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Structural characteristics of slot machines, such as color, have been implicated in
the maintenance of problem gambling. Behavior-analytic research has demonstrated
that preferences for identically programmed, concurrently available simulated slot
machines can be brought under contextual control, which may provide a functional
account of the control exerted by structural characteristics. Specifically, when par-
ticipants were trained that the color yellow was a contextual cue for ‘more than’ and
the color blue was a contextual cue for ‘less than’, participants showed an increased
preference for the yellow slot machine, despite both machines being identical in
schedule and magnitude of reinforcement. The present experiments sought to repli-
cate and extend these findings in several ways. First, we sought to overcome limita-
tions of pretest/posttest designs by employing a nonconcurrent multiple baseline de-
sign, counterbalancing the contextual cues, and employing problem gamblers as
participants. Experiments 1 and 2 found that slot machine preferences could be al-
tered in accordance with contextual cues in problem gamblers, and Experiment 3
reported that these preferences could be reversed. All three experiments found that
extended exposure to the payout contingencies of a slot machine may weaken the
control exerted by the contextual cues.
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Experiment

The structural characteristics of slot ma-
chines or electronic gaming machines have
been implicated in the persistence and
maintenance of problem gambling (Griffiths,
1990). The term “structural characteristic”
encompasses many features including lights,
colors, sounds, and bill payment options.
Adding or removing some of these features
has associated effects on persistence and lev-
els of self-reported enjoyment in slot machine
play (Loba, Stewart, Klein, & Blackburn,
2001; Sharpe, Walker, Coughlan, Enerson, &
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Blaszczynski, 2005). For instance, Loba et al.
(2001) reported that video lottery terminals
that had fast reels and produced sounds were
played for longer periods of time than those
that had slower reels and no sound.
Behavior-analytic gambling research on
the effects of structural characteristics has
sought to investigate how color may influence
slot machine choice. Zlomke and Dixon
(2006) conducted a study in which partici-
pants were presented with two concurrently
available computer simulated slot machines
identical in schedule and magnitude of rein-
forcement and differing only in color (one slot
machine was yellow and the other was blue).
The slot machines paid out according to a
random ratio 0.5 schedule, such that each spin
was independent of the last and a winning tri-
al occurred on 50% of trials. Magnitude of
reinforcement was held constant such that one
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credit was required to play a slot machine,
therefore one credit was lost on a losing spin,
and one credit was won for a winning spin.
Participants showed no particular preference
for either slot machine, allocating approxi-
mately equal responding to both machines.
Participants were then given a nonarbitrary
relational training task in which the color yel-
low was established as a contextual cue for
more than and the color blue was established
as a contextual cue for less than. Following
this training, participants were given a further
50 slot machine trials to play under identical
conditions as before. It was found that partic-
ipants allocated increased responding to the
yellow slot machine, despite both slot ma-
chines being identical in payout probability
(Zlomke & Dixon, 20006).

Researchers have replicated and extended
these findings (Fredheim, Otterson, &
Arntzen, 2008; Hoon, Dymond, Jackson, &
Dixon, 2007, 2008; Johnson & Dixon, 2009;
Nastally, Dixon, & Jackson, 2010). For in-
stance, Fredheim et al. (2008) used an identi-
cal procedure to Zlomke and Dixon (2006)
with non-problem gamblers and found that
only four out of twelve participants showed
an increased preference for the more than slot
machine at posttest. In a second experiment,
the authors altered the way in which instruc-
tions were presented so that individuals who
had not reached criterion responding for
nonarbitrary training and testing within one
hour had the instructions repeated to them.
Secondly, a brief interview was conducted
following the experiment to identify whether
participants had attended to the contextual cue
(the Color Group) or simply responded to the
comparison stimuli independent of the con-
textual cue (the Number Group). Results were
analysed in terms of whether participants
were assigned to either the Color Group or the
Number Group. It was found that in the Color
Group, eight out of twelve participants
showed increased preference for the more
than (yellow) slot machine at posttest whereas

in the Number Group only two participants
out of six showed increased preference to-
wards the more than slot machine at posttest
(Fredheim et al., 2008).

The original nonarbitrary relational train-
ing procedure used by Zlomke and Dixon
(2006) has potential limitations, which may
explain the finding of Fredheim et al. (2008).
Specifically, during relational training, partic-
ipants were presented with the contextual cue
(a yellow or blue colored screen) followed by
three comparison stimuli. For example, the
screen appeared yellow and then $1, $5, and
$10 notes were presented. This method has
been criticised because, firstly, it is ambigu-
ous due to there being two correct responses
(both $5 and $10 are more than $1), and sec-
ondly, it may lead to the more than cue being
established as a cue for ‘opposite’ (Hoon et
al., 2007, 2008). It is possible that these fac-
tors may partly explain why Fredheim et al.
(2008) only observed the predicted effect in a
minority of participants because the ambigui-
ty of the training task resulted in insufficient
contextual functions having been established,
which was unlikely to influence posttest per-
formance.

