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THE EMERGENCE OF COMBINATIONS OF 
BEHAVIOR IN AN EQUIVALENCE CLASS  

WITHOUT EXPLICIT TRAINING OF A FUNCTION

EMERGENCIA DE COMBINACIONES EN UNA 
CLASE DE EQUIVALENCIA SIN ENTRENAMIENTO 

EXPLÍCITO DE LA FUNCIÓN

Mickey Keenan*1, Lucinda Stirrup* & Nichola Booth**

*Ulster University, Coleraine
**Queens University Belfast 

Abstract

Three experiments using undergraduate participants examined the 
emergence of responding in an equivalence class despite the absence of 
any functions being explicitly trained to any stimulus within the class. In 
Experiment 1, a one-to-many conditional discrimination procedure was 
used to establish two three-member equivalence classes (A1, B1, C1 & 
A2, B2, C2) using nonsense syllables. Participants were then presented 
with printed versions of the stimuli inside plastic boxes alongside a box 
of Lego pieces and asked to respond as they felt appropriate. Results 
showed that Lego pieces were placed on top of the printed stimuli by 
four out of six participants; consistent class responding occurred for 
one participant. In Experiment 2, the procedure from Experiment 1 was 
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replicated using the same participants, but this time two stimulus mem-
bers (B1 & C1) were replaced by images of Blue and Green Lego pieces 
respectively. Responding within classes was more consistent across par-
ticipants and there was some evidence of blended responding at A1. 
Experiment 3 replicated the procedure used in Experiment 2, this time 
with experimentally naive participants. Again, although no functions 
were explicitly trained, Lego pieces were placed on top of printed ver-
sions of the stimuli and blended responding reliably occurred for all par-
ticipants at A1. Results are discussed in the context of procedures used 
to investigate the emergence of novel behavior. 

Key words: equivalence responding, transfer of function, rule fol-
lowing, novel behavior, combinations of behavior, humans

Resumen

Presentamos tres experimentos realizados con estudiantes en los que 
se evaluó la emergencia de respuestas en una clase de equivalencia, a 
pesar de la ausencia de funciones entrenadas explícitamente para cual-
quier estímulo dentro de la clase. En el Experimento 1, se utilizó un 
procedimiento de discriminación condicional del tipo “uno a muchos” 
para establecer dos clases de equivalencia de tres miembros (A1, B1, 
C1 y A2, B2, C2) utilizando sílabas sin sentido. Posteriormente se pre-
sentó a los participantes versiones impresas de los estímulos en conte-
nedores de plástico junto a una caja con piezas de Lego, y se les pidió 
que respondieran como consideraran oportuno. Los resultados mos-
traron que las piezas de Lego fueron colocadas encima de los estímulos 
impresos para cuatro de los seis participantes. Se observó un patrón 
de respuesta consistente con la clase para uno de los participantes. En 
el Experimento 2, se repitió el procedimiento del Experimento 1 con 
los mismos participantes, pero esta vez se sustituyeron dos miembros 
de la clase (B1 y C1) por imágenes de piezas de Lego azules y verdes, 
respectivamente. Las respuestas dentro de las clases fueron más con-
sistentes entre los participantes, existiendo evidencia de respuestas 
combinadas en A1. En el Experimento 3 se repitió el procedimiento 
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utilizado en el Experimento 2, esta vez con participantes sin expe-
riencia previa con el protocolo experimental. De nuevo, aunque no 
se entrenaron explícitamente las funciones, se colocaron las piezas de 
Lego encima de las versiones impresas de los estímulos, y la respuesta 
combinada se produjo de forma fiable en todos los participantes en 
A1. Los resultados se discuten en el contexto de los procedimientos 
utilizados para investigar la emergencia de conductas novedosas. 

A burgeoning area of research in recent years has been the study of 
stimulus equivalence (Pilgrim, 2016, 2019). At the heart of this topic is 
the quest to explore the dynamics involved in establishing networks of 
relations between previously unrelated stimuli. In a typical experiment, 
a conditional discrimination is used to establish a relation between a pair 
of stimuli (e.g., selection of stimulus B in the presence of stimulus A is 
reinforced) and following this another relation is established between 
a second pair of stimuli (e.g., selection of stimulus C in the presence of 
stimulus A is reinforced). Following this training, a variety of relations 
emerge spontaneously between stimuli without additional training. For 
example, B-A and C-A relations emerge (i.e., symmetrical relations) as 
well as B-A and C-B relations (i.e., equivalence relations). When these 
relations between all three stimuli are evident, as well as reflexive rela-
tions for each stimulus (i.e., A-A, B-B, & C-C), an equivalence class is 
said to have been established. An everyday example of an equivalence 
class can be seen in the relations between a picture of a cat, the written 
word ‘cat’, the sound ‘cat’, the sound ‘michi’ or the written word ‘michi’. 
Together, these stimuli are viewed as constituting to a concept whereby 
any one can substitute for any other. The procedures used to establish 
equivalence responding have been used to explore a wide range of psy-
chological phenomena including social attitudes (Keenan et al., 2020) 
and education (Albright et al., 2016; Walker & Rehfeldt, 2012).

