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Relational Frame Theory proposes that levels of sophistication with relational concepts may underlie intellectual
performance. In order to further elucidate this relationship, the current study examined correlations between
scores on a novel Relational Abilities Index (RAI) and a range ofwidely-used cognitive abilitymeasures, including
Full Scale IQ. In Study 1, 35 adult participants completed a battery of cognitive assessments, comprising of theNa-
tional Adult Reading Test, the Rey Auditory Verbal Learning Test, the Trail Making Test, the Cognitive Failures
Questionnaire and a RAI assessment at two time periods. In Study 2, a full WAIS-III assessment and RAI was ad-
ministered to 25 college students. Results indicate that performance on the RAI displayed impressive degrees of
correlation with the three main IQ indices, three of the four IQ subindices, and three of the four cognitive ability
measures, suggesting that the RAI assessment may represent a promising potential proxy measure of Full Scale
IQ.
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Intelligence is commonly believed to lie beyond the remit and de-
scriptive powers of behavior analysis (Abramson, 2013; Block, 1981;
Putnam, 1975; Schlinger, 2003). Theoretical objections to hypothetical
constructs (Skinner, 1974), a preference for functional (i.e., in terms of
environment-behavior relationships) accounts, as well as an apparent
difficulty in accounting for the generativity of language and cognition
(Hayes, Barnes-Holmes, & Roche, 2001), are often employed to support
the argument that a behavioristic account of intelligence is not only dif-
ficult technically, but inappropriate conceptually. However, recent ad-
vances in a behavior-analytic account of language and cognition,
known as Relational Frame Theory (RFT; Hayes et al., 2001; see also
Dymond & Roche, 2013) have led to new insights into how we might
conceive intellectual behavior in a non-mentalistic manner (e.g.,
Hayes, 1994; O'Hora, Pelaez, & Barnes-Holmes, 2005; O'Toole,
Barnes-Holmes, Murphy, O'Connor, & Barnes-Holmes, 2009; Smith,
Smith, Taylor, & Hobby, 2005) as well as the development of interven-
tion protocols that have shown early promise in increasing intelligence
quotients (Cassidy, Roche, Colbert, Stewart, & Grey, 2016; Cassidy,
Roche, & Hayes, 2011; Dixon, Whiting, Rowsey, & Belisly, 2014;
Moran, Stewart, McElwee, & Ming, 2010). As such, RFT-inspired mea-
sures are increasingly being looked upon within the behavior-analytic
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community as conceptually-sound proxies for IQ with acceptable con-
struct validity.

Behavior analysts have proposed theoretical objections to
essentialistic conceptualization of intelligence, suggesting such ac-
counts commit the logical errors of reification (Gottfredson, 1998;
Gould, 1981; Howe, 1990) and circular reasoning (Schlinger, 2003).
While a behavior-analytic perspective may propose theoretical objec-
tions to the concept of g, the practical utility of IQ tests in providing an
index of intellectual performance for a given individual in a given assess-
ment, is increasingly being recognised. Indeed, psychometricians have
long posited that the term intelligence merely refers to the collection
of behaviors that cannot be separated from their context (Schlinger,
2003) and this is an acceptable position for most behavioral researchers
concerned about reification. In any case, IQ remains the benchmark for
indexing intelligence, and provides the comparative litmus test for any
new potential measure of intellectual performance, even where the
model of intelligence differs radically from those on which IQ testing
is based, as does the current model.

RFT represents the convergence of several decades of research fo-
cused on a key skills repertoire known as derived relational responding
or relational framing, referred to as a verb rather than a noun, to drawat-
tention to framing as a behavioral skill rather than to frames as mental
entities. Relational responding refers to the process of responding to
one stimulus in terms of its contextually controlled arbitrary relation-
ship to another. For example, responding to the word “cat” in terms of
its relationship to images of cats represents a form of relational
responding in terms of stimulus equivalence or coordination. On the
other hand, responding to a 5c coin as worth less than a 10c coin
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represents a form of relational responding in terms of a relation of com-
parison (i.e., more/less). It is the presence of contextual cues (e.g., the
spoken word “more”), that controls the relational response to any
given stimulus.