In order to resolve these limitations,
Hoon et al. (2007, 2008) employed a training
task in which only two comparison stimuli
were presented. This ensured there was only
one correct response per trial. During base-
line, participants did not show a particular
preference for either slot machine; however,
following the nonarbitrary relational training
and testing phase, participants did show an
increased preference for the yellow ‘more
than’ slot machine. These results demonstrate
that a preference for a structural characteristic
such as color may override the direct payout
contingencies of a slot machine.

While there are merits to the research al-
ready conducted on the influence of contextu-
al cues in simulated slot machine gambling,
there are some methodological limitations
with the research designs that have been used.
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First, the pretest/posttest design, which has
been used in all of the previous research on
this topic, does not remove all threats to inter-
nal validity because it may be subject to
test/re-test sensitivity. Second, in previous
experiments, all participants received an iden-
tical number of baseline exposures (50 trials)
to the slot machine pretest phase. Any result-
ing changes in slot machine preferences may
not have appeared stable because of the spon-
taneous change following a certain number of
trials.

Within single case research, there are a
number of alternatives to pretest/posttest de-
signs that may overcome some of theses limi-
tations. In particular, the non-concurrent mul-
tiple baseline design may be suitable in this
regard (Harvey, May, & Kennedy, 2004;
Kennedy, 2005; Watson & Workman, 1981).
In a concurrent or non-concurrent multiple
baseline design, participants receive differing
lengths of baseline trials before the interven-
tion is implemented. In this case, functional
control is demonstrated when changes in be-
havior are seen only once the intervention is
applied and not for any other reason. Another
form of single case design is a reversal de-
sign. In a simple reversal design baseline lev-
els of responding are recorded and once sta-
bility is achieved, treatment is implemented.
These baseline data then act as a comparison
condition to the treatment condition
(Chambless & Hollon, 1998) to see if the be-
havior has changed as predicted.

To date, only one published experiment
has used a design other than pretest/posttest to
research gambling behavior (Dixon & Holton,
2009) and only one experiment has used a
reversal procedure (albeit as part of a pre-
test/posttest design; Nastally et al., 2010). In a
study on delay discounting, Dixon and Holton
(2009) presented participants with hypothet-
ical choices involving differing amounts of
money with differing lengths of delay before
receiving the money. On each trial the contex-
tual cues, color pink or color purple, were

simultaneously presented. Participants then
completed a nonarbitrary training procedure
that was similar to that of Zlomke and Dixon
(2006) except that the two contextual cues
(color pink and color purple) were trained as
‘better than’ and ‘worse than’. In the final
phase, participants were re-presented with the
delay discounting task only this time the con-
textual cues had acquired functions of ‘better
than’ or ‘worse than’, such that participants
showed less frequent discounting (Dixon &
Holton, 2009).

Nastally et al. (2010) adopted the same
procedure as described in Hoon et al. (2008),
except that a second nonarbitrary training
phase was presented in which the contextual
cue that had initially been trained as the more
than cue became the contextual cue for less
than. Additionally, the color slot machine that
was most preferred during initial pretest was
targeted at the less than contextual cue. It was
found that participants’ preferences for the
slot machines reversed following the second
nonarbitrary phase such that preference was
now shown for the slot machine the same col-
or as the cue trained as more than in the sec-
ond phase, however this reversal effect was
not seen in the pathological gambling group.
Nastally et al. (2010) also reported that the
problem gamblers took five times as long to
reach criterion responding in the initial
nonarbitrary task.

Studies conducted to date on contextual
control of slot machine preferences may have
implications for furthering understanding the
role of verbal behavior in gambling. Early
reports (e.g., Zlomke & Dixon, 2006) de-
scribed the shift in response allocation to-
wards the more than slot machine as indica-
tive of “transformation of functions”, even
though the relational training intervention in-
volved purely nonarbitrary relations. As oth-
ers have outlined (e.g., Dymond & Roche,
2010; Dymond & Whelan, 2007), while these
studies fall some way short of modern defini-
tions of verbal behavior, they do emphasize
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the central role played by relational respond-
ing in generating the resulting effects. We
will return to this issue in the General Discus-
sion.

The present experiments sought to repli-
cate and extend the findings of Hoon et al.,
(2007, 2008) using a non-concurrent multiple
baseline design. In Experiment 1, the contex-
tual cues were counterbalanced across partici-
pants. In Experiment 2, nonarbitrary training
task was only implemented once responding
became stable. In Experiment 3, a reversal
design was incorporated to examine whether
preferences could be shifted and reversed.

