeed, we would argue that behavior-analytic researchers should be
extremely cautious in using higher order constructs that are not tied directly to
manipulable variables that allow for behavioral prediction-and-influence.! Lack of
caution in this regard may allow for an unintended shift from radical to methodolog-
ical behaviorism in which validating the constructs of the latter become the primary
target of research, generating an increasing emphasis on prediction over prediction-
and-influence (see Moore, 1981, for a detailed discussion of the differences between
these two forms of behaviorism).

The IRAP as a Mainstream Measure

The IRAP’s focus on confirming versus disconfirming specific truth values rendered
it, at least in principle, a method for assessing natural verbal relations rather than
as a test of so-called implicit cognition (Barnes-Holmes et al., 2008). Despite this
conceptual starting point, however, the descriptor “implicit” was nonetheless added
to the name for a number of reasons: (1) The IAT was a source of inspiration for the
IRAP; (2) There appeared to be some potential for the IRAP to function as a test of
so-called implicit cognition; (3) The name “I-rap” was catchy and reflected what the
test required—rapid verbal responding. And as we now know, although the IRAP

! We highlight the “and” here in prediction-and-influence to emphasise that the pragmatic philosophy
of behavior analysis (see Hayes & Brownstein, 1986) requires both prediction and influence rather than
just prediction with a promissory note to achieve influence at some (possibly distant) point in the future.
As Hayes and Brownstein pointed out, focusing on prediction over prediction-and-influence may quickly
slide the analyst down the slippery slope of nonmanipulable causes, which is a direct anathema to (the
contextualistic wing of) behavior analysis. Indeed, we would argue that the IRAP, metaphorically speak-
ing, slipped some way down this very slope and one of the main aims of the current article is to attempt
to drag it back up toward both prediction-and-influence.
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did not start out as a measure of implicit cognition, it did seem to have relative suc-
cess in becoming one (Vahey et al., 2015). Allow us to elaborate.

As mentioned above, individual IRAP trial-type effects were taken to be meas-
ures of relational responding (in a particular direction) and studies often correlated
these effects with other psychological measures. Correlations quickly emerged
across many studies and thus the IRAP gradually became predominantly a meas-
ure of so-called implicit cognition. In other words, the IRAP produced effects that
participants found difficult to describe, and it appeared to predict other responses,
such as those recorded from psychometric instruments and behavioral approach
tasks. Furthermore, the IRAP effects even correlated with real-world behaviors.
For example, in one of the earliest studies, sex offenders failed to show a signif-
icant IRAP effect that denied the sexualized nature of young children (Dawson
et al., 2009; see also Barnes-Holmes, Harte et al., 2020, for a recent summary
of other socially relevant research using the IRAP). In one sense, therefore, the
IRAP was a victim of its own success, in that it quickly joined a growing group
of mainstream psychological measures, such as the well-known IAT, which had
attracted so much attention in general psychology and even in the wider media
worldwide. In the midst of this rapid growth in the use of the IRAP as a type of
mainstream measure of implicit cognition, and thus predictive of other behaviors,
the original purpose of the IRAP seemed to fade into the background. That is, the
purpose of the IRAP was to help researchers interested in the study of verbal or
derived relations to analyze the functional properties of those relations with the
behavior-analytic goals of prediction-and-influence at its core. From a behavior-
analytic perspective, however, combining an ill-defined domain (i.e., implicit cog-
nition) with a “measure” (the IRAP) that was not well understood in a functional-
analytic manner, led down an intellectual blind alley. Alas, the behavior-analytic
heart of the IRAP was metaphorically shuffled off center stage as the procedure
took on a life of its own as a measure of implicit cognition, much like Franken-
stein’s monster in Shelley’s novel. In making this analogy we are not suggesting
that the IRAP as a “mainstream” measure was literally an instrument of evil, but
simply failed to deliver on its primary purpose and in doing so “killed off” the
intended research program. In the latter half of the current paper we will outline
some recent progress that has been made in pursuing this original purpose.

