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BRIEF REPORT

ON THE USE OF MORPHING TECHNIQUES IN CONDITIONAL-
DISCRIMINATION PROCEDURES

Erik Arntzen, Richard K. Nartey, and Hanna Steinunn Steingrimsdottir
OSLO METROPOLITAN UNIVERSITY

A stimulus class is a set of stimuli that can be
arrayed along some continuum, all of which oc-
casion the same response after having been
trained to occur in the presence of only some of
the stimuli in the set (Fields & Reeve, 2001; Keller
& Schoenfeld, 1950). Concept formation is in-
ferred when the same response is occasioned by
many stimuli in a set or by many of the relations
among the stimuli in a set (Dinsmoor, 1995; Kel-
ler & Schoenfeld, 1950). These sets of stimuli
which differ in terms of their physical attributes
have been called perceptual classes (e.g., Fields et
al., 1997; Lea & Ryan, 1984), relational classes
(e.g., Lea & Ryan, 1984; Smoke, 1932), equiva-
lence classes (e.g., Sidman, 1994; Sidman &
Tailby, 1982), functional classes (e.g., Sidman et
al., 1989), and semantic categories (e.g., Rosch &
Mervis, 1975).

Stimulus equivalence is defined as novel re-
sponding after preliminary training of condi-
tional discriminations that is in accord with the
properties of reflexivity, symmetry, and transi-
tivity (Sidman & Tailby, 1982). Previously unre-
lated stimulus relations will arise without direct
training, and members of an equivalence class
will become mutually substitutable (Green &
Saunders, 1998).

Equivalence class formation has been
demonstrated with both verbally competent peo-
ple (Dugdale & Lowe, 2000), including adults
and typically developing children (e.g., Arntzen
& Vaidya, 2008; Pilgrim et al., 1995; Sidman &
Tailby, 1982), and those with developmental dis-
abilities or autism (e.g., Arntzen et al., 2010; Le-
Blanc et al., 2003). Responding according with
stimulus equivalence has also been demonstrated
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after training with different stimulus modalities
such as olfactory (Annett & Leslie, 1995), haptic
(Belanich & Fields, 1999), tactile (O'Leary & Bush,
1996), and gustatory (Hayes et al., 1988). Stimulus
equivalence has also been demonstrated with a
variety of visual stimulus materials, such as dif-
ferent abstract stimuli (e.g., Sidman & Tailby,
1982), consonant-vowel-consonant syllables (e.g.,
Fields et al., 1997), three-dimensional objects
(e.g., Devany et al., 1986), and meaningful pic-
tures (e.g., Arntzen, 2004; Arntzen & Lian, 2010;
Arntzen & Nikolaisen, 2011; Bentall et al., 1993;
Holth & Arntzen, 1998; Smeets & Barnes-Holmes,
2005).

Research has also shown that responding in
accordance with equivalence classes could be in-
fluenced by the type of stimuli used. For exam-
ple, different types of pictorial stimuli (e.g.,
Bentall et al., 1993) or pronounceable stimuli (e.g.,
Mandell & Sheen, 1994) have enhanced the for-
mation of equivalence classes. In a series of ex-
periments adult participants trained to form
larger equivalence classes with a linear series (LS)
training structure have shown that only abstract
shapes as stimuli produce little class enhance-
ment, while the inclusion of at least one meaning-
ful stimulus in a class of abstract shapes can in-
fluence the likelihood of forming an equivalence
class among that set of stimuli (e.g., Arntzen &
Mensah, 2020; Arntzen et al., 2015; Fields et al.,
2012). This enhancing effect has also been shown
in experiments with a many-to-one (MTO) train-
ing structure both with adults (Arntzen, 2004;
Lyddy et al., 2000; Rustad Bevolden & Arntzen,
2018) and children (Arntzen & Lian, 2010; Smeets
& Barnes-Holmes, 2005). In the present experi-
ment, the MTO is used because it produces a high
rate of yields (number of participants forming
equivalence classes) (see Fields et al., 2020, for a
discussion).



EAHB Bulletin

Arntzen (2004) examined how responding in
accordance with equivalence class formation
changes as a function of the position of meaning-
ful stimuli, pictures, and nonsense syllables
among fifty college students using the MTO-
training structure (AB, CB, DB, and EB). The
main findings were that when A-stimuli were
meaningful stimuli, 10 of 10 participants re-
sponded in accordance with equivalence,
whereas five of 10 responded in accordance with
equivalence when the meaningful stimuli were
presented at the end of the training (as E-stimuli).
In addition, when all stimuli were nonsense syl-
lables, four of 10 participants responded in ac-
cordance with equivalence, and when all the
stimuli were Greek/Arabic letters, only three of
ten participants responded in accordance with
equivalence. Furthermore, four of 10 participants
responded in accordance with equivalence when
the A-stimuli were meaningful stimuli, and par-
ticipants were required to use keys on the key-
board. In another experiment, Arntzen and Lian
(2010) examined the effect of meaningful stimu-
lus as a node (C) in the formation of equivalence
classes in children. The experiment was arranged
as an MTO training structure training on six con-
ditional discriminations (AC/BC) and testing for
three 3-member equivalence classes. The main
findings were that the children formed equiva-
lence classes more likely when the nodal stimuli
were pictures than when they were abstract. In
sum, there seems to be a difference in outcome on
equivalence tests between the reference groups
(all abstract shapes and pictorial stimuli as a
node) both for LS and MTO.

The present experiment was arranged to rep-
licate and extend the outcome in Arntzen and
Lian (2010) with larger classes by introducing sets
of nodal stimuli degrading the effect of pictorial
stimuli. Hence, we wanted to study discrimina-
bility (the degree to which a participant discrim-
inates between stimuli (e.g., White et al., 1985))
when introducing mixed variants of abstract and
pictorial stimuli. Since one way of degrading the
effectiveness of the role of meaningful stimuli on
stimulus equivalence class formation, we em-
ployed a morphing technique to change the stim-
uli used as nodes gradually. There are at least two
ways to do morphing of stimuli. One way is to
have two endpoints, and have the midpoint mor-
phed to be 50% of each of the endpoints. Fields
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and colleagues (Fields, Matneja, et al., 2002;
Fields, Reeve, et al., 2002) used this morphing
technique to study linked perceptual classes and
generalized categorization. Another morphing
technique is when one endpoint is morphed into
the other endpoint. Such a morphing technique
was used in the present experiment where picto-
rial stimuli as one of the endpoints was morphed
into abstract stimuli the other endpoint to study
the effect of degrading of pictorial stimuli on the
likelihood of forming stimulus equivalence clas-
ses.

We asked about the effects of degrading the
pictorial stimuli from employing pictorial stimuli
to abstract shapes as nodal stimuli in an MTO
training structure (AE/BE/CE/DE) when chil-
dren were trained conditional discriminations
and testing for the emergence of three 5-member
equivalence classes. Thus, a between-group de-
sign with five groups differing in the degree of
morphing of the E-stimuli (nodal stimuli) in the
stimulus set were used. Group 1 included all pic-
torial stimuli, and the pictures were gradually
morphed into the abstract shapes through
Groups 2, 3, 4, and finally, Group 5 with E-stimuli
as abstract shapes.

METHOD
Participants

Fifty primary school pupils, 21 girls and 29
boys aged between 7-10 years (average 9.04
years) participated in the experiment. Their
teachers and parents consented to participate af-
ter being briefed about what the experiment was
about. The consent included an assurance that
the children could withdraw from the experi-
mental session at any time without any negative
consequences. None of the children had previ-
ously taken part in any experiments. After finish-
ing the experiment, the children were thanked
and given small gifts, like pencils, markers, etc.

Setting and Apparatus

The experiment was conducted in a small
room measuring approximately 5m2. There were
two tables and two chairs on which children sat
during the sessions. An HP Compaq nc6320 lap-
top computer running Windows 8 and a screen
with a 16.8 in diagonal length and with a 16 X 9
horizontal-to-vertical ratio was used to conduct
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the experiment. The children used an external
mouse to control the position of the cursor. A cus-
tomized software developed in collaboration
with the first author controlled the presentation
of stimuli and the recording of all responses
throughout the experiment.

Stimuli

Abstract shapes and meaningful pictures
were used as stimuli (see Figures 1 & 2).

Figure 1
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Note. The Stimuli used in Experiment 1 for Group 5.
The E-stimuli varied from one group to the other
(shown in Figure 2).

Group 5
100% morphing

&

Figure 2
Group 1
oup
Al @ —
orp BT
25% morphing
|
) e
50% morphing g
|
o a°)
75% morphing

Note. The variation of the E-stimuli used in the five
conditions. This is the correct order.
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Morphing

The morphing program used to create the
stimuli was FantaMorph Version 5.4.1
(http:/ /www.fantamorph.com/index.html).
With the help of the program, one stimulus was
“morphed” into another stimulus (see Figure 2).

Design

The experiment was arranged as a between-
group design with children randomly assigned to
five different groups, each with 10 participants.
The difference between the stimuli used for each
group was the degree of morphing of the E-stim-
uli in the stimulus set. For Group 1, the E-stimuli
were pictorial stimuli. The meaningful stimulus
was degraded across groups, from 25% into the
abstract shapes for Group 2, then 50% morphing
in Group 3, and 75% and 100% morphing in
Groups 4 and 5 (ABS), respectively (see Figure 2).
Each participant was trained with the baseline re-
lations required to form three 5-member equiva-
lence classes in an MTO training structure. All
participants completed the experiment in a day.

Procedure

All baseline relations were trained in an MTO
training structure and with a simultaneous pro-
tocol. Furthermore, the baseline relations were
trained in a serialized basis, and programmed
consequences were provided following the selec-
tion of comparisons for each trial (see Table 1).
All conditional discriminations were established
before introducing a test for all emergent rela-
tions, and the trials were randomly presented
(see Table 2). Tables 1 and 2 show each of the trial
representations; the first stimulus is the sample,
and the other three are the comparison stimuli,
whereas the underlined comparison is the correct
comparison (e.g., A1/E1E2E3; see details in Table
1). The comparison stimuli were randomly pre-
sented in different positions in the four corners of
the screen with one corner blank. Every correct
response (experimenter-defined) to a sample-
comparison pair, was followed by a textual stim-
ulus on the screen as “awesome”, “very good,”
etc. Every incorrect response (experimenter-de-
fined) to a sample-comparison pair, was followed
by the textual stimulus “incorrect” on the screen.
The programmed consequences in a 36-trial block
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Table 1

Owerview of the Conditional Discrimination Training

Vol. 32

Training Phase

Mastery Crite-
rion

Likelihood of Pro-
grammed Consequences

Acquisition

Maintenance

A1/E1E2E3, A2/E1E2E3, A3/E1E2E3

B1/E1E2E3, B2/E1E2E3, B3/E1E2E3

A1/E1E2E3, A2/E1E2E3, A3/E1E2E3,
B1/E1E2E3, B2/E1E2E3, B3/E1E2E3

CI1/E1E2E3, C2/E1E2E3, C3/E1E2E3

A1/E1E2E3, A2/E1E2E3, A3/E1E2E3,
B1/E1E2E3, B2/E1E2E3, B3/E1E2E3,
CI1/E1E2E3, C2/E1E2E3, C3/E1E2E3

DI1/E1E2E3, D2/E1E2E3, D3/E1E2E3

A1/E1E2E3, A2/E1E2E3, A3/E1E2E3,
B1/E1E2E3, B2/E1E2E3, B3/E1E2E3,
CI1/E1E2E3, C2/E1E2E3, C3/E1E2E3,
DI1/E1E2E3, D2/E1E2E3, D3/E1E2E3

9/9

9/9

17/18

9/9

25/27

9/9

33/36

100

100

100

100

100

100

100

A1/E1E2E3, A2/E1E2E3, A3/E1E2E3,
B1/E1E2E3, B2/E1E2E3, B3/E1E2E3,
CI1/E1E2E3, C2/E1E2E3, C3/E1E2E3,
DI1/E1E2E3, D2/E1E2E3, D3/E1E2E3,

A1/E1E2E3, A2/E1E2E3, A3/E1E2E3,
B1/E1E2E3, B2/E1E2E3, B3/E1E2E3,
CI1/E1E2E3, C2/E1E2E3, C3/E1E2E3,
DI1/E1E2E3, D2/E1E2E3, D3/E1E2E3,

A1/E1E2E3, A2/E1E2E3, A3/E1E2E3,
B1/E1E2E3, B2/E1E2E3, B3/E1E2E3,
CI1/E1E2E3, C2/E1E2E3, C3/E1E2E3,
DI1/E1E2E3, D2/E1E2E3, D3/E1E2E3,

A1/E1E2E3, A2/E1E2E3, A3/E1E2E3,
B1/E1E2E3, B2/E1E2E3, B3/E1E2E3,

CI1/E1E2E3, C2/E1E2E3, C3/E1E2E3,
DI1/E1E2E3, D2/E1E2E3, D3/E1E2E3,

33/36

33/36

33/36

33/36

75

50

25
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Table 2
Overview of Trial

Types During Testing

Vol. 32

Baseline

Symmetry

Equivalence

A1/E1E2E3, A2/E1E2E3, A3/E1E2E3, BI/E1E2E3, B2/E1E2E3, B3/E1E2E3,
CI1/E1E2E3, C2/E1E2E3, C3/E1E2E3, D1/E1E2E3, D2/E1E2E3, D3/E1E2E3,

E1/A1A2A3, E2/A1A2A3, E3/A1A2A3, E1/B1B2B3, E2/B1B2B3, E3/B1B2B3,
E1/C1C2C3, E2/C1C2C3, E3/C1C2C3, E1/D1D2D3, E2/D1D2D3, E3/D1D2D3,
A1/B1B2B3, A2/B1B2B3, A3/B1B2B3, A1/C1C2C3, A2/C1C2C3, A3/C1C2C3,
A1/D1D2D3, A2/D1D2D3, A3/D1D2D3, BI/A1A2A3, B2/A1A2A3, B3/A1A2A3,
B1/C1C2C3, B2/C1C2C3, B3/C1C2C3, B1/D1D2D3, B2/D1D2D3, B3/D1D2D3,
C1/A1A2A3, C2/A1A2A3, C3/A1A2A3, C1/B1B2B3, C2/B1B2B3, C3/B1B2B3,
C1/D1D2D3, C2/D1D2D3, C3/D1D2D3, D1/A1A2A3, D2/A1A2A3, D3/A1A2A3,
D1/B1B2B3, D2/B1B2B3, D3/BIB2B3. D1/C1C2C3, D2/C1C2C3, D3/C1C2C3

Note. No programmed consequences were presented in the test.

consequence was displayed in the middle of the
screen for 500 ms. Termination of the pro-
grammed consequence was followed with a 500
ms inter-trial interval. Between trials, the mouse
cursor was returned to the center of the screen.

Instruction

Each session started with the participant
seated facing the computer monitor and pre-
sented with the following instructions on the
computer screen, which was read out loud by the
experimenter:

“In a moment, a stimulus will appear in the
middle of the screen. Click on this by using the
computer mouse. Three stimuli will then appear
in three corners of the screen. Choose one of them
by clicking on it with the mouse. If you choose
the stimulus we have defined as correct, words
like “very good,” “excellent,” and so on will ap-
pear on the screen. If you press a wrong stimulus,
the word “wrong” will appear on the screen. At
the bottom of the screen, the number of correct
responses you have made will be counted. Dur-
ing some stages of the experiment, the computer
will not tell you if your choices are correct or
wrong. However, based on what you have
learned so far, you can get all the tasks correct.
Please do your best to get everything right. Thank
you and good luck!” No further instructions were
given after this before and after the experiment
had started.

Acquisition of Baseline Relations

AE relations were trained first in a block con-
taining nine trials, three of each trial type (see Ta-
ble 1). A total number of nine correct trials out of
the nine trials in the training block was required
to proceed to the training of the next relation. BE
relations were then introduced with the same re-
quirements as AE, followed by a mix of AE and
BE relations with blocks of 18 trials with a mas-
tery criterion of at least 17 correct. Then, partici-
pants were exposed to the CE relations with the
same requirements as for AE and BE training, fol-
lowed by a mix of AE, BE, and CE relations with
blocks of 27 trials with a mastery criterion of at
least 25 correct. The last relation trained was the
DE relation with the same requirements as AE,
BE, and CE training. The final acquisition of the
baseline training involved a block of all the rela-
tions in a mixed training: AE, BE, CE, and DE re-
lations. The block had three presentations of each
12 trial types adding up to 36 trials. Out of the 36
trials, a minimum of 33 correct trials was required
to complete the acquisition of the baseline rela-
tions. If the mastery criterion was no met for any
of the trained relations as described above, the
participants repeated the block until they did so.

Maintenance of Baseline Relations

Programmed consequences followed the se-
lection of any comparison in every trial in all the
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blocks during acquisition. In the maintenance
training, the percentage of trials that produced
programmed was reduced first to 75%, then 50%,
25%, and finally to 0% (see Table 1). If the mastery
criterion was not reached in any of the blocks, the
blocks were repeated until the criterion was
reached. When the participants reached the mas-
tery criterion on the last block with no pro-
grammed consequences, the test for emergent re-
lations was introduced.

Test for Emergent Relations

A test block that contained 180 trials followed
the last block with no programmed consequences
(see Table 2). Of the 180 trials, there were 36 base-
line trials, 36 symmetry trials, and 108 equiva-
lence trials. All of the trials were randomly pre-
sented and without programmed consequences.
The formation of equivalence classes was defined
by the selection of at least 90% correct compari-
sons that were consistent with the experimenter-
defined classes for each type of relation.

RESULTS

Acquisition of Baseline Conditional Discrimi-
nations

The mean of the number of trials required to
establish baseline conditional discriminations
was computed for each group (see Figure 3). A
visual inspection of the graph shows an inverted
u-function across different stimuli with the high-
est number of trials for Group 3 and the lowest
number of trials less variation for Group 1. A
Welch’s ANOVA test showed an effect of stimu-
lus material W(4, 45)=7.006, p=0.0011. T-tests
with Welch correction showed a significant dif-
ference in the number of trials to mastery crite-
rion when comparing Group 1 (meaningful stim-
uli as node group) and Group 5 (abstract stimuli
as the node group) (p=.016). Also, statistical dif-
ferences were shown between Group 1 and
Groups 4 (p=.0023) and 3 (p=.016), but not for
Group 2 (p=0.136). Thus, the degree of degrading
the nodal stimulus did to some extent influence
the speed of acquisition of the baseline relations.

