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Abstract
Analogical responding is ubiquitous in everyday language and cognition and is a key component in learning. However, there 
is relatively little behavioral research on analogical responding in young children. Kirsten et al. (2021) recently tested and 
trained an RFT-based model of analogy as the derived relating of relations in 5-year-old children using a relational evalua-
tion procedure (REP) and the present study aimed to extend this work. In Experiment 1, two 5-year-old typically developing 
children were assessed and trained in relating both derived sameness and difference relations, thus extending the Kirsten et al. 
study, which had focused on difference relations alone. Following multiple exemplar training, correct responding increased 
to criterion levels and generalization was observed in both participants. In Experiment 2, similar results were seen for two 
children with autism spectrum disorder. Results are discussed in relation to previous research as well as the future testing 
and training potential of the REP with young children.

Keywords  Analogy · Relational frame theory · Multiple exemplar training · Children · Autism · Relational evaluation 
procedure

Analogy, which involves identifying differing objects 
or events as being similar with respect to particular  
properties or features, is pervasive in daily language, social  
communication, and cognition (Bartha, 2019; Gentner et al., 
2001; Hofstadter & Sander, 2013; Stewart et al., 2020). It is 
also critically important in various key domains of human 
activity including science, technology, and education  
(Bassok, 2001; Bod, 2009; Gentner, 1983; Hofstadter, 
2001; Holyoak & Thagard, 1995; Morsanyi & Holyoak,  
2010; Polya, 1945/2004; Sternberg, 1977; Stewart et al., 
2004, 2013). As such, it is frequently used as a metric of 
intelligent behavior (Sternberg, 1977) and as a measure to 
predict academic success, for example, in the Law School 
Admissions Test (LSAT; Lapiana, 2004).

Considering the importance of analogy for intellectual 
development, cognitive-developmental psychologists have 
examined the emergence of this skill in typically developing 
young children. Early researchers believed that analogical 

reasoning developed at the age of 12 or later and that chil-
dren younger than this relied on simple associative strategies 
to solve analogies (Levinson & Carpenter, 1974; Lunzer, 
1965; Piaget et al., 1977/2001; Sternberg & Nigro, 1980). 
In more recent research it has been argued that children as 
young as 3 can show analogy (Goswami & Brown, 1989, 
1990; Richland et al., 2006). For example, Goswami and 
Brown (1989) purported to show that 3-year-olds could 
complete analogical tasks based on relations of causality 
(e.g., ice: melting ice) if they had knowledge of the domains 
involved (see also Alexander et al., 1989; Goswami, 1989). 
However, in a subsequent replication of Goswami and 
Brown, Rattermann and Gentner (1998) found that children 
younger than 5 were completing such tasks based on simple 
matching rather than analogical relations.

Most of the research on analogy has been conducted by 
cognitive psychologists. However, during the last 25 years 
behavioral psychologists have also begun to research anal-
ogy. For example, relational frame theory (RFT) research-
ers have explicitly recognized the theoretical importance of 
analogy (see e.g., Stewart et al., 2009). RFT is a contempo-
rary contextual behavioral theory that proposes that arbitrar-
ily applicable relational responding (AARR), or relational 
framing, is the key functional process involved in human 
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language and cognition (Dymond & Roche, 2013; Fryling 
et al., 2020; Hayes et al., 2001; Rehfeldt & Barnes-Holmes, 
2009; Zettle et al., 2016).

RFT defines relational framing as a learned pattern of 
contextually controlled relational responding involving the 
three properties of mutual entailment, combinatorial entail-
ment, and transformation of function. Mutual entailment 
(ME) involves deriving the reversal of a previously acquired 
unidirectional relation; for example, if taught that a novel 
coin A is worth more than a novel coin B then I might derive 
that B is worth less than A. Combinatorial entailment (CE) 
involves deriving the combination of previously acquired 
unidirectional relations; for example, if taught that A is more 
than B and B is more than C then I might derive that A is 
more than C and C is less than A. Transformation of func-
tion (TOF) involves deriving a novel function for a stimulus 
based on its derived relation with a second stimulus; for 
example, if I derive that coin B is less than coin A and B 
has a reinforcing function then I might subsequently respond 
to A as more reinforcing than B without additional train-
ing. From an RFT point of view, relational framing is the 
key process in human language and these properties of rela-
tional framing are what facilitate the generative properties 
of human language. Furthermore, there is by now substantial 
empirical evidence in favor of this thesis (see, e.g., Barnes-
Holmes et al., 2020; Kirsten & Stewart, 2021; Stewart et al., 
2013; Stewart & Roche, 2013).

Working within an RFT framework, Barnes et al. (1997) 
provided the first functional analytic definition of analogy as 
the derivation of a sameness or equivalence relation between 
derived relations. For instance, consider the analogy dia-
mond is to sapphire as rose is to orchid. In this case, dia-
mond and sapphire participate in an equivalence relation in 
the context of gemstones, and rose and orchid participate 
in an equivalence relation in the context of flowers. Thus, 
because these are both equivalence relations, we can derive 
a relation of equivalence between the relations themselves.

Barnes et al.’s (1997) work on analogy has been extended 
in a number of studies (e.g., Barnes-Holmes et al., 2005; 
Carpentier et al., 2002, 2003, 2004; Ruiz & Luciano, 2015; 
Stewart et al., 2001). One research thread relevant to the pre-
sent article has focused on analogical responding in young 
children (e.g., Carpentier et al., 2002, 2003). For example, 
Carpentier et al. (2002) found that 9-year-olds and adults 
readily showed equivalence–equivalence (i.e., as in Barnes 
et al., 1997), but 5-year-old children failed to do so with-
out supplementary prompting. In particular, the 5-year-olds 
required additional pretesting with compound–compound 
matching tasks involving trained (as opposed to derived) 
relations (e.g., A1B1–A3B3 and A1B2–A1B3) in order to 
successfully pass the derived compound relations (BC–BC) 
test. Carpentier et al. (2003) extended this work by exam-
ining if additional compound–compound testing would 

also facilitate equivalence–equivalence performance in the 
absence of prior equivalence tests as had been seen in older 
participants. However, only 2 of the 18 five-year-old partici-
pants passed even with the additional compound–compound 
testing.

The studies just discussed all employed match-to-sample 
(MTS) procedures to train and test for both equivalence and 
equivalence–equivalence relations. One disadvantage of 
MTS is that it requires extensive baseline training before 
any testing or training of the critical relations can begin. 
For example, in Experiment 1 of Carpentier et al. (2002), 
the 5-year-old participants required an average of 234 base-
line trials before testing could start. Furthermore, even after 
such extensive training, the relational network available for 
testing of derived relations or of training the capacity for 
derived relations if absent was severely limited. Although 
MTS is often used in studies of derived relations, alternative 
testing and training procedures may offer advantages in these 
respects, especially when examining relatively complex rep-
ertoires such as analogy or when working with younger chil-
dren, or children with behavioral, developmental, or intellec-
tual concerns, for whom training of deficient repertoires of 
derived relational responding may be especially important.

The RFT-based relational evaluation procedure (REP; see 
Barnes-Holmes et al., 2001; Stewart et al., 2004) offers one 
potential alternative to MTS. In the REP participants are 
required to evaluate or report on relational networks based 
on the presentation of contextual cues juxtaposed with rel-
evant stimuli. For example, in Stewart et al. (2004), which 
used the REP to model analogy in adults, arbitrary shapes 
were first established as cues for “same,” “different,” “yes,” 
and “no.” Thereafter these cues were used to (1) establish 
relations of sameness and difference amongst arbitrary 
nonsense syllables and (2) to show that participants would 
evaluate analogical relationships involving these nonsense 
syllables coherently. For example, participants were shown 
to choose the “yes” cue when presented with the “same” cue 
juxtaposed with nonsense syllables in a relation of similarity 
and to choose the “no” cue when presented with the “differ-
ent” cue juxtaposed with such a relation. The advantage that 
this procedure afforded over MTS was that, once the cues 
had been established, a completely novel set of nonsense 
syllables, and thus a completely new analogical relational 
network, could be presented on every trial, obviating the 
need for lengthy prerequisite training with respect to each 
set of nonsense syllables as would be needed with MTS.