In summary, therefore, IRAP studies increasingly over the years drew on and
invoked ill-defined mainstream psychological terms (e.g., attitudes, self-esteem,
prejudice), although its validity was largely assessed using traditional mainstream
methods (e.g., determining if the measure predicted or correlated with other implicit
or psychometric instruments; see Hofmann et al., 2021, for a recent challenge to the
use of traditional nomothetic psychometry in psychological science). This “main-
stream” method of employing the IRAP quickly became its most dominant applica-
tion, with a meta-analysis conducted in 2015 (Vahey et al., 2015) revealing that it
compared favorably with a range of other mainstream measures of implicit cogni-
tion (in the clinical domain). Although the IRAP seemed to be performing well in
this regard, the fact remained that using the instrument in this classic mainstream
psychological manner failed to provide a functional-analytic account of the behav-
iors produced by the IRAP itself. As such, the research achieved little in terms of
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meeting the analytic goals of a behavior-analytic science—the prediction-and-influ-
ence of behavior (with precision, scope and depth; see, for example, Hayes et al.,
2012) that its initial conceptualization strived to achieve. Thus, although the IRAP
was masquerading, to some extent, as a behavior-analytic tool, it was not being used
as such.?

The IRAP as a Behavior-Analytic Tool: A Brief Review of Some
Relevant Research

Exploring the Functional Properties of the IRAP: Identifying “Contaminating”
Variables

We have argued that the IRAP became widely used as a type of mainstream meas-
ure of implicit cognition, but it is also important to describe how it may be used in
ways that speak more directly to a behavior-analytic research agenda. The potential
dangers of relying on the IRAP as a measure of implicit cognition, rather than a
functional-analytic one, were discussed by Barnes-Holmes et al. (2010). In particu-
lar, these authors highlighted the potential sensitivity of the IRAP to verbal relations
that extended beyond those that were being targeted in a typical study of implicit
cognition. In particular, the authors warned that procedural variables, such as a ten-
dency to respond quicker with “True” than “False,” may interact with the assess-
ment of implicit attitudes or biases:

... Itis possible . . . that a bias toward responding “True” over “False,” per se,
interacted with the socially loaded stimulus relations presented in the IRAP. If
such a response bias does play a role, however, the source of that bias needs to
be explained. (p. 62)

This sensitivity to nontargeted verbal relations presented a clear problem when
using the IRAP to assess implicit cognitive processes, independent of what may
be seen as spurious variables (O’Shea et al., 2015). On the other hand, treating the
IRAP as a context for exploring the functional-analytic properties of verbal relations
renders this “problem” largely irrelevant (i.e., because an IRAP performance is not
seen as a proxy for underlying behavioral constructs or mental events).

The foregoing argument is perhaps best illustrated in a study by Maloney &
Barnes-Holmes (2016), who found that IRAP effects were differentially affected
by the type of response options employed. In particular, the study involved using
the response options, “Same” and “Different” (defined as Crels, or relational cues,
within RFT) in one IRAP and “True” and “False” (defined as relational coherence

2 We should be clear that we are not denying there may be considerable value in what the IRAP has
contributed toward the study of implicit cognition. And indeed, as a reviewer of the current manuscript
correctly pointed out, science builds on science. Thus, although we are not arguing that the more main-
stream focused IRAP work should be completely disregarded, we do believe recognizing its many limita-
tions within behavior analysis is important.
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indicators, RCIs) in another. It is interesting that the sequence in which these two
types of response options were used across the two IRAPs appeared to produce sig-
nificantly different response patterns. As such, this study served to support the point
made earlier by Barnes-Holmes et al. (2010) that the response options “True” and
“False” may indeed affect upon performance on the IRAP in perhaps subtle and
complex ways. In light of this and other findings (covered below) it became apparent
that a more functional-analytic approach to the IRAP was required.

Not long thereafter, further studies began to highlight other variables to which
the IRAP seemed sensitive. For example, Finn et al. (2016) found that the type of
instructions provided to participants about how to complete the IRAP differentially
affected the size and direction of the effects produced. In particular, participants in
this study were presented with an IRAP that presented names of colors (e.g., “red,”
“blue”) and shapes (e.g., “square,” “circle”) as label and target stimuli and were pro-
vided with rules that varied in terms of the level of detail pertaining to the rela-
tional network being assessed. In particular, some participants received rules that
were quite detailed (e.g., “Respond as if shapes are shapes and colors are colors”),
others received rules that were more general but specified preexperimentally estab-
lished relations (e.g., “Respond correctly to the stimuli””), whereas others received a
rule that was also general but did not specify preexperimentally established relations
(e.g., “Please respond as if true is consistent and false is inconsistent”).