Various procedures used in the study of equivalence responding 
also provide opportunities for exploring principles involved in the 
generation of novel behavior (e.g., Dougher et al., 2014; Dymond 
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& Rehfeldt, 2000; Ma et al., 2016; Sidman, 1994; Sidman & Tailby, 
1982). For example, after using a matching-to-sample procedure (i.e., 
a particular kind of conditional discrimination training) to generate 
a stimulus equivalence class, a discriminative function can be trained 
to one stimulus within the class and subsequent tests can examine the 
effects this training has on other members of the class. The general 
finding is that other members also evidence similar control over re-
sponding (e.g., Barnes & Keenan, 1993; Dougher & Markman, 1994; 
Dougher, et al., 1994; Gatch & Osborne, 19889; Perez et al., 2015; 
Valverde et al., 2009). In other words, without explicit training these 
stimuli now control a response in a way similar to the stimulus that was 
used in the initial training. 

Other kinds of novel control by stimuli in an equivalence class 
have come from studies that systematically varied the ‘rules’ determin-
ing how stimuli are related to each other within an equivalence class 
(e.g., Barnes-Holmes et al., 2004; Dymond et al., 2007; Hayes et al., 
2001; Whelan & Barnes-Holmes, 2004.). For example, instead of ar-
ranging relations between stimuli within a class such as A = B = C, 
the relations between stimuli could be A < B < C. Using the first set 
of relations, the behavior trained in the presence of A would also be 
controlled by C. However, in the second set of relations A and C would 
control different, but related behaviors (Dougher et al., 2007). 

Whilst early studies relied on training a single function within an 
equivalence class, a different focus on the topic of novel responding 
comes from a few studies that have explored the effects of adding more 
than one instance of discriminative control within an equivalence 
class using topographically distinct behaviors (e.g., Bones et al., 2001; 
McVeigh & Keenan, 2009; Keenan et al., 2015). Training multiple 
functions provides the opportunity to examine the kinds of interac-
tions that may happen between functions. For example, in a one-to-
many procedure where A-B and A-C relations are trained and discrimi-
native functions are added to B and C stimuli, the question arises as to 
whether or not both the trained behaviors would appear at A in some 
form or other. All of the studies mentioned here which explored mul-
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tiple functions found some examples of interactions, but the finding 
was not robust. Bones et al. (2001) examined the effect of adding an 
additional function (the act of stamping feet) to an already established 
functional equivalence class that controlled clapping of hands. On a 
few occasions, both clapping and stamping appeared. On other occa-
sions neither of these behaviors occurred, though this result was still 
technically a behavior whose origins are related to the original trained 
functions. McVeigh and Keenan (2009) used a drawing response to 
examine multiple functions in five-member equivalence classes. They 
trained separate drawings at A1, C1, and E1 in a five-member class 
comprising A1, B1, C1, D1, and E1. Although only with one partici-
pant (Subject 20), they nevertheless observed that behaviors trained 
at A1 and C1 could sometimes appear together at B1, while drawings 
that appeared at D1 were those that were trained at C1 and E1. For one 
other participant (Subject 4), all three trained behaviors combined on 
the last two trials at B1. Using modelling clay, Keenan et al. (2015) 
examined the effects of joining together two separate functional equiv-
alence classes. One class controlled the creation of an oblong shape 
while the other class controlled the creation of a ball. In a subsequent 
test they found that three participants produced entirely new shapes 
at the stimulus used to join the classes. In another study, this time us-
ing behaviors with similar topographies (i.e., drawing dots), Schenk et 
al. (2015) found further evidence for interactions between functions. 
They established two three-member equivalence classes (A1, B1, C1 & 
A2, B2, C2) and trained behaviors that involved a ‘number’ and ‘color’ 
component; at A1 draw 10 black dots, at C1 draw 1 black dot, A2 draw 
10 red dots, at C2 draw 1 red dot. In tests for transfer of function, they 
found that across participants, the colours drawn were class consistent 
(i.e., black dots for A1, B1, C1 and red dots for A2, B2, C2) and the 
numbers of dots drawn at A and C stimuli were generally consistent 
with the numbers trained. However, at B1 and B2 a variety of dots 
were drawn across participants. On each occasion, though, partici-
pants matched what they had drawn at each of these stimuli such that 
one participant drew 1 dot at each, two drew 2 dots at each, one drew 3 
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dots at each, one drew 5 dots at each, one drew 9 dots at each, and one 
drew 11 dots at each. 

Because of the limited number of procedural variations used to 
date to examine multiple functions within equivalence classes, it is not 
yet possible to come to a general conclusion about the principles that 
determine outcomes. That is to say, there has been no systematic re-
search to examine the effects of establishing different kinds of discrimi-
native control at different stimuli within an equivalence class using sev-
eral motor responses that are physically incompatible, or using several 
motor responses that are physically compatible, or using a mixture of 
motor responses that are either physically compatible or incompatible 
with each other, all in classes of varying sizes. The general laws deter-
mining the outcomes arising from the design of experimental contin-
gencies to explore these issues will no doubt prove to be difficult to 
ascertain given the variety of ways to establish equivalence classes, the 
variety of discriminative functions that could be established, the va-
riety of motor responses that match these criteria, and the variety of 
rules that could be used for determining the relations between stimuli 
in a class. Nevertheless, the limited research to date that has explored 
the effects of multiple functions/behaviors suggests this might be a 
fruitful strategy for enhancing our understanding of the emergence 
of novel behavior. The current studies were designed with this general 
aim in mind. The original goal was to use a one-to-many conditional 
discrimination procedure (i.e., train A-B and A-C relations) to estab-
lished two equivalence classes, and then to train a behavior at ‘B’ and a 
different behavior at ‘C’ to see what behavior emerges in the presence 
of ‘A’ in a subsequent test. In preparation for this goal, it was originally 
decided to use the simple behavior of selecting different coloured Lego 
pieces, one colour in the presence of ‘B’ and a different colour in the 
presence of ‘C’. However, the goals of the research changed when a va-
riety of behaviors emerged within classes without any specific prior 
training of discriminative functions in Experiment 1. 
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Experiment 1