The REP has been successfully utilized in several recent 
RFT-based studies to train relational framing in young chil-
dren. For example, Cassidy et al. (2011) designed an REP-
based automated AARR assessment and training program 
(see also Cassidy et al., 2016; Hayes & Stewart, 2016). The 
automated program presented multiple exemplars of rela-
tional statements involving nonsense words juxtaposed with 
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contextual cues (e.g., “CUG is the SAME as DAX,” “DAX is 
the SAME as YIM”), followed by questions requiring rela-
tional derivation based on those statements (e.g., “Is DAX 
the SAME as CUG?,” “Is CUG the same as YIM?”). Cassidy 
et al. successfully trained key patterns of relational framing 
in 8- to 12-year-old children and saw significant boosts in 
their intellectual performance, thus suggesting the potential 
utility of the REP format in training relational framing in 
children.

Kirsten and Stewart (2021) designed a relatively compre-
hensive REP-based relational assessment to test a variety of 
relational frames across four levels of responding includ-
ing nonarbitrary relations, nonarbitrary analogical rela-
tions, arbitrary relations, and arbitrary analogical relations 

in young children, including children not yet able to read. 
The researchers taught the children to respond to relational 
networks composed not of textual stimuli but instead of 
colored circles as the relata juxtaposed with single letters as 
contextual cues (e.g., S for sameness, D for difference). For 
example, children were taught that given a red circle and a 
blue circle separated by the contextual cue “S” they should 
subsequently treat the red and blue circles as the same or 
equivalent (i.e., “Red is the same as Blue”; see Fig. 1, top 
panel, for an illustration of the stimuli). For testing anal-
ogy, compound stimuli (i.e., one sample compound and two 
comparison compounds; see Fig. 1, bottom panel, for an 
example) composed of colored circles in either same or dif-
ference relations were presented below a relational network 

S

(A1 same B1)

Monochromatic circles

and contextual cue, S,

for sameness.
Red is the same as

Blue.

SS D

(A1 same B1) (B1 same C1) (C1 different
X2)

Relational network:

Red is the same as
Blue, Blue is the same
as Yellow, Yellow is

different to Green.

SS D

(A1 same B1) (B1 same C1) (C1 different X2)

(X2A1)

(different)

Sample CE

Compound

(B1X2)

(different)
(A1C1)

(same)

Relational

network

Comparison

CE

Compound

Comparison

CE

Compound

Fig. 1   Format for Presenting Relational Stimuli. Note. First panel: monochromatic circles plus contextual cue, S; second panel: relational net-
work; third panel: relational network plus analogical stimuli.
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(see Fig. 1, middle panel, for an example) and children were 
required to choose same with same and difference with 
difference relations. This format allowed young children, 
including nonreaders, to report on and evaluate multiple 
exemplars of arbitrarily applicable relational networks 
defined by specifically selected contextual cues.

In a more recent study, Kirsten et al. (2021) adapted the 
arbitrarily applicable relational stages of the REP-based 
assessment in Kirsten and Stewart (2021) to test and train 
analogical relations in 5-year-old children. Kirsten et al. 
found that after direct training in relating combinatorially 
entailed relations using the REP, all participants demon-
strated analogical responding across multiple stimulus 
sets without requiring additional prompting. However, one 
potential issue in Kirsten et al. was that the relational net-
works across all of the stimulus sets permitted testing of 
only combinatorially derived difference relations. This was 
because the relational networks included only four arbitrary 
stimuli and three direct relations—two sameness and one 
difference relation (e.g., Red is the same as Blue, Blue is 
the same as Yellow, Yellow is different to Green; refer to 
the bottom panel in Fig. 1 for an illustrative example). This 
relatively curtailed network permitted only one combinatori-
ally derived sameness relation (in the case of the example 
above, Red : Yellow is the only possible combinatorially 
derived sameness relation) per trial and hence, there was 
no opportunity to test participants for the matching of two 
combinatorially entailed sameness compounds. In contrast, 
Carpentier et al. (2002, 2003) had trained and tested for both 
combinatorially derived sameness and difference relations. 
Kirsten et al. therefore suggested that in future research in 
this domain the array of stimuli in the relational network 
should be increased in order to allow for both combinatori-
ally derived sameness and difference relations.

In Experiment 1 of the present study, we sought to extend 
Kirsten et  al. (2021) by modifying the REP training to 
include a larger array of stimuli, thus permitting the testing 
of both combinatorially entailed sameness and difference 
relations. One other methodological difference was that 
instead of employing multiple exemplars of the relation of 
derived relations in the training intervention, we employed 
multiple exemplars requiring the relation of directly pre-
sented relations. This was in order to examine, analogous to 
Carpentier et al., whether inducing children to engage in the 
relation of directly presented relations might prompt them to 
subsequently show the relation of derived relations.

Experiment 2 of the present study was a replication of 
Experiment 1, but participants were children with autism 
spectrum disorder (ASD). Characterized by impairments 
in social interaction and social communication (American 
Psychiatric Association, 2013), ASD currently affects 1 in 
54 children in the United States (Maenner et al., 2020). It 
has been argued that children with ASD face significant 

language comprehension challenges due in part to their dif-
ficulty in understanding figurative language (Kalandadze 
et al., 2018; Persicke et al., 2012). However, the acquisition 
of analogical language in children struggling with ASD has 
received little attention. In the only extant behavioral study 
in this area, Persicke et al. successfully taught metaphori-
cal language to three participants with ASD using multiple 
exemplar training. In addition, Persicke et al. found that 
participant responses generalized to untrained, novel meta-
phors. However, two notable experimental limitations were 
observed: participant history with the metaphors could not 
be controlled, and the relative difficulty of the metaphors 
was not quantified and thus difficulty across metaphors could 
not be established. In the present study, in contrast, all rela-
tions were established among arbitrary stimuli within the 
experimental task thus obviating the need to control for task 
variance and participant history with language.

Experiment 1

Method

Participants and Setting

Participants were typically developing children enrolled in 
a private elementary school on the East Coast of the United 
States. Six potential participants were given preassessment 
testing; of those, three passed the preassessment and two of 
those proceeded to baseline sessions. P1.1 was a female aged 
6 years and P1.2 was a female aged 5.25 years. Participants 
were selected for inclusion based on their performance on 
an adaptation of the relational assessment used in Kirsten 
and Stewart (2021). All probe and training sessions were 
administered by the researcher in an otherwise unoccupied 
classroom of participants’ school during school hours. The 
researcher sat next to the participant at a standard school 
desk. A second, independent observer sat approximately 3 
feet away from the desk on the other side of the participant 
with a full view of the participant and the computer screen.

Ethical approval for recruitment of participants was 
obtained from the research ethics committee of the lead 
researcher’s host institution. Consent for conducting the study 
was also obtained from the principal of the school. Caregiver 
consent was obtained for each child who participated, and ver-
bal assent was obtained from each of the participants.

Experimental Design

A multiple baseline design across participants was used 
in this study. Details for each condition of the multiple 
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baseline are described below. In order for the second par-
ticipant to enter the training condition, the first participant 
had to meet the probe criterion (i.e., scoring at least five 
out of six (83%) correct on the probe trials).