Relational responding comes in a variety of other forms or ‘frames’,
such as coordination (“cat is the same as kitty”), opposition (“big is op-
posite to small”), hierarchy (“an apple is a type of fruit”), analogy (“foot
is to sock, as hand is to glove”), deixis (“I am here and you are there”)
and temporality (“morning comes before afternoon”). Importantly,
when an individual acquires an understanding of several such relation-
ships, a network of relations between numerous stimuli can be under-
stood, allowing the individual to derive relations between stimuli in
the network that have not been explicitly taught. For example, if a
child is taught that Jamie is taller than Joanne and Joanne is taller than
Aoife, the child can derive that Jamie is therefore taller than Aoife, but
only given appropriate training to do so. Hayes et al. (2001) proposed
that this learned behavior of deriving relations between and among
stimuli is a behavioral process that gives rise to much of human
cognition.

RFT suggests that a relatively small variety of relational frames may
yield the full array of cognitive skills, like deductive reasoning, problem
solving, analogies and language (Barnes-Holmes, Barnes-Holmes,
Roche, & Smeets, 2001; Cassidy et al., 2011, 2016; Hayes & Stewart,
2016). As such, intelligence is not treated as something one “has”, but
rather as a generalized set of relational skills (i.e., applicable to any set
of stimuli) that are learned, and that therefore could be improved.

1. The relationship between relational responding and measures of
IQ

Many standard IQ tests contain items that can be understood in
terms of relational frames and as tests of derived relational responding
(DRR), potentially indicating a degree of overlap between intellectual
performance and relational responding proficiency. For example, the
Wechsler Vocabulary subtest assesses simple relations of sameness be-
tween objects andwords, by asking such questions as; “What does sim-
ple mean?” or by showing a picture of a carrot and asking; “What is
this?”. Comparison-based tasks are also commonly assessed by ques-
tions such as: “Michelle is 2 years younger than Peter and 5 years
older than Sam. If Sam is 6 how old is Michelle?”. Relations among rela-
tions (analogies) are also widely assessed on standardized IQ tests due
to their conceptual relevance to intelligence (Esher, Raven, & Earl,
1942; Sternberg, 1977; see Cassidy, Roche, & O'Hora, 2010 for a full con-
ceptual unpacking of IQ test items in terms of relational concepts).

Various correlational analyses have identified the close relationship
between relational responding proficiency and performance on a num-
ber of IQ indices, subindices and subtests (Dixon et al., 2014; Gore,
Barnes-Holmes, & Murphy, 2010; Moran et al., 2010; O'Hora et al.,
2005, 2008; O'Toole et al., 2009). O'Hora et al. (2005) found that perfor-
mance on a complex relational task involving the derivation of temporal
relations, predicted performance on two of the three subtests of the
Wechsler Adult Intelligence Scale-III (WAIS-III;Wechsler, 1997) includ-
ed in the analysis (Vocabulary & Arithmetic). In a subsequent study,
O'Hora et al. (2008) reported that successful completion of a similar
task was associated with higher Full Scale and Verbal IQ. Furthermore,
O'Toole et al. (2009) reported that performance on a relational task in-
volving temporal and distinction relations predicted scores on the Kauf-
man Brief Intelligence Test (Kaufman & Kaufman, 2004). These results
were complimentedby a later study byGore et al. (2010)who identified
strong correlations between perspective-based relational responding
and scores for Full Scale, Verbal and Performance IQ scales of the
Wechsler Abbreviated Scale of Intelligence (WASi; Wechsler, 1999) in
a sample of adults with intellectual disabilities (see also Dixon et al.,
2014).While these correlational analyses alone are not sufficient to sup-
port the RFT claim that DRR is foundational to intellectual behavior, they
do suggest a degree of functional overlap between the fluency of
relational responding and intellectual performance. This functional
overlap may allow a relational skills measure to provide an estimate of
IQ in certain research contexts inwhich an estimate is all that is required
or in which the researcher or clinician wishes to assess intellectual ca-
pacity in purely functional terms.

Cassidy et al. (2011) demonstrated the efficacy of two relational
framemultiple exemplar training (MET) interventions in increasing in-
telligence quotients in samples of children. TheMET protocol refers to a
technique inwhich children are posedwith a large number of relational
“problems” to solve, involving nonsensewords and relational cues (e.g.,
CUG is Opposite to BEH, BEH is Opposite to VEK, Is CUG Opposite to
VEK?), all of which take the same form but each of which involves dif-
ferent stimuli. Completion of MET over many sessions and months
was correlated with significant rises in Full Scale IQ in both Experiment
1 (M=27points) and Experiment 2 (M=13points). In order to assess
pre- and post-intervention relational responding proficiency, a prelimi-
nary Relational Abilities Index (RAI) was also devised, consisting of 60
relational tasks, such as those outlined above, assessing the relational
frames of Same, Opposite, More than and Less than. Significant rises in
RAI scores were observed following intervention. Correlations between
the RAI score and baseline IQ were not assessed as the RAI was
employed only to ensure that relational skills were being increased
due to the intervention.