When the speed of acquisition (number of tri-
als) was compared for all participants who went
on to form equivalence classes and those who did
not form classes, fewer trials were required to ac-
quire the baseline relations for those who formed
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classes than those who did not (see Figure 4).
However, a Welch’s test showed that the differ-
ence was not statistically significant, =1.779,
p=.0855.

Equivalence Class Formation

As shown in Figure 5, there was a decrease in
responding in accordance with stimulus equiva-
lence as a function of morphing steps or degrad-
ing of the meaningful stimuli. In Group 1 (PIC as
node), all children responded in accordance with
stimulus equivalence, 70% of the children in
Groups 2 and 3 formed the classes, and 50% of
the children formed the experimenter defined
classes in Group 4. When exposed to abstract
shapes as the node, 10% of the children formed
the experimenter-defined stimulus equivalence
classes. A chi-square analysis showed the differ-
ences in yields to be statistically significant, X? (4)
=18.33, p =.001. Fisher Exact Tests indicated that
equivalence yields of Group 1 participants dif-
fered significantly with Groups 5 (p=.000) and 4
(p=.033) and, but not Groups 2 and 3 (p=.211). The
results suggest that the formation of equivalence
was a function of degrading the pictorial stimu-
lus as the nodal stimulus where greater yields
were produced with meaningful stimuli and a
decrease in the likelihood of equivalence class
formation as the nodal stimulus becomes more
and more abstract.

Figure 6 shows individual performance on
separate relations in the test for emergent rela-
tions. In Group 1, all participants responded in
accordance with experimenter-defined classes. In
Group 2, only P4733 did not have the baseline re-
lations intact, while two more participants (P4720
and P4719) did not respond in accordance with
the experimenter-defined criterion for symmetry
and equivalence trials. In Group 3, seven partici-
pants (P4705, P4713, P4716, P4736, P4706, P4722,
and P4747) responded in accordance with the ex-
perimenter-defined criterion for all relations. In
Group 4, five participants (P4741, P4737, P4727,
P4703, and P4745) responded in accordance with
the experimenter-defined criterion for all rela-
tions. For participants in Group 5, three partici-
pants (P4738, P4702, and P4721) had baseline re-
lations intact during testing and P4702 had re-
sponded in accordance with the experimenter-
defined criterion for symmetry, and P4721 also
for equivalence.
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DISCUSSION

The degrading of the pictorial stimuli which
served as nodes were done by using a morphing
procedure with gradually changing stimuli from
meaningful or pictorial stimuli to abstract shapes.
All children formed classes when the nodal stim-
uli were meaningful (the PIC group), while few
children responded in accordance with equiva-
lence when the nodal stimuli were abstract
shapes (the ABS group). When the pictorial stim-
uli were degraded, there was a systematic reduc-
tion in yields across groups. Thus, the formation
of equivalence classes was shown to be a function
of the degrading of pictorial stimuli, which
served as the nodal stimulus.

Number of Trials to Mastery Criterion

The results showed that the number of trials
to meet the mastery criterion was lowest for the
PIC group and highest for the ABS group. These
findings are in accordance with Arntzen and Lian
(2010). In the present experiment, there was no
linear function decreasing number of training tri-
als and the visibility of the pictorial stimuli as
nodes. Thus, the speed (number of responses) at
which participants acquired the baseline rela-
tions necessary for the formation of equivalence
classes was only to some extent influenced by the
degree of morphing of the nodal stimulus used.
The variation of the number of trials to criterion
is much smaller for the two reference groups
compared to the three groups with degrading of
the pictorial stimuli. Finally, it is also suggested
that acquisition speed was not a determinant or
predictor of subsequent equivalence class for-
mation.

Effect of Degrading Meaningful Stimuli on
Class Formation

A recent publication by Fields et al. (2020)
discusses how yield has been used as a measure-
ment in stimulus equivalence research, but also
points out the necessity of analysis of individual
data. The present experiment has included both
group and individual data. Regarding the group
data, the equivalence class formation for the ref-
erence groups (PIC and ABS groups) replicated
the findings in Arntzen and Lian (2010) employ-
ing the same training structure. Also, these find-
ings are consistent with results from the two ref-
erence groups in several experiments which have
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employed the linear series structure in testing for
three 5-member equivalence classes in adult par-
ticipants (e.g., Arntzen & Mensah, 2020; Arntzen
& Nartey, 2018; Nartey et al., 2015).

The visual analysis of the individual data
supports the notion about the analytic unit of
analysis of equivalence relations (Sidman, 1994,
2000). One interpretation of Sidman’s theory is
that all relations should emerge if the necessary
baseline conditional discriminations are estab-
lished. Forty-seven of the 50 children showed a
pattern of responding during testing in which all
features of stimulus equivalence would prevail, if
any. The three remaining children showed that
the baseline performance was intact during test-

ing.

Possible Mechanisms

There seem to be several possible mecha-
nisms for the findings in the present experiment.
Regarding the difference in class enhancement
comparing the results from the PIC and the ABS
groups, it has been argued that the enhancement
could be related to that the pictorial stimuli have
different behavioral properties. Hence, meaning-
ful stimuli are stimuli that have at least two func-
tions (e.g., Fields et al, 2012). The degree of
meaningfulness may vary from one stimulus to
the other, however, and also dependent on the
participants learning history. Thus, the meaning-
fulness of a stimulus could be relative. Also, the
enhancement effect of pictorial stimuli is because
the meaningful stimuli are presumably members
of already established categories prior to their
use in the equivalence class formation research.

Another variable of importance in the com-
parison of the PIC and the ABS group could be
the possibility of the naming of the meaningful
stimuli presented as E-stimuli as for the partici-
pants in Group 1. This possibility of naming stim-
uli as a class enhancement mechanism is in ac-
cordance with other experiments (e.g., Ma et al.,
2016). For the participants in Groups 2, 3, and 4
had a decreasing number of participants forming
equivalence classes, the children could still be
able to name stimuli even the degrading of picto-
rial stimuli.

Finally, the decreasing number of partici-

pants forming equivalence classes could be re-
lated to discriminability of stimuli. Other experi-
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ments have shown how the discriminability can
influence the performance on training on condi-
tional discriminations in non-humans (e.g., Jones
& White, 1992; White et al., 1985) and humans
(e.g., Doughty et al., 2014; Hayashi & Vaidya,
2008, 2012).

Design

In the present experiment, the arrangement
of the experimental conditions was employed as
a group design. We have presented individual
data, however. Quite a high number of the earlier
studies within stimulus equivalence research
have been arranged as demonstrations without a
strict experimental design, and lately, many ex-
periments are arranged as group designs. Some
of the reason for employing a group design in re-
search within experiments on emergent relations
is because of the possible effect of order and se-
quence when experiments are arranged as single-
case research design, in particular the effect of or-
der. We will emphasize the need for presenting
individual data along with group data in experi-
ments arranged as group design.

Generality of the Findings

Since the present experiment replicated the
findings for different groups of participants, it
will therefore be very important to successfully
explore the effect of the inclusion of meaningful
stimuli on the formation of equivalence classes as
a single-case experimental design and with MTO.
The suggestion of training structure is based on
findings showing that MTO and OTM training
structures produce higher yields than LS (see
Arntzen, 2012, for an overview). An experiment
arranged as a single-case experimental research
design with different morphing steps will con-
tribute greatly towards the generalization of the
effect of meaningful stimuli on the formation of
classes. In such an experiment, each participant
will be exposed to a number of morphing steps,
from 0% morphing to 100% morphing,.

An LS training structure with more members
could be useful in future experiments if the focus
is on the effect of number of nodes. The LS will
provide a sensitive measure for the experiment of
the effect of the use of varying degrading the pic-
torial stimuli of the nodes on class formation
within participants.
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Also, experiments including eye-tracking
technology, could give important information
about the controlling variables for responding in
conditions with morphed stimuli as in the three
variants of degrading the pictorial stimuli as in
the present experiment. Previous experiments
have shown time spent observing positive stim-
uli than negative stimuli (e.g., Huziwara et al,,
2016) and patterns as fixation time and transi-
tions between stimuli (e.g., Sadeghi & Arntzen,
2018). Eye-movements analyses when presented
the degrading pictorial stimuli could give essen-
tial information of what aspects of the stimuli
participants are attending to.

Summary

In the present experiment, we explored how
pictorial stimuli compared to abstract shapes in-
fluenced the outcome on number of training tri-
als to reach the mastery criterion of baseline con-
ditional discrimination and tests for the emer-
gence of equivalence classes. A morphing tech-
nique was used to present three variants of de-
grading of the pictorial stimuli, which serve as
nodal stimuli. The main findings showed a de-
crease of in responding in accordance with stim-
ulus equivalence across the variants of degrading
of the pictorial stimuli.
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Inequity aversion can be defined as the re-
fusal of gains or strong, negative emotional be-
havior when there is an unfair distribution of out-
comes (Brosnan & de Waal, 2014; Fehr &
Schmidt, 1999). Aversion to inequity may be in-
vestigated by the use of an inequity game, an ex-
perimental procedure derived from the economic
games literature (see McAuliffe, Blake, Steinbeis,
& Warneken, 2017). In this game, an allocation is
distributed between two players (Player One and
Player Two) by an experimenter. If Player One
accepts the allocation, both players receive their
allocated payoffs. If Player One rejects the alloca-
tion, neither player receives a payoff. Rejection of
an unequal distribution may be used as a meas-
ure of inequity aversion. Inequity aversion may
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occur in situations of disadvantageous inequity
(DI), in which one rejects an outcome that is less
than that of a partner. Inequity aversion may also
occur in situations of advantageous inequity (Al),
in which one rejects an outcome that is more than
that of a partner.

With respect to the ontogenesis of humans’
“sense of fairness”, there seem to be important
differences between aversion to DI and Al (Blake
et al., 2015; McAuliffe, Blake, Kim, Wrangham, &
Warneken, 2013; Corbit, McAuliffe, Callaghan,
Blake, & Warneken, 2017). Children across di-
verse societies show aversion to DI as young as 4
years old (Blake & McAuliffe, 2011; Blake et al.,
2015; McAuliffe et al., 2013; Shaw & Olson, 2012).
In contrast, emergence of aversion to Al is more
variable. Blake et al. (2015), for example, found
evidence of Al in older children (8 years old) in
some countries (the US, Canada, and Uganda),
but not in other countries (India, Mexico, Peru,
and Senegal). Aversion to Al may be more related
to social cues and cultural context than aversion
to DI, in that it is strongly observed and varies
less between people from different cultures and
individuals from different species, such as hu-
mans and monkeys (e.g., Blake et al., 2015;
Brosnan & de Waal, 2014). In this paper, we ask
if flexibility of aversion to DI may be best investi-
gated with experimental procedures with more
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long-lasting opportunities to interact with a part-
ner.

There is interesting empirical evidence show-
ing that more long-lasting opportunities to inter-
act with a partner may have a strong influence on
social behavior in test conditions (Abreu-Ro-
drigues, Natalino, & Al6, 2002; Avalos, Ribes-
Ifesta, Ortiz, & Serna, 2015; Marwell & Schmitt,
1975; Ribes-Ifesta, Rangel, Pulido, Valdez, Rami-
rez, Jiménez, & Hernandez, 2010; Schmitt, 1998;
Silverstein, Cross, Brown, & Rachlin, 1998). Typ-
ically, there is no programmed cost for social in-
teractions, but outcomes can vary due to some as-
pects of a partner’s behavior and the experi-
mental condition. In this kind of experimental
strategy, there are usually at least two experi-
mental conditions, and participants may experi-
ence repeated interactions with a given partner
under stable conditions before there is a change
in experimental conditions. For experimental
purposes, dyadic interactions may be controlled
when one member of the dyad is a confederate.

An example of a procedure that involves a
long-lasting opportunity to interact with a part-
ner is a puzzle task that can be shared with an-
other person (Avalos, Ribes-Ifiesta, Ortiz, &
Serna, 2015; Ribes-Ifiesta, Rangel, Pulido, Valdez,
Ramirez, Jiménez, 2010). The participant and a
partner (who is a research confederate) need to
solve puzzles, presented on individual computer
screens that show both the participant’s puzzle
and the confederate’s puzzle. The participant and
confederate can put pieces on their own puzzle as
well as on the other puzzle. If the participant or
the confederate places a piece on their own puz-
zle, he/she receives 10 points. In addition, if the
participant or confederate places a piece on the
other person’s puzzle, they may both receive 10
points (points delivery varied between studies).
Participants (college students) rarely put pieces
on the confederate’s puzzle when confederates
put pieces only on their own puzzles in baseline
sessions. Across experimental conditions, the
percentage of pieces that the confederate placed
on the participant’s puzzle varied from 0 to 25,
50, 75, and 100%, in ascending or descending or-
der. Results showed that participants placed
pieces on the confederate’s puzzle in the same
proportion as the confederate placed pieces on
the participants” puzzle. The flexibility of cooper-
ative strategies has also been investigated by
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Silverstein, Cross, Brown, and Rachlin (1998).
The study used a two-phase procedure with an
iterated prisoner’s dilemma game. Participants
were initially assigned to one of four experi-
mental conditions in which they played with a
confederate, and the confederate’s strategy var-
ied: (1) tit-for-tat, (2) play randomly, (3) always
cooperate, or (4) always defect. In a second phase,
participants played the prisoner’s dilemma game
with each other (instead of with the confederate).
During this latter condition, cooperation was the
predominant strategy mainly for those partici-
pants previously exposed to the tit-for-tat condi-
tion.

Collectively, experimental results indicate
that different cooperative behaviors may be flex-
ible in social situations, which requires a special
analysis regarding the learning mechanisms in-
volved when one person’s decisions may be af-
fected by the other person’s behavior. The main
aim of the present study was to devise a two-
phase experiment to investigate flexibility of
aversion to DI in young adults as a result of dy-
adic interactions with Al. We investigated
whether aversion to DI could be modulated by a
previous experimental history in which a confed-
erate acted in a “friendly” manner that produced
Al We compared this situation with two control
situations: one in which participants interacted
with an “unhelpful” partner who did not permit
Al and one in which participants did not have
previous experience with a partner (they were ex-
posed directly to the DI test).

METHOD

Participants

Fifty-nine college students, ranging in age
from 18 to 27 years, were recruited from a univer-
sity campus: 33 were female and 26 were male.
All participants signed informed consent forms
that had been approved by a Brazilian research
ethics committee (process CAAE:
19646713.4.0000.5561).

Experimental Environment and Materials

The experiment was conducted in a research
room at the University of Sdo Paulo. In the room,
there were two tables and two chairs, a folding
screen, and a whiteboard (Figure 1). The experi-
menter was stationed next to the whiteboard and
had visual access to the participant and
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confederate. The participant and the confederate
sat at separate tables, and visual contact between
them was limited by a folding screen positioned
between them. They could only see each other’s
hands, which card the other person played on
each trial, and the outcome presented by the ex-
perimenter on the whiteboard. The participant
and confederate each had a blue and a green card,
and there was a space marked on each table indi-
cating where they needed to place the chosen
cards on each trial. They also had access to a pen-
cil and notepad, on which they could write what-
ever they wanted. In a pre-experimental phase
with four trials, all participants learned general
rules about choosing cards, combinations of
cards and outcomes, and the payoff matrix for
different combinations of cards.

Figure 1

Exp: Experimenter

WB P: Participant

C: Confederate

WB: Whiteboard

S: Screen

L: Place indicated on desk

I’FE

Note. An overhead illustration of the experimental set-
ting.

Procedure

The participants were randomly assigned to
one of three experimental groups: friendly con-
federate (FRICON), wunhelpful confederate
(UNHCON), or control/no previous history
(NOHIST). Fifteen participants in the FRICON
group and all participants in the UNHCON
group completed two experimental phases: In the
first phase (labeled Phase Al), a history with a
friendly or unhelpful confederate was manipu-
lated. In the second phase (labeled Phase DI), the
production of DI was tested.
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There were 29 participants in the FRICON
group, 15 participants in the UNHCON group,
and 15 participants in the NOHIST group. In the
FRICON group, 14 participants were excused
from the experiment before Phase DI due to fail-
ure to meet the Phase Al criterion (see below).
Data from these participants were not included in
the overall data analysis. Participants in the
NOHIST group only completed the test for DI
(Phase DI).

Experimental Task and Payoff Matrix

On each trial, the outcomes for the partici-
pant and confederate were determined by the
combined choices of blue and/or green cards.
When the participant and confederate both chose
the blue card, there was an inequitable outcome.
When one or both choose a green card, there was
an equitable outcome. In Phase Al, inequity was
advantageous to the participant; in Phase DI, in-
equity was disadvantageous to the participant
(Table 1).

When the participant entered the experi-
mental room, the confederate was already sitting
in one of the chairs, behind the screen. Written in-
structions were given to the participant and con-
federate simultaneously. The experimenter asked
that instructions be read in silence. The instruc-
tions were:

This study is not about intelligence, and it is
not about assessing your intellectual abilities.
When you're done, you’ll get more explana-
tions. You will be working with a partner, and
both of you will have an identical task to per-
form. You and your partner will receive two
cards (one blue and one green). When the ex-
perimenter says the word “Attention,” you
must make a choice: place your hand on the blue
card or place your hand on the green card. After
your choice, the experimenter will say the word,
“Now!” At this point, put the chosen card in
the place indicated on your desk so that you and
your partner can see each other’s choices. On
each trial, you will receive a certain number of
points. The number of points you will receive
depends on your choice and the choice of your
partner. The experimenter will notify you when
the session is finished. Please remain seated and
do not talk to your partner or the experimenter
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Table 1.
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Payoff Matrix for Participants and Confederates in Phases Al and DI

PHASE Al
Advantageous Inequity to the Participant
Points
Card combinations Confederate’s Choice Trials
FRICON Blue-Blue* 5 2 Blue 15
UNHCON Blue-Blue* 5 2 Green 15
NOHIST (not exposed to this experimental phase)
PHASE DI
Disadvantageous Inequity to the Participant
Points
Card combinations Confederate’s Choice Trials
ALL GROUPS Blue-Blue* 2 5 Blue 12

*Any other combination produced equal outcomes: 2 points to both players.

“P” refers to participant and “C” refers to confederate.

during the session. All instructions are contained
on this sheet. If you have questions, reread the in-
structions (do not ask the experimenter any ques-
tions). When you're ready to begin, raise your
right hand.