The results demonstrated that the level of detail presented in the rule dramati-
cally affected upon the size and direction of the IRAP effect produced, and that this
effect may be in part moderated by the order in which the blocks were presented
(i.e., history-consistent blocks presented first versus history-inconsistent presented
first). Related work by Finn et al. (2018) subsequently found that the amount of
past experience participants had with completing latency-based measures in general
(e.g., the IAT, priming tasks, stroop tests) also dramatically affected performance
on the IRAP. That is, the more experience participants had with completing latency
based measures, the larger the IRAP effects. It is interesting that the authors also
reported that implementing a read-aloud procedure seemed to reduce this difference
(i.e., in the read-aloud condition participants were asked to report out loud the on-
screen IRAP stimuli and the emitted response on each trial). Similar findings for the
read-aloud procedure were reported by Kavanagh et al. (2018) but in the context of
deictic (i.e., self-other) relations.

Exploring the Functional Properties of the IRAP: Differential Trial-Type Effects

Apart from identifying “contaminating” variables involved in IRAP performances,
a specific pattern of effects was increasingly being observed on the IRAP in many
studies conducted across a range of domains. One such effect showed a response
pattern in which one of the IRAP trial-types was consistently larger than the other
three. This effect was referred to as the single trial-type dominance effect (STTDE;
Finn et al., 2018). It is critical to note that this pattern seemed difficult to explain in
terms of the response options alone because two of the trial-types involve selecting
the same option within each block. Consider, for example, the shapes and colors
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IRAP described above. In this IRAP participants must choose “True” on both color-
color and shape-shape trials during history-consistent blocks (False must be cho-
sen on history-inconsistent blocks). However, the trial-type effect for the color-color
trial-type has been found to be significantly larger than the effect for the shape-shape
trial-type (Finn et al., 2018). Given this finding, and other similar results, a new
model was proposed; the differential arbitrarily applicable relational responding
effects (DAARRE; Finn et al., 2018) model. According to the model, it is impor-
tant to distinguish between the relational (Crel) and functional (Cfunc) properties
of stimuli. For RFT, the Crel property refers to the (“pure”) relational functions of
stimuli, including their symbolic relations, or more informally the “cold” semantic
meaning of a stimulus (e.g., the word “spider” is semantically related to a range
of eight-legged arthropods). The Cfunc property refers to the nonsemantic behavio-
ral functions of the stimulus, or more informally its “hot” attentional, emotional, or
motivative effects (e.g., the word “spider” may evoke a mild aversive reaction in a
listener). Within RFT, it has been argued that these two classes of functional proper-
ties do not “exist” independently but serve to codefine each other (see Dymond &
Barnes, 1994). The critical point is that the DAARRE model proposes that differen-
tial trial-type effects, such as the STTDE, may be explained by the extent to which
the Crel and Cfunc properties of the stimuli overlap or cohere with specific proper-
ties of the two response options.

For illustrative purposes, consider a study reported by Bortoloti et al. (2019) that
found a STTDE using abstract stimuli that had been related via arbitrarily applicable
relations to other stimuli with specific Cfunc properties. In particular, the abstract
stimuli had been derived as equivalent to pictures of emotional faces. The pictures
of the emotional faces and the abstract stimuli were then inserted into an IRAP. The
basic DAARRE model as it applies to this particular IRAP is presented in Figure 1.
The model identifies three key sources of behavioral influence: (1) the relationship
between the label and target stimuli (Crels); (2) the evoking (or valence) functions
of the label and target stimuli (Cfuncs); and (3) the Cfunc properties of the two RCIs
(e.g., “True” and “False”). The two critical trial-types in this context were Happy
symbol-Happy face and Negative symbol-Negative Face because participants were
required to press “True” during symbol-face consistent blocks and “False” during
symbol-face inconsistent blocks. As noted above, these trial-types are described as
critical here because both trial-types require that participants respond with the same
RCI within each block of trials. A tendency to respond “True” more quickly than
“False” cannot, therefore, explain any difference in the size of the two trial-type
effects. It is interesting that the participants tended to respond “True” more quickly
than “False” on the Happy-Happy trial-type, but in the Negative-Negative trial-type
they responded "True" and "False" with almost equal latencies. In effect, a single-
trial-type-dominance effect was observed.