Method

Participants 
Nine undergraduate students (4 males and 5 females) were re-

cruited through the School of Psychology, Ulster University, partici-
pant recruitment system; ages ranged from 18-50. All were native Eng-
lish speakers with no previous experience in equivalence research and 
participation was entirely voluntary, with no incentives or payments 
offered. Each participant completed a single session that lasted be-
tween 30- 60 min in length. Participants were informed that they were 
free to withdraw from the study at any point in time, for any reason. 
Participants were fully debriefed on the purpose of the research at the 
end of the final experiment.

Apparatus and Stimuli 
Each experimental session was conducted in a room located in 

the School of Psychology. In all experiments, equivalence classes were 
established on a desktop computer. The on-screen stimuli consisted 
only of arbitrary words. These words were labelled alphanumerically 
in relation to placement and position within each stimulus class. These 
labels were only available to the experimenter and were not seen by 
the participants. On the screen, the stimuli were 2.7 cm horizontal x 
1.0 cm vertical in size and were as follows: A1 (ZID), B1 (KAP), C1 
(TIV), A2 (YIM), B2 (DOJ), C2 (VEK). Located next to the comput-
er workstation, on the same table, was a box of assorted Lego pieces, 
containing individual blue, green, red and yellow Lego bricks, with 12 
of each colour available. Also located on the table were 6 individual 
clear plastic containers. Within each container, placed face down, was 
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a printed image of one of the stimuli used to establish the equivalence 
classes. A camera was used to document the results of Phase 4. 

Procedure
Overview. A one-to-many conditional discrimination procedure 

was used to train and test two three-member equivalence classes. 
There were five phases. Phase 1 (train A-B relations), Phase 2 (train 
A-C relations), and Phase 3 (test B-C and C-B relations) occurred on 
the computer. Phase 4 (testing for emergent functions) occurred off 
the computer, and Phase 5 (re-testing) was a repeat of Phase 3 on the 
computer. Before the experiment began, participants were provided 
with a consent form and information sheet and asked to carefully read 
both and sign and date the consent form once completed. Once each 
participant arrived, they were asked to take a seat in front of the com-
puter workstation and given the following instructions:

Thank you for taking part in this experiment. In a moment, on the 
screen in front of you, you will see three arbitrary words appear. One of 
these words will appear centred at the top of the screen and the other 
two will appear at the bottom left and right-hand corners. Your task is to 
look at the word at the top of the screen and select one of the two words 
at the bottom. You do this by simply moving your mouse cursor over 
your selected word and clicking once. During the first part, you will be 
told if your selected word is correct or incorrect immediately after you 
make your choice. Once this is complete, a screen will appear telling you 
that you have moved onto the next phase of the experiment and the feed-
back will no longer appear on screen. Click once on ‘Start’ once you are 
ready to begin the experiment. Do you have any questions?

Phase 1: A-B training (on the computer). In Phase 1, the A-B 
conditional discriminations were trained in blocks of 10 trials. Once 
the participant clicked ‘Start’ on the screen, 10 trials began with a 
sample stimulus (A1) located on the top centre of the screen and com-
parison stimuli (B1 & B2) located on the bottom left and right-hand 
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corners respectively. Across trials, the positions of both comparison 
stimuli ‘B1’ and ‘B2’ were counterbalanced, appearing in a semi-ran-
dom order to eliminate any position bias. Directly after every correct 
response (i.e., selecting ‘B1’), the word “Correct” appeared in green 
text in the centre of the computer screen. After every incorrect re-
sponse (i.e., selecting ‘B2’), the word “Incorrect” appeared in red in 
the centre of the computer screen. Once the participant had achieved a 
minimum of 90% correct responding, the next block of 10 trials began. 
During this block, ‘A2’ was used as the sample, and again both ‘B1’ and 
‘B2’ were the comparison stimuli. Trials proceeded as before. Once a 
minimum of 90% correct responding was attained, the program pro-
gressed to Phase 2. If 90% mastery was not achieved during any block 
of 10 trials, the block was repeated until the minimum correct mastery 
criterion was achieved. If mastery was not achieved after 5 repetitions 
(50 trials), the session was terminated.

Phase 2: A-C training (on the computer). In Phase 2, the A-C 
conditional discriminations were trained in blocks of 10 trials. The se-
lection of comparison stimulus ‘C1’ was required in the presence of 
sample stimulus ‘A1’ and the selection of comparison stimulus ‘C2’ was 
required in the presence of sample stimulus ‘A2’. The trials occurred in 
the same way as A-B training in Phase 1. A minimum of 90% correct 
responding rate was required before the participant moved onto Phase 
3. If mastery was not achieved after 5 cycles (100 trials), the session 
was terminated at this point.