After returning the paper with the general in-
structions, the participants received the follow-
ing specific instructions, also printed on paper:

If you choose the blue card and the participant
beside you also chooses the blue card (combina-
tion: blue-blue), you will earn five points and
the participant next to you will earn two points.
If you or your partner choose the green card
(combinations: blue-green, green-blue, or
green—green), you both will earn two points.

Experimental Design

After the participant read the general and
specific instructions, there was a pre-experi-
mental phase that consisted of four trials. The
confederate alternately chose the green and blue
cards on these trials (i.e., green-blue-green-blue).
The outcome on these trials was the same as that
in the next phase: inequity favorable to the par-
ticipant in cases in which both players chose the
blue card, and equity with any other card combi-
nation. The objective of this pre-experimental
phase was to permit the participants to test the
instructions about card choices and points distri-
butions. After the four trials, the experimental
phase was initiated without any notification.

Phase Al: advantageous inequity to the partici-
pant. In this phase, the confederate’s behavior
varied depending on the participants’ experi-
mental group. The confederate’s behavior was
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pre-determined in order to permit or prevent in-
equity favorable to the participant. In the
FRICON group, the confederate used the blue
card and allowed the participant to earn five
points while the confederate earned two points
on every trial. In the UNHCON group, the con-
federate used the green card and did not allow
the participant to earn five points (i.e., both the
participant and confederate earned two points)
on every trial. There were 15 trials in this phase.
For participants in the FRICON group, there was
a criterion to finish the phase: Participants were
only exposed to the next phase if they played the
blue card on at least 10 trials, and the blue card
was played on the last three trials.

Phase DI: disadvantageous inequity to the partic-
ipant. At the beginning of this phase, the experi-
menter provided additional written instructions
to the participant and confederate on how to earn
points. These instructions indicated that the pay-
off matrix was reversed: now blue-card choices
resulted in the confederate earning five points
and the participant earning two. On every trial
for all groups, the confederate always chose the
blue card. There were 15 trials in Phase DI. This
phase included the NOHIST group that received
only the preliminary, general instructions about
gains; also, this group was only exposed to Phase
DI and thus did not have an experimental history
with a friendly or unhelpful partner.

Data Analysis

The data file was organized in long format.
Each data file record (each choice for each partic-
ipant) contained the following variables: partici-
pant identification (ID), participant’s choice
(green, blue) (PC), phase (1, 2) (Phase), group
(FRICON, UNHCON, NOHIST) (Group), and
block (1, 2, 3) (Block). The total number of records
was 1125.

The dependent (outcome) variable was PC,
and category Green was the reference category.
A full factorial generalized linear mixed model
with binomial distribution and logit link function
(repeated measure logistic regression) was used
to test the main variables. Fixed effects for factors
Phase and Group was controlled by random ef-
fect of ID.
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RESULTS

Our main purpose with this experiment was
to see if dyadic interactions with a confederate
constrain aversion to DI for FRICON participants
(compared to participants in UNCOHN and
NOHIST groups). Our first analysis compared
participants in the three experimental groups in
two consecutive phases (Al and DI).

Figure 2 depicts the results from the two
phases for participants in FRICON and
UNCOHN groups and from Phase DI for partici-
pants in NOHIST group. Closed markers show
estimated marginal means and open markers
show individual participant data in each phase.
Considering participants in the FRICON group,
there was a small decrease in blue choices in
Phase DI. For these participants, blue choices
were still more frequent than green choices in the
second phase. For Participants in the UNCOHN
group, in contrast, the percentage of trials on
which participants chose the blue card dropped
to close to 40% in Phase DI, indicating an unwill-
ingness to produce DI. The NOHIST group
showed strong variability in choices: Some par-
ticipants choose the blue card on most of the tri-
als, but other participants choose the green card
on most of the trials. This result clearly illustrates
the importance of previous experience with Al
regarding the more consistent data in Phase DI
for participants in the FRICON and UNCOHN
groups.

For statistical comparisons, we adopted a sig-
nificance level of 0.05. The interaction effect was
significant, F (1, 1120) = 25.354, p < 0.001. There
was a simple main effect of Group for both
Phases DI and Al F (1, 1120) = 6.691, p = 0.01 and
F (2,1120) = 46.787, p < 0.001, respectively. Using
pairwise contrasts in Phase DI, the differences
among the levels for groups FRICON,
UNHCON, and NOHIST were significant
(FRICON - UNHCON: t (1120) = 9.373, Sidak ad-
justed p < 0.001, FRICON - NOHIST: t (1120) =
2.535, Sidak adjusted p = 0.011, and UNHCON -
NOHIST: t (1120) = 3.639, Sidak adjusted p =
0.001). The estimated marginal means (adjusted
proportion of blue card choices) were 0.928 and
0.689 in Phase Al for groups FRICON and
UNHCON, respectively, and were 0.799, 0.083,
and 0.482 in Phase DI for groups FRICON,
UNHCON, and NOHIST, respectively.
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FRICON

UNCOHN NOHIST

Blue -

Green -

i

Al DI

DI DI

Experimental condition

Note. Blue and green choices in Phases Al and DI for participants in the FRICON and UNCOHN groups and in Phase
DI for participants in the NOHIST. Closed markers show estimated marginal means and open markers show individual
participant data in each phase. Error bars indicate confidence intervals of 95%.

Figure 3 depicts the difference between
groups in Phase Al in three blocks of five trials.
Examining the data in smaller trial blocks shows
whether differences between the FRICON and
UNHCON groups in Phase Al occurred at the be-
ginning of the experiment or were established
during that phase. At the beginning of the exper-
iment, participants from both groups chose the
blue card on a similar number of trials initially,
but they differed in the second and third block.
Specifically, participants in the FRICON group
began to make more blue-card choices, whereas
those in the UNHCON group tended to make
slightly fewer blue-card choices.

DISCUSSION

Our results clearly show that previous per-
sonal history (Phase Al) affected decisions in a
situation with DI. We clearly constrained aver-
sion to DI for FRICON participants. We were able
to see this by comparing FRICON participants
with UNHCON participants and also by compar-
ing these groups with the NOHIST group (parti-

cipants who were not exposed to Phase Al).
These results are very strong and consistent, even
with a relatively small number of participants in
each experimental group. Another way to con-
ceptualize these results is that participants who
experienced a friendly confederate in Phase Al
(i.e., a partner who permitted Al to the partici-
pant) produced DI to themselves in Phase DI.

Our experimental strategy was successful in
demonstrating how flexibility in inequity aver-
sion may be produced in a two-phase experi-
ment. The primary contribution of this strategy is
that a majority of previous reports in the experi-
mental literature test inequity aversion using just
a few trials presented in a single condition that
are part of between-group strategies. There are,
however, some limitations in our analysis that
may be improved in future investigations. The
main limitation is related to the criteria for ad-
vancing participants in the FRICON group to
Phase DI: this criterion was used only for partici-
pants in that group, which may have biased the
comparisons between groups in the Phase Al
The use of the same criteria for all participants in
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Figure 3
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Note. Difference between groups in Phase Al in three blocks of five trials

the initial phase may produce more comparable
results in different conditions.

The results of Phase DI resemble a “tit-for-
tat” situation that is common in behavioral
games like the iterated prisoner’s dilemma (Axel-
rod, 1984). Research on reciprocity has created an
interesting discussion related to the evolution of
cooperation and has contributed to quantitative
models of social behavior and cultural evolution
(Axelrod & Dion, 1988; Axelrod & Hamilton,
1981; Boyd & Richerson, 1985). Developmental
and cultural mechanisms may explain changes in
inequity aversion at different age stages or group
levels, respectively, but they are less predictive in
dealing with the fact that inequity aversion may
be established or constrained within the reper-
toire of a given individual. For this reason, cross-
cultural variation about fairness is sometimes
hard to interpret and open to discussion about
which psychological or cultural mechanisms are
at work (Delton, Krasnow, Cosmides, & Tooby,
2010).

Our results may help integrate contributions
from learning principles (usually described as
content-independent processes) with evolution-
ary mechanisms that promote sociality (usually
described as content-dependent processes;

Tooby & Cosmides, 1992). Questions about learn-
ing are usually best investigated by using proce-
dures that permit long-lasting interactions be-
tween participants in a cooperative task before a
test. The literature on associative learning phe-
nomena, for example, has repeatedly illustrated
that learning rarely occurs in just one or a few tri-
als and often requires long-lasting interactions
(Rescorla & Wagner, 1972). Reciprocity and ineq-
uity aversion may be strongly explained by
evolved mechanisms. However, at the same time,
the results from Phases Al and DI suggest a cu-
mulative effect of learning during the dyadic in-
teractions. This effect may be also partially ex-
plained by the principles of stimulus control (Sid-
man, 2000; Urcuioli, 2013) because in Phase Al
the confederate’s behavior (blue or green choices)
is a condition associated with different rates of
point’s delivery. The effects of arousal (Killeen,
Hanson, & Osborne, 1978) may also aid in under-
standing differences between participants in
FRICON and UNHCON groups: Arousal refers
to the cumulative activation of behavior by the
presentation of outcomes (e.g., points gained on
each trial of a game) that can only be fully ob-
served once participants have had multiple expo-
sures to the same type of trial (Killeen & Sitomer,
2003).
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As in other fields of psychology, the question
is not about “innate” versus “acquired,” but, ra-
ther, is a matter of identifying mechanisms and
how those different mechanisms work and are in-
tegrated (Tooby, Cosmides, & Barrett, 2005). This
is an exciting avenue to explore because it per-
mits reconciliation of a genetic disposition to be-
have in a cooperative manner with the role of per-
sonal experience.
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Compound stimuli consist of two or more
elements that can be separated and potentially
control  behavior  individually (Stromer,
Mcllvane, & Serna, 1993). Even though multiple
elements of stimuli are present in the
environment when the three- or four-term
contingencies are learned, not all aspects of the
compound stimuli are necessarily a controlling
part of the contingency. Lack of stimulus control
by the different components of compound
stimuli has been referred to as selective attention
(e.g., Ploog, 2011; Ray, 1969), overselectivity
(e.g., Dube & Mcllvane, 1999; Schneider &
Salzberg, 1982) or restricted stimulus control
(e.g., Dube & Mcllvane, 1997; Ribeiro et al., 2015;
Stromer, Mcllvane, & Serna, 1993). Experiments
have shown that stimulus control often
restricted in non-human animals (Born &
Peterson, 1969; Reynolds, 1961) and humans
diagnosed with developmental disabilities and
autism (e.g., Dickson et al., 2006; Lovaas et al.,
1971; Stromer, Mcllvane, Dube, et al., 1993)
when established with simple discrimination
training. Lovaas et al. (1971) found that in
children without developmental disabilities and
autism, all aspects of the compound stimuli
controlled responding when tested separately in
a simple successive discrimination training
procedure. Perez et al. (2015) found similar
results in a simple simultaneous discrimination
procedure with college students. Whereas,
restricted stimulus control has been shown after
conditional stimulus control has been
established in matching-to-sample (MTS)
training procedure in the same population
(Braaten & Arntzen, 2019; Stromer & Stromer,
1990a).
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MTS training is an efficient procedure to
establish conditional discriminations among
stimuli. In this procedure, participants match
one of several comparison stimuli to a sample
stimulus. In MTS, the initial relation between the
sample stimulus and the comparison stimuli can
either be identical or arbitrary. In identity MTS,
participants match stimuli that are identical or
have a physical resemblance to each other.
Whereas, in arbitrary MTS, the stimuli are
different and do not have physical similarities.
Based on the programmed consequences given
in the arbitrary MTS procedure, participants
learn specific four-term contingencies between
stimuli, defined by the experimenter.

Braaten and Arntzen (2019) tested the
preference for the individual elements of four
different compound stimuli in adult participants
after an identity MTS procedure. The compound
stimuli in these experiments were made up of
simple shapes superimposed on a colored
background. In both experiments, many
participants repeatedly responded, in a forced-
choice test, to only one aspect of the compound
stimuli. The element from the compound stimuli
that controlled responding (color or shape)
varied across participants. The uniform
responding to one element might reflect that the
chosen stimulus had acquired stimulus control
and not both elements of the compound
stimulus. A limitation in this study was the
forced-choice set-up where participants had to
choose between the two correct comparison
stimuli. Hence, the authors suggested as a future
experiment to establish conditional
discriminations with abstract and compound
stimuli in an arbitrary MTS format and to test
each element of the compound stimuli
individually. Such an experiment would test if
adults show restricted stimulus control in MTS
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or if the result of the Braaten and Arntzen study
was an artifact of the procedure (forced-choice).

In an MTS procedure, once participants
have learned several arbitrarily related stimulus-
stimulus relations, one can test for the formation
of stimulus equivalence classes. Stimulus
equivalence is verified by the emergence of
novel relations between the sample and
comparison stimuli. Sidman and Tailby (1982)
described that when participants relationally
respond to three wuntrained properties:
reflexivity, symmetry, and transitivity, stimulus
equivalence classes have emerged. Some
experiments have used compound stimuli in
arbitrary MTS procedures. These experiments
have tested for emergent relations by separating
and rearranging the compound stimuli in
different ways (e.g., Stromer & Stromer, 1990a,
1990Db). Stromer and Stromer (1990a) trained 18
college students in an MTS procedure using
compound stimuli and tested for equivalence
relations. The compound stimuli used in the
experiment were tone and color stimuli
presented at the same time. Stromer and
Stromer reported that 14 out of 18 participants
responded consistently with the two 5-member
equivalence classes and four participants that
did not. These results suggest that both elements

of the compound stimuli do not control
responding in arbitrary MTS for some
participants. Stromer and Stromer (1990b)

extended their procedure by training each
component of the compound stimuli (tone and
color) to abstract stimuli first, before training
compound stimuli to a new abstract stimulus.
The results showed that stimulus control by all
elements of the compound stimuli was
established for a higher number of participants
(13 out of 14). Hence, these results might
indicate that different manipulations of the MTS
arrangement can affect stimulus control to
compound stimuli.

The studies mentioned have investigated
compound stimuli in arbitrary MTS in humans
with compound sample stimuli and simple (one
element) comparison stimuli. Hayashi and
Vaidya (2008) investigated the effect of
establishing control with compound stimuli as a
sample stimuli, comparison stimuli, or both in
an MTS procedure. In their conclusion, they
suggested that conditional discriminations
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might be easier to establish if the sample
stimulus is a simple stimulus and comparison
stimuli are compound stimuli than the other
way around. One way to investigate the
compound stimuli's function as sample or
comparison stimuli and test for emergent
responding can be done by comparing One-to-
Many (OTM) and Many-to-One (MTO) training
structures. For example, in a three-member
stimulus class where the compound stimulus is
the nodal stimulus, the compound stimulus
would be the sample stimulus in an OTM
training structure. In the MTO training
structure, the compound stimulus would be the
comparison stimuli.

Investigating restricted stimulus control to
elements of compound stimuli in arbitrary MTS
and testing for emergent responding with an
additional manipulation of the training structure
in adult participants has, as far as the authors
know, not yet been studied. Hayashi and
Vaidya's (2008) results may predict that
participants trained with an MTO training
structure will use fewer training trials to learn
conditional discriminations. However, they did
not test for emergent relations, so we do not
know how such manipulation would affect
emergent responding. Saunders and Green
(1999) argue that the number of simple
discriminations  learned  in  conditional
discrimination training predicts the outcome of
a test for stimulus equivalence relations. In an
MTS procedure, participants are exposed to
simple discrimination when learning conditional
discriminations. Based on their analysis, the
MTO training structure presents all simple
discriminations between all stimuli in training,
whereas the OTM structure does not. This
discrepancy between the number of simple
discriminations presented in training might
result in higher yields in stimulus equivalence
tests following the MTO training structure than
the OTM training structure. Saunders and
Green's assumption is based on single element
stimuli and not compound stimuli.

The present experiment's primary purpose
is to investigate restricted stimulus control with
compound stimuli in adult participants in
arbitrary MTS and emergent responding. To do
so, participants will learn conditional
discriminations with some compound stimuli in
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an arbitrary MTS procedure with a 0-s delay,
followed by a test for equivalence class
formation with elements of the compound
stimuli tested individually. A secondary
purpose is to investigate if the function of the
compound stimuli either as a sample stimulus
or comparison stimulus in the MTS procedure
would affect potential restricted stimulus
control. For this purpose, two groups, one
trained with OTM training structures and one
with MTO, will be compared.

METHOD
Participants

Twenty-six female and four male (age 19-
53) university students participated in the
experiment. Participants signed a consent form
where they were informed in general terms
about the experimental situation, their rights,
and the experiment's approximated duration
(one hour). All participants were shown their
data and thoroughly debriefed about the
research.

Setting

Two rooms were used to conduct the
experiment. One room was 13m?, had two
windows covered with blinds, and furnished
with chairs and tables. The second room was
without windows and organized with dividing
walls creating two small cubicles. Each cubical
was 2.7 m? and equipped with one table and one
chair

Apparatus and Stimuli

Participants were trained and tested on
laptop computers with Windows 8 operating
system and connected with an external mouse.
One computer had a 15.6-inch screen, and the
other one had a 17-inch screen. Custom-made
matching-to-sample software ran the training
and testing, controlled stimuli presentation, and
registered participants' responses.

The same set of stimuli were used in both
groups (see Figure 1) and consisted of 12
stimuli, potentially partitioned into three classes.
The stimuli-set contained three color stimuli (A),
three shape stimuli (B), and six abstract stimuli
(C and D). In training, one compound stimulus
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was trained to two abstract stimuli. The
compound stimuli consisted of shape stimuli
superimposed on color stimuli AB (see Figure 1,
the letters indicate which background color each
stimulus had, and were not on the stimuli). The
three compound stimuli were a circle on a blue
(B) background, a cross on a green (G)
background, and a triangle on a red (R)
background. In the test, elements of each
compound stimuli were separated and
presented individually (stimuli A and B in
Figure 1). All stimuli were approximately 5 cm x
5 cm on the screen.

The participants were asked to sort
laminated printouts of the stimuli before
training to ensure that they were not familiar
with the experimenter-defined stimulus classes.