The DAARRE model explains this dominance effect by assuming that the pictures of
the happy faces and equivalent symbol, possessed relatively positive evoking functions,
whereas the pictures of negative faces and equivalent symbols, possessed relatively nega-
tive evoking functions. In particular, the STTDE is explained by the extent to which the
Cfunc and Crel properties cohere with the RCI properties of the response options across
blocks of trials. Note that the Cfunc and Crel properties for the happy symbol-happy face
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trial-type are all labeled with plus signs; in addition, the RCI that is deemed correct for
history-consistent trials is also labeled with a plus sign (the only instance of four plus
signs in the diagram). According to the model, therefore, this trial-type may be considered
as maximally coherent during history-consistent trials. In contrast, during history-incon-
sistent trials, where participants have to respond "False" for the happy symbol-happy face
trial-type, there is no coherence between the required RCI (minus sign) and the properties
of the Cfuncs and the Crel (all plus signs). According to the DAARRE model, this stark
contrast in levels of coherence across blocks of consistent and inconsistent trials serves to
produce a relatively large IRAP effect.

Now consider the Negative symbol-Negative face trial-type, which requires that
participants choose the same RCI as the Happy symbol-Happy face trial-type dur-
ing history-consistent trials, but here the property of the RCI (plus sign) does not
cohere with the Cfunc properties of the label and target stimuli (both minus signs).
During history-inconsistent trials the RCI does cohere with the Cfunc properties
(minus signs) but not with the Crel property (plus sign). Thus, the differences in
coherence between history-consistent and history-inconsistent trials across these two
trial-types is not equal (i.e., the difference is greater for the Happy symbol-Happy
face trial-type) and thus explains, at least in part, the single-trial-type-dominance-
effect. What the DAARRE model provides, therefore, is the potential for a relatively
precise analysis of the functional properties that are at play when participants are
required to complete an IRAP. Of course, the model will likely need to be adapted
and refined as new data emerge in years to come. However, thus far other research-
ers within behavior analysis seem to be having increased success in analyzing pat-
terns of IRAP effects in light of the DAARRE model (e.g., Bortoloti et al., 2020;
Finn et al., 2019; Pidgeon et al., 2020; Pinto et al., 2020, Schmidt et al., 2021).

Extending the Use of the IRAP as a Behavior-Analytic Tool

In the last number of years, researchers have also begun to use the IRAP as a con-
text for both training and testing verbal relations. For example, Leech et al. (2018)
employed pictures of spiders and pets to establish fearful and pleasant stimulus
functions for arbitrary shapes within a training version of the IRAP. When used
as a context for training, IRAP blocks do not alternate between history-consistent
and history-inconsistent responding but rather simply require responding in what-
ever manner is being trained to specific accuracy and latency criteria. In the Leech
et al. study, pictures of spiders and pets were trained to pictures of two geometric
shapes, a circle and a square (i.e., Spider-Circle-Similar; Spider-Square-Different;
Pet-Square-Similar; Pet-Circle-Different). After establishing these mutually entailed
relations, researchers then assessed the transformation of fear functions using a “tra-
ditional” format IRAP. In particular, the circle and square shapes were presented
as label stimuli with words as targets that referred to negative (e.g., “I hate it”) and
positive (e.g., “I like it ”’) reactions. A transformation of functions was observed for
the two geometric shapes, in that participants showed IRAP effects that were con-
sistent with the previously trained relations (e.g., they responded more quickly with
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Circle-“I hate it”-Yes, than with Circle-“I hate it”’-No). In this example, the circle
had acquired some of the evoking properties of spiders.