Phase 3: testing for emergent relations between B-C and C-B 
(on the computer). In Phase 3, equivalence relations (i.e., B1-C1, B2-
C2, C1-B1, C2-B2; 10 trials for each relation in this sequence) were 
tested. In a semi-random order, participants were presented with either 
B1/B2 or C1/C2 as the sample and comparison stimuli. The selection 
of comparison stimulus B1 was required in the presence of sample 
stimulus C1 and the selection of comparison stimulus B2 was required 
in the presence of sample stimulus C2. The selection of comparison 
stimulus C1 was required in the presence of sample stimulus B1 and 
the selection of comparison stimulus C2 was required in the presence 
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of sample stimulus B2. The positions of both comparison stimuli were 
counterbalanced in order to eliminate any position bias. Participants 
were informed that they were moving on to the next phase of the ex-
periment and would no longer receive feedback as to whether their re-
sponses were correct or incorrect. The positions of both comparison 
stimuli were counterbalanced in order to eliminate any position bias. 
If participants achieved 90% correct responding, they proceeded to 
Phase 4. If the score was lower than 90%, the participant remained in 
Phase 3 until this criterion was achieved. If the participants were un-
successful after five cycles (i.e., 5 x 40 trials), the experiment was termi-
nated. At the end of this phase, regardless of whether participants had 
met mastery criterion, the following message appeared on the screen:

This is the end of this part of the experiment, please contact 
the experimenter. Thank you for your participation.

Participants who did not achieve the mastery criterion were de-
briefed about the nature of the study and thanked for their participa-
tion. They were also informed that it is not unusual for participants to 
terminate an experiment at this point.

Phase 4: Testing for emergent functions (off the computer). 
During Phase 4, participants were relocated to a table located next to 
the computer workstation. On the table were six clear plastic trays, each 
one containing a printed version of one of the six stimuli used during the 
previous training and testing phases. The trays were laid out in a random 
order in two rows of three, with the stimulus inside placed so that the 
image was facing down. Cards were placed face down to ensure that a 
discrete trial occurred without interference from seeing the subsequent 
cards to be presented. Also placed on the table was a box containing 48 
individual Lego pieces;12 blue, 12 green, 12 red, and 12 yellow. The par-
ticipants were handed the following written instructions: 

I am going to set out six individual flashcards within six clear trays and I am going 
to leave the room. I would like you to pick up a flashcard from the first tray, look 
at it, place it back in the tray face down, and then respond as you feel appropri-
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ate. Once you have done this, pick up the next flashcard in the next tray, look at 
it, place it back in the tray face down, and respond as you feel appropriate again. 
When you have finished all the cards, call me and I will take a photograph of what 
you have done. After taking the photograph, and after I rearranged the order of 
the trays, you can start the process again. We will repeat this process a total of five 
times. Do you have any questions because once we proceed, I cannot answer any 
questions?

When the participant was reading these instructions, the experi-
menter organised and laid out the trays containing the stimuli from the 
two three-member classes. Once the participant had read the instruc-
tions and any questions had been answered, the experimenter left the 
room to allow him/her to work unobserved. The participant signalled 
to the experimenter when they had finished. At this point, the results 
were photographed, and the arrangement of the trays was changed for 
the next trial. This sequence occurred a total of five times before the 
participant moved onto Phase 5. 

Phase 5: Re-testing of Phase 3 (on the computer). During this 
phase, the participants were moved back to the computer workstation. 
They were required to repeat Phase 3, the testing for emergent rela-
tions between B-C and C-B. 

Results

Percentage equivalence scores for each participant in Phases 3 and 
5 respectively were as follows: P2 (99% & 97%); P4 (99% & 95%); P6 
(96% & 100%); P7 (100% & 100%); P8 (100% & 100%); P9 (96% & 
97%); participants P1, P3, and P5 did not meet the criteria to move 
onto Phase 4 and were thus eliminated from the study. Photographs 
were taken of the contents of the plastic boxes on each trial, with each 
stimulus card face up. The experimenter and a second independent ob-
server examined the photographs and separately recorded the contents 
of each box (i.e., the color and frequencies of any lego, whether or not 
they were simply placed beside each other or whether they were physi-
cally joined together) for each stimulus. Interobserver agreement was 
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calculated by taking the number of agreements between the observers 
and dividing by the total number of agreements plus disagreements 
and then multiplying 100; the percentage (%) of agreement was 100% 
on all occasions. The results obtained are presented in the left-hand 
panel of Table 1. Three participants were unable to progress to Phase 
4 (1 male and two females) and their participation was terminated. 
Equivalence scores for remaining participants were consistently above 
95% across all remaining participants in Phases 3 and 5 for each experi-
ment; all remaining participants in both experiments reached mastery 
criterion on their first exposure to each phase. Although all remain-
ing participants were not instructed to use Lego pieces at any time in 
Phase 4, they were used nevertheless and responding differed substan-
tially across participants in terms of which Lego pieces were used, the 
numbers of Lego pieces used, and whether the pieces were joined or 
not. Despite this general variability, three general patterns of respond-
ing were apparent. Accordingly, in Table 1 data are not organised se-
quentially with respect to participant ID but with respect to the dif-
ferent patterns that were observed. Firstly, two participants (P4 & P6) 
made no responses in the presence of any of the stimuli during testing 
for emergent relations. Secondly, all the other participants placed Lego 
pieces on top of stimuli in both classes on nearly all trials. Of these, two 
participants (P8 & P9) placed either one Lego (P8) or mostly pairs 
of Lego pieces on each of the stimuli. P8 place one yellow Lego on 
each of the stimuli in Class 1 (A1, B1, C1) and one red Lego on each 
of the stimuli in Class 2 (A2, B2, C2). Responding was not consistent 
across trials for P9. The third general pattern of responding occurred 
for P2 and P7. Both participants placed larger numbers of Lego pieces 
on each of the stimuli across trials; numbers used for P2 ranged be-
tween 1-8, whereas 3 Lego pieces were placed on each of the stimuli by 
P7. Interestingly, P7 was the only participant who consistently joined 
Lego pieces together; P8 joined pairs of Lego pieces in the presence of 
‘A1’ across all trials. 
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Discussion