Materials and Apparatus

A 13-in MacBook running Microsoft PowerPoint was used 
to present trials. Individual stimuli included colored cir-
cles (either 0.5 in or 1 in in diameter, depending on trial 
type) and letters “S” for sameness and “D” for difference 
relations in Calibri or Arial, size 24 or 36 fonts (depend-
ing on the trial type; see first panel in Fig. 2). During the 
relational section of the preassessment, trials included an 
array of such stimuli at the center of the screen that were 
designated by the experimenter as participating in a rela-
tional network (see second panel in Fig. 2). During the 
analogical section of the preassessment, as well as during 
study probe and training sessions, similar to the relational 
section, trials included an array of stimuli that were des-
ignated as participating in one of four possible relational 
networks. In this section, however, these appeared in the 
left portion of the screen only. In the right portion of the 
screen there appeared either (1) a sample compound ele-
ment for the pre-analogy relational trials or, (2) a sample 
compound and two comparison compound stimuli below 
the sample on the bottom left and right of the screen, sepa-
rated by a black line for analogy trials (see third panel in 
Fig. 2 for an illustrative example of relational networks 
and compound elements).

The relational networks in the left portion of the 
screen included 16 monochromatic circles and the rela-
tional cue, S for same, to delineate relations between 
particular circles. For example, one possible array might 
be represented as follows: [Black Circle] [S] [Gray Cir-
cle], [Yellow Circle] [S] [White Circle], [White Circle] 
[S] [Blue Circle], [Green Circle] [S] [Orange Circle], 
[Turquoise Circle] [S] [Green Circle], [Pink Circle] [S] 
[Brown Circle], [Red Circle] [S] [Brown Circle], [Pur-
ple Circle] [S] [Gray Circle]. This array might allow a 
potential participant to derive four equivalence relations 
including black, gray, and purple; yellow, white, and 
blue; green, orange, and turquoise; and pink, brown, and 
red. The compound elements that appeared on the right in 
black, outlined rectangles as the sample and comparison 
stimuli were each composed of two of the monochromatic 
circles from the relational network but did not contain 
relational cues (see top section of third panel in Fig. 2). 
For example, one such compound might be designated 
as [Yellow Circle][Red Circle]. Each slide had four rela-
tional networks within the array of 16 stimuli and one 
set of task stimuli.

Procedure

Overview

The following will provide procedural details of the rela-
tional preassessment and the multiple baseline across par-
ticipants design of the study. The preassessment was admin-
istered first in one session and took 5–20 min to complete. 
Following preassessment, participants entered the baseline 
condition of the multiple baseline design, followed by a brief 
pretraining probe, followed by the intervention condition, 
which included training and probe sessions. Table 1 provides 
a schematic overview of procedures. An average of eight sets 
were run per day during the intervention condition; a probe 
set took on average 3–4 min to complete, and a training set 
took approximately 1–2 min to complete. Both participants 
started baseline sessions at the same time, and both par-
ticipants took approximately 3 weeks to complete the study 
once the training condition was implemented.

Preassessment

Tasks adapted from the arbitrary relational and analogical 
stages in Kirsten and Stewart (2021) were used in the rela-
tional preassessment (see Fig. 3). The preassessment, which 
comprised 82 trials in total, included four main sections out-
lined in the following.

Section 1: Relational tasks  The first six trials in the pre-
assessment introduced the participant to the contextual 
cues themselves (i.e., S and D; refer to Fig. 3). Next, the 
researcher introduced the participant to simple, arbitrary 
relational networks. The participant was shown a computer 
screen displaying a relational network, for example: [Red 
Circle] [S] [Blue Circle] (see Fig. 3). The assessor instructed 
the participant to look at the screen and said, “Let’s read 
this: Red is the same as Blue” (in this example and here-
after, reading refers to vocally identifying the stimuli and 
relational cues in the relational network in sequence from 
left to right, similar to textual reading). After delivering the 
instruction, the assessor asked yes/no and same/different 
questions about the relational networks, including questions 
about directly presented relations (e.g., “Is Red the same 
as Blue?” or “Is Red the same or different to Blue?”), and 
questions requiring reversal of the directly presented relation 
(i.e., mutually entailed relations such as “Is Blue the same 
as Red?”).

The next set of trials included more than two stimuli, 
and questions became increasingly difficult and required 
responding not only to directly presented (DP) and mutu-
ally entailed (ME) type questions but also to questions that 
required combinatorial entailment (CE) of directly pre-
sented relations (see Section 1 of Fig. 3). The first set of 
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questions in this section referred to a relational network in 
which three sameness relations were presented; the second 
set referred to a relational network including two sameness 
cues and one difference cue. An example of the latter set 
might be as follows: The relational network [Red Circle] 

[S] [Blue Circle], [Blue Circle] [S] [Yellow Circle], [Yel-
low Circle] [D] [Green Circle] is presented on the screen 
followed by questions regarding combinatorially entailed 
relations among the stimuli (e.g., “Is Red the same/differ-
ent to Yellow?”).

S
(A1 same B1)

Monochromatic circles and

contextual cue, S, for sameness.
Red is the same as Blue

SS S

(A1 same B1) (B1 same C1) (C1 same D1)

SS D
(A1 same B1) (B1 same C1) (C1 different X2)

Relational network: Red is

the same as Blue, Blue is
the same as Yellow, Yellow
is the same as Green.

Relational network: Red is

the same as Blue, Blue is
the same as Yellow, Yellow
is different to Green.

S

S

S

S

S

S

S

S

R
el
at
io
n
al
N
et
w
o
rk
s

(Yellow is the same as blue, blue is the same as red; Turquoise is the same as green, pink is the same as turquoise;
Black is the same as grey, grey is the same as orange; White is the same as brown, purple is the same as brown)

S

S

S

S

S

S

S

S

Sample CE

compound element

(sameness)

Comparison

compound element

(difference)

Comparison CE

compound element

(sameness)

CE compound

element (sameness)

CEAnalogy Probe:

Analogy trials

CE Analogy Probe:

CE

Fig. 2   Preassessment Screening Tool Stimuli Arrangement
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Section 2: Directly presented compound elements  The next 
set of tasks presented compound elements including a stimu-
lus composed of two, side-by-side monochromatic circles 
identical to the circles in the relational network, without the 
relational cue, S (see Section 2 in Fig. 3). For example, one 
such compound might be designated as [Red Circle][Yellow 
Circle]. In each trial, the relational networks were presented 
at the left of the screen. To the right of the network, a white 
rectangle with a black outline contained the compound ele-
ment (i.e., two differently colored circles identical to two of 
the circles in the relational network). The researcher and par-
ticipants read the compound element together and then the 
researcher said, “Look here [points to relational networks], 
to figure out if these [points to the element compound] are 

the same or different. Remember to look here [points to rela-
tional network] to help you figure it out.”

All the compound elements in this section were directly 
related (sameness relation) or not in the same network 
(difference relation). For example, the relational networks 
[Black Circle] [S] [Gray Circle], [Yellow Circle] [S] [White 
Circle], [White Circle] [S] [Blue Circle], [Green Circle] [S] 
[Orange Circle], [Turquoise Circle] [S] [Green Circle], [Pink 
Circle] [S] [Brown Circle], [Red Circle] [S] [Brown Circle], 
[Purple Circle] [S] [Gray Circle] are presented at the left of 
the screen, and the compound stimulus (e.g., [Pink Circle]
[Gray Circle]) is presented to the right of the network; thus, 
the participant might look at the relational networks and find 
that pink and gray are the same (the compound element) 

Table 1   Schematic presentation 
of preassessment and multiple 
baseline conditions

Pre-Assessment

Multiple Baseline Study

Phase

Baseline condition

CE Probe Set 1: 6 CE trials + 6 CE analogy

trials

Relational Targets Passing Criteria %

In
cl
u
si
o
n
C
ri
te
ri
a

1. Identifying contextual cues

2. Reading relational networks

3. Testing DP and ME relations

4. Testing CE relations

5. Directly presented compound trials

6. Directly presented analogy trials

7. CE sorting task

8. CE trials with sorting

9. CE trials w/o sorting

100

100

100

80

100

NA

100

80

80

Pre-Training DPAnalogy Probe: 6 trials

Intervention

DPA-Training Phase 1: 6 trials

DPA+XF Training Phase 2: 6 trials

Probes

1. CE Probe Set 1: 6 CE trials + 6 CE

analogy trials

2. Novel CE Probe: 6 CE trials + 6 CE

analogy trials

3. Novel CE Probe w/ distractor: 6 CE trials

+ 6 CE analogy trials

100

100

100

100

100

100

100

 Note. DPA directly presented relations, ME mutually entailed relations, CE combinatorially 
entailed relations
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because the relation is directly presented as [Purple Circle] 
[S] [Gray Circle]. Each slide included the four relational 
networks and one compound stimulus.