It is interesting that a follow up study by Leech and Barnes-Holmes (2020) attempted
to replicate this result but at the level of combinatorial entailment (by adding a middle
node to the trained network; e.g., Spider-Circle-Similar/Circle-Bem-Similar) but failed to
find any evidence of the transformation of stimulus functions (Experiment 1). This result
suggested a potential boundary condition for using the IRAP in this way. That is, a trans-
formation of functions seemed to occur at the level of mutual entailment (Leech et al.,
2018) but not with combinatorially entailed relations. In Experiment 2 of the 2020 study,
however, the authors manipulated levels of derivation and coherence of the trained and
derived relations. It is critical to note that the results in this case showed that manipulating
derivation by providing participants with an opportunity to respond in accordance with
the derived relations in the absence of differential feedback (e.g., Spider-Bem-Similar)
produced a reliable transformation of functions. It is interesting that increasing coherence
(i.e., by increasing the number of trained but not derived relational responses) failed to
produce the transformation effects observed in the “derivation” condition. These studies,
and indeed others (e.g., Gomes et al., 2019), thus demonstrated the potential utility of the
IRAP to train and/or test transformations of stimulus functions while also highlighting
the importance of ongoing functional analyses of doing so at different levels of relational
complexity (i.e., mutual versus combinatorial entailment).

The impact of levels of derivation and coherence have also been explored in a series of
studies by Harte et al. using the training IRAP in the context of persistent rule-following. The
basic preparation involved first training and/or testing novel derived relations using the train-
ing IRAP (e.g., train A = B = C, test A = C), and then manipulating the level of deriva-
tion and/or coherence of the novel network, similar to the research reported by Leech et al..
Specific stimuli from the network were subsequently inserted into a rule for responding on a
matching task. At first, reinforcement contingencies supported responding in accordance with
the rule (involving a derived relation) before subsequently reversing so that rule-consistent
responding was now punished. Results of one of these studies (Harte et al., 2018) showed that
participants were more likely to continue following the rule in the face of reversed reinforce-
ment contingencies when the IRAP-trained network (or part of it) involved 15 blocks, rather
than 1 block, of relational training. The reader should note that although the authors referred
to this manipulation as involving derivation, it could also be viewed as involving coherence
(see Harte et al., 2021a, p. 224). Indeed, in a subsequent study reported by Harte et al. (2020),
the researchers attempted to manipulate coherence directly via the presence versus absence of
performance feedback, with the finding that rule-persistence was greater when feedback was
provided during the IRAP training and testing.

Follow-up research by Harte, Barnes-Holmes, Barnes-Holmes et al. (2021) attempted
to manipulate both coherence and derivation of the IRAP-trained network. In this study, the
researchers made a clearer distinction between coherence and derivation than in the earlier
works. That is, although coherence was again manipulated via the presence and absence
of performance feedback, the derivation manipulation involved differential opportunities
to derive the critical relation that would be inserted into the rule. The results showed that
increasing the coherence, by providing differential feedback when “testing” the IRAP-gen-
erated network, appeared to reduce the impact of the derivation manipulation on persistent
rule-following.
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In other related research, Harte, Barnes-Holmes, Moreira et al. (2021b) used a train-
ing IRAP to assess the extent to which flexibility in reversing derived relations would
subsequently control participant responding on a broadly similar contingency-switch-
ing rule-following task. In particular, researchers first used a training IRAP to estab-
lish a relational network involving two combinatorially entailed relations (train Al =
B1 = Cl1, test Al = Cl1 and train A2 = B2 = C2, test A2 = C2). Next, the research-
ers reversed the B and C relations in the network (Al = Bl = C2 and A2 = B2 =
C1) and tested the newly reversed derived relations (e.g., Al = C2 and A2 = C1). All
participants successfully reversed the derived relations across three experiments, a per-
formance that matching-to-sample (MTS) procedures have previously been limited in
producing (e.g., Pilgrim & Galizio, 1995). The authors suggested that the success in
doing so with the IRAP versus MTS may be due, in part, to the four trial-type struc-
ture of the IRAP, which requires that all relations, confirmatory and disconfirmatory,
are explicitly trained. For example, participants might be trained to confirm that A is
the same as B, but also disconfirm that A is different to B. With respect to rule-persis-
tence, the results showed that the networks generated by the IRAP training and testing
controlled responding on the rule-following task when the task contingencies initially
cohered with the network as opposed to when the task contingencies were immediately
in opposition with the network. Overall, therefore, these studies suggest that the IRAP,
in both traditional and training formats, provides a useful context for manipulating and
assessing full relational networks and their impact on numerous domains (e.g., persis-
tent rule-following, fear and avoidance responding).

