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ABSTRACT

The current article will discuss recent research encompassing the relevance of derived
relational responding in intelligence, and the establishment of procedures to target this
type of flexibility in derived relational responding in practical learning situations. The
chapter will review research findings that indicate correlations between speed in flexible
relational responding and higher scores on IQ tests. Relevant to flexibility in relational
responding, research has demonstrated that children with autism showed poorer flexibility
in relational responding than typically-developing peers, and procedures to remediate this
type of “rigid” responding are described. Research on derived manding also has practical
implications for incorporating derived relational responding into a mand training program
to facilitate a “generative” or flexible component.
Key words: Verbal behavior, derived relational responding, intelligence, flexibility, mand.

RESUMEN

El presente artículo discute investigaciones recientes centradas en la relevancia del apren-
dizaje relacional derivado para la inteligencia, y en el establecimiento de procedimientos
orientados a promover esta flexibilidad del aprendizaje relacional derivado en situaciones
prácticas de aprendizaje. El artículo revisa hallazgos de investigación indicativos de la
correlación entre la rapidez en el comportamiento relacional flexible y las puntuaciones
altas en tests de CI. Con respecto a la flexibilidad del comportamiento relacional, la
investigación ha demostrado que los niños con autismo muestran un comportamiento
relacional menos flexible que el de los niños que siguen un patrón típico de desarrollo.
Se describen aquí algunos procedimientos para corregir este tipo de comportamiento
“rígido”. La investigación sobre mandos derivados también tiene implicaciones prácticas
para incorporar el comportamiento relacional derivado a un programa de entrenamiento
de los mandos para facilitar un componente “generativo” o flexible.
Palabras clave: conducta verbal, comportamiento relacional derivado, inteligencia, flexi-
bilidad, mando.

In Verbal Behavior (1957) Skinner laid out a theory for the functional analysis
of human language. The book was severely criticized, most notably by Chomsky (1959),
and this served to undermine not only Skinners work, but, it has been argued, the field
of behavior analysis in general. Yet Verbal Behavior has also been hailed as a great
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book (MacCorquodale, 1969). It has been credited with instigating important advances
in the treatment of language disorders (e.g., Sundberg & Michael, 2001), and with
engendering additional research in conceptual as well as applied domains (e.g., Palmer,
2006). Indeed, a recent citation analysis highlighted that it continues to make an important
contribution to the psychological literature (Dymond, O’Hora, Whelan, & O’Donovan,
2006).

While many of the studies spawned by Verbal Behavior remain true to Skinner’s
original analysis, it is of course natural and fitting that a theory, half a century old,
should be updated with more recent research findings. In fact, most of the original
criticisms leveled against Verbal Behavior have been addressed by doing just that.
Skinner’s treatment of verbal behavior focused on language learning that occurred
through direct histories of reinforcement. In contrast, modern findings based on the
phenomenon of stimulus equivalence (see Sidman, 1994, for a review), and the concepts
of Relational Frame Theory (RFT; Hayes, Barnes-Holmes, & Roche, 2001) have
emphasized the inherently derived or emergent nature of human language. In this article
we will first outline the basic features of RFT and then highlight the utility of integrating
this approach with Skinner’s analysis. The remainder of the article will focus on relational
flexibility, which we will argue is central to the development of increasingly complex
cognitive performances. New assessment and training procedures, which may facilitate
the development of relational flexibility in applied settings, will also be outlined. The
aim of the current article is to provide a rationale and framework around which current
researchers can propagate and extend this important research agenda instigated by
Skinner all those years ago.

RELATIONAL FRAME THEORY

Relational Frame Theory (RFT: Hayes et al., 2001) recognizes that a fundamen-
tal aspect of human cognition is the ability to identify relations between and among
stimuli and events. While many species are capable of responding relationally (e.g.
Reese, 1968), humans seem to be particularly proficient at identifying relations that
extend beyond the formal properties of the relata. That is, humans can respond to
objects and events, even when the relation between them is defined not by their physical
properties, but by arbitrary contextual cues (i.e. cues that may be applied on the basis
of social whim or convention). This type of responding is called arbitrarily applicable
relational responding (AARR).