Following the compound questions, the second task in 
Section 2 presented directly presented analogical stimuli 
(see Section 2 in Fig. 3 and the first panel in Fig. 4). The 
directly presented analogical stimuli were presented to the 
right of the relational networks. For example, the relational 
networks [Black Circle] [S] [Gray Circle], [Yellow Circle] 
[S] [White Circle], [White Circle] [S] [Blue Circle], [Green 
Circle] [S] [Orange Circle], [Turquoise Circle] [S] [Green 
Circle], [Pink Circle] [S] [Brown Circle], [Red Circle] [S] 
[Brown Circle], [Purple Circle] [S] [Gray Circle] are pre-
sented at the left of the screen, and the directly related com-
pound sample element (e.g., [White Circle][Blue Circle] ) 
is presented to the right of the relational networks, and the 
two comparison compound elements (e.g., directly related 
[Purple Circle][Gray Circle] and not related [Pink Circle]
[Black Circle]) are presented below the sample. On each 
trial, the researcher delivered the instruction, “Look at this 
one at the top [pointing to the sample compound]. Which 
one of these [pointing to each of the comparison compounds 
in turn] is like this one at the top?” (see first panel in Fig. 4). 
The participant had to refer to the relational networks to 
determine if the stimuli within the compound elements were 
the same or different.

Section 3: Combinatorial entailment  In the first task in this 
section, participants were given 12 monochromatic tokens 

that matched the colors of the circles in the relational net-
works, and a sheet of paper divided equally into four sections 
(see second panel of Fig. 4). One token from each relational 
network was placed in its own section on the paper. The 
researcher gave the instruction, “Look here [points to the 
relational networks] to figure out which circles go with each 
other. There are four sets of circles and three circles in each 
set.” Sorting responses were scored as correct or incorrect 
for a total of 12 responses.

The next task in Section 3 required the same sorting 
task followed by six questions regarding the combina-
torially entailed relations among the stimuli. A Power-
Point slide was presented showing a combinatorially 
entailed compound element and the instruction, “Do 
these circles go together? Look here [point to the rela-
tional network] and here [point to the four sets of tokens 
in front of them] to figure it out” (see third panel in 
Fig. 4).

The final task in Section 3 tested for combinatorial entail-
ment without the tokens. As in the previous task, partici-
pants were shown a screen with the relational network on the 
left and a compound element to the right of it and given the 
instruction, “Do these circles go together? Look here [point 
to the relational network] to figure it out.” If participants 
scored below 80%, they were instructed to use the tokens 
again and all trials were re-presented. Following the token 
trials, the token-free trials were readministered. Potential 
participants had to score at least 80% correct to proceed to 
Section 4.

Fig. 3   Preassessment Screen Tool. Note. Adapted from Kirsten and Stewart (2021)
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Directly presented compound elements:

Relation trials: “Are these the same or different?”
Directly presented compound elements:

Analogy trials

Combinatorially entailed relations sorting task:

“Sort these tokens into four sets”

Tokens

Paper

Combinatorially

entailed compound

element: sameness
relation

Different relational networks

compound element:

difference relation

Fig. 4   Preassessment Section 2: Directly Presented Analogy; Section 3: Combinatorial Entailment
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Section 4: Relating combinatorially entailed relations: Ana-
logical relations  There were two tasks in the analogical 
section of the preassessment. The first task was identical 
to the last task just described in Section 3. Six combinato-
rial entailment (CE) trials were presented. Following the six 
CE trials, the same relational network was presented with 
six analogy trials. The analogical stimuli included the four 
relational networks and three compound elements composed 
of two circles (i.e., the sample and two comparisons; see 
Fig. 5). On each trial, the researcher delivered the instruc-
tion, “Look at this one at the top [pointing to the sample 
compound]. Which one of these [pointing to each of the 
comparison compounds in turn] is like this one at the top? 
Look here [points to relational networks] to help you figure 
it out.” In order to proceed to the baseline condition, partici-
pants had to score at least five out six correct (83%) on the 
CE relational trials and fail the analogy trials.

Multiple Baseline Conditions

The multiple baseline design across participants comprised a 
baseline condition including unreinforced baseline sessions, 
a brief, two-session pretraining probe condition in which 
directly presented analogical relations were assessed, and the 
intervention condition in which training and multiple probe 
sessions were administered. The study included two types of 
probe trials: Combinatorially Entailed Analogy Probes (CE 

Probes) and Combinatorially Entailed Analogy Probes with 
a Distractor (CE+D Probes) (see Fig. 6 for an illustrative 
example of each probe type). CE Probe Set 1 was adminis-
tered in all baseline sessions, and it was the first probe set 
after training commenced, followed by novel CE Probes, and 
CE+D Probes, in that order.

The CE Probe sets were identical to the CE relational 
and analogy trials in the preassessment (Section 4 of the 
preassessment). Comparison compounds never included 
either stimulus presented in the sample compound. In CE+D 
Probes, one of the comparison compounds included one of 
the stimuli from the sample compound. All sample and 
comparison compound elements were comprised of either 
combinatorially entailed sameness relations, or relations of 
difference in which the stimuli did not belong to the same 
relational network. Both CE and CE+D Analogy Probes 
included six CE relational trials and six CE analogy trials 
as described in Section 4 of the preassessment.

During the six CE relational trials in both probe types 
(i.e., CE and CE+D), the participant and researcher looked 
at the laptop screen with the relational network on the 
left and a compound element to the right of it, and the 
researcher asked, “Do these circles go together? Look 
here [point to the relational network] to figure it out.” No 
feedback was provided for correct or incorrect responding.

During the six CE analogy trials in both probe types, the par-
ticipant and researcher looked at the laptop screen, the researcher 
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instructed the participant to look at the sample compound ele-
ment and said, “Look at this one at the top [points to the sam-
ple compound], which one of these [points to comparison com-
pounds] is like this one at the top?” No feedback was provided for 

correct or incorrect responding. The same relational network was 
used across all trials within a probe set. Passing criteria required 
responding correctly on all six trials (100%) the first time the 
probe was presented, or scoring 100% correct twice consecutively.
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Following baseline CE Probe Set 1 sessions, a pretraining 
probe condition was implemented in order to assess participant 
responding to directly presented analogical relations (DPA-
Probe). The stimulus format was the same as in the CE Probes 
except all stimuli in the compound elements in the pretraining 
probe condition were directly related (a sameness relation) or 
not in the same network (a difference relation). During the 
DPA-Probe, the researcher instructed the participant to look at 
the screen and said, “Which one of these [points to compari-
sons] is like this one at the top [points to sample]? If the par-
ticipant responded correctly to all six trials in the DPA-Probe 
twice consecutively, CE Probe Set 1 was re-presented. If the 
participant did not pass the DPA-Probe it was probed a second 
time. If the participant failed again, two trials demonstrating 
directly presented analogical responding were presented. Dur-
ing the demonstration, the presenter said, “Look here [points to 
sample], now point to this one [points to correct comparison], 
this one goes with this one [points to sample], you do it.” There 
were only two DPA-Probe trials. Passing criteria for all Probes 
was five out of six correct (83%).