Summary and Conclusion

As has been described above, attempting to analyze the functional properties of the behaviors
typically observed on the IRAP has helped to reveal at least some of the important control-
ling variables involved when individuals respond, quickly and accurately, in accordance with
relational networks. In particular, it now seems important to consider both the Cfunc and Crel
properties of the stimuli presented within an IRAP, including the controlling functions of the
two response options. That is, individuals are not just sensitive to the relations between label
and target stimuli, but also to the functional overlap between the properties of these stimuli
and the response options. In addition, this work served to highlight that simply focusing on
the effect sizes of individual trial-types, as a measure of so-called implicit cognition, fails to
fully reveal the complex and rich behavioral dynamics that may be explored using the IRAP
as an experimental tool.

One Example of How the IRAP Might be Used in Future Experimental
Analyses

Having considered a range of recent studies that have employed the IRAP as an
experimental context for exploring the dynamics of derived relational respond-
ing (under time pressure), it seems useful to explain how using the IRAP in this
way may contribute towards relatively precise experimental analyses in another
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research area. In particular, it has been argued recently (Barnes-Holmes et al.,
2021; Harte & Barnes-Holmes, 2021) that the IRAP could be used to provide
experimental analogs of the concepts of fusion and defusion, which have been
widely employed in the literature on acceptance and commitment therapy (ACT;
Hayes et al., 2012). The term fusion is used to refer to those instances in which
individuals find it difficult to distance themselves from their own emotionally
driven psychological content; the term defusion is in a sense the antonym and
refers to instances in which individuals can distance themselves from such con-
tent. ACT therapists will typically focus on helping clients to defuse from emo-
tionally driven psychological reactions that are seen as undermining the achieve-
ment of valued personal goals.

Of course, the foregoing definitions of the concepts of fusion and defusion,
although useful therapeutically, may not yield readily to relatively precise experi-
mental analyses (Barnes-Holmes et al., 2016). However, it has been argued that it
may be useful to begin to develop experimental analyses of these terms by draw-
ing on the relative dominance of Cfunc versus Crel stimulus properties, as meas-
ured with the IRAP (Barnes-Holmes et al., 2021; Harte & Barnes-Holmes, 2021).
Allow us to elaborate.

As argued previously, the DAARRE model interpretation of the STTDE is
taken to indicate that the Cfunc properties (i.e., orienting and/or evoking) of the
stimuli involved are strongly influencing the IRAP performance. As an alterna-
tive, a pattern of IRAP effects within which no trial-type dominates significantly
over the others (i.e., all four trial-types are more or less equal) may indicate that
the Cfunc properties of the stimuli have limited impact (e.g., Finn et al., 2019).
In this case, the IRAP performance may be driven largely by responding to the
relations between the label and target stimuli, with a limited role for their Cfunc
properties. In recent research, this distinction in IRAP performances has been
described in terms of the relative dominance of the Cfunc versus Crel properties.
It is critical to note that some researchers have argued that this relative domi-
nance effect may provide the beginnings of an experimental analog of what ACT
researchers and therapists refer to with the terms fusion and defusion. In par-
ticular, when Cfunc properties dominate on the IRAP this suggests that the ori-
enting and/or evoking responses produced by the stimuli are affecting upon the
“pure” relational responding; if the stimulus relations (Crels) between the label
and target stimuli were dominating the performance then broadly similar effect
sizes should be observed across the trial-types (see Figure 2). In other words,
when Cfunc properties dominate an IRAP performance it suggests that the indi-
vidual finds it difficult to respond to the stimuli in a purely relational manner (i.e.,
is fused with those stimulus properties). When the Crel properties dominate, the
opposite is the case in that the individual finds it easier to relate the stimuli with-
out being unduly influenced by their nonrelational (i.e., Cfunc) properties (i.e., is
defused from those stimulus properties).