Since words are arbitrary forms, learning to name objects and events serves as
a useful example of this type of responding. When interacting with a young child, a
caregiver will often utter the name of an object and then reinforce any orienting response
toward that object. When this occurs the caregiver is training an arbitrary relation of
similarity between the word and the object. For instance, upon hearing the word apple
a child will be praised for pointing to, looking at, or selecting an actual apple. On other
occasions, however, the caregiver may present the actual apple and then model and
reinforce the appropriate response (i.e., the word apple). In the early stages of language
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development a number of these name-object and object-name exemplars will be explicitly
trained. Gradually, however, the child no longer needs explicit reinforcement for each
naming response. After a sufficient number of exemplars the child learns to abstract out
the specific contextual cues as discriminative for the derived naming response and can
therefore respond appropriately in novel instances. Thus, when the child is presented
with an unfamiliar object and told, for example, “this is, a guava” (i.e., when an object-
name relation is trained) he/she will spontaneously reverse this relation without further
training, by providing a name-object relational response (see Luciano, Gomez Becerra,
& Rodriguez Valverde, 2007, for relevant empirical evidence).

Researchers have examined the emergence of relational responses, in more abstract
terms, as conditional discriminations consisting of sample and comparison stimuli. A
typical procedure for examining these relations in laboratory settings might involve
reinforcing the selection of comparison stimulus B1, and not B2, in the presence of
sample A1, and for selecting C1, and not C2, in the presence of sample B1. When these
conditional discriminations are established most verbally-able humans will readily derive
additional relations between the stimuli in the absence of further training. Thus a
verbally-able human will select A1 in the presence of B1, and B1 in the presence of
C1. They will also select C1 in the presence of A1, and A1 in the presence of C1.
According to Sidman and Tailby (1982) these novel emergent relations are referred to
respectively as symmetry (B-A), transitivity (A-C), and equivalence (C-A). In RFT
nomenclature these relations are referred as mutually entailed, when they involve a pair
of stimuli and combinatorially entailed, when they involve more than two stimuli (Hayes
et al., 2001).

The ease with which normally developing children spontaneously demonstrate
emergent relational performances is an important feature of AARR. Even very young
children show evidence of mutual and combinatorial entailment (Lipkens, Hayes, &
Hayes, 1993) but it occurs with much greater difficulty, or not at all, in non-verbal
participants (e.g., Barnes, McCullagh, & Keenan, 1990; Devany, Hayes, & Nelson,
1986) and non-humans species (Dugdale & Lowe, 2000; Sidman & Tailby, 1982). A
further key feature of AARR is what’s known as the transformation of functions (Barnes-
Holmes, Hayes, Dymond, & O’Hora, 2001). When a child is taught that the word
biscuit refers to an actual biscuit, he/she may respond with excitement upon hearing the
word. If the child then learns that biscuit and cookie mean the same thing (i.e., participate
in an equivalence relation), then the child may become excited upon hearing the word
cookie, even when it has never been directly paired with an actual cookie/biscuit. Thus,
given the child’s prior history of responding to the word biscuit, some of the functions
of that word (i.e., excitement) transfer to the word cookie based on an equivalence
relation.

There is now considerable research to suggest that stimulus equivalence may be
a generalized operant response class that is pervasive in human language (see Barnes,
1994; Barnes-Holmes, Barnes-Holmes, Smeets, Cullinan, & Leader, 2004 for reviews).
However, besides equivalence, there are many other relations that form an inherent part
of human verbal or cognitive activity. Humans have a unique ability to carry out many
complex tasks, such as, solving mathematical problems, learning from analogies,
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understanding a sequence of events, and planning for the future. Proficiency in each of
these areas also depends on the ability to relate arbitrary stimuli, but it requires responding
to relations, that extend beyond those of equivalence (Hayes et al., 2001). The term
relational frame has been coined by RFT to highlight particular patterns of relational
responding and a number of relational frames have been subjected to empirical analysis.
These include frames of similarity, distinction, opposition (Steele & Hayes, 1991),
comparison (Dymond & Barnes, 1995) and hierarchy (Griffee & Dougher, 2002), as
well as temporal (O’Hora, Barnes-Holmes, Roche, & Smeets, 2004), and deictic relations
(McHugh, Barnes-Holmes, & Barnes-Holmes, 2004).