The training condition was implemented following the 
two DPA pretraining probe sessions. The training condition 
included two phases—Phase 1: Directly Presented Analogy 
Training (DPA-Training) and Phase 2: Directly Presented 
Analogy Training Plus Extra Feedback (DPA+XF Training). 
A modified version of the Greer and Ross (2008) decision-
making protocol was followed during the training condition. 
If Phase 1 training data showed five ascending data paths, 
then training in Phase 1 continued. If Phase 1 data showed five 
variable or five descending data paths, Phase 2 training would 
be implemented. Both participants required Phase 2 training.

Training sets included the same relational network format 
as in the CE and DPA Probes (see Fig. 7). However, all the 
stimuli in the compound elements were directly related as 
in the DPA Probes. Each training set included six directly 
presented analogy trials presented on six PowerPoint slides.

In Phase 1 DPA-Training, the participant was shown the 
analogical stimuli on the computer screen including the four 
relational networks on the left of the screen and directly 
presented compound elements to the right of the relational 
networks. In each trial, the relations between the circles in 
the sample were either directly presented in the relational 
network and therefore a sameness relation, or they were not 
in the same relational network and therefore a difference 
relation. Once the participant was looking at the screen the 
researcher gave the instruction, “Look at this one at the 
top [points to the sample compound], which one of these 
[points to comparison compounds] is like this one at the top? 
Remember to look at the information here on the side [points 
to relational networks] to help you figure it out.” In Phase 1 
DPA-Training, the participant received yes/no feedback for 
correct or incorrect responding. A correct trial was conse-
quated with, “Yes, that is correct!” and an incorrect trial was 
consequated with, “No, that is incorrect.” The following trial 
was presented regardless of correct or incorrect responses.

In Phase 2 DPA+XF Training, more instruction and 
feedback were included in each trial. The participant was 
shown the screen with the analogical stimuli and given the 
instruction, “Look at this one first [points to sample), and 
figure out if it’s the same or different. Now look at these here 
[points to comparisons], which one of these is like this one 
[points to sample]? Remember to look at the information 
here on the side [points to relational networks] to help you 
figure it out.” A correct trial was consequated with, “Cor-
rect/good/yes! They’re both the same/different.” Or “No, 
this one (points to sample) goes with this one (points to the 
correct comparison).”

Passing criterion was 100% correct once on the DPA-
training trials. When the participant met criteria, the baseline 
probe, CE Probe Set 1, was readministered, including the 
six relational trials and the six analogy trials. If participants 
failed the CE probe, they went back into training and had 
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to score 100% on training trials before CE Probe Set 1 was 
re-presented. If the participant passed the six analogy trials 
at 100% correct, another CE Probe Set 1 was administered. 
If they passed again at 100% correct, a novel CE probe was 
administered. If they passed the novel CE probe, a CE+D 
probe was administered.

In summary, the study included a relational preassess-
ment for screening potential participants; a baseline condi-
tion in which relating combinatorially entailed relations (CE 
analogy) was tested; a brief pretraining probe condition in 
which relating directly presented relations (DP analogy) was 
tested; and a training condition in which relating directly 
presented relations (DP analogy) was trained and CE anal-
ogy probe trials were presented.

Interobserver Agreement

Procedural fidelity checks and interobserver agreement 
(IOA) were determined for baseline, probe, and training 
conditions by a trained research assistant. Procedural fidel-
ity was assessed through the use of a fidelity checklist in 
which each trial in each condition was scored as either cor-
rect or incorrect; correct presentation required adherence to 
all relevant procedural criteria based on condition and trial 
type including presentation and use of the appropriate feed-
back. Procedural fidelity was assessed for 46% of all trials 
and was 98%. IOA was calculated on a trial-by-trial basis 
for each probe and training trial. IOA was assessed for 28% 
of Participant P1.1’s sessions, IOA was 100%; and 30% of 
P1.2’s sessions, IOA was 100%.

Results and Discussion

Overview

Following training, both participants successfully showed 
analogical responding during CE Probe sets, including the 
original CE Probe Set 1 used during baseline testing, a 
novel CE Probe Set 2, and the generalization probe, CE+D 
Probe (see (see Table 2 for a summary of condition names 
and acronyms). Both participants scored 100% correct on 
CE Probe Set 1. Participant P1.1 scored 100% correct on 
the novel CE probe and the CE+D generalization probe, 
and Participant P1.2 scored 83% correct on the novel CE 
probe and the generalization probe. Both participants 
required Phase 2 DPA+XF Training (see Fig. 8).

Preassessment

As previously indicated, six potential participants were 
tested for relational responding on the preassessment. 

Three of these children passed the combinatorially 
entailed relational tasks and two of those proceeded to 
baseline sessions. Of the participants who met criteria on 
the preassessment, both P1.1 and P1.2 scored 67% correct 
on the first set of CE trials, and 100% correct on the sec-
ond attempt. See Table 3 for preassessment scores.

Participant 1.1

Participant P1.1 scored 50% correct on all baseline com-
binatorially entailed analogical relations sessions (CE 
probes), and she scored 50% and 67% on the pretraining 
Directly Presented Analogy Probe (DPA-Probes) sessions 
(see Fig. 8 for participant results). Participant P1.1 did not 
meet the training criteria during the Directly Presented 
Analogy Probe (DPA-Probes) pretraining probe ses-
sions; thus, Phase 1 Directly Presented Analogy Train-
ing (DPA-Training) was implemented. Participant P1.1’s 
training scores did not increase to passing levels after six 
training sessions (i.e., five data paths) and thus Phase 2 
Directly Presented Analogy Training Plus Extra Feedback 
(DPA+XF Training) Training was implemented. Partici-
pant P1.1 scored 100% during the first DPA+XF Training 
session but her CE probe score stayed at baseline level 
(50%). Following two more DPA+XF Training sessions, 
P1.1’s CE probe score increased to 100% correct for all 
probe sets including CE Probe Set 1, CE Probe Set 2 
(novel probe), and the CE+Distractor probe.

Participant 1.2

Participant P1.2 maintained low levels of responding 
during baseline CE Probe sessions, and she scored 33% 
correct on both pretraining DPA-Probe sessions. Par-
ticipant P1.2 met the training passing criteria after three 
DPA-Training sessions but failed CE Probe Set 1. After 
scoring 50% thrice consecutively in DPA-Training ses-
sions following the CE Probe, Phase 2 DPA+XF Training 
was implemented. P1.2 scored 100% during all DPA+XF 
Training sessions, and required three training sessions 
before scoring 100% correct on CE Probe Set 1. P1.2 

Table 2   List of condition names and acronyms

Probe and Training Conditions Acronym

Combinatorially Entailed Probe CE Probe
Combinatorially Entailed Probe w/ Distractor CE+D Probe
Directly Presented Analogy Probe DPA-Probe
Directly Presented Analogy Training (Phase 1) DPA-Training
Directly Presented Analogy Training Plus Extra Feed-

back (Phase 2)
DPA+XF
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required one more training DPA+XF Training session 
before meeting the passing criteria for CE Probe Set 1. 
P1.2 scored 83% correct on both CE Probe Set 2-novel and 
the CE+Distractor Probe.