In a follow-up study, Cassidy et al. (2016) reported clinically signifi-
cant IQ gains following the implementation of a modified version of the
MET intervention across two experiments with larger samples and
more rigorous controls. In both experiments, a revised RAI consisting
of 55 questions was presented pre- and post-intervention. In Experi-
ment 1 (n = 15), RAI scores failed to correlate with baseline IQ scores
(r=0.13). However, in Experiment 2, which employed a larger sample
(n=30), RAI scores at baseline did correlate significantly with baseline
levels of Verbal Reasoning (r = 0.67), Numerical Reasoning (r = 0.43)
and overall Educational Aptitude (r = 0.66), supporting the RFT-in-
spired hypothesis that relational skills are closely related to intelligence,
with some suggesting that these repertoires are possibly even synony-
mous (e.g., Hayes & Stewart, 2016).
1.1. The current study

The aim of the current study is to conduct a preliminary assessment
of the utility of the Relational Abilities Index (RAI) as a proxymeasure of
Full Scale IQ and a range of widely used cognitive ability measures. The
purpose of using a range of measures that assess different cognitive do-
mains is precisely to begin investigating which aspects of cognitive
functioning relational skills best correspond to and to allow for the as-
sessment of both convergent and divergent validity. That said, as the
traditional litmus test for assessing the validity of a potential proxy
measure of intelligence is an investigation into the strength of its rela-
tionship to general intellectual performance, the correlation between
Full Scale IQ and RAI score represents the focal point of our analysis.

In Study 1, adult participants completed the National Adult Reading
Test (NART; Nelson, 1982), the Rey Auditory Verbal Learning Test
(RAVLT; Rey, 1958; English version: Taylor, 1959), the Trail Making
Test (TMT; Lezak, 1995) and the Cognitive Failures Questionnaire
(CFQ; Broadbent, Cooper, FitzGerald, & Parkes, 1982), aswell as a RAI as-
sessment at two separate time periods for the purpose of assessing test-
retest reliability. Due to the level of correlation between IQ and the
NART (Nelson, 1982), RAVLT (Mitrushina, Boone, Razani, & D'Elia,
2005) and TMT (Ardila, Pineda, & Rosselli, 2000), we anticipated signif-
icant correlations between performance on thesemeasures and the RAI.
Conversely, as the CFQ has not been found to show a strong relationship
with IQ (Broadbent et al., 1982), we predicted that the RAI would not
correlate with this metric, thereby providing some divergent validity
for the RAI. Study 2 focused on the degree of correlation between the
RAI and scores on the WAIS-III. It was expected that performance on
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the RAI would correlate significantly with Full Scale IQ as calculated
using the WAIS.

2. Study 1

2.1. Method

2.1.1. Participants
Participants (n = 35, 18 female) comprised of 26 college students

and 9 non-students (mean age = 30.6, SD=7.31). The follow-up sam-
ple (n=27, 14 female, mean age=29, SD=7.96)was comprised of 23
college students and 4 non-students, whowere re-administered the RAI
at follow-up session. An a priori power analysis indicated that a sample
size of 24 would be sufficient to establish a correlation coefficient of 0.6
at an alpha of 0.05. The 0.6 coefficient was chosen because it was the
minimally acceptable coefficient necessary to support the convergent
validity of the RAI.

2.1.2. Materials

2.1.2.1. Relational Abilities Index (RAI). The Relational Abilities Index as-
sessment used here was precisely as employed by Cassidy et al.
(2016) and was administered via the public website RaiseYourIQ.
com.1 The assessment presented participants with 55 syllogistic rela-
tional puzzles (see Fig. 1), which required approximately 14 min to
complete. It consisted of 29 Same/Opposite tasks and 26 More/Less
tasks which progressed in difficulty across trials. A total of 248 stimuli,
comprised of three-letter nonsense words (e.g., BEF, DIL, FAS), were
used with no stimulus being repeated. Participants were informed in
advance that questions would ask them about the relationships be-
tween these nonsense words, and that the answer could be arrived at
by reading the statements carefully. The questions remained on screen
until the user responded but a time limit of 30 s was applied. The total
number of correct responses produced within the 30 s response win-
dow across the 55 trials was taken as themetric of relational skill profi-
ciency. For a full description on the composition and procedural details
of the RAI, see Cassidy et al. (2016).