SKINNER’S VERBAL BEHAVIOR AND RFT

As noted above, Verbal Behavior has had particular relevance to the treatment
of language and other developmental disorders. Thus while critics may point to the
book’s failure to influence language theories in mainstream psychology (see Bailey &
Wallender, 1999), there can be little doubt about its impact and utility in applied
settings. The formulations imparted by Skinner provided the basis for educational programs
and teaching procedures that have proven very effective particularly in the treatment of
autistic spectrum disorders (e.g., Sundberg & Parington, 1998; Sundberg & Michael,
2001; Lovass, 1987; McEachin, Smith, & Lovass, 1993).

On balance, some authors have argued that while this influence in the area of
learning disabilities is admirable, it represents only the beginning of what a behavioral
theory of language should seek to explain (Dixon, Small, & Rossales, 2007). Indeed,
perhaps one of the main reasons for the limited impact of Verbal Behavior is that it did
not fully account for the generativity, novelty, and sheer power of human language (e.g.
Chomsky, 1959; Hayes et al., 2001). It should be recognized, however, that Skinner
was well aware of the generative nature of language. For example, he acknowledged
that some mands (requests) cannot be accounted for on the basis of a direct history of
reinforcement, and suggested that “the speaker appears to create new mands on the
analogy of old ones” (Skinner, 1957, p.48). Likewise, in the case of tacts (naming
responses) he refers to their “generic extension” as when “a speaker calls a new kind
of chair a chair” (p.91). Indeed, in discussing autoclitics (grammatical tags), Skinner
touched on the generative nature of these operants. Consider for example the following
passage in which Skinner suggested that:

Having learnt the response “the boy’s gun, the boy’s shoe, and the boy’s hat, we
may suppose that the partial frame the boy’s ________ is available for recombination
with other responses. The first time the boy acquires a bicycle, the speaker can
compose a new unit the boy’s bicycle…. The relational aspects of the situation
strengthens the frame, and specific features of the situation strengthen the response
fitted into it” (p. 336).

Furthermore, Skinner also provided an example of symmetry relations in natural
language when he wrote that upon hearing the sentence, an amphora is a Greek vase
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with two handles, a listener might “(1) say, amphora, when asked, what is a Greek vase
with two handles called?, and (2) say, a Greek vase having two handles when asked,
what is an amphora?, and (3) may point appropriately when asked, which of these is
an amphora?” He goes on to say that “these are not the results which occur spontaneously
in the naive speaker but rather as the product of a long history of verbal conditioning”
(p. 360). Nevertheless, while there are clear references to generativity in Skinner’s
work, few would argue that it is a dominant feature of it. Ultimately, therefore, it is the
direct learning of language, rather than derived or emergent performances that is central
to his analysis.

One consequence of this focus on direct learning is that it necessitates training
a vast array of content. In applied settings this means providing reinforcement for
correct responding across an extensive number of training trials. A side effect of this
approach is that as correct responding is reinforced, behavioral variability decreases,
and stereotypy or rigidity may result (e.g., Vogel & Annau, 1973). Indeed, the possibility
that this type of approach is responsible for reinforcing rigid and robotic-like behavior
is one of the most common criticisms leveled against applied behavior analysis (see,
Lovass & Wright, 2006). This criticism is undoubtedly excessive, especially when
weighted against the substantial benefits that behavior analysis has provided. However,
the issue of sustained reinforcement for standard, correct responding does warrant
further consideration in applied settings.

A focus on derived relations may offer one possible way forward. Relational
Frame Theory emphasizes that generative and derived performances are central and
defining features of human language and cognition. Thus, in applied settings it should
be possible to train a specific array of content and, in appropriate contexts, for additional
performances to emerge without the need for further explicit training and reinforcement.
Indeed this basic assumption has been supported across a growing number of recent
studies involving both normally developing (e.g., Barnes-Holmes, Barnes-Holmes, Roche,
& Smeets, 2001a, 2001b) and learning disabled populations (e.g., Murphy, Barnes-
Holmes, & Barnes-Holmes, 2005; Rehfeldt & Root, 2005; Rosales & Rehfeldt, 2007).
Furthermore, RFT places particular emphasis on the process of learning rather than on
content per se. According to RFT it may be particularly advantageous to focus on
training a core set of overarching or higher-order operant response classes (i.e., generic
cognitive skills). These core processes could then be arbitrarily applied to any stimulus
content. By focusing on derived performances and cognitive processes, defined in
functional-analytic terms, it may be possible to circumvent the problems associated
with directly training and reinforcing a vast amount of content.