In this experiment, nonsense syllables were used as stimuli in a 
matching-to-sample procedure to establish two 3-member equivalence 
classes (A1B1C1 & A2B2C2). No additional functions were trained to 
any of the stimuli in either class. The procedure was intended to func-
tion as a baseline assessment of responding in the presence of a box 
containing different colored Lego pieces before an explicit function 
was trained to one of the stimuli in a subsequent condition. Only two 
participants responded as anticipated. That is, in the absence of an ex-
plicitly trained function at one of the stimuli, findings from previous 
research in this area suggest that there should be no responding at any 
of the stimuli. This was the case for P4 and P6. It was a different story 
for the other participants. Participant P8 responded differentially be-
tween the two classes such that on each trial a Yellow Lego was selected 
in the presence of A1, and B1, and C1 while a Red Lego was selected in 
the presence of A2, and B2, and C2. This pattern looks remarkably like 
evidence for the emergence of two functional equivalence classes, but 
notably without the occurrence of explicit training of a response to any 
member of either equivalence class. Differential responding between 
classes and across trials occurred also for P7 who picked groups of 
three Lego pieces in the presence of each stimulus. Responding for the 
other participants was irregular, but again, Lego pieces were selected in 
the presence of each stimulus on each trial. 

Collectively, these results are surprising insofar as they indicate 
that it is possible for stimuli in an equivalence class to control respond-
ing in the absence of explicit training of a discrete function, as long 
as particular environmental cues are present. Once selected, though, 
there was variability in how Lego pieces were distributed with respect 
to the structure of the equivalence classes. Usually, variability in re-
sponding is attributed to weak control by putative independent vari-
ables. An alternative view, however, comes from Keenan et al. (2020) 
and Watt et al. (1991) who demonstrated that history effects can have 
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a bearing on the extent of variability observed in responding in equiva-
lence classes.

In the design of the current testing context, there were potentially 
four variables that collectively influenced the behaviours observed af-
ter MTS training. These were the presence of the box containing Lego 
pieces, the trays containing the stimulus cards, the stimulus cards, and 
the instruction to ‘respond as you consider appropriate’. Given that this 
combination of variables unexpectedly produced what looked like re-
sponding in functional equivalence classes, it was decided to change 
the focus of the study and explore the impact of changing one feature 
of the testing context. In the next experiment, stimuli in one of the 
classes were changed from nonsense syllables to pictures of Lego piec-
es. Perhaps this design change would affect the variability in respond-
ing since the inclusion of pictures of Lego pieces might act as a more 
salient prompt to select Lego pieces. Again, there was no attempt to 
directly train a specific response to any stimulus. B1 and C1 stimuli 
were changed from nonsense stimuli to pictures of blue and green 
Lego pieces respectively. If the new B1 and C1 stimuli each controlled 
selection of specific Lego pieces, it would be interesting to see what 
happens at A1. Would there be some sort of combined effect such that 
control by B1 and C1 stimuli is duplicated at A1? This strategic design 
in the method is also aligned with the original goal of these studies 
insofar as the outcomes might contribute to our understanding of mul-
tiple functions in equivalence classes.

Experiment 2

Method

Participants
Participants P2, P4, P6, P7, P8, P9 used in Experiment 1 were 

used here.

Procedure
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This was a re-run of the general training and testing procedures 
in Experiment 1, conducted on a different day that suited each par-
ticipant. This time, however, while all the other stimuli remained un-
changed, the stimuli used for two members of one of the equivalence 
classes (i.e., B1 (KAP) & C1 (TIV)) were changed from nonsense syl-
lables to photographic images of individual coloured Lego bricks (B1 
(Blue Lego) & C1 (Green Lego)); image sizes were not changed from 
those used in Experiment 1. 