EXPERIMENT 1
METHOD

Participants

Three British participants (2 males, 1 fe-
male), aged 20 to 22 years (M = 21; SD = 1)
attending Swansea University were recruited
through personal contacts. Participants com-
pleted the South Oaks Gambling Screen
(SOGS; Lesieur & Blume, 1987). A score on
the SOGS of 3 or 4 indicates potential prob-
lem gambling, and a score of five or above
indicates probable pathological gambling (Le-
sieur & Blume, 1987). P2 scored zero on the
SOGS, while P1 and P3 both scored three (M
=2,SD=1.41).

Apparatus

The experiment took place in a small
room containing a desk, a desktop computer
with 16-inch display, full sized keyboard and
a two-button click mouse. Stimulus presenta-
tion and the recording of responses were con-
trolled by the computer and were pro-
grammed in Visual Basic®.

Design

A non-concurrent multiple baseline
across participants design was used and the
contextual cues were counterbalanced so that
two participants were trained that yellow was
the more than cue and blue the less than cue,

and one participant was trained that blue was
the more than cue and yellow the less than
cue. The color that was trained as the more
than and less than cues were predetermined in
Experiment 1, therefore participant preference
in the baseline task did not influence the con-
textual cues that were to be established.

Procedure

There were three phases to the experi-
ment; slot machine baseline trials, the nonar-
bitrary relational training intervention and slot
machine trials post-intervention.

Slot machine Task: Baseline

The slot machine task was employed to
obtain data on participants’ baseline choices
towards two concurrently available slot ma-
chines that were identical in schedule and
magnitude of reinforcement and differed only
in background color, one being predominantly
yellow and the other being predominantly
blue. Participants were presented with the fol-
lowing on-screen instructions:

“On the following screen you
will see a button in the middle
of the screen. When you click
on the button with your mouse
two slot machines will be re-
vealed. Click your mouse on
the slot machine you would
like to play and earn as many
points as possible.”

On clicking the button on the screen, par-
ticipants were presented with a grey screen
which revealed a red button in the centre of
the screen containing the instructions Click
here. Clicking the red button presented partic-
ipants with a screen containing a blue rectan-
gular box named Slot machine 1, and a yellow
rectangular box named Slot machine 2. These
boxes were randomly positioned on opposite
sides of the screen throughout trials to control
for position bias. To play a slot machine, par-
ticipants clicked the Spin button on the left
hand side of the screen. All participants start-
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ed with 100 credits and only one credit could
be bet at a time. On clicking the spin button
the reels spun for three seconds and sound
effects were heard which were similar to
those of actual casino slot machines. A win-
ning spin consisted of three identical symbols
on the pay off line, and resulted in one credit
being awarded in the Total Credits box at the
top left of the screen. A losing spin consisted
of two matching symbols or no matching
symbols and one credit was subtracted from
the Total Credits box. After playing a slot
machine, participants were taken back to the
initial grey screen with Click here button and
a new phase began.

Each participant was presented with a
different number of baseline trials, pre-
determined by the experimenter: P1 received
40 baseline slot machine trials, P2 received 80
baseline trials and P3 received 120 baseline
trials.

Nonarbitrary Relational Training

This phase established more than and less
than contextual functions for the background
colors, yellow and blue. For P1 and P2, the
color yellow was trained as the contextual cue
for more than and blue was the cue for less
than. This was counterbalanced for P3 so that
blue was trained as the more than cue and yel-
low was trained as the less than cue.

During nonarbitrary training the back-
ground screen would appear either yellow or
blue, then after approximately three seconds,
two stimuli would appear on screen, one
stimulus on the left and the other on the right
(see Figure 1). The stimuli presented consist-
ed of images which represented different
quantities, for example a five dollar poker
chip and a twenty five dollar poker chip. Par-
ticipants were required to select an image by
clicking on the image with a mouse. On se-
lecting the correct stimulus, the word ‘Cor-
rect’ was displayed on the screen for one sec-
ond and a chime sound effect was heard,
whereas following an incorrect response the

word ‘Wrong’ was presented and a buzzer
sound effect was heard. One point was
awarded for each correct response, which was
displayed at the top centre of the screen. The
computer programme automatically proceed-
ed to the next trial. There were 48 trials in the
training phase and participants had to respond
correctly across 43 trials in order to progress
to the test phase. If criterion was not met, they
were exposed to the training phase again.