Figure 1
Experimental Stimuli in Both Conditions
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Note. The stimuli used in training and testing. The
letters on the left side denote class members, and the
number on the top denotes the class. AB stimuli on
the bottom are the compound stimuli made up of A
and B stimuli merged on top of each other. The letters
on the A and AB stimuli represents the color of the

stimuli, and were not on the stimuli used in the
experiment. B=blue, G=green, and R=red.
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Design

Participants were randomly assigned into
two groups. In one group, participants were
trained with an OTM training structure,
hereafter called OTM-group. Here, the
compound stimuli were the nodal stimuli,
always presented as sample stimuli. Participants
in the other group were trained with an MTO
training structure, hereafter called MTO-group.
Again, the compound stimuli were nodal
stimuli, but the compound stimuli served as
comparison stimuli in this condition.

Procedure
Instruction

Participants were seated in front of a
computer and presented with the following
instruction on the screen (translated from
Norwegian):

"A stimulus will appear on the screen. You
must click on this with the mouse. Three stimuli
will appear. Select one of these by clicking the
mouse. If you choose the one we have defined as
correct, words like "good," "super," etc., will
appear on the screen. If you press incorrectly,
"wrong" will display on the screen. During the
experiment, the computer will not provide
feedback on whether your choices are correct or
incorrect, but based on what you've learned, you
can get all the tasks right. Do your best to get
everything correct. Good luck!"

To advance to training, participants had to
press the "START" button below the instruction.

Training

The purpose of the training phases was to
establish six conditional discriminations.
Participants in the OTM-group were taught
A1B1-C1, A2B2-C2, A3B3-C3, A1B1-D1, A2B2-
D2, A3B3-D3 relations, whereas participants in
the MTO-group learned C1-A1B1, C2-A2B2, C3-
A3B3, D1-Al1B1, D2-A2B2, D3-A3B3 relations.
Each trial began with a sample stimulus in the
middle of the screen, and after a mouse click on
the sample stimulus, it disappeared, and three
comparison stimuli appeared on the screen with
a 0-s delay. Here, participants had to choose one
of three comparison stimuli. If they chose the
experimenter-defined  correct  comparison,
words like "correct," "good," etc., appeared in
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the middle of the screen. If they chose the
experimenter-defined wrong comparison, the
word '"wrong" appeared on the screen. The
programmed consequences were on the screen
for 1 s, followed by a 0.5 s intertrial interval
before the next trial. For each trial, the three
comparison stimuli appeared randomly in the
four corners of the screen. The baseline relations
were established concurrently in blocks of 30
trials. Each relation was presented five times in
a block and in random order. After one block
with 90% correct or more, the probability of
programmed consequences was reduced to 75%,
25%, and then 0% in the consecutive blocks. If
the mastery criterion of 90% correct was not
reached, the last block was repeated.

Testing

Testing Phase 1. The first testing phase's
purpose was to test for baseline (BSL) and
symmetry (SYM) relations with the compound
stimuli. In this test, all compound stimuli were
as in training, made up of shape and color. The
test trials had the same set-up as in training. The
test consisted of 60 trials: 30 BSL trials same as in
training, and 30 SYM trials: C1-A1B1, C2-A2B2,
C2-A3B3, D1-A1B2, D2-A2B2, D3-A3B3 for the
OTM-group, and A1B1-C1, A2B2-C2, A3B3-C3,
A1B1-D1, A2B2-D2, A3B3-D3 for the MTO-
group. All trials were presented in random
order.

Testing Phase 2. The purpose of the second
testing phase was to test BSL, SYM, and
equivalence (EQ) relations presenting each
element of the compound stimuli at the time to
evaluate if one part of the compound stimuli
exerted more control of responding than the
other. The second test phase started
immediately after the first test, independently of
the performance in Test 1. In Test 2, compound
stimuli were separated, and each element was
presented individually on the screen in each
trial, shown as stimuli A and B in Figure 1. All
participants, regardless of training structure,
were tested for 30 trials similar to BSL relations
with only color stimuli (BSL-C), 30 trials similar
to BSL relations with only shape stimuli (BSL-S),
30 trials similar to SYM with only color stimuli
(SYM-C), 30 trials similar to SYM with only
shape stimuli (SYM-S), and 30 EQ trials: C1D1,
C2D2, C3D3, D1C1, D2C2, D3C3 for both groups.
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Figure 2

Number of Training Trials in Each Condition
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Note. The black dots represent participants who passed Test 1, and the grey dots represent participants who failed
Test 1 in the OTM and MTO condition. OTM=0One-to-many, MTO=one-to-many.

In total, there were 150 test trials. The set-up was
the same as in training and Test 1.

Mastery Criterion in Test 1 and Test 2. The
mastery criterion for both tests was 95% correct
for each relation. Participants with mastery
below 95 percent in either baseline or symmetry
relations on Test 1 were excluded from the
experiment's last part. The criterion was set to
exclude participants that did not establish the
stimulus classes with the compound stimuli in
Test 2. This way, to a higher degree of certainty,
one could conclude that any incorrect
responding in Test 2 was due to the separation
of the compound stimuli.

RESULTS

Fifteen participants in each group finished
the experiment with an average of 275 training
trials in the OTM condition (range=150-540) and
an average of 422 training trials in the MTO
condition (range=180-990). Figure 2 displays the
number of training trials for each participant.
The black and grey circles denote those
participants who passed and failed Test 1,
respectively. An independent-samples t-test was
conducted to compare the number of training

trials in the OTM and MTO conditions. The test
showed no significant difference in the number
of training trials for the OTM (M=274.38,
SD=103.1) and the MTO (M=422.4, SD=280.9)
conditions; p=0.0664.

Results from Test 1 and 2 for participants in
both groups are shown in Table 1. Here,
performance above the criterion (95% correct) is
written in bold. When presented with BSL and

SYM test trials with the compound stimuli, three
participants in each group did not reach
criterion in one or both relations. These
participants were excluded from further
analysis. Eight participants in the OTM-group
passed Test 2, and seven participants passed in
the MTO-group. Fisher's Exact Test indicate a
non-significant difference in test outcome on
Test 2 between the groups (p=1). The four
participants who did not reach the criterion in
the OTM-group responded incorrectly on trials
testing the color or the shape aspect of the
compound stimuli. P17185 had incorrect
responses when presented with the color stimuli
in BSL trials, whereas P17171 responded
incorrectly when the shape stimuli were
presented in BSL trials. P17178 had a total of 42
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Table 1

Overview of Results

OT™M
Participant| Test 1 - Compound Test 2 - Compund Separated

# BSL | SYM |BSL Color|BSL Shape|SYM color [SYM shape]  EQ
17151 30 30 30 29 29 30 30
17159 30 30 30 30 30 30 30
17160 30 30 30 30 30 30 30
17162 30 30 30 29 30 30 30
17167 30 30 30 30 30 30 30
17180 29 30 30 30 30 30 30
17181 30 30 29 30 30 30 29
17170 30 30 30 29 30 30 29
17158 30 29 28 30 30 30 29
17171 29 30 30 28 30 30 30
17178 29 30 8 30 10 29 30
17172 29 30 27 28 28 28 28
17154 30 27
17175 30 27
17164 28 28

MTO
Participant| Test 1 - Compound Test 2 - Compund Separated

# BSL SYM | BSL Color |BSL Shape ‘SYM color |SYM shape‘ EQ
17152 30 30 30 30 30 30 30
17163 30 30 30 30 30 30 30
17166 30 30 30 30 30 30 30
17177 30 30 30 30 30 29 29
17168 30 30 30 30 29 30 30
17173 30 30 30 30 30 30 30
17179 30 30 30 30 30 30 30
17161 30 29 30 30 30 27 30
17169 30 30 30 27 30 28 29
17156 29 30 29 26 29 28 28
17165 30 30 30 10 30 10 30
17176 29 29 30 28 30 28 30
17157 28 29
17153 26 25
17155 24 19

Note. The table shows the number of correct responses made in Test 1 and Test 2 for each relation. Performance above
the mastery criterion (95%) is in bold. The three last participants in each group did not meet the criterion in Test 1
and did not advance to Test 2. BSL=baseline, SYM=symmetry, EQ=equivalence.
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incorrect trials in Test 2. All incorrect trials were
made regarding color stimuli, both in trials
testing BSL and SYM relations. P17172
responded below the criterion in all relations
tested, including EQ relations.

All five participants who did not reach the
mastery criterion in the MTO group responded
below the criterion in trials testing shape
stimuli. P 17161 responded only incorrectly in
SYMS-S trials, where all the others did so in both
BSL-S and SYM-S trials. All of those had two to
four incorrect trials, whereas P17165 had 40
incorrect trials in both relations testing with
shape stimuli. P17156 was the only participant
that did not reach the criterion on EQ trials.

The test performance of the two participants
with the most incorrect trials in Test 2 is
displayed as a response matrix in Figure 3. Here,
the vertical stimuli on the left side of the matrix
represent sample stimuli, and the horizontal
stimuli on the top of the matrix represent chosen
compound stimuli. The different colors, from
light grey to black, represent the number of
responses illustrated on the right side of the
figure. The left matrix exemplifies how the
matrix would look if a participant responded co-

Figure 3

Response Matrix for Two Participants

Example of Correct Responding P17178
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rrectly to all trials. The responses of P17178 in
the OTM group are shown in the middle matrix.
This participant had 22 incorrect test trials in
BSL-C and 20 incorrect trials for SYM-C
relations, and the incorrect responses to color
stimuli were random without any pattern of
responding. This response patten show a lack of
stimulus control to all color stimuli. The right
matrix shows responses of P17165 from the
MTO group. This participant had 20 incorrect
trials in both BSL-S and SYM-S relations, and
systematically responded to the cross when the
triangle was correct and vice versa. This
response pattern shows participant-defined
stimulus control.

DISCUSSION

In both groups, 12 out of 15 participants
responded within the criterion on baseline and
symmetry relations in Test 1. Thought, when
exposed to Test 2, where the compound stimuli
were separated, 33.3% of participants in the
OTM-group and 42% in the MTO-group did not
reach the test’s mastery criterion (95%). For
these participants, both elements of the
compound stimuli did not control responding.
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Note. The response matrix display responses made in Test 2. Stimuli on the left side of each matrix
represent sample stimuli, and the stimuli on the top represent the comparison stimuli chosen by the
participants. The matrix on the left is an example of 100 % correct responding. The different colors
illustrate the number of responses made for each relation, labeled on the right side.
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In this experiment, one might have expected a
higher number of participants reaching the
criterion in Test 2 for several reasons. Firstly,
OTM and MTO training structures often result
in high yields in stimulus equivalence relations
(Arntzen, 2012). Also, variables such as small
and few classes (Arntzen & Holth, 2000),
meaningful stimuli (Fields & Arntzen, 2018),
and training and testing with a 0-s delay
(Arntzen, 2006, Bortoloti & de Rose, 2009)
generally increase the probability of responding
in accordance with stimulus equivalence. Lastly,
stimuli used in the three compound stimuli are
very familiar to the participants. Therefore, it is
surprising and interesting that more than one-
third of the total number of participants
responded incorrectly when the compound was
separated, and the elements were tested
individually. The present experiment results
differ from Lovaas et al. (1971) and Perez et al.
(2015) that did not show restricted stimulus
control in healthy children or adults,
respectively. On the other side, the results
support Braaten and Arntzen (2019) and
Stromer and Stromer (1990a) that some adult
participants show restricted stimulus control.

The present results show no statistical
difference between the MTO and the OTM
groups regarding equivalence class formation in
Test 2. These results oppose Saunders and
Green's simple discrimination analysis (1999),
which predicts higher yields in equivalence class
formation following training with an MTO
training structure than an OTM training
structure. Saunders and Green's discrimination
analysis are based on simultaneous matching
between sample and comparison stimuli. In the
present experiment, a 0-s delay between the
offset of the sample stimulus and the onset of
the comparison stimuli was used. A delayed
MTS procedure creates successive
discriminations  instead of  simultaneous
discrimination between the sample stimulus and
the comparison stimuli. Saunders and Green do
not discuss this variance of the procedure or
how this would affect the outcome. Though,
they do argue that simple successive
discriminations are more difficult than simple
simultaneous discrimination. Saunders and
Green emphasize that the discrepancy between
the number of simple discriminations embedded
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in the training structures increases when the
class size and number of classes increase,
leading to a greater difference in outcome
between the two training structures. They also
write that when training with few and small
classes, differences between outcome might not
be as evident (p.129), which might be the case
for the present experiment.

There are differences between the two
groups in the present experiment regarding
participants’” responding to the compound
stimuli' elements for those who failed Test 2.
Participants in the MTO-group only responded
incorrectly to shape stimuli, not color. Whereas
in the OTM-group, participants responded
incorrectly to both color and shape stimuli. The
main difference between the two conditions is
that the compound stimuli serve as sample
stimuli in the OTM training structure and as
comparison stimuli in the MTO training
structure. Thus, the compound sample stimuli
are successively discriminated from each other
in OTM, and the compound comparison stimuli
are simultaneously discriminated from each
other in MTO. Arguably, presenting all the
compound stimuli on the screen together, the
color stimuli are the most immediate visually
discriminable feature of the compound stimuli.
All the shape stimuli are black and, though
familiar, maybe not visually impactful. The
present results indicate that simultaneous
discrimination of the compound stimuli might
have resulted in an increased probability of
stimulus control to the more outstanding or
salient part of the compound stimuli, the color.
Contrary, when compound stimuli are
successively discriminated as sample stimuli,
the compound stimuli are not pitted against one
another. Hence, whether  participants
responding are under control of the shape or
color might be the result of participants'
preference (learning history) for the color or
shape of that particular compound stimuli and
not because of a comparison of the compound
stimuli as sample stimuli, resulting in more
variation in what aspect of the compound
stimuli controlled behavior. Future research
could vary the compound stimuli functions and
the stimuli that compose the compound stimuli
to investigate this potential effect of
simultaneous and successive discrimination on



EAHB Bulletin

restricted stimulus control. Also, one could
include more complex or unfamiliar stimuli as
the compound stimuli.

The BSL and SYM relations in Test 2 are of
most interest in terms of evaluating restricted
stimulus control. However, the equivalence
trials are interesting to assess whether
participants fully formed equivalence classes.
Only P17172 in OTM-group and P17156 in
MTO-group did not reach the criterion in EQ
trials. They had incorrect trials in other relations
tested, see Table 1. Both responded correctly in
Test 1, which shows that the separation of the
compound stimuli disrupted class formation.
All the other participants establish 3 three- or
four-member equivalence classes with one or
both aspects of the compound stimuli,
respectively, as a part of the class.

Two participants stand out due to a high
number of incorrect trials in Test 2, illustrated in
Figure 3. P17165, in the MTO group, had 20
incorrect trials. This participant systematically
responded to the cross when the triangle was
correct and the triangle when the cross was
correct. Such a pattern of responding is an
example of participant-defined classes as
opposed to experimenter-defined classes. The
participant responded correctly to the circle
stimuli, as defined by the experimenter. In the
OTM-group, P17178 had 23 incorrect trials,
mostly to color stimuli. This participant
responded incorrectly to all colors indicating a
general lack of stimulus control and not
participant-defined class formation. Individual
differences as to what aspect of the compound
controls responding have been shown in
pigeons (Reynolds, 1961) and humans (Braaten
& Arntzen, 2019).

The results from this experiment show that
participants used, on average, approximately
50% more training trials to learn the six
conditional discriminations with an MTO
training structure compared to the OTM
training structure. This result was not
significant, though it might indicate that
learning conditional discriminations with an
MTO training structure with compound stimuli
as comparison stimuli were more challenging.
Hayashi and Vaidya (2008) argued that
discriminability is a more critical feature then
complexity. "...(T)he stimuli that are more
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readily discriminated should be positioned as
the sample and those less readily discriminated
as the comparison stimuli" (p.182). In the
present experiment, the simple stimuli were
abstract shapes unfamiliar to the participants
(see Figure 1), and the compound stimuli were
well-known shapes and colors. In terms of
discriminability, it is difficult to conclude that
the compound stimuli in the present experiment
are more difficult to discriminate than the
abstract, unfamiliar shape; actually, it might be
the opposite. Participants have a long history
with squares, triangles, and circles and the
colors; blue, green, and red, making those
stimuli potentially easier to discriminate than
the abstract stimuli. Therefore, it is challenging
to draw any conclusions on whether current
results support or oppose Hayashi and Vaidya.

Finally, the present results have valuable
contributions by elucidating that restricted

stimulus control occurs under specific
conditions in  conditional discrimination
procedures in adult humans without a

diagnosis, which has practical implications that
should be considered when establishing
stimulus  control to  complex  stimuli.
Simultaneously, this experiment shows that
small manipulations of the MTS procedure and
a fine-grained analysis can increase knowledge
regarding the stimulus function in a four-term
contingency and the role of simple simultaneous
and successive discriminations in conditioned
discriminations and stimulus equivalence class
formation.
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The accumulation of reinforcers is prevalent
in humans and non-human animals. For exam-
ple, some animals store food, and many more
engage in central place foraging, described in
models of foraging such as the marginal value
theorem (Charnov, 1976), which models the
relationship between travel cost and time spent
in patches. Humans also accumulate reinforcers,
including conditioned reinforcers, such as mon-
ey, but also others like beanie-babies and toilet
paper.

Another example of conditioned reinforcers
that are commonly accumulated are tokens. The
tokens provided in token economies can serve as
a bridge between a response and a reinforcer
(Kazdin & Bootzin, 1972), making behavior less
sensitive to delays to terminal reinforcement.
Token accumulation research has often focused
on the manipulation of the (a) token production
schedule and (b) the exchange production
schedule. This typically involves altering the
relevant response requirement. Specifically, the
token production schedule is the response re-
quirement for producing tokens, and the ex-
change production schedule is the response
requirement for producing the opportunity to
exchange tokens. In a study by Yankelevitz,
Bullock, and Hackenberg (2008), pigeons” key
pecks were reinforced by delivery of tokens
exchangeable for food. The token production
schedule varied between fixed-ratio (FR) 1 and
FR-10. Pecks to a separate key initiated an ex-
change period. The exchange production sched-
ule ranged from FR-1 to FR-250. The authors
found that accumulation was a combined func-
tion of the token production and the exchange
production schedules. Token accumulation was
positively correlated with increases to the ex-
change production schedule, and negatively
correlated to the token production schedule.