Results & Discussion 

Percentage equivalence scores for each participant in Phases 3 and 
5 respectively were as follows: P2 (100% & 99%); P4 (99% & 100%); 
P6 (100 % & 100%); P7 (100% & 100%); P8 (100% & 100%); P9 
(100% & 100%). Results obtained are presented in the right-hand 
panel of Table 1 to facilitate comparison with those obtained in Ex-
periment 1; interobserver reliability was calculated as in Experiment 
1 and was 100% when photos of data were assessed across trials. 
Equivalence scores for remaining participants were consistently above 
95% across all participants in Phases 3 and 5; all participants reached 
mastery criterion on their first exposure to each phase. Participants 
again used Lego pieces although not instructed to do so. There were 
marked changes in responding for all participants compared to Experi-
ment 1. P4 and P6, who previously did not use Lego pieces, now used 
them in Class 1 (A1, B1, C1), but not for Class 2 (A2, B2, C2). Single 
Lego pieces were used by both participants for ‘B1’ and ‘C1’, and the 
responses were generally consistent across trials; P6 used pieces that 
matched the colours of ‘B1’ and ‘C1’, while the colours were reversed 
for P4. At ‘A1’, Blue Lego dominated across trials, but pairs of Green 
and Blue Lego were used by P6 on every trial. For P8 and P9, respond-
ing was similar to that observed for P6 and P4 respectively in Class 1; 
Lego pieces were physically joined together at ‘A1’ on every trial for 
P8. P8 and P9 also used Lego pieces in Class 2. P8 used Red Lego 
pieces for all stimuli across trials, while pairs of Lego were used by P9; 
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responding was only consistent for P9 at ‘A2’. For P2, responding was 
again inconsistent across stimuli and across trials. For P7, there was a 
reduction in the overall degree of variability in responding compared 
to Experiment 1. Class 2 was now comprised mostly of Red and Yel-
low Lego pieces joined together in varying numbers. In Class 1, Blue-
Green combinations of Lego pieces predominated at ‘A1’, with Blue-
Yellow combinations dominating at ‘B1’, and Green-Yellow combina-
tions dominating at ‘C1’.

Table 1. Results obtained from participants who progressed to the Phase 4 (testing 
for emergent relations) in Experiments 1 and 2. 
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Note. Data are grouped according to three patterns of responding that were observed. 
Group 1, P4 and P6 are shown at the top; Group 2, P8 and P9 are shown in the mid-
dle; Group 3, P2 and P7 are shown at the bottom. Left-hand panels show results for 
Experiment 1 and Right-hand panels show results for Experiment 2. Alphabetical or-
der is used when more than one Lego piece was selected. 
Key: ‘B’ = Blue Lego, ‘G’ = Green Lego, ‘R’ = Red Lego, ‘Y’ = Yellow Lego, ‘-’ = Lego 
joined, ‘X’ = N}o response.

The inclusion of Lego pieces in Class 1 resulted in more consistent 
class responding across three participants compared to Experiment 1. 
Now, P6, P8, and P9 each selected one Lego piece across trials for each 
of ‘B1’ and ‘C1’ and two Lego pieces across trials for ‘A1’. The colors 
selected by P6 and P8 at ‘B1’ and ‘C1’ matched those depicted in the 
image for each stimulus; for P9 the colours were reversed. For P2, the 
general variability in responding was relatively unaffected except for a 
reduction in the numbers of clusters of Lego pieces; the numbers of 
clusters with 3 and above were 15 in Experiment 1, but only 4 in Ex-
periment 2. Previously for P7, clusters of 3 Lego pieces were used for 
all stimuli in both classes. This time, only on the first trial were clusters 
of 3 used with the rest of the trials containing mostly 2 Lego pieces. For 
three participants (P6, P8, P9), the single-colored Lego pieces used at 
‘B1’ and ‘C1’ appeared together at ‘A1’, and one participant (P8) physi-
cally joined them. The next experiment examined the procedure used 
in Experiment 2 with experimentally naïve participants. This would 
help establish whether the appearance of consistent combinations of 
Lego pieces at ‘A1’ was a direct result of the procedure used and not an 
artefact produced because of prior responding in Experiment 1.

Experiment 3

Method

Participants
Five undergraduate students (2 males and 3 females) were recruit-

ed through the School of Psychology, Ulster University, participant 
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recruitment system; ages ranged from 18-50. All were native English 
speakers with no previous experience in equivalence research and par-
ticipation was entirely voluntary, with no incentives or payments of-
fered. Each participant completed a single session that lasted between 
30- 60 min in length. Participants were informed that they were free to 
withdraw from the study at any point in time, for any reason. Partici-
pants were fully debriefed on the purpose of the research at the end of 
the final experiment.

Procedure
Al participants were trained and tested using the procedure de-

scribed in Experiment 2. 

Results

One male participant was unable to progress to Phase 4 and their 
participation was terminated. Percentage equivalence scores for each 
remaining participant in Phases 3 and 5 respectively were as follows: 
P10 (100% & 100%); P11 (91% & 100%); P12 (100% & 100%); P14 
(100% & 100%). Table 2 shows the results for all remaining partici-
pants in Experiment 3; interobserver reliability was calculated as de-
scribed previously and was 100% when photos of data were assessed 
across trials. Equivalence scores were consistently above 90% across all 
remaining participants in Phases 3 and 5. For all remaining participants, 
Lego pieces were selected and placed on top of stimuli in Class 1 on all 
trials. In Class 1, there was some consistency in the selection of Lego 
pieces across trials for each stimulus for all remaining participants. At 
‘A1’, both P11 and P12 selected pairs of Blue and Green Lego com-
binations across all trials. P10 also selected this colour combination, 
however, the number of pieces placed varied considerably across tri-
als. Responding for P14 at A1 was the least consistent and the greatest 
numbers of Lego pieces were used by this participant; however, Blue 
and Green colours dominated. At ‘B1’ and ‘C1’, responding was most 
consistent across all trials for P11 and P12; each placed Green Lego 
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pieces at ‘B1’ and Blue Lego pieces at ‘C1’. For P10 and P14, respond-
ing was less consistent, but again only single coloured pieces were ever 
used. In Class 2, two general patterns of responding occurred. Three 
participants (P10, P12, & P14) made no responses in the presence of 
any of the stimuli, whereas P11 mostly used single coloured Lego (Yel-
low or Red) at ‘A2’ and ‘B2’ respectively, and combinations of Yellow 
and Green at ‘C2’.