Overall, participants were trained with
four different sets of stimuli in the relational
training phase. The stimuli used were pound
notes (£5, £20, £50), dice (1, 4, 6), poker
chips ($5, $25, $500), and letter grades (A+,
C+, D-). Two images were presented on-
screen at a time (see Table 1 for a graphical
display of all the training trials that were pre-
sented).

P1 and P2 learned to select the image that
represented ‘more than” when the background
color was yellow and the image that repre-
sented ‘less than’ when the background color
was blue. The reverse was true for P3 in the
counterbalanced condition.

Nonarbitrary Relational Testing

The purpose of this phase was to test
whether the more than and less than relations
established during training would be applied
to four novel sets of stimuli. The novel stimu-
lus sets consisted of coins (1p, 20p, £1), play-
ing cards (4 of spades, 9 of spades, king of
spades), jackpots (5 million, 10 million, 20
million) and positions (1%, 8™ 10™). Partici-
pants were required to respond correctly
across all 48 trials. If a participant failed the
test phase, they were re-exposed to the train-
ing phase. The format of the test phase was
identical to the training phase except that no
feedback was given.

Slot machine Task: Post-Intervention

This phase was to investigate whether the
nonarbitrary relational training task would
increase responding to a particular slot
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Table 1. Graphical representation of all the different trial types that were presented to partici-
pants during nonarbitrary relational training.

More More More
£5 £20 £5 £50 £20 £50
Less Less Less
£5 £20 £5 £50 £20 £50
More More More
-] i ] .-
Less Less Less
-] K ] .-
More More More
Less Less Less
More More More
A+ C+ A+ D- C+ D-
Less Less Less
A+ C+ A+ D- C+ D-
machine. P1 received 120 post-intervention RESULTS AND DISCUSSION
slot machine trials, P2 received 80 slot ma- All participants completed the nonarbi-
chine trials and P3 received 40 slot machine trary relational training and testing. Criterion
trials. This ensured that all participants for the training phase required that partici-
completed a total of 160 slot machine trials pants obtain a score of at least 43 in order to
throughout the whole experiment. progress to the test phase. Table 2 shows

that P1 took the most number of training



ALICE E. HOON & SIMON DYMOND

41

Figure 1. An example of a less than (left panel) and a more than trial (right panel) where blue is
trained as the less than cue and yellow is trained as the more than cue. In the presence of the less
than contextual cue, the image portraying the lesser quantity is reinforced (indicated with an ar-
row). In the presence of the more than contextual cue, the image portraying the greater quantity

is reinforced (indicated with an arrow).

Table 2. The number and mean number (with standard deviation) of correct trials during nonar-
bitrary relational training and testing phase in Experiment 1.

Participant

Nonarbitrary
Relational
Training (/48)

Nonarbitrary
Relational
Testing (/48)

23
27
27
23
26
24
42
48
26
38
48
36
39
48

Mean

33.93

Standard devtion

9.86

trials to successfully progress to the test
phase, whereas P2 and P3 only required
three exposures to training. The mean num-
ber of trials required to each criterion in the
training was 33.93 (SD = 9.86). In the test
phase participants were required to get all 48

trials correct to complete the task. All par-
ticipants passed the test following only one
exposure to the task.

Figure 2 depicts the number of respons-
es allocated towards the more than slot ma-
chine (that is, the slot machine that was the
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same color as the more than contextual cue)
during baseline and post-intervention. All
participants showed relatively stable levels
of responding during baseline, suggesting no
marked preferences for either colored slot
machine, however it should be noted that P2
initially showed a small preference for the
slot machine that was to be targeted as the
more than contextual cue. Following the re-
lational training and testing intervention,
two of the three participants (P1 & P2)
showed an increase in the number of re-
sponses allocated to the more than slot ma-
chine. This increase remained stable for the
remainder of the post-intervention phase.
The participant (P3), who received the
shortest post-intervention phase, showed a
smaller increase in response allocation to the
more than slot machine. Overall, the per-
centage difference in responding allocated
towards the more than slot machine from
baseline to post-intervention was 32.5% for
P1, 30% for P2, and 5% for P3. The findings
of Experiment 1 support those of Hoon et al.
(2007, 2008) and Zlomke and Dixon (2006)
that preferences for concurrently available
slot machines may be altered in accordance
with contextual cues.

Although there was a clear shift in slot
machine preferences for P1 and P2, this ef-
fect was less evident for P3, who had re-
ceived the lowest number of post-
intervention trials. Thus, a limitation of Ex-
periment 1 was that the participant who re-
ceived the shortest exposure to the post-
intervention trials also produced unstable
responding. Accordingly, this made it diffi-
cult to assess the effects of the relational
training intervention on slot machine prefer-
ences. If more trials had been given follow-
ing the intervention then this may have re-
sulted in stable responding towards one slot
machine allowing any slot machine prefer-
ence to be assessed. In order to overcome
this limitation, the number of baseline trials
should be determined on the basis of visual

analysis (level and trend) and the interven-
tion should be employed only once respond-
ing is stable. The same stability criteria
could then be adopted during the post-
intervention phase.