The exchange production schedule is often
described as a type of travel or procurement cost
(Charnov, 1976, Hackenberg, 2018) and its effect
on accumulation is well-documented. For ex-
ample, Killeen (1974) measured the effects of
travel distance between the lever and food dis-
penser on the accumulation of pellets before
consuming them. Rats” lever presses were rein-
forced with food on an FR-1 schedule. Distance
between the food dispenser and the response
lever was increased across conditions. Killeen
found that as the distance increased, the number
of times the rats pressed the lever before travel-
ing to the pellets increased. McFarland & Lattal
(2001) conducted a similar study in which they
manipulated the FR food schedule and the dis-
tance between the earn and collect lever. Over-
all, accumulation was highest when the earn
and collect levers were furthest apart, and the
FR food schedule was at its lowest value. This
result is consistent with the effects of distance on
accumulation (Killeen, 1974), and the effects of
the exchange and token production schedules
on accumulation (Yankelevitz et al, 2008.)

Over the past ten years, accumulation re-
search has been extended to applied behavior
analysis and behavior therapy. This line of re-
search has focused on the preference for accu-
mulated, delayed terminal reinforcers compared
to immediate, distributed reinforcers. DelLeon et
al. (2014) measured the efficacy of distributed
and accumulated backup reinforcers on task
completion by increasing the exchange produc-
tion schedule in a token economy. Response
rates were highest when participants were given
access to accumulated reinforcers (i.e. several
minutes of access to a video game) contingent
on multiple response requirements rather than
shorter access (i.e. thirty seconds) contingent
upon a single response requirement. In addition
to increased efficacy, participants also preferred
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the former over the latter when the reinforcer
was an activity (4/4 participants) and an edible
(3/4 participants). Participants typically engage
in fewer problematic behaviors during accumu-
lated reinforcer conditions as well (Fulton et al.,
2020; Robinson & Peter, 2019) and are often suc-
cessful in skill acquisition programs (Frank-
Crawford et al., 2019). Another study assessed
the extent to which preferences for larger ex-
change production schedules was moderated by
the token production schedule (Falligant et al.,
2020). Preference for larger exchange production
schedules was higher during dense token pro-
duction schedules, but reversed as the token
production schedule was increased. These find-
ings are consistent with studies of pigeons in
which increases to token production and ex-
change production schedules had opposing
effects on accumulation (Yankelevitz et al,
2008).

Another variable that affects how partici-
pants behave in a token economy is token gen-
eralizability. Generalizability can be manipulat-
ed by varying the number and type of back-up
reinforcers available for each token during the
exchange period. According to Skinner (1953)
behavior maintained by a generalized reinforcer
is likely to be under the control of multiple
states of deprivation. For example, if a student
were to earn a token that can be exchanged ex-
clusively for potato chips, then a motivational
operation that relates specifically to potato chips
is required for the tokens to serve as effective
reinforcers. However, if the student can ex-
change tokens for a large menu of items, then a
much broader set of motivational operations
will support the efficacy of tokens as reinforcers.

In one of the first demonstrations of general-
ized token efficacy, DeFulio et al. (2014) assessed
the reinforcing value of three different types of
tokens under conditions of water deprivation:
food tokens (exchangeable for only food), water
tokens (exchangeable for only water), and gen-
eralized tokens (exchangeable for food or water)
with pigeons. Subjects produced more general-
ized than specific tokens across several increas-
ing token production schedules, demonstrating
a higher reinforcing efficacy for generalized
tokens. A similar study extended the procedure
of DeFulio et al. by measuring effects of in-
creased token production requirements on the
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production of generalized and specific reinforc-
ers. As the price of tokens exchangeable for spe-
cific reinforcers (food and water) increased, the
production of generalized tokens (exchangeable
for food or water) increased, demonstrating that
generalized token reinforcers are substitutes for
specific token reinforcers (Andrade & Hacken-
berg, 2017). Tan & Hackenberg (2015) used a
similar arrangement to assess the efficacy of
generalized token reinforcers with progressive
ratio schedules, and preference procedures, and
by manipulating response requirements to gen-
erate a demand function. This study similarly
illustrated the substitutability of generalized
tokens with specific food and water tokens.

A key gap in human reinforcer accumula-
tion research is that the effects of generalizabil-
ity on accumulation are not well understood. At
most, previous research on humans has shown
how preferences for accumulated reinforcers are
affected by one of the token component sched-
ules. Therefore, the present experiment was
designed to investigate determinants of human
token accumulation. Most importantly, token
generalizability was manipulated across condi-
tions by increasing the variety of goods that
could be purchased with tokens. In addition, the
exchange production schedule was manipulated
by increasing the distance between the computer
that delivered the token production task and the
store where tokens were exchanged for other
items. The token production schedule was also
manipulated.

METHOD
Subjects

Five undergraduate students at a large
midwestern university were recruited to partici-
pate in this study. Subjects were eligible to join
this study if they were (1) at least 18 years old;
(2) able to use a computer and be able to per-
form simple math; and (3) were not colorblind.

Subjects were excluded if they are (1) are
suspected of being under the influence of recrea-
tional drugs or alcohol before, during, or imme-
diately after any session; (2) had known allergies
to any items included in the token exchange
center.
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Apparatus

A scale was used to weight all food items to
the gram. Hot coffee and chocolate were meas-
ured using a programmable single cup coffee
maker set at 4 ounces. All food items were dis-
tributed using paper plates, and sports drinks
were poured into a plastic cup.

Procedure
Design

The study featured a single subject, repeated
measures design. Each participant received all
conditions. Participants completed the study
over a minimum of seven and maximum of nine
sessions, with no more than one session con-
ducted per day.

Overview of Procedure

Subjects earned tokens on a computerized
paint by number task. Completing a full screen
of mathematical problems produced one token.
Token production requirements were manipu-
lated by altering the number of problems on
each screen. All mathematical problems were
simple addition, adding two numbers between 0
and 9 (excluding 0 + 0). Each problem was con-
tained in a box on the screen. To fill each box,
participants selected a color from an array on
the left side of the screen which they dragged
into the box using the computer mouse. There
were six colors in the array, thus each color rep-
resented a three-value range of answers to the
problem (e.g., the values 1 to 3 were represented
by the color teal, while 4 to 6 was represented by
green). In the present experiment, for each paint
by number task, participants were asked to
complete 100, 200, or 300 paint by number
mathematical problems per screen, depending
on the condition. The number of tokens partici-
pants accumulated were displayed as a running
tally in top left corner of the paint by number
screen. Participants were informed token pro-
duction requirements, distance to the store, and
menu items available for purchase at the begin-
ning of each session. The menu was placed next
to the participant throughout each session.
While working on the paint by number task
participants could pause at any time to exchange
their tokens. All sessions lasted one hour, not
including exchange periods. When a participant
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decided to pause their session to make an ex-
change, the researcher paused the one-hour
timer. Timer pausing was designed to prevent
travel time from affecting session duration.
There was no time limit or requirement for the
token exchange. Each subject could consume
back-up reinforcers at any time during the ex-
perimental session, including while working on
the task. The session timer was not paused for
consumption. The token production schedule,
exchange production schedule, and generaliza-
bility were manipulated as described below.

Phase 1: Token Production Schedule Manip-
ulation

The FR token production schedule began at
FR-100 and was increased by 100 responses
across sessions, to a maximum of FR-300. Ex-
change production schedules and generalizabil-
ity were held constant at their lowest values
across these sessions. All subjects started on an
FR-100 which increased each subsequent ses-
sion. Any participant who failed to accumulate
tokens at FR-100 or FR-200 was moved immedi-
ately to the next experimental phase instead of
experiencing higher token production sched-
ules.

Phase 2: Exchange Production Schedule Manip-
ulation

The exchange production schedule was ma-
nipulated by increasing the walking distance
required to exchange tokens. One distance was
used per session. Token exchange centers were
at the following locations: (a) next to the partici-
pant’s work space, in the same room as the
paint-by-number game (labeled the “No Walk”
condition); (b) in the opposite corner of the ex-
perimental room (participants will have to stand
up and move approximately 3 m to exchange
their tokens, labeled the “Short Walk” condi-
tion); (c) across the hall, approximately 10 m to
another room, labeled the “Long Walk” condi-
tion. The token production schedule and token
generalizability were held constant during all
exchange production schedule manipulations.

Phase 3: Token Generalizability Manipulation

For this phase token production and ex-
change production values were set based on the
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results of the prior phases. Specifically, values
were selected such that the minimum amount of
accumulation would be expected. These values
(FR-200 token production and “No walk”) were
held constant across the three session of this
phase. For the first session tokens could be ex-
changed for any of eight different snacks. Seven
different kinds of salty chips (e.g., potato chips,
Doritos®) were included on the menu, along
with Welch’s® fruit snacks. The second session
included 15 items. Eight of these were identical
to the eight offered in the previous session. The
additional items included chocolate, breakfast
cookies, juice, a sports drink, fruit-flavored can-
dy, popcorn, and cheese-flavored crackers. The
final condition included 19 items on the menu.
Trail mix, beef jerky, coffee, hot chocolate were
added to the 15 items included in the prior ses-
sion.

Data Analysis

The primary outcomes in this study were
the number of tokens spent and number of to-
kens available at each exchange period. The
number of tokens available was measured to
account for participants that do not spend all
available tokens during a given exchange. Mean
tokens spent and % multiple exchanges were
calculated and averaged across all participants.
Mean tokens spent was calculated by averaging
the number of tokens spent for each condition,
for each participant. A multiple exchange was
any instance in which a participant spent more
than one token during an exchange period.

RESULTS

Figure 1 contains the mean number of to-
kens available, tokens spent, and the percentage
of exchanges during each condition where the
participant spent more than one token. Exclud-
ing TAO06, participants made multi-token ex-
changes at least 50% of the time across all condi-
tions. For example, 100% of TA02's exchanges
were of at least two tokens across all experi-
mental conditions. However, multiple exchang-
es were more sensitive to manipulations for
participants who spent their tokens more fre-
quently (i.e. TA05 & TA06).

In general, participants” mean tokens avail-
able was more sensitive to all three manipula-
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tions than mean tokens spent. Three of five par-
ticipants” tokens available decreased as the to-
ken production schedule increased. However,
one participant showed a reverse trend. Exclud-
ing TAO8, whose accumulation was insensitive
to all manipulations, mean tokens available in-
creased as the exchange production schedule
increased. Tokens spent increased for three par-
ticipants as exchange production schedule in-
creased. During exchange production manipula-
tions accumulation was highest in the Long
Walk condition.

Mean tokens spent and available increased
as generalizability increased for two of five par-
ticipants (TA06, TAO07). Three of five partici-
pants increased the number of multi-token ex-
changes as generalizability increased. The re-
maining two participants made multi-token
exchanges across all generalizability manipula-
tions. Overall, accumulation was highest, and
multi-token exchanges were most prevalent, in
the 19-item menu condition.

DISCUSSION

In this study, token accumulation was pri-
marily a product of the exchange production
schedule. Three of five participants had an im-
mediate increase in accumulation when moving
from the Short Walk to the Long Walk condi-
tion, while four of five participants increased
their accumulation by the Long Walk condition.
The effects of generalizability on accumulation
were not substantial. Two participants increased
their accumulation as generalizability was in-
creased, with the largest increase in the token
19-item condition. Overall, participants’ accu-
mulation was unaffected by the token produc-
tion schedule. One participant (TA08) was in-
sensitive to all experimental contingencies.

The positive relationship between exchange
production schedule and accumulation ob-
served in this study is consistent with previous
research on reinforcer accumulation (Yankele-
vitz et al., 2008; Killeen, 1974). The method used
to manipulate the exchange production response
requirement in the present study was similar to
the method used by Killeen, though Killen's
procedure did not incorporate tokens. In con-
trast, the present study and the Yankelevitz
study both featured token economies, but differ-
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Figure 1
Token accumulation across all conditions.
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of all exchanges in which more than one token was exchanged

ed in the method used for manipulating the
exchange production response requirement.

The lack of relationship between token pro-
duction schedule and accumulation is not con-
sistent with prior research. Yankelevitz et al.
(2008) found an orderly decrease in accumula-
tion as the token production schedule increased

from an FR-1 to an FR-10. In the present study,
there were no observed accumulation trends
across participants. TAO6 was the only partici-
pant to have an immediate decrease in accumu-
lation from the FR-100 (1.33/exchange) to FR-
200 (1.0/ exchange). In opposition to the predict-
ed effect, a linear increase in accumulation was
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observed with TAQ7 as the production schedule
increased.

A procedural difference between Yankele-
vitz et al. and the present study may explain the
lack of token production schedule effect. Two
participants did not run an FR-300 token pro-
duction schedule because their accumulation
had already been eliminated at the FR200 level
(e.g., TAO6). As a matter of efficiency, the FR300
condition was not conducted since that condi-
tion tends to reduce accumulation. Since they
did not run an FR300 schedule, their low levels
of tokens spent at each exchange did not con-
tribute to the overall participant mean for the
FR300. Not including these sessions likely in-
creased the mean tokens spent and % multiple
exchanges on the FR-300 schedule, which would
have then been like the results on the FR-200
schedule.

Another important difference between this
study and Yankelevitz et al. is that the magni-
tude of FR schedules used in this study were
much higher. The FR-100 schedule produced
low baseline accumulation, which led to a floor
effect. It is possible that the parameter space
within which humans would accumulate tokens
on this task lies below the FR 100 response re-
quirement. Perhaps more importantly, all token
production manipulations were done with the
smallest exchange production response re-
quirement. Accumulation may be much more
sensitive to token production schedule changes
in the context of a larger exchange production
schedule.

A possible limitation of the present study
was that container size appeared to be a deter-
minant of participants’ behavior. For example,
participant TAO8 spent two tokens at a time
during most sessions. Informal conversation
with this participant indicated that the reason
for this was that two tokens roughly equaled an
individual-sized bag of chips. Thus, the spend-
ing of tokens may have been under the partial
antecedent control of the commercial packaging
of the food items on the menu. Chips were ex-
changed at the rate of one token for 14 grams,
but this was roughly equivalent to one-half of a
bag, which may have led to self-generated rules
such as, “two tokens equals a bag.” Further,
participants observed the weighing of the food
products on the scale. Such issues could easily
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be avoided in future studies by, for example,
using larger bags of snacks rather than single
serving bags. Consideration of stimulus control
related to commercial packaging, and proce-
dures designed to eliminate it should be a de-
sign consideration in future human operant
studies of token systems.

A second potential limitation of this study
was that the order of conditions was identical
for all participants. All participants underwent
each condition in the same order. This leaves
open the possibility of an undetected sequence
effect. For example, the No Walk condition may
have served as an “anchor” for the short walk
and long walk conditions (Tversky & Kahne-
man, 1974). A participant may have made accu-
mulation decisions based on the magnitude of
the first schedule. Counterbalancing could be
used in an attempt to wash out sequence effects,
but such a technique would also obscure any
sequence effect rather than revealing it. The
effects of condition sequencing on accumulation
could be addressed in future studies by directly
comparing a limited number of alternative se-
quences.

Research on reinforcer accumulation has
significant applied value and may improve the
quality of token economies as interventions. For
example, in one study that used token systems
to promote appropriate behavior, participants
who save their tokens show performance de-
cline over time (Winkler, 1973). In Subramaniam
et al. (2017), however, the authors found that
participants who held a higher balance during a
therapeutic workplace intervention for adher-
ence to naltrexone also tended to have higher
rates of heroin and cocaine abstinence. Alt-
hough the conclusions of these studies indicate
opposite effects, they both indicate that there are
conditions under which accumulation can medi-
ate the effects of token interventions. It is thus
possible that interventions that target accumula-
tion specifically could improve overall outcomes
in clinical applications of token economies. Giv-
en the robust effects of token component sched-
ules on accumulation, these variables would be
strong candidates for inclusion in future studies
designed to investigate accumulation as a medi-
ating variable in token economy interventions.

Generalized reinforcers are part of everyday
human life and come in many forms ranging
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from verbal behavior to money (Skinner, 1953).
We join Tan & Hackenberg (2015) in the view
that despite the obvious translational value of
generalized reinforcement studies, the literature
remains limited. Generalizability of tokens did
not produce a robust effect in the present study.
Nevertheless, the possibility remains that gener-
alizability may moderate the relationship be-
tween performance and accumulation. For ex-
ample, the incentives used in Subramaniam et
al. were paychecks, which are highly general-
ized reinforcers. Participants were able to save
large sums of money during that study to pay
for high cost bills such as rent. However, in
Winkler et al. (1973) the tokens participants
were working towards were restricted to privi-
leges, meals, and beverages in an inpatient ward
in which basic needs were met independent of
the participants” performance. It is possible that
participants were saving their tokens in that
study partially because the relevant motivation-
al operations fairly weak. This could serve to
enhance the effects of the component schedules
on accumulation and is also consistent with the
reduction in earning responses observed in the
study. Thus, a parametric analysis of the effects
of token production schedule, exchange produc-
tion schedule; and token generalizability on
accumulation is warranted. This would consti-
tute a systematic replication of Yankelevitz et al.
(2008), with human participants and the addi-
tion of a token generalizability manipulation.

The relationship between the token ex-
change schedule and token accumulation also
warrants further study. Yankelevitz et al. (2008)
held the token exchange schedule constant at
FR-1 when manipulating token production and
exchange production schedules. In applied set-
tings, the token exchange schedule is typically
the number of tokens required to purchase a
backup reinforcer. Increasing the token ex-
change schedule may promote accumulation.
However, the price of the items was not experi-
mentally manipulated in the current study. In-
creasing the token exchange schedule by simply
increasing the cost of all backups would inflate
accumulation by requiring participants to save
more tokens to spend them. However, pos-
sessing a number of tokens that is greater than
one but less than the minimum necessary to
purchase the least costly backup item should not
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be conceptualized as accumulation. Although
price is a common independent variable in the
field of economics, the effects of the token ex-
change schedule on accumulation has yet to be
explored in an operant framework.

The present study was the first investigation
of token generalizability and accumulation with
human subjects and one of the first to indicate
that the relationship between generalizability
and accumulation merits further inquiry. Addi-
tionally, this study provides additional support
for the exchange production schedule findings
from Yankelevitz et al. (2008) This finding could
have translational value, especially if saving
undermines the effectiveness of token-based
interventions.
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Understanding preference for choice is val-
uable in accounting for how different organisms
respond to different environmental conditions.
Part of this understanding comes from studying
preference (or non-preference) for choice under
differing and changing conditions, and in-the-
moment flexibility to chain arrangements and
reinforcer delivery will aid in this pursuit. When
an arrangement contains two or more concur-
rently available alternatives, each of which func-
tions as a discriminative stimulus (SD), the ar-
rangement is called free choice whereas, when
only one SD is available, it is considered a re-
stricted choice (Martin, Yu, Martin, & Fazzio,
2006). Generally, both human and non-human
organisms tend to prefer stimulus arrangements
containing choice compared to arrangements
with no choice (e.g., Catania, 1975, 1980; Catania
& Sagvolden, 1980; Fisher, Thompson, Piazza,
Crosland, & Gotjen, 1997; Sellers et al., 2013;
Skowronski & Carlston, 1982; Tiger, Hanley, &
Hernandez, 2006.)