The contrast between Skinnerian and RFT approaches does not necessarily imply
that they are incompatible. Indeed, Barnes-Holmes, Barnes-Holmes and Cullinan (2000)
have provided a systematic RFT interpretation for each of Skinner’s verbal operants,
thereby demonstrating that, conceptually, a synthesis between the two approaches is
possible. More recently, much empirical work has unfolded which is highlighting the
practical utility of synthesizing the two approaches in applied settings. We will return
to this research toward the end of the article. First, it is necessary to outline a further
key process emphasized by RFT, and one that may go some way toward addressing the
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issue of reinforced rigidity in applied settings. Specifically, we will now turn to the
issue of relational flexibility.

RELATIONAL FLEXIBILITY: CONCEPTUAL ISSUES

From an RFT perspective derived relational responding is considered a form of
generalized operant class (see Barnes-Holmes & Barnes-Holmes, 2000; Healy, Barnes-
Holmes, & Smeets, 2000). A key property of such classes is that they can be shaped
or altered when environmental contingencies are manipulated and they are therefore
inherently flexible. Evidence for the operant and flexible nature of relational responding
is provided by studies which demonstrate that derived relational performances are sensitive
to contextual and consequential control. There are a number of studies that have
demonstrated that contextual cues can bring about different patterns of derived relational
performances (e.g., Dymond & Barnes, 1994; Roche, Barnes-Holmes, Smeets, Barnes-
Holmes, & McGeady, 2000). Likewise, derived relational performances also appear
sensitive to consequential control. For instance, Wilson and Hayes (1996) showed that
once derived performances are established, they can be disrupted, and then readily
reestablished by the differential feedback provided to participants. Taken together these
studies highlight, therefore, that derived relational responding is functionally similar to
other operant behaviors, and as such it possesses the property of flexibility.

Interestingly, it has been argued that flexibility in relational responding, particularly
as it comes under increasingly subtle forms of contextual control, may underpin abilities
such as creativity, problem-solving, and intelligence more generally (Hayes, 1994; Barnes,
Hagerty, & Smeets, 1997; Healy, Barnes-Holmes, & Smeets, 2000). Indeed, within
mainstream cognitive psychology the ability to adopt flexible response strategies has
long been regarded as an important feature of human intelligence (e.g., Cattell, 1971;
Kyllonen, Lohman, & Woltz, 1984).

If flexibility is indeed a core feature of human intelligence, then it follows that
rigidity, the antithesis of flexibility, is likely to be detrimental to intelligence. Indeed,
there are numerous studies that demonstrate the deleterious effects of cognitive rigidity
across many different populations (e.g. autism, Turner 1999; Attention Deficit/Hyperactivity
Disorder, Lovecky, 2004; schizophrenia, Pishkin & Williams, 1997; and normal adults,
Wulfert, Greenway, Frakas, Hayes & Dougher, 1994). The issue of rigidity may be
particularly problematic in applied settings considering that behavioral interventions
have predominantly been used in the treatment of those with autistic spectrum disorders.
A tendency toward rigid, stereotypic behavior is of course a defining feature of autism
(DSM-IV-TR, 2000). Furthermore, given that sustained reinforcement for particular
types of responding can also result in less variable repertoires (as highlighted above),
combating rigidity is perhaps an issue that might be placed at the forefront of the
behavior analyst’s agenda.

Indeed, many researchers and behavior analysts have recognized that perseverative,
stereotypic, and rigid behavioral repertoires can interfere with learning, and have
successfully applied behavioral techniques to counter these effects. For instance, Rehfeldt
and Chambers (2003) reduced verbal perseverations with an intervention consisting of
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differential reinforcement of appropriate verbal responses and extinction of perseverative
responding. Ahearn, Clark, McDonald, and Chung (2007) reduced stereotypic vocalizations
using response interruption and redirection. Others have shown that more varied responding
can result when reinforcement is made contingent upon producing a variety of responses
(Miller & Neuringer, 2000) and when reinforcement is provided for responses that
differ from a specified number of previous responses (Lee, McComas, Jawlor, 2002).

As well as working to counter the effects of behavioral rigidity, it would also
seem particularly important to introduce procedures that might prevent rigidity from
taking hold in the first place. While there may be many diverse factors that make it
likely that an individual will develop rigid response patterns, it is a core assumption of
the current article that promoting relational flexibility may be extremely important in
terms of avoiding rigidity. Indeed, if flexibility is a core component of intelligence,
then incorporating flexibility may not only avoid the deleterious effects of rigidity, but
is also likely to foster increasingly adaptive and intelligent behaviors. Thus, in the next
section of the current article, we will outline a recent research program highlighting the
importance of relational flexibility. Subsequently, we will examine methodologies and
procedures that may have utility in training flexibility in applied settings.