Table 2. The results obtained across trials for all participants during Phase 4 (testing 
for emergent relations) in Experiment 3. 

Note. Alphabetical order is used when more than one Lego piece was selected. 
Key: ‘B’ = Blue Lego, ‘G’ = Green Lego, ‘R’ = Red Lego, ‘Y’ = Yellow Lego, ‘X’ = No 
response.

General Discussion
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In planning for the current studies, the original aim was to use pic-
tures of blue and green Lego pieces as ‘B1’ and ‘C1’ stimuli respective-
ly and train a function at each stimulus (e.g., build pairs of blue Lego 
pieces at ‘B1’ and build pairs of green Lego pieces at ‘C1’) before using 
a one-to-many conditional discrimination procedure for establishing 
two three-member equivalence classes (A1, B1, C1 & A2, B2, C2). 
This procedure would show whether or not both of the trained func-
tions combined in some way at ‘A1’. The rationale for doing this was 
based on the findings from a few studies that have examined the effects 
or training more than one function in an equivalence class (Barnes et 
al., 1995; Bones et al., 2001; Fields et al., 1995; Fields & Watanabe-
Rose, 2008; McVeigh & Keenan, 2009; Keenan et al., 2015). Some of 
these studies demonstrated that training multiple functions can lead to 
the appearance of combined functions. The procedures described in 
the experiments reported here were initially designed to provide base-
line assessments before multiple functions were trained in the way de-
scribed. Experiment 1 examined responding when only nonsense syl-
lables were used as stimuli. Unexpectedly, it was found that it was not 
necessary to explicitly train any functions for stimuli to evidence con-
trol over responding. After equivalence responding was established, 
participants were prompted to respond in any way they choose during 
a test where class members were contained within separate plastic box-
es that sat alongside a larger plastic box containing different coloured 
Lego pieces. All participants tested, apart from P4 and P6, placed Lego 
pieces into the plastic boxes. Surprisingly, one participant (P8) placed 
the Lego in a manner that was class consistent, placing a single yellow 
piece in each box containing a Class 1 stimulus and a single red piece 
in each box containing a Class 2 stimulus across all test trials. For the 
other participants tested, a different kind of consistency was observed 
in that Lego pieces were placed on each stimulus across nearly all tri-
als; responding, though, was much more variable, while on some oc-
casions the same combination of Lego pieces was used across trials by 
participants. Responding at ‘B1’ and ‘C1’, as well as at ‘B2’ and ‘C2’, 
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was inconsistent across trials and across participants, and there was no 
evidence of combined functions at either ‘A1’ or ‘A2’ respectively.

In Experiment 2, when pictures of Lego were used as ‘B1’ and ‘C1’ 
stimuli, there was clear evidence of combined functions at ‘A1’ for three 
participants (P6, P8, & P9). Alongside this effect, there was consistent 
differential responding across trials for all three participants at ‘B1’ and 
‘C1’. These general findings were replicated in Experiment 3 when the 
procedures were used with naïve participants. Interestingly, the behav-
iors at ‘B1’ and C1 are technically emergent behaviors. This means that 
behaviors at ‘A1’ were combinations of emergent behaviors, not simply 
emergent combinations derived from explicitly trained functions. The 
similarity in results between Experiment 2 and Experiment 3 indicates 
that prior history with Experiment 1 was not needed to facilitate this 
effect. Furthermore, results from Experiment 3 also suggest that the 
variability in responding across trials and stimuli for all participants 
tested in Experiment 2 was directly related to the initial findings from 
Experiment 1.

The finding that responding occurred within classes in the ab-
sence of direct training could be viewed casually as a demonstration 
of ‘demand effects’ in an equivalence study. Comments from some stu-
dents afterwards indicated that they felt they had to do something with 
the Lego pieces on the table. Implicit demands are difficult to control 
in any experimental investigation (Nichols & Maner, 2008), yet they 
need to be recognised as a contributing factor to many research find-
ings. That said, the term ‘demand effect’ is best replaced by reference 
to the roles of current and historical contexts. All participants entered 
the testing environment after a recent history of relational responding 
in accordance with the scheduled contingencies of the one-to-many 
match-to-sample procedure. Also, all participants had an extensive 
personal history of picking up items in one location and placing them 
in another location. The presence of empty boxes beside a box full of 
items, and the instruction to ‘respond’, probably resulted in generalised 
rule following (Hayes & Hayes, 1989) so that items were transferred to 
the empty boxes; a repeat of the procedure without any stimulus cards 
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in the boxes would help verify this possibility. McGuigan and Keenan 
(2002) showed that instructions could be used to generate a transfer/
transformation of function effect with a simple motor response. Their 
instructions were stimulus and response specific compared to instruc-
tions used here. Nevertheless, the instruction to respond in this context 
initiated the behavior of transferring Lego pieces for most participants, 
and the subsequent distribution of the Lego pieces was influenced by 
the recent history of equivalence responding. The significance of this 
general finding is perhaps best illustrated by the findings for P8 in Ex-
periment 1. The data appeared remarkably similar to those that would 
be found in a traditional transfer/transformation of function study. 