2.1.2.2. National Adult Reading Test (NART). The NART (Nelson, 1982) re-
quires participants to read out a list of words whose pronunciation does
not adhere to regular stress and grapheme-phoneme rules. NART per-
formances show moderate to high correlations with general cognitive
ability and IQ (Crawford, Parker, Stewart, Besson, & De Lacey, 1989;
Crawford, Stewart, Cochrane, Parker, & Besson, 1989; Nelson, 1982).
Originally standardized against the Wechsler Intelligence Scale (WAIS;
Wechsler, 1955), regression equations are available to predict WAIS
test scores.

2.1.2.3. Rey Auditory Verbal Learning Test (RAVLT). The RAVLT (Rey, 1958;
English version: Taylor, 1959) is a generalmemory test. Performance on
the RAVLT correlates with IQ, learning and executive functioning
(Bolla-Wilson & Bleecker, 1986; Crossen & Wiens, 1994; Mitrushina et
al., 2005). The main metric of interest is the RAVLT 1 to 5, which refers
to the participant's total number of words correctly recalled after five
presentations of a 15-word list.

2.1.2.4. Trail Making Test (TMT). The TMT is used to assess scanning and
visuomotor tracking, cognitive flexibility and divided attention (Lezak,
1995). TMT performance is affected by education, intelligence and age
(Heaton, Grant, & Matthews, 1986; Spreen & Strauss, 1998). The test
consists of two parts, requiring participants to draw a line connecting
encircled numbers in ascending order in the first part (TMT A) and
connecting numbers and letters in part two (TMT B) while being
1 This is a commercial website in which the third author has an interest. The authors
have declared a potential conflict of interest to the Editor of this journal.
timed. Due to differences in compliance to instructions, measures
taken often also include the difference in time between TMT A and
TMT B (Spreen & Strauss, 1998).

2.1.2.5. Cognitive Failures Questionnaire (CFQ). The CFQ comprises of 25
items that assess everyday slips and errors in memory and perception,
such as failing to notice road signs, forgetting names or bumping into
people (Broadbent et al., 1982). Scores on the CFQ correlate with mea-
sures of incidental learning, attention and memory, but not IQ
(Broadbent et al., 1982; Herrmann, 1982; Martin, 1986; Martin &
Jones, 1983).

2.1.3. General experimental procedure
The procedure for this study received ethical approval from May-

nooth University's Research Ethics Committee, and was conducted in
accordance with the code of ethics of the Psychological Society of Ire-
land. All participants were tested individually in a quiet room for both
assessments. The initial testing periodwas approximately 40min in du-
ration, whereas follow-up RAI assessments required approximately
14 min, and took place 3–4 months following the baseline assessment.
Upon entering the experimental setting, participants were informed
about the general procedure of the study and signed the consent form.
The cognitive measures were administered in a counterbalanced
order, with the only exception being that the administration of the
RAI always took place during the delay interval for the RAVLT, for the
purposes of time efficiency.

2.2. Results and discussion

No data was excluded from the following analyses and data was not
transformed in any way other than in line with the usual means of cal-
culating scores on the various tests employed. RAI scores ranged from
25 to 52 out of a total of 55 (M = 41.2, SD = 7.51). The mean NART
Error Score was 19.86 (SD = 5.76), which converts into a mean FSIQ
Score of 106.03 (SD = 7.16). Results from a Shapiro-Wilk test indicate
that scores for RAI andNART Errormeasures were normally distributed.
Fig. 2 presents histograms and probability plots displaying the distribu-
tion of RAI scores NART Error scores.

Time between the RAI test and retest ranged from 105 to 131 days
with an average of 116.52 days (SD = 5.35). Test-retest reliability for
RAI Scores was 0.809 (p b 0.001), with a mean score change ranging
from −3 to +12 (M = 3.26, SD= 4.07).

2.2.1. Correlational analyses
RAI scores were found to be moderately negatively correlated with

NART Error Scores and TMT B-A scores. That is, higher RAI scores were
indicative of better performances on the NART and TMT. In addition,
RAI scores showed strong positive correlations with scores for the
RAVLT. As predicted, RAI scores did not correlate with scores on the
CFQ. Table 1 lists correlation coefficient and p values for the main
inter-correlations. For the full correlational matrix, see Appendix A.

In summary, Study 1 found that RAI scores showed moderate-to-
strong correlations with scores on the NART, RAVLT and TMT but not
with the CFQ. These findings support the convergent and divergent va-
lidity of the RAI as a measure of intelligence. Test-retest reliability for
the RAI was also found to be satisfactory.