Concurrent-chains schedules of reinforce-
ment arrange two or more affixed simple sched-
ules and are often used to study preference be-
tween free and restricted choice arrangements
(see Fisher & Mazur, 1997). In a concurrent-
chains design, the first simple schedule or initial
link is signaled by the presence of two stimuli;
one paired to the free choice arrangement and
one to the restricted choice arrangement. When
the schedule requirement under either of the
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initial links is met, the corresponding terminal
link schedule is presented, and satisfying the
terminal link requirement produces the conse-
quence: a putative reinforcer. When terminal
link work requirements and outcomes are equal,
and only reinforcer presentation differs (free
versus restricted choice), initial link responding
can be used as a measure of preference. For ex-
ample, Schmidt et al. (2009) found that when
eight typically developing children were pro-
vided the opportunity to choose between 5 iden-
tical preferred items (free choice) or receive the
same but therapist-selected item (restricted
choice), responding was generally allocated
towards the free choice initial link. As prefer-
ence was not distributed randomly between
options, these results suggest that the oppor-
tunity to choose is reinforcing beyond the ter-
minal reinforcement available.

However, when it becomes advantageous to
change preference due to some variation be-
tween the free and restricted terminal link out-
comes, organisms tend to allocate their respond-
ing to whichever schedule terminates in quanti-
tatively or qualitatively more valuable rein-
forcement (Hayes, Kapust, Leonard, & Rosen-
farb, 1981; Karsina et al., 2011). Fisher, Thomp-
son, Piazza, Crosland, and Gotjen (1997) found
that while three children in an inpatient pro-
gram initially preferred free choice arrange-
ments when receiving contingent access to ei-
ther high preference or low preference items,
their preferences changed to the restricted
choice arrangement when low preference items
were delivered contingent on selecting the free
choice initial link and high preference items
contingent on selecting the restricted choice
initial link. Thus, while free choice arrangements
can be preferable, likely due to the opportunity
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to choose, the putative reinforcer can develop
selective control over subsequent response allo-
cation.

The exact mechanisms responsible for the
general finding that organisms prefer free choice
arrangements are not clear. Additionally, there
have been studies in which participants have
shown a restricted choice preference. Karsina,
Thompson, and Rodriguez (2011) demonstrated
that for seven college-aged students who pre-
ferred restricted choice to free choice (4 partici-
pants) or did not show a preference (3 partici-
pants), choice preference was amendable to a
differential reinforcement procedure. Much like
research that has shown free choice preference
to be amenable to change when terminal link
variables are altered, these researchers demon-
strated the same for participants that showed a
restricted choice preference. Additionally,
Karsina et al. found that the conditioned free
choice preferences for 5 of the 7 participants
persisted during a withdrawal to baseline condi-
tions where reinforcement for both the free and
restricted choice contingences was equal.

The results of the above-mentioned studies
support that both free and restricted choice
preferences are amendable to prevailing contin-
gencies when adequate selection pressure is
placed on responding (e.g., via differential rein-
forcement). However, few studies have present-
ed equivalent procedures to participants prefer-
ring free or restricted choice arrangements with-
in the same experimental study. The current
study presents greater flexibility in researching
choice through the use of a computer-based
game with built-in algorithms that allow for
intervention condition assignments to be carried
out for each participant based on baseline choice
arrangement preferences.

A parametric differentiated reinforcement
procedure (see van Haaren, 2017, for a review of
differentiated reinforcement) was used in which
points for the non-preferred choice arrangement
progressively increased while diverging from
the points available for the preferred choice
arrangement. Through the use of an algorithm
and an automated software function, an equiva-
lent intervention procedure was presented
across both groups of participants. It was antici-
pated that regardless of baseline preference,
each participant’s responding would come un-
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der the control of the prevailing contingencies,
as has been demonstrated previously within the
research. Additionally, in keeping with previous
research findings, it was anticipated that most
participants would show a preference for the
free choice arrangement during the baseline
condition. Lastly, it was anticipated that there
would be no clear differentiation between the
response patterns of those with a free choice
preference and of those with a restricted choice
preference, showing that regardless of choice
arrangement preference in a given context, con-
tingent differentiated reinforcement would
come to control response allocation.

METHOD
Participants and Setting

Twelve undergraduate students (8 female, 4
male; M age = 21.90; range = 19-27) enrolled at a
mid-sized Midwest university participated. All
sessions were conducted in an approximately
6.5 m by 2.6 m research room. The participant
space consisted of two long tables (1.21 m and
1.05 m), each with a computer monitor and a
chair. Participants completed the study one at a
time. All participants were compensated $12.00
for completion of the study. IRB approval was
obtained, and informed consent procedures
were followed for each participant. Due to the
use of deception, each participant was given a
debriefing statement at the end of the study,
which explained how and why deception was
used.

Materials

A computer program, built using Java pro-
gramming language, was used to present the
informed consent, demographic questionnaire,
participant training, training quiz, and the ex-
perimental procedure. Participants used a
standard computer mouse to input information
into the program. The computer program was
hosted on a private server and was accessible
via a web address. The software recorded all
mouse clicks related to the demographic ques-
tionnaire, training quiz, and responses towards
initial and terminal links for each trial into a
comma-separated value format stored on the
program server. Participants were assigned a
username and a password. A research assistant
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was present to log each participant into the pro-
gram.

Design and Program Accuracy

An A-B-A or withdrawal design was used.
Thirty-one baseline trials were presented, fol-
lowed by 30 intervention trials and 30 with-
drawal trials, resulting in a total of 91 trials. Due
to the automatization of the data collection pro-
cedure, program accuracy was assessed by tak-
ing response data from screen-recorded pilot
studies and comparing these data to the auto-
matically compiled data from the software. Data
collection accuracy for the software was found
to be 100% across three consecutive pilot study
sessions.

Procedure

A concurrent-chains arrangement was used
to measure participant preference between free
and restricted choice arrangements. Trials were
presented via a computer-based game in which
three different colored squares - blue, red, and
green - each measuring 5.08 by 5.08 cm or 600 by
600 pixels, were displayed in a quasi-
randomized order from left to right and served
as the free choice, restricted choice, and control
arrangements, respectively, for every partici-
pant. All initial link stimuli were represented as
a single-celled square and were activated when
the participant clicked the mouse cursor one
time anywhere within the cell area (see Figure
1).

Once an initial link response was recorded,
the selected array moved to the center of the
screen and displayed as a 100-celled array for
free and restricted choice terminal link arrange-
ments or a single-celled array for the control
arrangement. The free choice terminal link re-
quired the participant to select 3 of the 100
available cells of his or her choosing with the
mouse cursor. Selections were indicated by a
darkening of the selected cell. Similarly, when
the restricted choice array was selected, the par-
ticipant was required to click the mouse cursor
three times. However, when the participant
clicked the mouse, a single random cell was
darkened, indicating it was activated and that
the mouse’s cursor position at the moment of a

42

Total Points : 0

Total Points : 0

Total Points : 7

Total Points : 12

Figure 1. Screen shot of an initial link choice situation
(top) with corresponding choice type and display
color shown within figures. Screen shot of terminal
link choice situation for the forced choice (top), free
choice (middle) and control (bottom) array types.

click had no influence on what cell would be
activated. Lastly, when the control array was
selected, the participant was required to click
one additional time anywhere within the array
to complete the terminal link requirement. Fol-
lowing the next mouse click, the entire array
darkened to indicate that the response require-
ment had been met. A control array was includ-
ed to account for non-discriminated scrolling
responses (i.e., selecting an array without first
visually attending to the stimulus arrangement).

Participants were awarded points when
meeting the terminal link requirement of the
free or restricted choice arrays. Selection of the
control condition always resulted in no points
being awarded. Total trial point values were
shown to the participant at the end of each ter-
minal link trial, and the sum of points earned
across trials was shown in a score box in the
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upper right-hand corner of the computer screen.
Each response during the terminal link of the
choice sequence was assigned an individual cell
point value, which ranged from 0 to 4 points.
The total point value per trial for the free and
restricted choice arrays was always the sum of
the three individual cell values activated and
ranged from 0 to 12 points. Selection of the con-
trol array always resulted in 0 points.

During the baseline phase, total trial points
were awarded at an equal probability for both
choice arrangements based upon predetermined
ratio assignments (see below). After meeting the
initial link schedule requirement for the free,
restricted, or control arrangements (FR-1) the
participant was presented with the terminal link
component. The terminal link schedule re-
quirement for the free and restricted choice ar-
rangements was FR-3, while the control array
terminated following a single additional re-
sponse (FR-1).

Baseline terminated following 31 trials, at
which time the computer software analyzed the
proportion of responding to each choice ar-
rangement and assigned a participant to one of
two groups—the differentiated reinforcement of
free choice (DRFC) or the differentiated rein-
forcement of restricted choice (DRRC). Partici-
pants that allocated an equal number of re-
sponses to each choice arrangement (due to the
selection of the control array) were automatical-
ly assigned to the DRRC group.

The differentiated reinforcement procedure
was a parametric procedure in which total trial
point values for the preferred and non-preferred
choice arrangements progressively diverged
over the course of the experimental condition.
For example, if a participant showed a prefer-
ence for free choice during baseline, restricted
choice terminal links terminated with increas-
ingly higher point totals over the course of the
intervention condition. The inverse was true for
participants that showed a preference for re-
stricted choice during baseline. Regardless of
baseline preference, all participants received the
same intervention condition in relation to points
available for selecting between their preferred
and non-preferred choice arrangements. A
withdrawal to baseline conditions was conduct-
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ed for 30 trials to assess the maintenance of the
differentiated reinforcement procedure.

Points

To determine individual cell point values, a
probability of occurrences out of 10 was set for
each possible point value with actual occurrence
generated via a randomization formula. During
baseline and withdrawal, these probabilities
were set to occur at 10% occurrence for 0 and 4
points, 20% for 1 and 3 points, and 40% for 2
points. By arranging probabilities in this man-
ner, total trial point values clustered around the
median of 6 points. This minimized the likeli-
hood of any participant receiving relatively high
or low points during any trials during the base-
line and withdrawal conditions, therefore, min-
imizing the relative reinforcer value of either
choice arrangement over the other.

During the intervention condition, seven ra-
tio modifications occurred over 30 trials (see
Table 1). To determine individual cell point val-
ues for the intervention condition, 90 numbers
(0-4) were generated using the randomization
formula (30 trials of 3 numbers each) and as-
signed to the non-preferred choice condition
(either free or restricted, contingent on partici-
pant preference). Conversely, the inverse value
was determined and assigned to the preferred
choice condition (again, contingent on partici-
pant preference). For example, if the random-
ized three number sequence for the non-
preferred choice arrangement was 4-3-4, the
inverse three number sequence for the preferred
choice arrangement relative to the number of
points away from the median was 0-1-0, with 2
being the median single cell value

Sessions and Instructions

At the start of each session, participants
were shown to the computer by a research assis-
tant and informed that all instructions related to
the study would be provided via the computer.
Training consisted of a sequence of six static
instructional screens in which the initial and
terminal link representations of the experi-
mental stimuli were presented, one at a time,
with instructions on how the participant must
interact with each stimulus. Participants were
also informed at this time that for each point



EAHB Bulletin

Table 1

Reinforcer Value Assigned Probability Per Phase
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Treatment Points
Phase 0 1 2 3 0 | 2 3 4
Baseline
[-31 10%  20% 40% 20% 10%

Intervention Non-preferred choice situation Preferred choice situation
32-34 15%  20% 20% 20% 25% 25%  20% 20% 20% 15%
35-37 15%  15% 20% 25% 25% 25%  25% 20% 15% 15%
38-40 10%  15%  20% 25% 30% 30%  25% 20% 15% 10%
41-43 10%  10% 20% 30% 30% 30%  30% 20% 10% 10%
44-46 5%  10%  20% 30% 35% 35%  30% 20% 10% 5%
47-49 5% 5%  20%  35% 35% 35%  35% 20% 5% 5%
50-52 0% 5%  20% 35% 40% 40% 35% 20% 5% 0%
53-55 0% 0%  20% 40% 40% 40% 40% 20% 0% 0%
56-58 0% 0%  20% 40% 40% 40% 40% 20% 0% 0%
59-61 0% 0%  20% 40% 40% 40% 40% 20% 0% 0%

Withdrawal
62-91 10%  20% 40% 20% 10%

Note. Percentages indicate probability of corresponding number occurring when running a quasi-randomized num-

ber generating equation.

earned during the study, they would be com-
pensated $0.01 in addition to the $5.00 they were
already receiving for completing the study; as
points were predetermined by the researcher for
two of the three phases, all participants were
compensated for the maximum number of
points possible in the study, which was 700
points or an additional $7.00, making total com-

pensation $12.00 per participant. However, par-
ticipants were not made aware of this until the
end of the study.

Following training, participants were given
a 5-question quiz to ensure understanding of
each of the requirements of the study. A score of
100% was required to move onto the next phase
of the study. If a participant failed to score 100%
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RESULTS

Figure 2 shows the proportion of response
allocation between the choice arrangements for

on his or her first try, he or she was provided
a printed copy of the training to review a

second time and retake the quiz. No all participants during baseline, intervention,
participants failed to pass the quiz. and withdrawal conditions. Of the 12 partici-
pants, 8 allocated more responses to the free
choice arrangement during baseline, 3 to the re-
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Figure 2. Proportion of responses allocated, per phase, to each choice arrangement, for all participants. White vertical
bars represent free choice array selections and gray vertical bars represent restricted choice array selections
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Figure 3. Cumulative response count for participant 3. Responding indicated a clear preference for the free choice
array during baseline that persisted until trial 41 during the B phase. Following trial 41, participant 3 allocated all
remaining B phase responses toward the restricted choice array. During the return to baseline (phase 3), an oscillation
between the two choice arrangements can be seen. Free choice selections are represented by black lines and restricted

choice selections by grey lines.

stricted choice arrangement, and 1 participant
allocated an even number of responses to each
(due to the selection of the control arrangement).
However, only two participants, P3 and P4,
showed a clearly differentiated preference be-
tween the choice arrangements, with both allo-
cating at least 70% of responses to the free choice
arrangement (see Figure 3 for a representative
example). In general, most participants’ re-
sponding during baseline indicated a general
indifference between the free and restricted
choice arrangements, often choosing to alternate
responding between each choice arrangement in
a relatively patterned manner (see Figure 4 for a
representative example).

Following baseline, eight participants were
assigned to the DRRC condition and four to the
DRFC condition. All but one participant’s re-
sponding came under the control of the differen-
tiated reinforcement procedure, with P12 con-
tinuing to allocate a higher proportion of re-
sponding to her preferred choice arrangement.
At the end of the intervention condition, eight

participants were allocating responding in a
manner consistent with a restricted choice pref-
erence and four with a free choice preference,
which was the opposite of their baseline results.
Upon return to baseline conditions, seven partic-
ipants (P1, P2, P4, P6, P9, P10, and P11) contin-
ued to allocate a higher proportion of respond-
ing to the recently conditioned choice arrange-
ment preference, indicating maintenance of the
recent conditioning procedure, with three allo-
cating a higher proportion to their baseline
choice arrangement preferences (P5, P7, and P8),
and two showing indifference (P3 and P12).

To assess for the possibility of unintended dif-
ferentiated reinforcement occurring during the
baseline condition, therefore causing a prefer-
ence and conditioning effect prior to the presen-
tation of the parametric differentiated rein-
forcement procedure, an analysis of the average
total trial point value awarded following each
choice condition was conducted. As can be seen
in Figure 5, 7 of the 12 participants actually
earned more points, on average, during baseline
under their non-preferred choice arrangement.
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Figure 4. Cumulative response count for participant 1. Responding indicated a general indifference between the free
and restricted choice arrays during baseline, with a clear preference emerging during the B phase that maintained
following a return to the baseline procedure. Free choice selections are represented by black lines and restricted
choice selections by grey lines.
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Figure 5. Average point totals earned per choice arrangement per participant during baseline. Free choice averages
are displayed as white bars and restricted choice by gray bars. Bars with upward diagonal lines represent the choice
arrangement preference for each participant excluding participant 8 who did not show a preference between the
choice arrangements during baseline.
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DISCUSSION

The current study investigated the effect of a
differentiated reinforcement procedure on the
choice arrangement preferences of human par-
ticipants using automated computer software
that allowed participants of any choice prefer-
ence during baseline to participate. While previ-
ous studies have successfully altered free and
restricted choice preferences of humans and
non-humans using differential reinforcement
procedures, few have been able to simultaneous-
ly investigate both free and restricted choice
arrangement preferences and compare and con-
trast intervention effects using the same experi-
mental procedure.

The results of the current study were con-
sistent with previous research in that differenti-
ated reinforcement, like differential reinforce-
ment, altered the choice arrangement prefer-
ences of human participants. Of the 12
college-aged participants, all but one showed a
preference for the non-preferred choice
arrangement during the differentiated rein-
forcement procedure. Additionally, for seven of
these participants, conditioned choice prefer-
ences persisted when reinforcement was re-
turned to baseline levels during a withdrawal
condition (maintenance). These findings are
consistent with Karsina et al. (2011).

The current study extends some aspects of
previous choice research in several potentially
important ways. First, the use of a computer
algorithm to assign participants to one of two
intervention phases, depending on baseline re-
sponding, allowed all participants to be includ-
ed. In previous research, a priori exclusion and
inclusion criteria were necessary or deemed
desirable, depending on the purpose of the
study. However, by including all participants, it
was possible to analyze intervention effects for
participants that preferred both free and re-
stricted choice arrangements as well as for those
that showed little to no pre-intervention prefer-
ences.

Second, the current study used monetary
compensation that was designed to appear as if
it was corollary with a participant’s perfor-
mance. We hypothesized that by establishing
motivation for higher point totals, participants
would be more sensitive the prevailing contin-
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gencies in place during the intervention phase.
However, the motivational effect of monetary
compensation was not experimentally demon-
strated and therefore, cannot be said to have
contributed to the data in any meaningful way.
Future research might want to investigate this
further as it could be found that the use of a
potent conditioned reinforcer such as money
could more closely capture the motivation of a
participant in a naturalistic choice situation.