After direct training in relating directly presented rela-
tions, both participants showed analogical responding 
according to RFT’s conception of analogy as the derived 

relating of relations. Both participants required Phase 2 
DPA+XF Training in order to meet passing criteria on both 
training and probe trials. DPA+XF Training included more 
instruction and feedback in each trial compared to the mini-
mal instruction and feedback in the DPA-Training. Regard-
ing Participant P1.2, it is possible that the extended time in 
baseline sessions affected her motivation to respond in the 
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Fig. 8   Experiment 1: Participant Responding in Analogy Probe and 
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Table 3   Experiment 1: 
Preassessment Relational and 
Analogical Scores (Percent 
Correct)

Note. Inclusion criteria required passing the relational test at 80% or above and failing the analogy test

Participant Sort Tokens CE Sort w/ Tokens CE Sort w/o Token CE & Analogy Probe

Relational 1st Attempt 
Relational

2nd Attempt 
Relational

Relational Analogy

P1.1 100 83 67 100 83 50
P1.2 100 100 67 100 83 0
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training phase. She was not motivated to respond to the CE 
relation trials or the analogy trials in the baseline condition. 
Only after implementing DPA+XF Training did Participant 
P1.2’s probe scores increase.

The results from the multiple baseline showed that the 
directly presented (relations) analogy (DPA) training proce-
dure was an effective intervention for training analogy and 
eliciting generative CE analogical responding as shown by 
the generalization data. Both participants passed baseline 
CE Probe Set 1 as well as a novel CE Probe following DPA 
analogy training. Furthermore, correct analogical respond-
ing generalized to the CE+D Probe.

This extends Kirsten et al. (2021) who used this RFT 
approach to examine analogy in young children. Further-
more, these data support the Carpentier et al. and Kirsten 
et al. findings that 5-year-old children are capable of ana-
logical responding.

Experiment 2

Experiment 1 was replicated in Experiment 2, but partici-
pants were children diagnosed with ASD.

Method

Participants and Setting

Three potential participants volunteered to take part but only 
two completed the study. Participants were two males with 
an independent ASD diagnosis for whom the first author 
of the present study provided 1:1 applied behavior analytic 
services. Participant P2.1 attended a private behavioral and 
learning center in New York City, 5 days a week for 5 hr per 
day. Participant P2.2 attended a private school that provided 
a modified curriculum. Participant P2.1 was a male aged 
14.5 years, and P2.2 was a male aged 14 years. In norm-
referenced curriculum-based measurements, Participant P2.1 
scored in the 72nd percentile for first-grade reading and in the 
27th percentile for second-grade reading, and he scored in 
the 54th percentile for third-grade math computation. Partici-
pant P2.2 scored in the 4th percentile for third-grade reading 
and below the 1st percentile for third-grade math computa-
tion. Participants were selected for inclusion based on their 
performance on an adaptation of the relational assessment 
used in Kirsten and Stewart (2021). All probe and training 
sessions were administered by the researcher in an other-
wise unoccupied room of Participant P2.1’s center, and in an 
unoccupied room at Participant P2.2’s house. The researcher 
sat next to the participant at a desk. A second, independent 
observer sat approximately 3 feet away from the desk on the 
other side of the participant with a full view of the partici-
pant and the computer screen.

Ethical approval for recruitment of participants was 
obtained from the director of the clinic, parental consent 
was obtained for each child who participated, and verbal 
assent was obtained from each of the participants.

Experimental Design

As in Experiment 1, a multiple baseline design across par-
ticipants was used in Experiment 2. Experiment 2 included 
the same relational preassessment for screening potential 
participants; a baseline condition in which relating combi-
natorially entailed relations was tested; a brief pretraining 
probe condition in which relating directly presented rela-
tions (DP analogy) was tested; and a training condition in 
which relating directly presented relations (DP analogy) was 
trained and CE analogy generalization probe trials were pre-
sented. In order for the second participant to enter the train-
ing condition, the first participant had to meet the probe 
criterion (i.e., scoring at least five out of six [83%] correct 
on the probe trials).

Materials and Apparatus

Materials were the same as those used in Experiment 1, and 
have been described in the Materials section for the previ-
ous experiment.

Procedure

The procedure was identical to that used in Experiment 
1 of the present study. The preassessment was adminis-
tered first in one session and took approximately 20 min to 
complete. Following preassessment, participants entered 
the baseline condition of the multiple baseline design, fol-
lowed by a brief pretraining probe, followed by the inter-
vention condition, which included training and probe ses-
sions. Table 1 (Experiment 1) shows a schematic overview 
of procedures. An average of eight sets were run per day 
during the intervention condition; a probe set took on aver-
age 3–4 min to complete, and a training set took approx-
imately 1–2 min to complete. Both participants started 
baseline sessions at the same time, and both participants 
took approximately 1 week to complete the study once the 
training condition was implemented (i.e., based on admin-
istration of 4–8 probe and training sessions per day).

Interobserver Agreement
Procedural fidelity checks and IOA were determined for 

baseline, probe, and training conditions by a trained research 
assistant. Procedural fidelity was assessed through the use 
of a fidelity checklist in which each trial in each condition 
was scored as either correct or incorrect; correct presentation 
required adherence to all relevant procedural criteria based 
on condition and trial type including presentation and use of 
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the appropriate feedback. Procedural fidelity was assessed 
for 32% of all trials and was 100%. IOA was calculated on a 
trial-by-trial basis for each probe and training trial. IOA was 
assessed for 48% of Participant P2.1’s sessions, IOA was 97%; 
and 21% of Participant P2.2’s sessions, IOA was 100%.

Results and Discussion

Overview

Following training, both participants successfully showed 
analogical responding during CE Probe sets, including the 
original CE Probe Set 1 used during baseline testing, a novel 
CE Probe Set 2, and the generalization probe, Combinatori-
ally Entailed Probe w/ Distractor (CE+D Probe; see Fig. 9). 
Both participants scored 100% correct on CE Probe Set 1. 

Participant P2.1 scored 100% correct on the novel CE probe, 
and P2.2 scored 100% correct on his second attempt. Both 
participants scored 100% correct on the CE+D generaliza-
tion probe (refer to Table 2 for condition acronyms).

Preassessment

Both participants were tested for relational responding on the 
preassessment. Both P2.1 and P2.2 scored 83% and 100% 
correct, respectively, on the first set of CE trials and did not 
require a second attempt. Table 4 shows preassessment scores.

Participant 2.1

Participant P2.1’s scores were 0% correct for all but one 
baseline CE Probe session, and his score was 50% correct 
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on both pretraining DPA-Probe sessions. Participant P2.1 
required five DPA-Training sessions before meeting the 
training passing criteria. He scored 100% on all subsequent 
probes including two consecutive CE Probe Set 1 sessions, 
the novel CE Probe, and the CE+Distractor Probe.

Participant 2.2

Participant P2.2’s scores decreased and maintained at low 
levels of responding during baseline CE Probe sessions, and 
he scored 100% correct on both pretraining DPA-Probe ses-
sions. However, he scored at baseline level during the first 
CE Probe after the DPA Probe, thus training was imple-
mented. Participant P2.2 scored 100% correct for all four 
DPA-Training sessions and he scored 100% correct twice 
consecutively on CE Probe Set 1 after the fourth training 
session. Participant P2.2 scored 83% correct on novel CE 
Probe Set 2 and 100% correct on CE Probe Set 3. Participant 
P2.2 scored 100% correct on the CE+Distractor Probe.

After direct training in relating directly presented rela-
tions, both participants in Experiment 2 showed analogical 
responding according to RFT’s conception of analogy as the 
derived relating of relations. Neither participant required 
Phase 2 DPA+XF Training.

The results from the multiple baseline showed that the 
directly presented (relations) analogy (DPA) training pro-
cedure was an effective intervention for training analogy 
and occasioning generative CE analogical responding as 
shown by the generalization data in two children with ASD. 
Both participants passed baseline CE Probe Set 1 as well 
as a novel CE Probe following DPA analogy training. Fur-
thermore, correct analogical responding generalized to the 
CE+D Probe.