3. Study 2

Study 2 aimed to extend the findings of Study 1 in investigating how
the RAI functions as a measure in comparison to the full WAIS-III IQ test
battery using a sample of college students. In effect, this will serve as a
sort of experimentum crucis of a novel measure of intelligence insofar
as standardized IQ tests provide universally agreed indices of g and
any novel test must ultimately speak to such measures, even if only to
understand their divergences from them.

http://RaiseYourIQ.com
http://RaiseYourIQ.com
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Fig. 1. Sample tasks from the RAI assessment.
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3.1. Method

3.1.1. Participants
All participants (n=25, 14 females) were currently attending third

level education or had recently graduated (b1 year). As such, this cohort
was not representative of the general population and was sampled ad
hoc for reasons of convenience. Participants ranged from 18 to
44 years old (M=22.2 years, SD=5.13). An a priori power analysis in-
dicated that a sample size of 24 would be sufficient to establish a corre-
lation coefficient of 0.6 and an alpha of 0.05.

3.1.2. Settings and materials

3.1.2.1. Wechsler Adult Intelligence Scale III (WAIS-III). Each participant
was administered the 13 core subtests of WAIS-III (Wechsler, 1997),
allowing computation of all seven IQ indices and subindices. These
subtests included Picture Completion, Vocabulary, Digit-Symbol Coding,
Similarities, Block Design, Arithmetic, Matrix Reasoning, Digit Span, In-
formation, Picture Arrangement, Comprehension, Symbol Search & Let-
ter-Number Sequencing.

3.1.2.2. Relational Abilities Index (RAI). Participants were also required to
complete the RAI assessment to measure their level of proficiency in re-
lational responding, precisely as used in Study 1.

3.1.3. General experimental procedure
The procedure for this study received ethical approval from May-

nooth University's Research Ethics Committee, and was conducted in
accordance with the code of ethics of the Psychological Society of Ire-
land. Upon entering the private experimental room, participants were
informed about the general nature and procedure of the experiment



Fig. 2. Histograms (left) and probability plots (right) outlining the distribution of RAI scores and NART Error scores in Study 1.
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and signed the consent form. Administration time for the WAIS-III was
approximately 85 min.

3.2. Results and discussion

No datawere excluded from analysis and datawere not transformed
in any way aside from in line with normal score calculation procedures
for the WAIS and RAI (total correct responses). Fig. 3 displays histo-
grams and probability plots which represent the distribution of RAI
(M = 48.2) and WAIS Full Scale IQ (M = 117.2) scores. Results from a
Shapiro-Wilk test of normality indicate that RAI scores were not nor-
mally distributed (p = 0.003).

3.2.1. Correlational analyses
Relational Ability Index scores showed moderate-to-strong signifi-

cant correlations with scores for Full Scale, Verbal and Performance IQ,
as well the four IQ subindices (Verbal Comprehension,WorkingMemo-
ry, Perceptual Organisation and Processing Speed). Table 2 outlines the
Table 1
Correlations between RAI score and the battery of cognitive measures.

RAI

Coefficient Sig. level

NARTa −0.583⁎⁎ b0.001
RAVLT 1 to 5a 0.696⁎⁎ b0.001
TMT B-Ab −0.364⁎ 0.031
CFQa −0.078 0.657

a Pearson's r.
b Spearman's rho.
⁎ Indicates correlation is significant at the 0.05 level (2-tailed).
⁎⁎ Indicates correlation is significant at the 0.01 level (2-tailed).
correlation coefficients and significance levels found for RAI scores and
all seven IQ indices and subindices. For the full correlational matrix, see
Appendix B.

Regarding Verbal subtests, strong significant correlations were
found between scores for the RAI and Arithmetic, Comprehension, Vo-
cabulary, Information, with medium-strength correlations found for
Similarities, Digit Span and Letter-Number Sequencing. In terms of Per-
formance subtests, RAI scores displayed moderate significant correla-
tion with scores for Block Design, Matrix Reasoning and Symbol
Search, but did not significantly correlate with scores for Picture Com-
pletion, Digit-Symbol Coding or Picture Arrangement. Table 3 displays
the correlation coefficients and significance levels for RAI correlations
with each of these WAIS subtests.