However, while the design of this study—
specifically the use of an algorithm—did
demonstrate the potential utility of using com-
puter-assisted interfaces for investigating behav-
ioral phenomena, there are several limitations.
First, the data do not indicate why some partici-
pant’s responding was undifferentiated during
baseline, but others was not. It is possible the
baseline condition was too brief and, therefore,
inadequate to establish a preference for some
participants. Alternatively, the contingency ar-
rangement during baseline might have inad-
vertently reinforced an undifferentiated pattern
of behavior in some participants. Lastly, some
people might not have a preference between free
and restricted choice arrangements. However,
since most participants' behavior did come un-
der control of the differentiated procedure, with
conditioning effects persisting during the with-
drawal phase, inclusion and further analysis of
these data are warranted.

A second limitation is related to the limited
number of trials presented during each condi-
tion. While 91 trials were presented to each par-
ticipant, it might be that additional trials are
required to allow changes in response patterns
to be fully recognized. This seems to be especial-
ly true during the withdrawal phase. For exam-
ple, several participants” responding during the
withdrawal phase appear to be returning to
response allocation more consistent with base-
line levels (see Figure 6 for a representative ex-
ample). It might be found that with a withdraw-
al phase extended another 30 to 60 trials, more
participants” preferences would correspond to
baseline preferences as the transitory effects of
the intervention procedure loses control. Ex-
tending phases would also allow for a better
assessment of stability, which could be pro-
grammed into the computer algorithm as a
means of determining when to switch conditions.
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Figure 6. Cumulative response count for participant 7. Responding indicated a slight preference for the free choice
situation during baseline, with a clear preference emerging during the B phase that maintained following a return to
the baseline procedure. Free choice selections are represented by black lines and restricted choice selections by grey

lines.

Thirdly, since the experimental interface re-
lied on the use of colors (blue, red, and green) to
function as discriminative stimuli for the differ-
ent choice arrangements, it is possible that par-
ticipants who experience color-blindness, would
not be able to adequately discriminate between
the experimental stimuli. This was not assessed
during the current study, but future researchers
using similar experimental interfaces would be
wise to assess for this prior to implementation of
the study. A fourth potential limitation, also
related to the use of color, is that the color as-
sighment between each choice type was not
randomized between or across participants,
meaning a color-based bias could have inad-
vertently affected participant preference.

The current study sought to investigate
choice arrangement preferences in humans that
preferred either free or restricted choice situa-
tions and was able to show, at least preliminari-

ly, that when individuals with free or restricted
choice preferences are exposed to the same ex-
perimental procedures, little difference can be
found in each group’s sensitivity to differentiat-
ed contingencies. Consistent with previous re-
search, the majority participants in the current
study did show a preference for the free choice
arrangement over the restricted choice arrange-
ment. However, the baseline preference was
unremarkable.

By conducting additional research in this ar-
ea, it seems plausible that certain response pat-
terns will be identified that share similarities in
the histories of the individual. For example,
some participants that showed no preference
during baseline ended up showing clear prefer-
ences during and after intervention—but others
did not. Lastly, for some participants, there ap-
peared to be a “cancelling out effect” in that they
showed a preference during baseline, allocated
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responding to the more favorable choice option
during intervention, and then showed no pref-
erence during withdrawal, however, additional
research is needed to assess the significance of
this finding.
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BRIEF REPORT

FAILURE TO SYSTEMATICALLY REPLICATE THE FACILITATIVE EFFECTS OF
PROGRESSIVE MUSCLE RELAXATION ON DERIVED STIMULUS RELATIONS

Adam H. Doughty and Jenna A. Soydan

COLLEGE OF CHARLESTON

Behavior analysts, historically (e.g., Lattal &
Harzem, 1984) and recently (e.g., Vyse, 2013),
have discussed strategies and tactics to not only
promote the survival of the experimental analy-
sis of behavior as a field of inquiry but to
strengthen it. One strategy is to continue to re-
fine our understanding of the environmental
control over derived, or emergent, stimulus
relations (e.g., Critchfield, Barnes-Holmes, &
Dougher, 2018). This improved understanding
helps behavior analysts contribute to analyses of
language, cognition, and other inter-disciplinary
topics (e.g., Barnes-Holmes, Finn, McEnteggart,
& Barnes-Holmes, 2018). Tyndall, Howe, and
Roche (2016) adopted the tactic of examining
derived relations in a manner appealing to other
psychologists by investigating derived relations
as a function of brief progressive muscle relaxa-
tion (PMR). From a behavioral perspective
(Tyndall et al., 2016), PMR may exert its facilita-
tive effects by sharpening stimulus control over
emergent responding (i.e., by reducing the like-
lihood of extraneous forms of control such as
when participants report “cognitive intrusions”
during learning tasks).

Tyndall et al. (2016) exposed 35 adult partic-
ipants to five phases. Across the initial three
phases, participants learned arbitrary-matching-
to-sample (AMTS) discriminations that could
have developed into two 4-member stimulus-
equivalence relations (A1/B1/C1/D1,
A2/B2/C2/D2). In Phase 4, participants were
assigned to one of three groups: PMR condition,
Nonrelaxation Condition 1, and Nonrelaxation
Condition 2. Participants in the PMR condition
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listened to an 11-min recording to induce deep
relaxation. Participants in the two control
groups completed either a simple- or condition-
al-discrimination task for a similar period of
time. In the final phase, all participants received
equivalence testing (C1/A1, C2/A2, D1/Al,
D2/A2) in the absence of differential conse-
quences. Approximately half of the participants
in the PMR group responded successfully in
equivalence testing, whereas only one partici-
pant did so across the control groups. These
findings are important in demonstrating the
facilitative effects of mindfulness-related tech-
niques on human cognition (e.g., Cahn & Polich,
2006; Chambers, Chuen Yee Lo, & Allen, 2008),
using even abbreviated (i.e., 10 to 12 min) tech-
niques (e.g., Hudetz, Hudetz, & Klayman, 2000;
Nava, Landau, Brody, Linder, & Schachinger,
2004). Given the novelty of these findings in the
context of derived stimulus relations, it is critical
to explore their generality.

One means of exploring the generality of
Tyndall et al. (2016) is to examine the impact of
brief PMR on derived relations using an assess-
ment other than typical AMTS probe trials. Ad-
duction is the emergence of a novel and complex
composite skill after its simpler, component
skills have been learned (e.g., Andronis, Layng,
& Goldiamond, 1997; Chase, 2003; Epstein,
1987). Three studies have investigated the rela-
tion between derived relations and adduction
(Arntzen, Petursson, Sadeghi, & Eilifsen, 2015;
Bucklin, Dickinson, & Brethower, 2000; Rippy &
Doughty, 2017). Bucklin et al. first taught partic-
ipants AB and BC relations where the A, B, and
C stimuli were, respectively, (previously
learned) Hebrew symbols, nonsense syllables,
and (already learned) Arabic numbers. In ad-
duction testing, arithmetic questions were posed
using the Hebrew symbols. For example, partic-
ipants had to add Al and A2 such that success-
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ful adduction required them to derive the un-
tested, transitive AC relations and combine
them with their extant math skills. Arntzen et al.
extended these findings by demonstrating ad-
duction involving relations other than transitive
(i.e., symmetrical and equivalence); however,
their participants already had derived these
relations in probe-trial testing before adduction.
Rippy and Doughty extended these two studies
by measuring adduction involving untested
equivalence relations. Group CA learned AB
and BC relations (Arabic numbers [A], nonsense
syllables [B], and nonrepresentational stimuli
[C]), whereas Group EA learned AB, BC, CD,
and DE relations (Arabic numbers [A], nonsense
syllables [B, C, and D], and nonrepresentational
stimuli [E]). This training could have established
four, 3-member classes for Group CA and four,
5-member classes for Group EA, but neither
group received derived-relations testing. The C
and E stimuli for Groups CA and EA, respec-
tively, were presented in adduction testing such
that participants had to combine simple math
skills with untested equivalence relations sepa-
rated by one (Group CA) or three (Group EA)
nodes. Successful adduction occurred for each
CA participant but in only one EA participant.
Whereas the positive CA results further con-
firmed the utility of adduction to measure de-
rived relational learning, the negative EA results
suggest a tactic to measure the impact of varia-
bles that potentially can facilitate difficult-to-
derive relations.

The present research assessed the impact of
brief PMR on derived relations by synthesizing
the work of Tyndall et al. (2016) and the proce-
dures applied to Group EA in Rippy and
Doughty (2017). In Phases 1 and 3, participants
were treated similarly to the Group-EA partici-
pants in Rippy and Doughty. They learned AB,
BC, CD, and DE relations across Phase 1, and
derived EA relations were measured in Phase 3
using arithmetic adduction testing. Critically,
participants received 10 min of either the pres-
ence or absence of guided meditation to induce
relaxation in Phase 2. Although Rippy and
Doughty did not examine the effects of brief
PMR, their results suggest that adduction in-
volving three-node EA relations was possible
but unlikely without additional intervention.
Thus, at issue in the present research was
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whether the facilitative effects of brief PMR
would be observed in adduction with untested,
three-node equivalence relations. If demonstrat-
ed, the generality of brief PMR exposure would
be revealed.

METHOD
Participants

Eight College of Charleston students (six
female and two male) between the ages of 18
and 22 participated. The sample was collected
by displaying flyers across campus and emailing
first-year students with information about the
study. Participants were told the research would
involve one 3-hour laboratory visit, earning
them approximately $30.00.

Apparatus

Phase 1 occurred in a smaller room with
four workstations separated by dividers. Each
workstation had a desk and chair. Each desk
had an iMac or eMac, keyboard (which was not
used by the participants), and mouse. The con-
tingencies were programmed and responses
were recorded using MTS version 11.6.7 (Dube,
1991). Phases 2 and 3 occurred in a nearby and
larger conference room with one table and 12
chairs. In Phase 2, participants receiving PMR
(see below) were provided with Parrot Zik 2.0
wireless headphones connected to an iPhone 7,
and guided mediation was played using the
iPhone application, Voice Memos. In Phase 3,
participants completed, with a pen, 12 x 7 cm
flashcards with arbitrary visual stimuli, num-
bers, and mathematical operations (see below).

Procedure

Table 1 outlines the three phases. There
were five conditions in Phase 1, and all partici-
pants were treated identically. They first read
these instructions:

Welcome to our study! In this part of the study,
you will work alone on the computer for several
sessions. In each session, the computer will pre-
sent you with many trials. On each trial, you
will be presented with one item, click on that
item and additional items will appear. Click the
mouse over any one of the surrounding items
that you think “goes with” the one in the center,
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and one of two events will occur: (1) a star will
appear on the screen or (2) the screen will dark-
en. If a star appears, then you were correct and
earned money. If the screen darkens, then you
were incorrect and did not earn money. Your
task is to earn as much money as possible. The
computer will tell you when each session is over.
When the session ends, you should find me next
door. Good luck!

There were 96 trials in each session of Con-
dition 1 wherein participants learned AB rela-
tions (see Table 2). The four AB (i.e., number to
nonsense syllable) relations were presented such
that each A sample stimulus occurred on 24
trials in each session. Across these 24 trials (e.g.,
Al), the correct comparison stimulus (e.g., B1)
occurred in each screen corner six times. Every
trial began with only a sample stimulus in the
middle of the screen. After a click over it (ob-
serving response), the comparison stimuli im-
mediately appeared with the sample. The stimu-
li were pseudorandomly organized such that
each sample could not occur on more than three
consecutive trials, and the correct comparison
(S+) could not occur in the same location on
more than three consecutive trials. Clicking the
correct comparison immediately resulted in
stars on the screen for 1 s. Clicking an incorrect
comparison resulted in a 1.5-s dark screen. A
resetting intertrial interval (ITI) of 1.5 s was used
wherein the screen was blank. Condition 1 con-
tinued for at least two sessions and until there
were no more than two errors per discrimina-
tion in the last session. The construction and
execution of Conditions 2, 3, and 4 were identi-
cal to Condition 1 except that the participants
learned the BC, CD, and DE relations in these
conditions, respectively.

Each session in Condition 5 consisted of 192
trials. There were 48 trials each of the AB, BC,
CD, and DE relations (12 trials with each sam-
ple). Across these 12 trials, the correct compari-
son occurred three times in each corner. Other
procedural details (e.g., consequence delivery)
remained unchanged from the initial conditions.
The condition continued for at least one session
and until there were no more than two errors
per discrimination in a session.

Phase 2 commenced immediately after Con-
dition 5. Participants were randomly assigned to
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the PMR or control group. Participants in the
control group received these instructions:

Preparing your next session will take ten
minutes. Please wait for your researcher to re-
turn to present you with the final session.

Participants in the PMR group received
these instructions:

Your next session will require you to listen to a
recording using headphones for ten minutes. It is
recommended that you close your eyes while you
listen. When the recording has finished, your re-
searcher will return to collect you for your final
session.

After participants read the instructions, the
experimenter handed them the headphones,
began the recording, dimmed the lights, and
closed the door after leaving the room. A tran-
scription of the recording is in the Appendix
(the passage was identical to the one used by
Tyndall et al. and was presented similarly).

Phase 3 occurred immediately after Phase 2,
and the participants were treated identically.
They first read these instructions:

Your next session will consist of me presenting
you with 96 flashcards. Please calculate the an-
swer and write it down. After you finish one
card, I will hand you the next one. No feedback
will be given during the session. However, after
the session your answers will be assessed and
money provided for each correct answer. Good
luck!”

Table 3 shows examples of the flashcards
(answers were not presented to participants
such that each card was blank under the black
line). The experimenter provided a pen and
presented one flashcard at a time. The experi-
menter placed each completed flashcard to the
side such that participants could not respond to
previous flashcards. A limited hold for respond-
ing was set to 10 s such that the card was re-
moved if 10 s elapsed without a response, which
rarely occurred. The time between flashcards
was only as long as it took for the experimenter
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Table 1
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Outline for training and testing for both groups.
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Discriminations

Condition Type Trained Tested
Phase 1

1 Baseline training AB —

2 Baseline training BC —

3 Baseline training CD —

4 Baseline training DE —

5 Baseline training AB, BC, CD, DE —
Phase 2 PMR manipulation — —
Phase 3 Adduction Testing — EA

Note. Participants were treated differently only in Phase 2 receiving either the presence or absence of
guided meditation for 10 min (see Appendix).

Table 2

Stimuli comprising the discriminations learned in Phase 1.

Al

A2

A3

Ad

Bl Cl1

yok fic

B2 C2

mof tep

B3 C3
bal loz
B4 C4

kad dut

D1

het

D2

sul

D3
g1x
D4

I0]

El
=)
E2
&
E3
1]
E4
e
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Table 3

Examples of the flashcards from Phase 3 (the answers were

-

+2 X6
9 12
+5
10

not presented to the participants).

X3
24

to place the previous flashcard to the side and
present the next one. The experimenter did not
provide any feedback following completion of
each flashcard. As shown in Table 3, the flash-
cards presented participants with arithmetic
questions involving the E stimuli from Phase 1.
Each flashcard required participants to multiply
(48 cards) or add (48 cards) an E stimulus with
an Arabic number ranging from 1-12 (e.g., E1 +
9). Each E stimulus appeared on 24 flashcards
(12 multiplication and 12 addition), and each
Arabic number appeared on eight flashcards
(four multiplication and four addition). The
flashcards were organized pseudorandomly
such that there were no more than three consec-
utive addition or multiplication problems, and
no more than three consecutive flashcards with
the same E stimulus.

RESULTS

Table 4 displays session-by-session accuracy
scores for all participants. With only one excep-
tion, each participant in the control group com-
pleted the experiment in the minimum number
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of sessions. The exception was that Participant
JR required a second session in Condition 5.
There were three exceptions in the PMR group.
Participants EL and OD required four sessions
in Condition 1, and Participant EL required a
second session in Condition 5.

Accuracy scores in the adduction assess-
ment were similar across groups. Only one par-
ticipant in each group achieved greater than
90% (Participants BB and BM in the PMR and
control groups, respectively). Mean accuracies
were 28.90% and 23.18% in the control and PMR
groups, respectively. These accuracies were not
significantly different: t(6) = 0.1728, p = 0.8685.

DISCUSSION

The present results do not extend the find-
ings of Tyndall et al. (2016). Despite rapid and
robust learning of the baseline relations, success-
ful adduction occurred in only one of four par-
ticipants in each group. These results confirm
the challenge in adducing untested, three-node
equivalence relations (Rippy & Doughty, 2017).
Providing participants with brief PMR exposure
did not overcome this challenge. As such, the
present results limit the generality of brief PMR
exposure at enhancing derived relational learn-
ing.

The discrepant results between the present
research and Tyndall et al. (2016) might be at-
tributed to three procedural differences. First,
the number of possible equivalence classes was
greater in the present research (i.e., four versus
two). Second, the present research involved
equivalence relations separated by three nodes,
whereas Tyndall et al. examined one- and two-
node equivalence relations. Third, Tyndall et al.
assessed derived relations using AMTS probe
trials, whereas adduction testing was utilized in
the present work. Although numerous studies
have established derived relations similar to
four, 5-member equivalence classes (e.g.,
Arntzen, 2012; Fields & Moss, 2007; Hayes et al.,
2001), it certainly is plausible that these two
factors (class number and nodal distance) con-
tributed to the findings. The results of Doughty
and Soydan (2019) suggest that the third factor
(testing method) may have contributed to the
present findings. Two groups of college students
received initial training identical to Phase 1 of
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Table 4

Accuracy scores (i.e., percent correct) for each participant in each session.

Participants
Condition BM JR MD TH
Control Group
AB 90 82 98 79
98 100 98 100
BC 89 81 97 84
100 100 100 100
CD 95 77 86 97
99 100 100 100
DE 85 74 95 98
100 98 100 100
AB - DE 98 96 98 99
100
Adduction 99 1 16 0
BB EL GB OD
PMR Group
AB 82 40 98 25
100 86 99 25
97 92
98 100
BC 96 86 95 90
100 100 98 100
CD 95 96 95 91
100 100 98 100
DE 97 92 94 94
99 100 98 100
AB - DE 99 98 98 100

99
Adduction 93 0 0 0
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the current experiment (i.e., AB, BC, CD, and DE
relations were established). In Phase 2, derived
EA relations were tested across groups using
either probe-trial testing or a modified adduc-
tion assessment. The modified adduction as-
sessment was identical to the adduction testing
in the present experiment with one exception.
Four response options (i.e., possible answers)
were presented on each arithmetic flashcard
surrounding the EA question. As such, both
groups in Doughty and Soydan received an
assessment in which sample and comparison
stimuli were present. Despite this inclusion of
comparison stimuli in the adduction assessment,
no participant performed successfully in adduc-
tion testing, whereas each participant derived
the EA relations in probe-trial testing. These
findings attest to the relative difficulty inherent
in deriving multi-nodal relations in an adduc-
tion assessment.