An additional limitation of Experiment
1 was that the color to be targeted as the
more than contextual cue was pre-
determined. It is possible that when present-
ing participants with a concurrent choice
between slot machines, a preference for a
particular colored machine may be seen dur-
ing baseline. If that color is then targeted as
the more than cue, a smaller effect size may
be seen when comparing baseline and post-
intervention slot machine preferences. To
overcome this issue, Nastally et al. (2010)
targeted the color slot machine that was the
least preferred following baseline as the
more than contextual cue, rather than prede-
termining the contextual cues for more than
and less than.

Experiment 2 was conducted to explore
this issue in participants who met a SOGS
classification of problem gambler. Addition-
ally, in Experiment 2, similar to Nastally et
al. (2010) the color of the least preferred slot
machine during baseline was targeted as the
contextual cue for more than in the nonarbi-
trary training task in order to rule out any
resulting shift in preferences towards the
more than slot machine occurring on the ba-
sis of pre-existing color preferences.

EXPERIMENT 2
METHOD

Participants

Three male participants of British and
Asian descent aged 20 to 24 years (M =
22.67; SD = 2.31) were recruited through
campus-wide email advertising the study.
Only participants with a minimum SOGS
score of 3 were recruited. Participants SOGS
scores were 7, 6 and 3 (M = 5.33, SD =
1.70).
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Figure 2. Response allocation to the more than slot machine in baseline and post-intervention in
Experiment 1.

Responses to the More Than Slot Machine

Baseline

Post-intervention

10 20 30 40

80 60 70 80 90 100 110 120 130 140 150 160

Trials
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Procedure

The procedure of Experiment 2 was
identical to that of Experiment 1 with the
following exceptions. Firstly, participants
were not given a pre-determined number of
baseline trials. Instead, baseline slot prefer-
ences were monitored every 30 trials and
once responding appeared stable the nonar-
bitrary relational training task was given.
Responding was said to be stable when slot
machine preferences fell within a range of
two trials across three consecutive data
points. This was assessed by the experi-
menter. Secondly, whereas in Experiment 1
the contextual cues had been counterbal-
anced across participants, in Experiment 2,
the color of the least preferred slot machine
during baseline was targeted as the more
than contextual cue in the relational training
intervention. Following the relational train-
ing intervention, participants were re-

CONTEXTUAL CONTROL

presented with the concurrent slot machine
task. In the same way as the baseline task,
responses were monitored every 30 trials
and the experiment only ended once re-
sponses appeared stable. Finally, only indi-
viduals with a minimum SOGS score of 3,
indicating a potential problem gambler, were
recruited.

RESULTS AND DISCUSSION

All participants completed the nonarbi-
trary relational training and testing phase
(see Table 3). P4 and PS5 required two expo-
sures to the training task before progressing
to the test phase, whereas P required three
exposures. The mean number of trials re-
quired to meet criterion for the training
phase was 41.86 (SD = 8.09). P4 and P5
passed the nonarbitrary test after only one
exposure to the task, whereas P6 required
two exposures.

Table 3. The number and mean number (with standard deviation) of correct trials during nonar-
bitrary relational training and testing phase in Experiment 2.

Participant  Nonarbitrary Re-  Nonarbitrary
lational Training Relational
(/48) Test (/48)
4 42 -
48 48
5 26 -
44 47
6 37 -
48 46
48 48
Mean 41.86 47.25
Standard 8.09 0.96
deviation

Figure 3 shows that participants’ prefer-
ences for concurrently available slot ma-
chines were altered, such that participants
allocated most responding to the slot ma-
chine that was the same color as the more
than contextual cue. The extent of this in-
crease in preference varied across partici-