RELATIONAL FLEXIBILITY: EMPIRICAL AND APPLIED ISSUES

Despite the well established findings in mainstream psychology of the importance
of flexibility as a component in intelligence, there has been a dearth of research on this
topic in the field of behavior analysis. Recently, however, an RFT-based research program
has been instigated, which aims to investigate this issue as well as to provide possible
methodologies and procedures for training relational flexibility in applied settings. In
order to test the basic idea that relational flexibility and intelligence are indeed related,
a preliminary study was undertaken by O’Toole and Barnes-Holmes (in press). The
study showed that university students who obtained higher scores on a brief intelligence
test demonstrated a greater degree of relational flexibility, on before/after and similar/
different relational tasks, relative to those with average scores. This research is also
noteworthy because it employed a new methodology for presenting the relational tasks,
namely the Implicit Relational Assessment Procedure (IRAP Barnes-Holmes, Barnes-
Holmes, Power, Hayden, Milne, & Stewart, 2006; McKenna, Barnes-Holmes, Barnes-
Holmes, & Stewart, 2007; Barnes-Holmes, Hayden, Barnes-Holmes, & Stewart, in
press). The preliminary findings from the O’Toole and Barnes-Holmes study suggest
that the IRAP may be a useful tool for assessing and training relational flexibility. It
is therefore worth describing the IRAP in more detail.

The Implicit Relational Assessment Procedure (IRAP)

The IRAP is a computer-based task which was developed, in part, to assess
socalled implicit relations, but also provides measures of relational responding and
relational flexibility. The IRAP requires participants to respond accurately and rapidly
to a series of relational tasks. In some blocks of tasks, participants are asked to respond
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in a way that is consistent with previously learned relations (is a Shoe similar to a
Sandal? = True), and in other blocks responding in an inconsistent pattern is required
(is a Shoe similar to a Sandal?= False). To some extent the IRAP can be tailored to the
individual needs of the researcher, but it typically involves presenting 24 or 32 trials
across a series of practice and test blocks. Each IRAP trial involves presenting one of
two sample stimuli at the top of the computer screen, target stimuli in the centre of the
screen, and two response options at the bottom left and right hand corners. The various
combinations of sample stimuli with target stimuli serve to generate four different trial-
types. For example, in the O’Toole and Barnes-Holmes study, one trial-type was generated
by presenting Sample 1 with congruent targets (e.g. Similar with Shoe Sandal); another
by presenting Sample 2 with congruent targets (e.g. Different with Shoe Apple); a third
by presenting Sample 1 with incongruent targets (e.g. Similar with Shoe Apple); and
a fourth by presenting Sample 2 with incongruent targets (e.g. Different with Shoe
Sandal). Figure 1 illustrates an example of each of these trial-types as they would
appear on the computer screen.

The general assumption underlying the IRAP is that participants will respond
more rapidly on consistent than on inconsistent trials, and this prediction has been
supported across numerous studies (e.g., Barnes-Holmes et al., 2006). Critically, however,
performance on the inconsistent trials is unlikely to be a well practiced or firmly
established skill (individuals rarely practice incorrect responding for protracted periods
of time). Consequently, response speed on these trials may provide a possibly useful
measure of relational or cognitive flexibility. In other words, the faster an individual
can produce responses that contradict previously well-established verbal relations (by
the wider community), the more flexible the behavior.

However, in addition to the response latency measures that are obtained across
consistent and inconsistent trials, it is also useful to calculate a difference-score by
subtracting latencies on consistent trials from those on inconsistent trials. This difference-
score provides an additional and perhaps “purer” measure of relational flexibility in
that extraneous variables, such as the length of time required to read the stimuli on the
screen, are now removed. Furthermore, the IRAP is designed so that the blocks of trials
alternate between those that require consistent responses and those that require inconsistent
responses. Thus, the requirement for relational flexibility is maintained throughout the
IRAP procedure because the individual has to shift continually between correct and
incorrect responding. The difference-score is seen as providing a measure of relational
flexibility in that the smaller the difference, the more flexible the relational responding.
In other words, the less time it takes a participant to produce a “weak” pattern of
responding relative to a “strong” pattern, the more flexible the behavior.