General Discussion

The RFT account of analogy as derived relating of rela-
tions allows for a functional analysis of analogical respond-
ing, which facilitates testing and training of this repertoire. 
Experiment 1 of the present study aimed to extend previous 
RFT-based research in analogy in young, typically devel-
oping 5-year-old children, and Experiment 2 replicated the 
procedure with children diagnosed with ASD.

In previous RFT-based research on analogy in young 
children, Carpentier et al. (2002) found that after testing 
compound–compound match-to-sample tasks with trained 
(as opposed to derived) relations, 5-year-old children then 
successfully passed both equivalence–equivalence (same-
ness) and nonequivalence–nonequivalence (difference) 
derived relations tests (i.e., relating combinatorially derived 
sameness and difference relations). The MTS format used 
in Carpentier et al. however, posed methodological issues; 
extensive and laborious pretraining of arbitrary stimuli was 
required, and the number of potential derived relations based 
on the initial training network was limited, thus constraining 
the scope of further testing and generalization as well as of 
multiple exemplar training if required.

Kirsten et al. (2021) extended Carpentier et al. by using a 
novel REP type format to test and train analogical relations 
in 5-year-olds. The REP format required minimal pretrain-
ing, and once established, it allowed testing and training of 
unlimited novel analogies. Kirsten et al. (2021) successfully 
trained analogy in 5-year-olds using multiple exemplar train-
ing in the context of this format. However, unlike Carpentier 
et al., who tested for relating both sameness and difference 
relations, Kirsten et al. tested for derived relations between 
difference relations only.

The present study sought to extend the REP methodology 
used in Kirsten et al. (2021) but with a number of modifica-
tions. First, the relational networks included a larger array of 
relational stimuli than those presented in Kirsten et al., thus 
permitting tests of relating combinatorially entailed same-
ness and difference relations as had been done in Carpentier 
et al. (2002). The results from the present study showed that 
all participants in Experiments 1 and 2 passed the CE anal-
ogy probes including sameness and difference relations, as 
well as the generalization probes.

Second, in the present study, unlike in Kirsten et  al. 
(2021), we did not use multiple exemplar training of deriv-
ing relations between derived relations per se in the interven-
tion. Instead, we used an intervention protocol similar in an 
important respect to that used by Carpentier et al. (2002) in 
that it involved participants first engaging in the relation of 
directly presented relations before being tested for the deri-
vation of relations between combinatorially entailed rela-
tions. This was similar to Carpentier et al. in that in their 
study also, participants related directly presented relations 

Table 4   Experiment 2: 
Preassessment Relational and 
Analogical Scores (Percent 
Correct)

Note. Inclusion criteria required passing the relational test at 80% or above and failing the analogy test

Participant Sort Tokens CE Sort w/ Tokens CE Sort w/o Token CE & Analogy Probe

Relational 1st Attempt 
Relational

2nd Attempt 
Relational

Relational Analogy

P2.1 100 83 83 N/A 67 0
P2.2 100 100 100 N/A 83 67
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before being tested for the derivation of relations between 
derived relations. One key difference in this respect, how-
ever, was that in the present experiment most of the partici-
pants had to be trained in the relation of directly presented 
relations rather than being able to engage in this behavior 
spontaneously as was the case with the participants in Car-
pentier et al. However, once sufficiently trained in this pat-
tern, all of the participants could subsequently engage in 
the derivation of relations between derived combinatorially 
entailed relations without the latter needing to be trained. 
The fact that the REP format in the present study facilitated 
the testing and training of a potentially unlimited number of 
novel analogical tasks permitted an unconstrained quantity 
of training exemplars as well as of generalization testing, 
which, as previously noted, contrasted with Carpentier et al. 
wherein the capacity for doing so was constrained by the 
MTS methodology.

Experiment 2 of the present study extended the work on 
analogy to include children diagnosed with ASD. The clos-
est behavioral study of figurative language in children since 
Carpentier et al. is on metaphorical responding in children 
diagnosed with ASD (Persicke et al., 2012). The method-
ology used in Persicke et al., however, did not control for 
participant history with the stimuli (i.e., potential familiarity 
with the metaphors themselves or at least stimuli on which 
they drew) nor did it control for difficulty across metaphor 
exemplars. The use of arbitrary stimuli in the context of 
the REP format in the present study obviated the need to 
control of these variables, and thus allowed us to maintain 
experimental control while examining analogical respond-
ing in children with autism. It is interesting that the children 
with ASD in Experiment 2 required fewer DPA (directly pre-
sented analogy) training trials than the participants in Exper-
iment 1. One possible factor contributing to these results is 
that the children with ASD may be more familiar with trial-
based learning and 1:1 instruction due to their history with 
applied behavior analytic interventions. Another possible 
contributing factor is the age difference of nearly 10 years 
between the typically developing children (approximately 
5 years old) and the children with ASD (approximately 14 
years old). Regardless of the difference in acquisition, these 
results indicate that the present format can be used to suc-
cessfully test and train analogical relations in children with 
ASD, who characteristically struggle to understand figura-
tive language. Considering that analogy is important not 
just in itself but also for language and cognition in general, 
training analogy in children with deficits in language devel-
opment could result in generativity and creativity in lan-
guage skills in addition to encouraging intellectual growth. 
In previous research, Persicke et al. (2012) found that after 
MET in metaphor, generalization of the ability to compre-
hend untrained metaphors occurred for all participants with 
ASD. Furthermore, two of the three participants began to 

create their own metaphors during training and posttrain-
ing sessions. It is possible that training children with ASD 
or other developmental delay using procedures such as the 
present one might similarly result in generalization to the 
understanding and creation of novel figurative language in 
a more naturalistic context. This might be a focus of future 
work.

In both experiments of the present study, only Participant 
P2.2 in Experiment 2 did not require training on the directly 
presented analogy tasks as he scored 100% correct in both 
the DPA (directly presented analogy) probes and training tri-
als. Following success on these trials, additional prompting 
with this task facilitated correct responding on the relation 
of combinatorially entailed relations. He required four DPA 
training sessions, or more accurately DPA prompting ses-
sions, before meeting the probe criteria for relating derived 
relations. As previously mentioned, one finding of the pre-
sent study was that three out of four participants required 
training in relating directly presented relations, which con-
trasted with the findings in Carpentier et al. (2002). P2.2 
of the present study is the only participant who responded 
correctly to the “relating directly presented relations” tasks 
without training. This is in contrast to the results in the Car-
pentier et al. study in which, whereas the children failed 
initially to show the derivation of relations between derived 
relation without intervention, they did all spontaneously 
show derivation of relations between directly trained rela-
tions, and of course giving them the latter tasks facilitated 
their doing the former. It is interesting to speculate as to why 
three out of the four children in the present study could not 
spontaneously relate directly presented relations. Perhaps 
further research could examine whether a difference in the 
protocols (i.e., MTS vs. REP) produced these contrasting 
results.

Considering the relevance of analogy to intellectual 
potential, future researchers could investigate the general-
ized effects of training analogical responding on socially 
valid measures such as mainstream analogy tests, academic 
achievement tests, or standardized tests of cognitive per-
formance. In previous RFT research on intellectual perfor-
mance and relational responding, Cassidy et al. (2011) and 
various follow-up studies (e.g., Cassidy et al., 2016; Hayes 
& Stewart, 2016) used the REP to assess and train derived 
relational responding and compared scores on pre- and post-
training standardized intelligence tests. Participant scores on 
the intelligence tests increased significantly following the 
relational training. Future researchers could similarly inves-
tigate the effects of training analogy, with multiple different 
relations within the analogies, on intellectual performance. 
For example, relational networks could include relations of 
comparison or opposition and test for relating combinato-
rial entailed relations as in Fig. 10. In previous research, 
Lipkens and Hayes (2009) successfully showed analogical 
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responding across sameness, difference, comparison, and 
opposite relations in adult participants. A protocol such as 
that used in the present study might afford the opportunity 
to efficiently test and train a similar variety of analogies in 
young children and to subsequently examine the effects of 
such training on intellectual potential.