Currently, the reporting of functional equivalence classes in the 
experimental literature is closely tied to particular features of proce-
dures used to establish them. A specific function is directly trained to 
a member of an equivalence class (either before or after equivalence 
responding is established) and when all class members subsequently 
share the same function, the equivalence class is redefined as a func-
tional equivalence class (Barnes & Keenan, 1993; Dougher & Mark-
man, 1994; Sidman, 1994). Finding reported here suggest that general 
history effects also can be considered as contributing to the eventual 
emergence of functional equivalence responding in studies of func-
tional equivalence. This argument applies equally to the performances 
of all participants who used Lego pieces, irrespective of the distribu-
tion of responses within classes. Although the stimuli in the classes did 
not control the same specific behavior (i.e., across participants there 
was variability in the number and colour of Lego pieces used within 
classes), from another perspective they controlled the same general 
behavior of selecting Lego pieces. What is not clear from Experiment 
1, though, are the reasons for the variability in responding across stim-
uli in a class, and the persistence of responding at any one class mem-
ber. In other words, the question arises as to why training a specific 
response to one member of an equivalence class is less likely to pro-
duce variability in the resulting functional equivalence class than does 
simply giving a general instruction to respond. 
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Questions about sources of control over variability (Epstein, 
1991; Shahan & Chase, 2002) are also pertinent to the findings ob-
served across experiments. Compared to Experiment 1 where not all 
participants used the Lego pieces, all participants in Experiment 2 now 
placed Lego pieces into the plastic boxes containing the class stimu-
li. In addition, there was a more orderly distribution of Lego pieces 
across class members and persistence in Lego selection across trials 
for each class member. In Experiment 3, there was a further decrease 
in the variability of responding across participants; for the most part, 
there was no responding at all at ‘A2’, ‘B2’, and ‘C2’. Interestingly, the 
issue of variability raised in these studies may be related to findings 
in previous studies which examined the effects of prior history (e.g., 
Moxon et al., 1993; McGlinchey et al., 2000; Watt et al., 1991). Al-
though these studies did not examine functional equivalence classes 
per se, they demonstrated that variability in equivalence responding 
was significantly influenced by prior social history. 

Regarding the combinations of behaviors that appeared at ‘A1’, it is 
unclear at present how this finding is to be viewed. Clearly the finding 
is of interest to questions about how repertoires compete and inter-
act over time because of effects of multiple control of behavior (Ep-
stein, 1991). However, it is not clear from the data reported here if a 
combination of behaviors is to be considered as a functionally distinct 
emergent unit of behavior (i.e., a blend). Perhaps future studies could 
examine this question by firstly generating a combination of behaviors 
as shown here (see also Schenk et al., 2015) and then training relations 
with new stimuli (e.g., A1-D1, A1-E1, etc) to see if the combinations 
remain intact when tested at these other stimuli. Of course, it is en-
tirely possible that contextual control in the equivalence training pro-
cedure would result in the dismantling of combined behaviors and for 
component behaviors to reappear at ‘D1’ and ‘E1’.

The procedures used here differed from procedures normally used 
to investigate functional equivalence classes in that there were no func-
tions directly trained to stimuli within an equivalence class. Neverthe-
less, there was clear evidence for the possible emergence of functional 
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equivalence classes. These findings tentatively lend some support to 
those from Tonneau et al. (2006) who concluded that operant rein-
forcement was not necessary for the occurrence of function-trans-
formation effects. That said, the interpretation of the current findings 
rests on speculation about historical effects of stimuli brought to bear 
on the design of the testing context. Presumably, discriminative prop-
erties of stimuli that comprised the testing context could be derived 
from a combination of both operant and respondent procedures. 

The need to resort to speculation about controlling variables 
could be viewed as weakness of the current studies. However, similar 
problems have plagued the analysis of performance of basic schedules 
of reinforcement were multiple determination of behaviour is recog-
nised (Keenan & Toal, 1991; Zeiler, 1984). Patterning of responding 
on a schedule of reinforcement was never seen as problematic even 
when it was difficult to isolate controlling variables. Whilst no single 
functional relation has been identified in the current experiments, the 
overall effects were replicable and therefore constitute a challenge to 
inductive science, not a reason to dismiss their relevance to the exist-
ing body of findings in this area.

To conclude, there was also clear evidence that combinations of 
behaviors can be produced in equivalence classes. The robustness of 
these findings could have implications for the design of studies using 
observational learning to explore the emergence of functional equiva-
lence responding and the emergence of novel behavior. This sugges-
tion echoes a call by Tonneau et al. (2006) for a detailed evaluation 
of the role of nonoperant variables in function transformation. A pos-
sible contender for an experiment might be to use the stimulus pairing 
observation procedure (SPOP), a respondent-type training procedure 
(Leader et al., 1996) which differs substantially from the matching-
to-sample procedure used in this study. In the SPOP procedure, a re-
sponse is not required from the participant in order for training trials 
to be delivered. Testing procedures used in the current study could be 
used with the SPOP procedure to see whether or not results similar to 
those reported here would be obtained. 
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