pants, with responding by P6 showing the
greatest post-intervention increase. Post-
intervention responses from P4 were initial-
ly variable but increased in level and trend
by the fifth block of trials where an increase
in preference is seen towards the more than
slot machine. Responses then stabilised
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Figure 3. Response allocation to the more than slot machine in baseline and post-intervention in
Experiment 2.
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whilst showing a fairly clear preference for
the more than slot machine. The results for
P5 are perhaps not as clear. Although PS5
initially showed a slight preference for the
more than slot machine, in his second block
of trials P5 showed equal responding to ei-
ther slot machine, and then in the last block
of trials P5 showed a slight preference for
the more than slot machine again. Unfortu-
nately, P5 terminated his participation be-
fore additional post-intervention trials could
be administered. For this reason, it is diffi-
cult to draw many clear conclusions regard-
ing the preferences for P5. P6 required the
highest number of baseline trials before the
intervention was implemented, and then
showed the most marked increase towards
the more than slot machine during the final
phase. It is important to note that in the first
block of trials following intervention, all
participants allocated increased responding
to color slot machine that had been estab-
lished as more than, despite this slot ma-
chine being least preferred during baseline.
This suggests that the contextual cues that
were established in the intervention are in-
fluencing responding. Overall, the findings
of Experiment 2 demonstrated that problem
gamblers’ preferences for one of two con-
currently available slot machines can be al-
tered in accordance with a relational training
intervention that targets the color of the least
preferred slot machine, and rules out com-
peting explanations in terms of pre-existing
color preferences. It is possible therefore
that in real world gambling, an individual
may show a preference for a particular slot
machine due to a feature of that machine
being related in some way to something else
in the gamblers behavioral repertoire. This
suggests that the factors influencing a gam-
bler’s slot machine preferences may be high-
ly complex.

In Experiment 3, an additional measure
was incorporated: given that the presence of
a nonarbitrary relational training task can

alter participants’ preferences for concur-
rently available slot machines, if the original
task were then reversed and the contextual
cue originally established as the more than
cue now trained as the less than cue, it
would be expected that preferences for the
slot machines would shift accordingly.
Therefore, Experiment 3 was a further modi-
fication of Experiment 2 with the addition of
a reversal design.

EXPERIMENT 3

Experiment 3 employed a reversal de-
sign in which, following initial baseline, in-
tervention and post-intervention trials, the
color previously established as the more
than cue was trained as the less than cue and
vice versa in a second relational training in-
tervention.

METHOD

Participants

In Experiment 3, there were two male
British participants aged 25 and 27 (M = 26;
SD = 1). Only individuals with a minimum
SOGS score of 3 were recruited. One partic-
ipant scored 6 on the SOGS (P7) and the
other scored 5 (P8) indicating that both par-
ticipants were potential pathological gam-
blers (M =5.5, SD =0.5).

Procedure

The procedure for Experiment 3 was
identical for that of Experiment 2 with the
exception of additional nonarbitrary training
tasks that reversed the contextual cues. P7
was given 2 reversals (therefore, 3 training
tasks in total) whereas P8 was only given
one reversal. The number of reversal inter-
ventions given to the participants was pre-
determined. Participants were presented
with a different number of reversals to ex-
amine the extent to which presenting multi-
ple reversal training interventions would still
exert control over responding. As in Exper-
iment 2, the least preferred slot machine was
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targeted as the more than contextual cue for
the first nonarbitrary training intervention,
and this was only implemented once re-
sponding appeared stable (that is, preference
feel within a range of two trials). The second
(and third, in the case of P7) training inter-
vention was also only implemented once
stability had been achieved.

RESULTS AND DISCUSSION

Both participants completed the nonar-
bitrary relational training and testing phase
(see Table 4). In the first nonarbitrary train-
ing task P7 completed the training phase af-
ter just one exposure to the task (i.e., 48 tri-
als), whereas P8 required 2 exposures to the
training task to the first nonarbitrary training
task. Both participants passed the nonarbi-
trary test following just one exposure to the
task. When presented with nonarbitrary
training during the reversal interventions,
both participants were able to respond accu-
rately to the new relations that were estab-
lished requiring only one exposure to pass
both the nonarbitrary training and nonarbi-
trary testing tasks.

Figure 4 shows participants’ prefer-
ences towards the more than slot machine.
The upper panel depicts the responding
made by P7, whereas the lower panel depicts
responding made by P8. During baseline,
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both participants showed no clear prefer-
ences for either slot machine and responding
stabilized after 60 trials. Following the first
relational training intervention, both partici-
pants’ preferences for the more than slot
machine increased as predicted. Following
the second relational training intervention,
P7 showed equal response allocation to the
more than slot machine, whilst responding
by P8 approximated to that of the earlier
post-intervention phase. P7 then received a
third relational training intervention and
subsequently showed a decreased preference
for the more than slot machine. This is per-
haps due to the interaction of the direct con-
tingencies of the slot machines. From the
data of P7 it appears that as more trials are
undertaken, the effect of the contextual cue
weakens and the payout probability exerts
more control. In a similar way, P8 initially
showed a slight increase for the more than
slot machine following the first intervention,
then following the second intervention
showed a fairly equal preference for more
than and the less than slot machine.

Overall, the findings of Experiment 3
demonstrated that problem gamblers’ pref-
erences for one or two concurrently availa-
ble slot machines may be altered in accord-
ance with a relational training intervention,

Table 4. The number and mean number (with standard deviation) of correct trials during the
nonarbitrary relational training and testing phase in Experiment 3.