Although highly speculative, these two patterns of responding on the IRAP
might help to provide a relatively precise experimental analysis of the distinction
between fusion and defusion, and the behavioral processes involved. Although no
direct empirical evidence is yet available to support or contest this suggestion, a
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research program is currently underway in Brazil that aims to empirically test and
develop this analysis. In broad terms, this will first involve replicating a STTDE and
subsequently assessing whether defusion-based interventions reduce the differen-
tial trial-type effect, such that no trial-type significantly dominates over another. In
other words, the general strategy will involve first replicating a Cfunc dominated
“fused” pattern of responding on the IRAP and demonstrating that responding to the
same IRAP following a defusion intervention produces a relatively Crel dominated
“defused” pattern. As such, the foregoing project provides just one example of the
possible avenues that an increasingly precise, bottom-up, functional-analytic view of
IRAP effects can generate in other research areas.

In general, it should be clear that in shifting to the use of the IRAP as a func-
tional-analytic instrument, an important strategy will be to identify the functional
properties of all of the stimulus elements contained within the IRAP and how they
contribute towards specific response patterns. Doing so will likely involve modify-
ing the IRAP as it has been used in more mainstream research. For example, it will
be important to establish specific functional properties for particular elements in the
experimental laboratory and determine to what extent those properties affect upon
IRAP performances. To achieve this goal at the level of the individual participant,
it may also be important to increase the amount of exposure to the IRAP trials that
participants experience to obtain relatively stable behavioral effects at the individual
level (see Finn, 2020, for relevant preliminary research to this end).?

Conclusion

In Shelley’s classic novel, the tale ends tragically with the demise of both Dr. Frank-
enstein and his creation. We hope that this article perhaps represents an alternative
ending when it comes to the tale of the IRAP within behavior analysis. Although
this particular “monster” may not yet be fully tamed, it does seem like the task is
well underway as increasingly sophisticated functional analyses of the patterns
of behavior produced on the measure are being conducted and refined. Analyzing
the subtleties and dynamics involved in these patterns have provided some criti-
cal insights concerning, for example, the complexities involved in responding in
accordance with relational networks (under time-pressure), and some of the poten-
tial variables involved in training and manipulating networks to assess their impact

3 Readers who are familiar with the more recent IRAP research studies may wonder how the content of
the current article fits with other recent developments in RFT such as the hyper-dimensional, multi-level
(HDML) framework and the behavioral response unit, the ROE-M (relating, orienting, and evoking in a
given motivational context). Dealing with this in detail is beyond the scope of the current article. How-
ever, suffice to say that the DAARRE model was generated by the IRAP, and in doing so highlighted the
importance of orienting and evoking functions as synergised with increasingly complex forms of relat-
ing. Thus, the IRAP can be seen as a tool for analysing relational networks, including their orienting and
evoking functions, in a manner that is consistent with the broader overarching framework as expressed
by the HDML (see Barnes-Holmes & Harte, 2022). Indeed, a recent study using the IRAP drew on the
specific levels of the HDML as a way of attempting to explain why the measure produced the effects that
it did (see Kavanagh et al., 2022).
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on other behaviors, such as fear/avoidance responding and persistent rule-following.
Approaching the IRAP in this way appears to provide a means of avoiding at least
some of the pitfalls encountered when employing the instrument as a simple “main-
stream” measure of implicit cognition. Thus, although there is undoubtedly still a
long way to go, we hope that the current article has illustrated the power of keeping
functional analyses and behavioral processes center stage in the use of the IRAP. Of
course, the benefits and longevity of such analyses will eventually be decided by the
wider research community. However, perhaps this refocused direction may mark the
beginning of a different outcome for the IRAP “monster"; one in which it can con-
tribute in a meaningful way to the ongoing experimental analysis of human language
and cognition within the behavior-analytic tradition.
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