Future research examining the effects of
PMR on derived relational responding should
explore the aforementioned differences between
the present research and Tyndall et al. (2016) as
well as address the following limitations. Both
Tyndall et al. and the present experiment omit-
ted independent measures of relaxation during
and after PMR exposure. The effects of pro-
longed PMR exposure were not assessed. It may
be noteworthy to examine differential levels of
PMR exposure across participants with and
without a history of engaging in PMR to induce
relaxation. An additional factor that may be
useful to assess is the treatment of the control
groups. Tyndall et al. utilized a simple learning
task, whereas our participants were untreated.
Finally, our small sample sizes should be noted.
It is our hope that investigators continue to fol-
low the lead of Tyndall et al., and others, and
examine derived stimulus relations in the con-
text of variables that garner attention in the
broader scientific community.
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APPENDIX

Below is a transcription of the guided-meditation recording presented to participants in the PMR group
in Phase 2:

Hello. Make yourself comfortable. Sit back and close your eyes. I am going to read out some in-
structions and I would like for you to follow. Become aware of your breathing. Slowly breathe in
and out through your nose. Now, I would like for you to consciously begin inhaling for one, two,
three, four. Now hold your breath for one, two, three, four, five, six, seven. And release for one,
two, three, four, five, six, seven, eight. We are going to do this two more times. Begin to inhale for
one, two, three, four. Now hold your breath for one, two, three, four, five, six, seven. And release
for one, two, three, four, five, six, seven, eight. Inhale one, two, three, four. Hold. One, two, three,
four, five, six, seven. Exhale. One, two, three, four, five, six, seven, eight. Now on each exhale, I
would like for you to say the word “one,” to yourself. It is natural for thoughts to come into
mind. This does not mean that you are not following the procedure. When this happens, simply
deal with the thought, do not dwell on it, but return your focus back to your breathing. Breathing
in through your nose and exhaling on one. So now, deeply relax all of your muscles. Starting with
your toes, feel them relaxing. All tension easing away. Next, your ankles; completely relaxing, no
tension at all. Relax the muscles in your calves. No strain. And your knees. Feel them relaxing.
And all of the while, you are breathing in through your nose and exhaling on “one.” The muscles
in your thighs are completely relaxed. The tension is easing away. Your lower back is totally and
completely at ease. Completely comfortable. Feel your stomach muscles relaxing. Everything is
easing away and your chest muscles. The tension is leaving them now. You are totally and com-
pletely at ease. You are totally and completely at ease. Your hands are completely relaxed. Just
resting there. There is no tension in your arms. Completely relaxed. Your shoulders. There is no
tension in them at all. Totally at ease. Your shoulder blades- feel them relaxing. Letting every-
thing go. Letting it all go. And all the while, you are breathing in and exhaling on “one.” Now fo-
cus upon your neck. All strains are now leaving your neck. Completely relaxed. Now, notice your
mouth. It is loosening up. Your tongue drops from the roof of your mouth. Your jaw relaxes soft-
ly. And your cheeks are relaxing. All easing out. And all of the while, you are breathing in and
exhaling on “one.” Completely and totally at peace. The lines of your forehead are now disap-
pearing. The tension being held in the top of your head is now being rubbed away and you are
feeling completely at ease. The top of your head is totally relaxing. No tension at all. Breathing in
and exhaling on one. With each breath, imagining the tension releasing from your body. Exhaling
any form of stress and tension that you may have built up during the day. Your whole body is
now completely relaxed. You are now totally at ease and continue to relax. Open your eyes
whenever you are ready. Someone will be with you in a few moments. Thank you.
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BEHAVIORAL TECHNOLOGIES OF TEACHING AT 50: NEW OPPORTUNITIES
AND NEW CHALLENGES

William J. Mcllvane, Christophe J. Gerard, and David A. Smelson
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This paper concerns an ongoing effort at the
University of Massachusetts Medical School to
develop computer-supported instructional pro-
cedures that may contribute to national efforts
to address high-priority public health challeng-
es. Recent efforts have yielded publications
aimed at supporting practitioners responding to
the increasing prevalence of autism spectrum
disorders (e.g., Mcllvane et al., 2018). Very re-
cently, this effort has taken a new direction -
supporting practitioners who provide services to
people with co-occurring mental health and
substance use disorders (CODs). In describing
this new initiative, we hope to call attention to
currently neglected research opportunities for
behavior analysts.

As background on behavior analytic instruc-
tional science, two seminal works were pub-
lished in 1968. The first was Skinner’s The Tech-
nology of Teaching in which he summarized an
emerging behavioral science relevant to teach-
ing. He contrasted its methods and findings
with longstanding educational methods used
from the primary grades through graduate edu-
cation. The second seminal work was Keller’s
Goodbye Teacher, in which he outlined the Per-
sonalized System of Instruction (PSI). Keller
summarized its main features as follows: (1)
learners go at their own pace; (2) learners master
one unit’s information before advancing to the
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next; (3) lectures and demonstrations motivate
rather than provide critical information; (4) writ-
ten word is emphasized in teacher-student
communication; (5) proctors conduct repeated
testing, immediate scoring, and tutoring.

Via these two works, Skinner and Keller
helped launch the field of programmed instruc-
tion. One revolutionary perspective was founda-
tional: the teacher’s responsibility is to arrange
conditions under which students truly learn the
material. Instead of merely grading students
against whatever standard they preferred,
teachers would become responsible for “grad-
ing” themselves against the standard of student
achievement. If teaching proved ineffective or
inefficient, then it was the teachers’ responsibil-
ity to improve it. In doing that, Skinner and
Keller expected that teachers would apply the
best information available to refine their teach-
ing, to incorporate new methods that promised
improved outcomes, and over time perfect their
teaching to the extent possible.

Behavior analysis has many successful, sus-
tained applications in education and training of
normally capable children and people with de-
velopmental disabilities. = For example, The
Journal of Behavioral Education publishes many
such reports. In a review of its offerings overall,
we found relatively few projects with normally
capable adults. Concerning behavior analytic
programmed instruction as a whole, many stud-
ies with normally capable adults were published
prior to 1990. In this century, however, examples
are also relatively few. Literature relating to PSI
implementation is similar.

One is led to ask why methods with a sub-
stantial basis in empirical evidence have made
so little recent impact on education and training
programs for college students and normally
capable adults in general. This situation seems
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especially puzzling given the explosion of dis-
tance learning programs that are excellent vehi-
cles for programmed instruction. Concerning
PSI specifically, social medial platforms could be
used to implement its cooperative learning fea-
tures, but such projects seem virtually nonexist-
ent (cf. Eyre, 2007; see Svenningsen, Bottomley
& Pear [2018] for an example of computer-
assisted instruction with PSI features).

To account for neglect of such opportunities,
systems inertia and intellectual and/or emo-
tional opposition come to mind. However, there
is the highly plausible alternative that pro-
grammed instruction and PSI are perceived as
dated approaches. Most foundational work on
these topics was accomplished decades ago.
Moreover, much of the technology employed
back then was primitive by today’s technologi-
cal standards. Developers today might be ex-
cused for evaluating such technology as obso-
lete.

In one effort to correct this misperception,
our project on CODs was inspired by the Sid-
man and Sidman (1965) Neuroanatomy pro-
grammed text, the result of a partnership be-
tween a neurologist and a behavior analyst. Our
project partners an expert on health care services
with a behavior analyst and a computer scien-
tist. As background, CODs are common. They
challenge providers to provide effective treat-
ments, especially for individuals who are home-
less and/or involved in the criminal justice sys-
tem. Research has shown that integrated, coor-
dinated community-based services have the
potential to improve client outcomes. However,
there is a clear gap in training the health care
workforce on such treatment techniques - a gap
we hope to begin closing.

Our project is focused on developing a pro-
grammed distance-learning course called
MISSION U. Its purpose is to teach practitioners
about an evidence-based, transdisciplinary case
management model called Maintaining Inde-
pendence and Sobriety through Systems Integra-
tion, Outreach and Networking (MISSION).
Listed in the Substance Abuse and Mental
Health Service Administration-Registry for Evi-
dence Based Practices (NREPP), MISSION has
had substantial impact, particularly with vul-
nerable populations of veterans and individuals
who are homeless and/or involved in the crimi-

61

Vol. 32

nal justice system. While MISSION is extensive-
ly documented in treatment manuals, a recent
multisite implementation study identified the
need for more comprehensive training tools
(Smelson et al. 2015).

The first phase of the MISSION U project
aimed to: (1) demonstrate implementation of a
prototype MISSION U software platform with
meaningful MISSION content and (2) create a
MISSION overview that can be freely distribut-
ed to exemplify the instructional technology. We
programmed two prototype modules, one a
general introduction to the MISSION model and
the other on MISSION home visit procedures.
Both modules were broken up into smaller units
that allowed for frequent learning evaluations
and remedial programming.

COURSE DESIGN
Instructional Design

The Individualized Instruction Model (IIM)
(or “personalized instruction”) specifies that
learners should be supported in completing
work autonomously and accurately, focusing on
their specific capabilities and need areas (Pap-
pas, 2014). This model is directly traceable to
behavior analysis research with normally capa-
ble adult learners in Skinner (1968) and Keller
(1968). In this model, didactic teaching contains
frequent assessments to gauge ongoing pro-
gress. Tests assess not only acquisition but also
application of new material. Our course design
draws also from behavior analytic analyses of
acquisition and generalization of new behavior
(e.g. Mcllvane & Dube, 2003).

MISSION U is designed primarily for Case
Managers and Peer Support Specialists who
deliver and/or coordinate services for persons
with COD. These learners are heterogeneous in
age, ethnicity, income, SES, level of education,
job responsibilities, career objectives, and first
language - heterogeneity that virtually demands
use of the Individualized Instruction Model.

The design has been influenced also by cur-
rent teaching principles that posit that some
individuals learn best visually whereas others
do best when the material is presented in the
auditory mode. There is evidence that (1) learn-
ers may have distinct preferences for the manner
in which information is consumed and (2) multi-
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modal (e.g., combined auditory-visual) presen-
tation has demonstrated advantages (cf. Kharb
et al, 2013). Notably, these principles comport
well with those of quasi-basic behavioral re-
search with other populations (Green, 1990;
Soraci et al., 1991).
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Figure 1

Figure 1 shows a simple technique for multi-
modal guidance of attending. Its bottom portion
shows a full frame from the module on home
visit procedures. As the frames above it indicate,
the constituent information is introduced grad-
ually and coordinated with instructor voice-over
narration that conveys the same information
simultaneously. The full frame is presented only
at the end when the learner is invited to review
it before going forward in the program.

Good management of attending also aims to
reduce the scanning burden and thus to increase
the likelihood of attending to relevant content.
To encourage generalization of skills learned in
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the didactic components of MISSION U, we also
incorporate e-simulations in which a Case Man-
ager and a Peer Support Specialist simulate
work with a client. Images like those shown in
Figure 2 are interspersed throughout the audio-
visual e-simulation. Periodic challenge questions
require learners to make operational and clinical
decisions in which they must apply what they
have learned. These questions contrast specific
MISSION techniques with clinically plausible
choices that do not comport with the MISSION
model. Immediate feedback is given, and learn-
ers are given an opportunity to respond correct-
ly afterward if errors occurred.

Figure 2

Pretest/Posttest Design

Given the target audience, we have been es-
pecially careful to verify that MISSION U in-
structional procedures are sufficient to teach its
learners about the MISSION program specifical-
ly (i.e., as opposed to merely recruiting general
knowledge and/or opinion about how clients
with CODs should be treated). The example in
Table 1 shows that pre/post testing contrasts the
MISSION model with other plausible clinical
options. If learners respond correctly to such
posttest questions, they show that they have
understood and remembered what was taught
during the teaching units. Such questions do not
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allow them to respond consistently correctly by
guessing or by applying previous knowledge
about other therapeutic approaches. Challenge
questions in the e-simulations have a similar
purpose.

Technical Assistance

Consistent with certain aspects of the Keller
Plan, our design incorporates an optional 1-hour
videoconference that allows learners to interact
with instructors who are fully conversant with
the MISSION model. These videoconferences
allow learners to discuss the e-simulation case
and also related topics from their own case
management or peer support experience. We
plan to expand such supports by including proc-
tor/peer tutoring by Case Managers and Peer
Support Specialists in subsequent versions of
MISSION U.

Software Architecture

MISSION U is a hybrid of a commercially
available e-learning package (iSpring, n. d.) and
in-house programming that substantially ex-
pands the package’s capabilities to meet the
needs of our instructional design. In our in-
house programming to date, we have empha-
sized off-the-shelf Open Source components that
provided  powerful,  transparent,  non-
proprietary resources to give us maximum pow-
er and flexibility. In addition, we also devel-
oped new software that allows these compo-
nents to interact functionally.

Consistent with our Open Source approach,
our course is currently implemented in a widely
used Learning Management System called

1 For readers interested in technical details, the pro-
gram infrastructure is based on: (1) MEAN, an open-
source JavaScript software stack for building dynamic
web applications. MEAN is an acronym abbreviating
its components: (a) MongodB - a free, open source,
cross-platform document-oriented database program,
(b) Express]S - a web framework for Node]JS; see d,
(c) Angular]S - a client-side JavaScript framework
that extends HTML with new attributes, and (d)
Node]S - an open-source, cross-platform JavaScript
run-time environment that executes server-side Ja-
vaScript code, and (2) a Nginx Web Server that pro-
vides static content for Learning Modules and static
resources (html, css and JavaScript files).

63

Vol. 32

Moodle. Its features allow for housekeeping
such as learner registration, enrollment, and
data reporting. Moodle also allows for limited
program branching based on learner responses
to challenge questions. However, this feature is
not sufficiently flexible to optimize the instruc-
tional flow for individual learners, especially
those who struggle with the material. Thus, our
technical development group has developed
proprietary software that permits virtually un-
limited branching within the Moodle or other
Learning Management System environments.

PILOT STUDY OF MISSION U

Nineteen participants were recruited from
programs serving clients in 5 states. The racially
diverse sample had an average of 8.8 years in
the field. All participants received pre/posttests
for all units and all completed the e-simulation.
The technical assistance opportunity was piloted
with nine participants. Participants then com-
pleted software satisfaction/content ratings and
a final overall post-test. Four results were clear:

(1) Instructional technology delivered highly
effective instruction. Even given our demanding
question design, pretest/posttest score distribu-
tion differences were virtually nonoverlapping
visually and thus highly significant (p <
.0000000000001) based on statistical analysis
with the Excel t-test function (paired sample,
one-tailed test).

(2) In the e-simulation, there was significant
evidence of application of MISSION principles.
Accuracy scores on challenge questions aver-
aged 86% (range: 100%-71%), significantly
greater than chance scores (~33%).

(3) Technical Assistance was clearly benefi-
cial - and very positively received. On a final
overall post-test, scores of those who received
technical assistance were substantially higher
than those who did not. The Cohen d effect size
was large (.833).

(4) Learner satisfaction with MISSION U
was high. One satisfaction measure concerned
usability of the MISSION U human interface and
the other whether MISSION U course content
was appropriate to learner needs. Percent satis-
faction with usability and content was 94% and
93%, respectively. Disagreements were spread
across the range of questions posed. Thus, no
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specific feature of the human interface design or
course content was deemed faulty by users as a

group.

CURRENT STATUS OF THE PROJECT

As impressive as these data might seem, we
think these findings merely show promise that
we are on a path towards a programmed course
that would fully satisfy criteria articulated by
Skinner, Keller, and Sidman. While most pretest
scores were at or near chance levels as we had
planned, the final posttest score distribution
ranged from intermediate to high accuracy. We
could likely have produced high accuracy post-
test scores overall by making the posttest ques-
tions less demanding, but that would have de-
feated one important purpose of the pilot - fair
witnessing that our procedures for managing
attending and other aspects of instructional
technology were responsible for posttest gains.

Even though the participants in our pilot
were normally capable adults and we gave them
an unusual amount of instructional support for
training such as this, we were not surprised that
posttest scores fell short of perfection. We re-
called Holland’s Forward II to The Technology
of Teaching (2003). His students (Harvard un-
dergraduates) apparently performed similarly
on the first efforts of his course development
group. We recall also the lessons from the Sid-
man and Stoddard (1966) description of pro-
gram development for testing patients with
neurological and neurodevelopmental disorders
in which many revisions of an initially well-
designed teaching program proved necessary
before a satisfactory version was produced.
Work of this nature virtually demands cycles of
program development, testing, and refinement.
We have already completed a substantial revi-
sion of one of our learning modules that we plan
to release when we optimize learning outcomes.

CONCLUSION

We prepared this preliminary report mainly
to highlight a research and development oppor-
tunity that we hope will attract the attention of
and perhaps challenge our colleagues and stu-
dents. With today’s hardware and software,
development of carefully programmed courses
for normally capable adults has become a feasi-
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ble and affordable proposition. For our work,
we chose iSpring based on program features
that we needed for our project. However, there
are many such systems to choose from with
different features, strengths, weaknesses and
price points (cf. Capterra Course Authoring
Software, n. d.). If custom programming is
needed for certain applications, we and our
colleagues have had some success in recruiting
low-cost student help from university computer
science and engineering programs. Involvement
of their faculty in such collaborations has been
of particular help.

Whereas the technologies described by Hol-
land and by Sidman and Stoddard led to slow,
painstaking work to produce a single program,
current technology presents the opportunity to
develop much more capable instructional tech-
nology in much less time. Although we had
resources to do custom programming, current
authoring programs have powerful features and
built-in tools to aid developers. It is increasingly
possible to realize the early vision of Skinner,
Keller, Sidman, and others who foresaw a pow-
erful behavioral instructional technology to im-
prove education and training outcomes for a
broad range of students. Indeed, we think that a
new Golden Age of programmed instruction is
within reach.
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