Partici- Reversal 1 ~ Reversal1  Reversal 2  Reversal 2
pant Nonarbi- Nonarbi- Nonarbi- Nonarbi- Nonarbi- Nonarbi-
trary train-  trary testing trary train-  trary testing trary train-  trary testing
ing (/48) ing (/48) ing (/48)
(/48) (/48) (/48)
7 45 47 43 47 43 48
8 35 - 43 48 - -
48 47 - - n/a n/a
Mean 42.67 47 43 47.5 - -
Standard 6.81 0 0 0.71 0 0

deviation
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Figure 4. Response allocation to the more than slot machine in baseline and post-intervention in
Experiment 3. P7 is shown in the upper panel, and P8 in the lower panel.
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however, where the contextual cues are re-
versed with an additional relational training
and testing procedure the level of altered
preferences decreases as further interven-
tions are presented. This suggests that the
effects of the intervention targeting the
background colors interacted with the con-
current, matched schedule of programmed
reinforcement, leading to diminished control
by the background colors. Nastally et al.
(2010) found that whilst nonproblems gam-
blers showed shifting preferences in slot
machine preference when the contextual
cues were reversed; this effect was dimin-
ished in the problem gambling group.
Nastally et al (2010) suggested that these
differences between the nonproblem gam-
bling group and the gambling group could
be the result of maladaptive rule formations
(Delfabbro, 2004) and self —governed rule
adherence which has been reported in clini-
cal populations (Wulfert, Greenway, Farkas,
Hayes, & Dougher, 1994). Given that the pre-
sent study only employed potential problem
gamblers, it is not possible to compare whether
presenting additional reversals in which the con-
textual cues are switched, exerts more control in
nonproblem gamblers compared to problem
gamblers.

GENERAL DISCUSSION

The current experiments replicated the
findings of Hoon et al. (2007, 2008) and ex-
tended them by using a design that allowed
for a better demonstration of experimental
control. In Experiment 1, a clear shift was
seen in P1 and P2 who allocated the majori-
ty of trials to the more than slot machine fol-
lowing the nonarbitrary intervention. The
effect was less clear in P3. Unfortunately, as
P3 was given the shortest number of post-
intervention trials, this did not allow for his
responding to become stable and, therefore,
preference cannot clearly be determined
from his data. This participant also received
the highest number of baseline trials and had

therefore most experience of the direct con-
tingencies of the slot machines prior to
nonarbitrary training. For this reason, it is
possible that the payout probabilities may
have exerted greater control than the contex-
tual cue. In Experiment 2, the number of
baseline and post-intervention trials given to
each participant were not predetermined, but
instead responses were monitored until re-
sponding appeared stable. All three partici-
pants showed an increase in response alloca-
tion towards the more than slot machine fol-
lowing the intervention. Experiment 3 in-
corporated a reversal design and the results
were particularly interesting, as the data
show that with extended exposure to the
contingencies of reinforcement and addi-
tional nonarbitrary training tasks, the control
exerted by the nonarbitrary training inter-
vention begins to diminish and the schedules
of reinforcement appear to influence re-
sponding.

Across all experiments, every partici-
pant, except P3, showed an increase in pref-
erences towards the more than slot machine
in the first ten trials following the first inter-
vention. This increased response allocation
was not, however, always maintained during
all post-intervention trials. The findings of
the present experiments, particularly Exper-
iment 3 are perhaps not quite as clear as the
initial studies by Zlomke and Dixon (2006)
and Hoon et al. (2007, 2008). The finding
that participants do not always show a con-
sistent preference for the more than slot ma-
chine following relational training is likely
due to the payout probability of each slot
machine: With the probability of the slot
machines being 0.5, it is highly plausible
that a participant may experience a string of
losses on what has been trained as the ‘more
than’ slot machine resulting in switching
over to the slot machine that was the same
color as the less than cue. A contextual cue
can be trained to represent ‘more than’,
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however when that cue is paired with a ran-
dom ratio schedule such as that of a slot ma-
chine, the direct contingencies of the sched-
ule of reinforcement of that machine are also
going to influence responding and may con-
flict with the individual’s understanding of
the properties of the contextual cue. Whilst
it has long been understood that contingen-
cy-shaped behavior and the schedules of re-
inforcement are an important factor in gam-
bling behavior (Skinner, 1974), the extent to
which contextual cues may interact with or
override direct contingencies of reinforce-
ment are not clearly understood.