In the O’Toole and Barnes-Holmes (in press) study, two IRAPs were presented;
one assessed similar/different relations and the other assessed before/after relations.
Results showed that the two measures of relational flexibility (i.e., the inconsistent
response latencies and the difference-score) correlated significantly with the intelligence
measures across both relational tasks, whereas the consistent response latencies did so
to a much lesser degree. In addition, the correlations showed that the difference-score
loaded more heavily on the Verbal than on the Matrices subtests of the IQ measure (see
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O’Hora, Pelaez, & Barnes-Holmes, 2005; O’Hora, Peláez, Barnes-Holmes, Rae, Robinson,
& Chaudhary, in press, for related findings).

Training Relational Flexibility

The research outlined above suggests that relational flexibility may be an important
functional-analytic component of intelligence, and thus it may be wise to build upon
the forgoing findings and attempt to incorporate flexibility into applied educational
settings. Indeed, recently a series of studies have begun to do just that. We will now
provide an overview of these studies as well as outlining a potentially useful direction
for future research.

Inconsistent

Similar
Sandal       Shoe

Press ‘d’ for
True

Press ‘k’ for
False

Consistent Inconsistent

Different
Sandal       Shoe

Consistent

Press ‘d’ for
True

Press ‘k’ for
False

Inconsistent

Similar
Sandal       Shoe

Consistent

Press ‘d’ for
True

Press ‘k’ for
False

Inconsistent

Different
Sandal       Shoe

Consistent

Press ‘d’ for
True

Press ‘k’ for
False

Different with congruent targetsSimilar with congruent targets

Similar with congruent targets Different with congruent targets

Similar/Different Relational Task Presented using the IRAP

Figure 1. Examples of four trial-types on the similar/different IRAP employed by
O’Toole & Barnes-Holmes (in press). Sample stimuli, target words, and response options
were presented simultaneously on the screen. Note that the superimposed arrows and
text boxes, used here to illustrate consistent and inconsistent responses, did not appear
on the screen during the IRAP.
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Flexible Symmetry and Asymmetry Training

One of the first studies to focus on targeting relational flexibility was that conducted
by O’Connor (2004; see also O’Toole, Murphy, Barnes-Holmes, & O’Connor, in press,
for a detailed description the training protocol employed). The study essentially involved
targeting relational flexibility by using contextual cues to govern standard versus
nonstandard responding. Thus, in one experiment, O’Connor (2004) examined the extent
to which, both normally developing children and those with a diagnosis of autism (aged
6-9 years), could provide a symmetrical (standard) versus an asymmetrical (nonstandard)
response depending on the presence of contextual cues. Symmetry and asymmetry
involve the reversal of a trained relation. In abstract terms, consider a learner who is
trained to select stimulus B1 in the presence of A1 and B2 in the presence of A2 (i.e.,
A1-B1 and A2-B2 are directly trained). When testing the derivation of the target symmetry
relations, based on the initial conditional discrimination training, the learner is then
presented with B1 or B2 and asked to select either A1 or A2 as appropriate. In this case,
selecting A1 would be the correct symmetrical response in the presence of B1, and A2
would be correct in the presence of B2. The opposite selections would be asymmetrical
(B1-A2 and B2-A1). Thus, the asymmetrical response involves selecting the stimulus
that is not the same as that which was trained. In effect, on the asymmetrical trials the
learner is being asked to provide the “wrong” answer.

In O’Connor’s (2004) study the children were required to learn, through a trial
and error process, that in the presence of one cue they should emit the symmetrical
response and in the presence of another cue they should emit the asymmetrical response.
Further experimental phases were included to determine whether the contextual cues
generalized to other novel sets of stimuli. The results showed that all of the normally
developing children proceeded rapidly and competently through the training and testing
phases. In contrast, most of the children with autism had problems producing the
generalized contextually controlled performances and many demonstrated difficulties
early on in the symmetry and asymmetry training. Thus, the results indicated that, as
a group, the children with autism demonstrated a degree of rigidity that was not observed
in the normally developing children.