In summary, Relational Ability Index scores showed significantmod-
erate-to-strong correlationswith the threemain indices of IQ, aswell as
the four IQ subindices. RAI scores also correlated significantly (with
moderate-to-strong effects sizes) with 10 of 13 IQ subtests, indicating
a considerable overlap with intellectual performance in general.
4. General discussion

The current analysis investigated the utility of a Relational Abilities
Index as a potential proxy measure of intelligence, by assessing its de-
gree of correlation with traditional IQ scores and a number of other IQ
proxy measures. In Study 1, RAI scores were found to display a close re-
lationship with scores on the NART, RAVLT and TMT. Importantly, the
RAI scores diverged from scores on the CFQ, which does not itself pre-
dict IQ scores (Broadbent et al., 1982). In Study 2, RAI scores showed
more than acceptable levels of correlation with Full Scale, Verbal and
Performance IQ, each of the 4 IQ subindices, and 10 of 13 IQ subtests.
These findings combine to suggest a high level of covariance between
relational ability and IQ, supporting previous assertions regarding the



Fig. 3. Histograms (left) and probability plots (right) outlining the distribution of RAI scores and Full Scale IQ scores in Study 2.

Table 3
Correlations between the RAI and WAIS III subtest scores.

Verbal subtests Correlation coefficient Significance level
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central role of relational ability in intellectual performance (Andrews &
Halford, 1998; Barnes-Holmes, Barnes-Holmes, Stewart, & Boles, 2010;
Cattell, 1971; Dixon et al., 2014; Gentner & Loewenstein, 2002; Gore
et al., 2010; Halford, Wilson, & Phillips, 2010; Moran et al., 2010;
O'Hora et al., 2005, 2008; O'Toole et al., 2009; Stewart, Tarbox, Roche,
& O'Hora, 2013).

In assessing the validity of the RAI as a proxymeasure, it is illuminat-
ing to compare the strength of correlation found between the RAI and
WAIS Full Scale IQ scores (r = 0.74) to correlations found between
Full Scale IQ and other established IQ proxymeasures. The RAI-IQ corre-
lation coefficients reported in the current study were similar to those
found between scores for theWAIS-III and Ravens Standard Progressive
Matrices (0.64; Wechsler, 1997), the Wechsler Individual Achievement
Test (0.53–0.81; Silva, 2008), the Woodcock Johnson Test of Cognitive
Ability (0.71; Cheramie, Stafford, Boysen, Moore, & Prade, 2012; 0.82;
Metz, 2005), the General Ability Measure for Adults (0.8; Martin,
Donders, & Thompson, 2000; 0.75; Naglieri & Bardos, 1997), WASI
Table 2
Correlations between the RAI and WAIS III IQ index and IQ subindex scores.

IQ measure Correlation coefficient Significance level

Full Scale IQ 0.74⁎⁎ b0.001
Verbal IQ 0.78⁎⁎ b0.001

Verbal Comprehension 0.61⁎⁎ 0.001
Working Memory 0.64⁎⁎ 0.001

Performance IQ 0.55⁎⁎ 0.004
Perceptual Organisation 0.53⁎⁎ 0.006
Processing Speed 0.43⁎ 0.03

⁎ Indicates correlation is significant at the 0.05 level (2-tailed).
⁎⁎ Indicates correlation is significant at the 0.01 level (2-tailed).
Verbal IQ (0.75; Axelrod, 2002) and the Oklahoma Premorbid Intelli-
gence Estimate (0.69; Spinks et al., 2009).

The moderate-to-strong significant correlations between RAI scores
and every WAIS Verbal subtest suggests that relational responding, at
least as assessed by the RAI, is germane to linguistic performance and
may possibly underlie language processes as suggested by a growing
RFT literature. The results suggest that perhaps, for the current study
at least, the strongest relationship between relational skills and aspects
of intelligence lies in the verbal domain.

RAI scores correlated significantlywith only three of six Performance
IQ subtests. This suggests that the RAI may not tap into the same
Vocabulary 0.63⁎⁎ 0.001
Similarities 0.58⁎⁎ 0.002
Arithmetic 0.75⁎⁎ b0.001
Digit Span 0.52⁎⁎ 0.007
Information 0.62⁎⁎ 0.001
Comprehension 0.73⁎⁎ b0.001
Letter number sequencing 0.5⁎ 0.012

Performance subtests
Picture completion 0.02 0.92
Digit symbol coding 0.27 0.2
Block design 0.6⁎⁎ 0.001
Matrix reasoning 0.48⁎ 0.02
Picture arrangement 0.31 0.14
Symbol search 0.48⁎ 0.02