The interaction between the contextual
cues and the contingencies of the slot ma-
chine highlight the need for research on the
analysis of gambling behavior to present slot
machine tasks under extinction (or, more
accurately, non-reinforcement). Had partici-
pants only been able to play the slot ma-
chines but not actually experience any wins
or losses (see Dymond, McCann, Griffiths,
Cox & Crocker, 2012, for a related exam-
ple), then the contextual cue may well have
continued to control behavior. However, an
obvious limitation of presenting trials under
non-reinforcement is the challenge it pre-
sents to ecological validity: in a casino envi-
ronment it is always possible that an indi-
vidual will experience winning trials or vari-
ants of winning with conditioned reinforce-
ment properties (“losses disguised as wins”;
Dixon et al in Addiction). Thus, it remains
an important empirical issue to ascertain the
conditions under which partial and non-
reinforcement interact with structural char-
acteristics such as contextual cue in initiat-
ing and maintaining gambling choice. .

An alternative to presenting slot ma-
chines under non-reinforcement would be to
vary the payout probability of the slot ma-
chine (Dymond et al., 2012). The payout
probability of the slot machines in the pre-
sent experiments was 0.5 with five credits
being awarded for a winning spin; therefore

participants were in credit at the end of the
experiment. This is fairly generous com-
pared to those of casino slot machines in
which the payout probabilities favor the ca-
sino (Parke & Griffiths, 2006). It would be
interesting to see to what extent the contex-
tual cues exert control when the payout
probability was set to 0.3 as wins would oc-
cur less frequently therefore the contextual
cue may function as a more salient rule and
continue to exert control over behavior.

Although the current findings may sup-
plement the existing literature on the role of
nonarbitrary contextual control of gambling
behavior, such an explanation of gambling
behavior is may not be complete. Electronic
gaming machines are rarely, if ever, con-
trolled solely by the formal properties of the
stimuli and the nature of stimulus functions
are beyond such formal characteristics. It
has been suggested that for a more complete
account of gambling behavior, the role of
verbal behavior as defined by relational
frame theory (RFT; Hayes, Barnes-Holmes,
& Roche, 2001) must be addressed (Dy-
mond & Roche, 2010). Although the studies
by Zlomke and Dixon (2006), Hoon et al.
(2008) and Nastally et al. (2010) have pro-
vided preliminary insight regarding how
gambling may not be controlled solely by
schedules of reinforcement alone, these ex-
periments do not supplement a strictly ver-
bal account of gambling as defined by RFT
(Hayes et al., 2001). According to RFT, for
an event to be considered a verbal event re-
sponding must be arbitrarily applicable. The
training tasks in both of these experiments
consisted of nonarbitrary relational respond-
ing, therefore non-humans should, in princi-
ple, be able to complete such tasks (see
Reese, 1968) as the organism receives rein-
forcement for selecting the larger or smaller
stimulus, and consequently, the organism is
then able to respond to the relation between
the stimuli (Hayes et al., 2001).
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For these reasons, a nonarbitrary model
of gambling cannot be considered a verbal
account of gambling and experiments that
aim to provide such an account must include
the arbitrarily applicable nature of verbal
behavior. Humans however, are able to re-
spond to arbitrary relations in which there is
no physical relation between the stimuli. For
example, a human participant can be trained
that stimulus B is ‘more than’ stimulus A,
even though the physical properties of stim-
ulus B are not any greater than stimulus A.

The second reason why the aforemen-
tioned studies are not true verbal experi-
ments is that an integral component of the
RFT account of verbal behavior is that of
derived relational responding. In the present
study, participants were directly trained that
the color yellow was a contextual cue for
more than and color blue was a contextual
cue for less than. This training intervention
is not dissimilar to non-human literature on
identity matching to sample and oddity from
sample, in which animals are trained to se-
lect the comparison stimulus that is the same
(identity) in the presence of one sample
stimulus, or the stimulus that is different
(oddity) in the presence of another stimulus,
through differential reinforcement (e.g.,
Cumming & Berryman, 1965). It is possible
for humans, however, to derive relations be-
tween arbitrary stimuli that have not been
directly trained. For example, if an individu-
al is trained that stimulus B is more than A,
and stimulus C is more than B; the individu-
al is then able derive that A is less than B,
and B is less than C. Furthermore, they can
also derive that C is more than A, and A is
less than C, therefore, from just two trained
relations, the human participant is able to
derive a further four untrained relations.
Such principles have only been robustly
demonstrated in human participants and may
explain highly complex human behaviour
where a direct contingency of reinforcement
account falls short (Dymond et al., 2012;

Dymond & Roche, 2010; Hayes et al.,
2001). Given that it is unlikely that gam-
bling behaviour can ever be wholly account-
ed for by schedules of reinforcement, it is
vital that for a more complete account that
includes the fundamental components of
RFT outlined above be incorporated into
further empirical research.
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