The next phase of O’Connor’s (2004) study therefore involved incorporating
flexibility training for those children who had difficulty producing the asymmetrical
response pattern. The flexibility training incorporated a number of phases, which children
were exposed to until they reached a pre-specified criterion on the symmetry and
asymmetry trials. The first phase, for instance, involved explicitly instructing the child
to provide a “right” or “wrong” naming response. Specifically, on each trial the instruc-
tor pointed to one of five pictures and provided the child with one of two antecedents:
“What is it? Give me the right answer” or “What is it? Give me the wrong answer”.
A correct response involved naming the picture correctly or incorrectly, depending on
the instruction given. In subsequent phases, contextual cues were introduced and these
gradually came to control correct versus incorrect responding, as the explicit instructions
were phased out. Following this intervention, all of the children reached criterion on
the contextually controlled symmetry and asymmetry trials. As a whole, therefore, the
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intervention constituted a first important step in the establishment of flexible relational
repertoires, which for reasons outlined earlier, is likely to be critical in terms of promoting
intelligent and creative behaviors. Importantly, the intervention also highlighted that
flexible response repertoires can be taught, and that behavioral rigidity or stereotypy
need not be an immutable characteristic of autism.

Flexible Mand Training

Another series of studies that have attempted to incorporate flexibility have
focused on Skinner’s mand operant and integrated it with the RFT concept of derived
transformation of function. The rationale for this series of studies was that it should be
possible to establish increasingly complex and flexible manding repertoires without
having to train each mand individually. In effect, after establishing a single mand for
a particular reinforcer, it may be possible to transfer that function to novel response
forms via conditional discrimination training. Subsequently, a child may employ these
novel forms as mands without a direct training history for doing so.

In the first study of the series (Murphy, Barnes-Holmes & Barnes-Holmes, 2005)
a ‘boardgame’ format required that children mand for two types of tokens using specific
mand cards (arbitrary symbols, A1 and A2). A match-to-sample procedure was then
used to train interrelated conditional discriminations between each of the two mand
cards and four more cards with different arbitrary symbols (A1-B1-C1, A2-B2-C2).
Subsequent to successful conditional discrimination training, the children were exposed
to a test procedure to determine if the children would mand correctly with C1 and C2
without explicit training. Results showed that all seven children with diagnoses of
autism successfully demonstrated what Murphy et al. (2005) described as a derived
transfer of mand functions (derived mands for “more” tokens).

Murphy and Barnes-Holmes (2006) sought to extend the work of Murphy et al.
(2005) with four children (aged 7-8) diagnosed with autism, and this second study
attempted to establish two different classes of derived mand, one class functioning as
a request for “more” and the other as a request for “less.” The study again used a
‘boardgame’ format that required participants to mand for the delivery or removal of
tokens in order to retain a panel of six tokens on the board. All four participants
successfully demonstrated that they could mand with C1 for “more” tokens and mand
with C2 for “less” tokens (based on a transfer from A1 and A2, respectively) without
being directly trained to do so.

Subsequent studies sought to establish five specific derived relational mands
with a total of three children with no diagnosed learning disorders (Murphy & Barnes-
Holmes, in press a) and with three adolescents with diagnosed autism (Murphy &
Barnes-Holmes, in press b). These participants showed derived manding for -2, -1, 0,
+1, and +2 tokens, by correctly presenting five mand cards with different symbols in
the absence of explicit training. Complexity was again increased in a later study (Murphy
& Barnes-Holmes, in press c) and participants with and without diagnosed learning
disorders showed derived manding for five specific amounts of tokens based on a
derived transformation of function. Derived manding in the previous studies was based
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on a transfer of functions through equivalence relations, thus the mands were essentially
synonymous. Derived manding based on a transformation of function meant that the
comparative values of the mands were derived in relation to each other, rather than
through a transfer of functions based on equivalence relations (see Murphy & Barnes-
Holmes, in press c, for a detailed explanation of derived manding based on transformation
of function).

Another interesting feature in the derived mand research is that exemplar training
was used with some students who failed to show derived manding, and this intervention
appeared to facilitate derived manding for these participants (Murphy et al., 2005;
Murphy & Barnes-Holmes, in press c; Murphy & Barnes-Holmes, under submission).
When a participant failed to show derived manding during test procedures, he or she
subsequently underwent exemplar training that involved explicit training of the target
derived mands, and then underwent the entire training and test procedure again, using
novel stimuli. If the participant failed the second test for derived mands, exemplar
training with the novel stimuli was commenced, followed by a repeated training and
test procedure with yet another set of stimuli. The process continued with different sets
of novel stimuli until the participant showed derived manding. Findings indicated that
multiple exemplars of transfer facilitated a demonstration of derived transfer for these
participants. Future research will need to investigate more fully the role of multiple
exemplar training in establishing flexible and derived manding.