⁎ Indicates correlation is significant at the 0.05 level (2-tailed).
⁎⁎ Indicates correlation is significant at the 0.01 level (2-tailed).
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intellectual skills repertoires involved in performance on standardized
IQ tests, as much as it does index those skills recruited during verbal
tasks. In addition, this finding emphasises that while the RAI may
serve as a useful proxy or estimate of IQ, it does not function as an alter-
nate or short form assessment of IQ. Indeed, it is important to under-
stand that a proxy IQ measure is merely an indirect measure of a
standardized score, whose value is determined largely by the degree
of correlation its scores bear to those produced by the standardized
test. As such, an IQ proxy is a mere “indirect measure” of IQ (Spinks et
al., 2009) and as such, need not necessarily have good face, or even
construct validity (although this may be desirable). This is evinced
by the common usage of IQ proxy measures, which vary markedly
in form from traditional IQ assessments, such as Raven's Standard
Progressive Matrices and the North American Adult Reading Test
(NAART). The NAART, in particular, is a widely used proxy for IQ,
but one that has low face and construct validity. This does not de-
tract from its ability to provide indirect IQ estimates. As such,
while the RAI appears to largely represent an assessment of verbal
reasoning skills, this does not in any way take from the simple fact
that its level of correlation with Full Scale IQ suggests that it may
serve as a useful proxy.

Interestingly, the three WAIS subtests which did not correlate with
RAI performance (Picture Completion, Digit-Symbol Coding & Picture
Arrangement) bear among the weakest relationships to Full Scale IQ,
along with Digit Span (Wechsler, 1997). Furthermore, in a comprehen-
sive analysis of the respective g loadings of Wechsler subtests, Gignac
(2006) found that these three Performance subtests show the lowest g
loadings for the 13 subtests included in the current study. Of course,
identifying divergences between relational skills and the skill battery
assessed by traditional IQ tests is as important conceptually for the cur-
rent research programas is the identification of convergences. However,
all divergences are not equal conceptually, and it is important to note
that the RAI scores correlated best precisely with those WAIS subtests
that themselves have the highest g loadings.

We are mindful that much remains to be understood regarding the
relationship between relational responding and intelligence. In light of
this, alternative andmore aggressive analytic methods, such asmultiple
regression analysis, might better interrogate this relationship than did
the correlational method used here. In the current study, however, our
sample size was not sufficient to make such an analysis meaningful
and it was in any case exploratory and was designed to provide the
type of information and parameters that may inform such analyses in
the future.

We are also aware, that in the absence of larger samples and more
interrogating analysis, the correlations reported here can be interpreted
in several different ways. For example, they may indicate that a high
level of intelligence is required to performwell on relational tasks, rath-
er than vice versa. Alternatively, they may point to a third variable that
accounts for performance on both theWAIS and the RAI. Indeed, such a
possibility exists even where controlled gains in relational skill have led
to increases in IQ.

The RAI would appear to offer a number of advantages over conven-
tional IQ and IQ-proxy assessments. Firstly, it is a relatively short test,
easily administered, even without supervision, using web-based tech-
nology. Secondly, the RAI contains culture-free test items. Thirdly,
every administration constitutes an alternate form,which reduces prac-
tice effects and may explain the RAI's respectable test-retest reliability.
Fourthly, the RAI may be of use to behavioral researchers or psychome-
tricians who do not subscribe to the existence of g. Such researchers
view intelligence in terms of more fluid skills repertoires and may ap-
preciate a test that also measures the repertoire from this perspective.
Moreover, as the nature of the skills assessed by the RAI are now fairly
well understood from hundreds of published studies into DRR, the
meaning of RAI scores (i.e., an index of DRR proficiency) is easily
interpreted, free from debate regarding hypothetical constructs that
the RAI aims to measure.
It is important to remember that the current RAI test was a first-
build based entirely on conceptual principles, rather than backward
engineered through psychometric statistical analyses. The four relation-
al skills assessed in the current build (Same, Opposite, More and Less)
were chosen because these relations appear to be assessed heavily in
IQ tests (see Cassidy et al., 2010; Stewart et al., 2013) and are funda-
mental to language acquisition and logical reasoning (see Hayes et al.,
2001). However, many IQ test items tap into more complex relational
skills, and failures of the RAI to correlate well with certain subtests of
the WAIS may relate to the limited scope of the current RAI (see Gore
et al., 2010; McHugh, Barnes-Holmes, & Barnes-Holmes, 2004; O'Hora
et al., 2008). In light of this, it may be beneficial to include a wider
range of relational frame assessment tasks in future versions of the
RAI in order to more fully describe and index the entire skills repertoire
currently assessed by IQ tests.