A closely related possibility for further research could 
be to examine the effects of training sameness relations 
on the emergence of other relations. For example, once 
participants have been trained in coordinate analogical 
responding, performance with analogies involving other 
types of relations (e.g., comparative–comparative) could be 
tested to see if generalization across relations could occur. 
Kirsten and Stewart (2021) found that coordinate analogi-
cal responding was acquired before comparative, opposite, 

temporal, and hierarchical analogical responding. Future 
research could examine whether relating these other rela-
tions might be prompted by training analogy of coordination. 
An alternative, despite the empirical findings of Kirsten and 
Stewart, might be to investigate whether under particular 
circumstances training analogy involving noncoordinate 
relations might be able to support the emergence of anal-
ogy of coordination. MET of analogy might also be tested 
by examining whether training just one variety of analogy 
(e.g., coordination) alone facilitates generalization in novel 
relational varieties of analogy, or whether training additional 
relational varieties of analogy might be required to promote 
generalization.

Future researchers investigating the acquisition of anal-
ogy might also usefully consider the dimensions along which 
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Fig. 10   Examples of Relating Combinatorially Derived Comparative 
and Opposite Relations. Note. Top panel: M = more than; L = less 
than. In this example, the sample compound depicts a combinatorially 
entailed less than relation, the left comparison compound depicts a 
combinatorially entailed less than relation (i.e., the correct response), 
and the right comparison compound depicts a combinatorially 

entailed more than relation. Bottom panel: S = same; O = opposite. 
In this example, the sample compound depicts a combinatorially 
entailed sameness relation, the left comparison compound depicts a 
combinatorially entailed opposite relation, and the right comparison 
compound depicts a combinatorially entailed sameness relation (i.e., 
the correct response)
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analogical relational responding can vary as described in the 
multidimensional (and latterly hyperdimensional) multilevel 
(MDML/HDML) framework of Barnes-Holmes et al. (2017, 
2020). The MDML-HDML framework proposes five levels 
of development of arbitrarily applicable relational respond-
ing including mutual entailment, relational framing, rela-
tional networking, relating relations (i.e., analogy), and relat-
ing relational network and sees these levels as intersecting 
with four “dimensions” along which relational responding 
at each of the five levels can vary. The dimensions include 
relational coherence (the extent to which a given pattern of 
AARR is in functional agreement within its verbal commu-
nity), relational complexity (the complexity of a pattern of 
AARR; e.g., more stimuli mean greater complexity), rela-
tional derivation (how “well practiced” a pattern of AARR 
has become) and flexibility (the extent to which a pattern of 
AARR may be modified by context). Regarding the focus 
of the present study, future researchers might refer to the 
MDML-HDML framework to experimentally analyze how 
various dimensions intersect with analogy and related levels 
during acquisition. For example, perhaps children provided 
with more opportunities to derive relating of relations (i.e., 
lower levels of derivation) might show improved abilities in 
the next level up, that is, the relating of relational networks, 
and a similar point might be made with respect to the train-
ing of other dimensions (e.g., relational flexibility).

One potential limitation of the present study was the rela-
tively restricted participant sample. One obvious cause for 
this was the strict inclusion criteria, which eliminated par-
ticipants who were unable to fluently derive simple arbitrary 
relations. Future research along similar lines might consider 
increasing the age range of the participants involved in order 
to include a larger sample that might allow better insight 
into the emergence of analogical responding in young chil-
dren. Furthermore, the preassessment used in the present 
study might be considered for further research with regard to 
testing and training arbitrary relational responding. Further 
research could examine why some children do not success-
fully complete the preassessment, and methods for train-
ing children how to respond on the REP more effectively 
could be investigated. Another potential limitation is the 
age difference between the two populations (i.e., 5-year-old 
typically developing children vs. 14-year-old children with 
an ASD diagnosis). However, both participants with ASD 
scored well below grade level in math and reading norm-
referenced curriculum-based measurements (scores now 
included in the Participants and Setting section) and thus 
were performing well under the level of typically developing 
14-year-old children.

It was also noted that the token procedure used to assess 
combinatorially entailed relations (CE relations) during the 
preassessment may warrant further investigation. In Sec-
tion 3 of the preassessment, participants were required to 

sort tokens into sets based on the relational information 
provided in the relational network (see second panel of 
Fig. 4). Participants were given 12 monochromatic tokens 
that matched the colors of the circles in the relational net-
works, and a sheet of paper divided equally into four parts 
(see second panel of Fig. 4). One token from each of the four 
relational networks was placed in one of the four spaces on 
the paper, and the participants’ task was to sort the remain-
ing eight circles into four sets of three tokens each based on 
the directly presented, mutually entailed, and combinatori-
ally entailed relations derived from the relational network. 
This brief and simple exercise obviated the need for more 
detailed instructions on combinatorial entailment or the 
function of the compound stimuli required to complete CE 
trials, including CE analogy trials. Furthermore, informal 
observations by the researcher suggested that the partici-
pants particularly enjoyed this task, including the children 
who did not participate in the entire study. Future applied-
RFT research could examine the efficacy of using manipu-
lable, colored tokens as arbitrary stimuli to assess and train 
derived multiple relations.

Finally, one additional note might be made regarding 
the comparison of the REP with MTS. In the foregoing we 
have touted the advantages of the REP over the MTS. We 
noted that the MTS format does pose certain methodologi-
cal issues when assessing or training a relatively complex 
response pattern such as analogy; for example, extensive 
and laborious pretraining of arbitrary stimuli is required, 
and the number of potential derived relations based on the 
initial training network is limited, thus constraining the 
scope of further testing and generalization as well as of 
multiple exemplar training if required. On the other hand, 
it could be argued that, although more efficient as a proto-
col once participants are trained on it, the REP does still 
require initial training in the REP format, and it is possi-
ble that for at least some participants (such as those who 
failed the initial preassessment in the present study for 
example) that training might pose certain difficulties that 
perhaps MTS-based training might not. It might also be 
argued that the use of MTS can allow a more ecologically 
valid model of analogical reasoning because the required 
relational responses have to established in the repertoire 
of the children before they can be tested. In contrast, with 
the REP, participants simply have to check the relations 
on one side of the screen and then respond according to 
the stimuli presented as analogies on the right had side 
of the screen. Thus, although both protocols demonstrate 
analogical responding, and the REP can be argued to allow 
much more efficient generation of analogies, it could be 
argued that the MTS protocol requires that the child has 
to learn the relational responding (i.e., lower levels of 
derivation are involved) before being tested for analogi-
cal reasoning. Hence, rather than claiming that the REP 
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is always a better protocol to use in studying analogy (or 
other complex repertoires) perhaps it might be said that 
each procedure offers particular advantages depending on 
the nature of the research and or the particular focus of 
the study.

The present study adds to the limited behavioral research 
on analogical responding in young children with and without 
developmental disabilities, and contributes further evidence 
that 5-year-old children and children with ASD can be suc-
cessfully trained in analogical responding. This work further 
confirms a potential developmental divide in capacity for 
analogical responding to the extent that the 5-year-olds in 
the present study were not readily able to show analogy, as 
well as further highlighting the potential utility of additional 
training for addressing this deficit. Considering the ubiq-
uity of analogical responding in everyday life, more research 
regarding its development and training in young children 
and in children with language delays is merited. Finally, the 
potential of the REP format used in this study to test and 
train young children in complex relational responding, such 
as analogy, is promising and lends itself to further investiga-
tion of its experimental and applied utility.
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