Possible Directions for Future Research

The studies outlined above build upon existing technologies by providing a
practical framework for establishing generative and flexible relational repertoires in
applied settings. Another avenue towards incorporating flexible relational responding is
to employ a variety of IRAP protocols to tap into a range of relational frames. Thus,
given that the measures of relational flexibility on the IRAP produced significant
correlations with intelligence, a logical next step for future research is to use the IRAP
as a tool to target relational flexibility. Perhaps repeated exposures to such IRAPs could
facilitate the development of relational flexibility and in so doing promote increasingly
adaptive and intelligent behaviors.

Indeed, it seems likely that the IRAP could be used to train intelligent behaviors
because as well as tapping into relational responding and flexibility, the IRAP also
appears to tap into a range of other areas considered to be important in intelligence,
such as processing speed, working memory, and freedom from distraction. Thus, it is
possible that the IRAP could be used as a type of “brain training” procedure. A range
of cognitive abilities tests could be administered both before and after the IRAP intervention
to assess whether the training has any generalisable effect on standard measures of
cognitive ability.

The basic idea behind such training is that is that the IRAP could be used to
target a range of increasingly complex relational performances. Initially, more basic
relational frames could be incorporated into the IRAP, such as the similar/different and
before/after relations used in the O’Toole and Barnes-Holmes (in press) study. As
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fluency and flexibility is built up on these frames, the relations targeted could gradually
become more complex. For instance, frames of hierarchy and comparison could be
introduced. In addition, it would also be possible to introduce relations involving basic
arithmetic, numerical sequences, as well as relations between relations (i.e. analogies).

Although the participants who took part in the O’Toole and Barnes-Holmes
study were normal adults, preliminary and unpublished data from the Maynooth Laboratory
suggests that other populations can successfully complete the type of IRAP protocols
mentioned. For instance, a number of adults with dyslexia, and a child, aged 10, with
a mild learning difficulty have completed these IRAP tasks. Also of relevance is a study
by Scanlon (2007) who used the IRAP to assess self-esteem in children (aged 8-14
years), who presented, both with and without, a diagnosis of attention deficit hyperactivity
disorder (ADHD). In this study, the IRAP tasks were presented as a type of “computer
game” and all of the children, including those with ADHD, successfully completed the
protocols.

Thus, the IRAP seems to offer a promising methodology for training relational
flexibility. However, empirical analysis is required before the utility of using the IRAP
in this way can be determined. Indeed there are numerous questions that need to be
addressed, in terms of how to use the IRAP in the most efficient manner. For instance,
how many relational IRAPs would typically be required before observable effects are
recorded on a cognitive abilities test? Should relational frames be targeted in a parti-
cular sequence? What criteria (in terms of percentage correct and response latency)
should be reached on basic relational frames before progressing to more complex relations?
There are currently a series of studies being planned in the Maynooth Laboratory which
aim to investigate these and other issues. It is hoped that these studies will increase our
ability to improve verbal and cognitive performance across both typically developing
and learning disabled populations.

CONCLUSION

The current article has highlighted the importance of emphasizing the inherently
relational and derived nature of human language and cognition. We have argued that
relational flexibility is a core component of higher cognition and outlined the growing
number of procedures and methodologies that are available to researchers as training
and assessment tools. In outlining these procedures we have drawn on concepts that
may seem far removed from those originally outlined by Skinner (1957). However, the
RFT concepts highlighted throughout the article (derived relational responding, relational
flexibility etc.) draw on well established behavioral principles, many of which were
first highlighted by Skinner himself. Indeed, one of the major strengths of Skinner’s
approach to verbal behavior is that he focused on the operant nature of language. In this
respect the RFT approach is entirely consistent with the core conceptual analysis of
human language that Skinner first provided. Some of the recent research connects
directly with Skinner’s work by simply extending the concept of the mand to include
derived mands. Other features of the work seem more distantly related, such as the
IRAP studies, but these nonetheless involve conceptualizing verbal relations as inherently
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operant in nature. Thus, by expanding on Skinner’s original conceptualization of language
it is hoped that the research agenda outlined in the current article will serve to extend
the remit of Verbal Behavior in targeting increasingly flexible and intelligent behavioral
repertoires.
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