RAI scores were not normally distributed for the sample of partici-
pants recruited for Study 2. The concentration of scores towards the
upper limit of the RAImaximum surely compromised the degree of cor-
relations reported here. Interestingly, however, respectable correlations
between RAI scores and IQ scores were obtained even despite this slight
skew in the distributions of obtained scores andmore impressive corre-
lations would be expected if a more representative sample were to be
employed in future studies.

One important modification to the RAImight involve a restructuring
of its scoring system to reflect the increasingly challenging nature of tri-
als across the test block. As the scoring system employed by the RAI is a
summated scale, it does not reflect the difference in value of responses
early or late in the test block. A possible alternative system would be a
Guttman-style scale, that would arrange test items in a cumulative
order (e.g. order of difficulty) allowing the assumption that if an indi-
vidual correctly responds to a given test item, he/she will also correctly
respond to previous test items (Guttman, 1954; Manheim, 1977;
Mokken, 1970). This restructuring of the scaling system employed by
the RAI may therefore render the resulting scoremore sensitive to indi-
vidual differences.

It may also be prudent to compute a fluency score, whichwould take
into account not only accuracy, but also speed of responding. Due to the
functional importance of speed in learning tasks within the behavioral
tradition (Binder, 1996), this may in fact improve the utility of the RAI
in assessing relational ability as well as intellectual performance. This
will involve further investigations into the relationship between speed
of relational responding and various task performances considered im-
portant in a behavior-analytic conceptualization of intelligence. What
will not be acceptable, from a functional-analytic perspective, however,
is to adjust the speed weighting in a fluency measure, in order to
achieve the highest possible correlation between RAI fluency scores
and IQ. Such a psychometric strategywould represent the backward en-
gineering of a new IQ test. It would also leave IQ unexamined function-
ally andwould assume any divergences between IQ andRAI scores to be
based entirely on deficiencies in the construct validity of the RAI mea-
sure. Such a research strategy could therefore yield little of interest to
the literature on intelligence testing.
5. Conclusion

The results of the current analyses offer preliminary support for the
Relational Abilities Index as a potential proxy measure of intelligence.
The level of correlation found between Full Scale IQ and RAI scores
would appear to confirm the RAI's status as an efficacious means of de-
scribing intellectual performance, and is at a level at least comparable to
those reported for several widely accepted proxy and short-form mea-
sures of intellectual performance (e., Raven's Matrices; Silva, 2008). As
such, the RAI may represent a promising new proxy measure of IQ for
thosewho adopt a functional approach to the assessment of intellectual
skills.



121D. Colbert et al. / Learning and Individual Differences 57 (2017) 114–122
Appendix A

Table A1
Full Correlation Matrix for RAI scores and cognitive abilities battery.
Measure
1
2
3
4

1
2
3
4
5
6
7

1
 2
 3
 4
 5
. RAI
 –
. NART
 0.58⁎⁎,a
 –
. RAVLT 1 to 5
 0.7⁎⁎,a
 −0.51⁎,a
 –
. TMT B-A
 −0.36⁎,b
 .26b
 −0.4⁎,b
 –
. CFQ
 − .08a
 0.03
 − .02a
 .12b
 –
5
⁎ Indicates correlation is significant at the 0.05 level (2-tailed).
⁎⁎ Indicates correlation is significant at the 0.01 level (2-tailed).
a Pearson's r.
b Spearman's rho.

Appendix B

Table B1
Full Correlation Matrix for RAI scores and IQ indices and subindices.
Measure
 1
 2
 3
 4
 5
 6
 7
 8
. RAI
 –
. Full Scale IQ
 0.739⁎⁎
 –
. Verbal IQ
 0.781⁎⁎
 0.933⁎⁎
 –
. Performance IQ
 0.554⁎⁎
 0.866⁎⁎
 0.635⁎⁎
 –
. Verbal comprehension
 0.608⁎⁎
 0.827⁎⁎
 0.869⁎⁎
 0.582⁎⁎
 –
. Perceptual organisation
 0.531⁎⁎
 0.835⁎⁎
 0.645⁎⁎
 0.924⁎⁎
 0.589⁎⁎
 –
. Working memory
 0.644⁎⁎
 0.839⁎⁎
 0.866⁎⁎
 0.630⁎⁎
 0.629⁎⁎
 0.626⁎⁎
 –
. Processing speed
 0.426⁎
 0.341
 0.224
 0.445⁎
 0.140
 0.234
 0.286
 –
8
⁎ Indicates correlation is significant at the 0.05 level (2-tailed).
⁎⁎ Indicates correlation is significant at the 0.01 level (2-tailed).
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