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a b s t r a c t

The present study examined the potential neurological impact of Acceptance and Commitment Therapy
(ACT) delivered to college-aged disordered gamblers. A randomized control design employed 18 parti-
cipants to complete two functional magnetic resonance imaging scans during which time gamblers
completed a slot machine activity. Following the initial scan, ten subjects were exposed to 8 h of ACT
delivered 1:1 by a therapist, and the other eight remained untreated. Using a mixed 2 (group: ACT,
Control)�2 (condition: wins, losses)�2 (time: pre, lost) design, the self-report and behavioral aspects of
the slot machine activity, in addition to the brain activation data were compared across time. Results
indicated that post-treatment, disordered gamblers reported higher rates of psychological flexibility and
mindfulness than control gamblers. Similarly, brain activation patterns differed significantly between
groups for winning outcomes when compared to losing outcomes following treatment. These data
suggest that psychological reconditioning of behavioral and neurological responses to various addictive
stimuli are possible using ACT. Implications for the future of contextual control, human language, and
understanding addiction are suggested.

& 2016 Published by Elsevier Inc. on behalf of Association for Contextual Behavioral Science.
Gambling disorder is estimated to affect 0.5–7.7% of the global
population (Williams, Volberg, & Stevens, 2012), and 3–8% of
adolescents and young adults (Petry, 2005; Shaffer & Hall, 2001).
Gambling across the lifespan occur on a continuum, ranging from
never gambled to experimenting or recreational, to frequent, ex-
cessive, or disordered (Stinchfield, Hanson, & Olson, 2006). Ac-
cording to the Diagnostic Statistical Manual-5, gambling disorder
is indicated when 4 or more symptoms are endorsed, including
loss of a significant relationship, gambling during times of distress,
hiding the extent of the gambling problem, and a preoccupation
with gambling related thoughts (American Psychological Asso-
ciation, 2013). Gambling prevalence rates continue to be higher in
adolescents and young adults, including college students, as
compared with adults (e.g., Derevensky & Gupta, 2000; Shaffer,
2000; Shaffer & Hall, 2001). College students, as young as 18 years
of age, represent a high-risk gambling population, as 42% will
engage in some form of gambling during the college years (LaBrie,
Shaffer, LaPlante, & Wechsler, 2003). Although many college stu-
dents do in fact gamble, only a small percentage will develop a
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gambling addiction (Winters, Bengston, Door, & Stinchfield, 1998).
College students may be more at risk for developing disordered

gambling due to a range of socio-cultural factors. For instance,
college students may have fewer financial and social resources
during the collegial transition years, and may result to gambling
for financial means (Arnett, 2000). Similarly, demographic vari-
ables such as gender and familial history of gambling (Oei and
Raylu, 2004) and addictive behaviors more generally (Slutske
et al., 2001), may also increase college students’ propensities to
gamble (see also King, Abrams, & Wilkinson, 2010).

Gambling may also persist as a result of stimulus control and
various functions of verbal behavior (Dymond & Roche, 2010).
Skinner's (1959) early work on stimulus control emphasized the
rule that “stimuli present at the moment of reinforcement produce a
maximal probability that the response will be repeated” (p 143);
therefore any change in the “stimulating situation reduces the
probability” of future occurrences of behavior (p. 143–144). Ana-
lyses of behavior have advanced towards conditional discrimina-
tions as the unit of analysis for functional descriptions of stimulus
classes: while relating pairs of stimuli formed stimulus classes so
that each stimulus could serve a common function (e.g., stimulus
equivalence; Sidman, 1969, 1994). Stimulus equivalence, as a
conceptualization and experimental approach, has become a use-
ful way to understand how verbal humans learn to relate various
stimuli together simply by inference (or derivation) from a
havioral Science.
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reinforcement history among other stimulus pairings (see also
Dymond & Rehfeldt, 2000). Additional complexity in the analysis
of derived responses is introduced by examining how a function of
one stimulus can impact the functions of another stimulus without
any direct training.

The concept of transformation of stimulus functions (Dougher
& Markham, 1994, 1996) suggests that a training history on one
member of a stimulus class (Stimulus X) will not only spread to
other members of that specific class (Stimuli Y and Z), but also to
another separate stimulus class (Stimuli E, F and G) if one member
(not even the initially trained Stimulus X) is made equivalent to a
member of the separate class (Stimulus Z is trained to be equal to
Stimulus G). This transformation effect has been shown with eli-
citing functions (Dougher, Hamilton, Fink, & Harrington, 2007), as
well as a variety of operant functions (e.g., Catania, Horne, & Lowe,
1989; Dougher, Perkins, Greenway, Koons, & Chiasson, 2002; Re-
hfeldt & Hayes, 1998) including applied problems such as patho-
logical gambling (Dixon, Wilson, & Whiting, 2012; Hoon, Dymond,
Jackson, & Dixon, 2008; Zlomke & Dixon, 2006).

Relational Frame Theory (RFT; Hayes, Barnes-Holmes, & Roche,
2001) expands the general notion of stimulus equivalence by its
inclusion of relations between stimuli other than equal. Types of
relations may include opposite, comparison, temporal, and hier-
archical. Within a gambling context many such relations exist
where one casino may be "better than" another, a game may pay
"more than" another and the player wants to be the "opposite of" a
loser when going home that evening. Over the past decade a
number of studies on gambling have demonstrated that when the
contingencies remain the same on various gambling options, cer-
tain learning histories may transfer or transform the participant’s
responding into novel situations and impact wagering, persistence
or both (e.g., Dixon, Bihler, & Nastally, 2011; Dixon, Nastally,
Jackson, & Habib, 2009; Dixon, Wilson, & Whiting, 2012; Hoon,
Dymond, Jackson, & Dixon, 2008; Zlomke & Dixon, 2006). Rela-
tional responding and self-generated rule-following (Wilson &
Dixon, 2015; Wilson & Grant, 2015) have been shown to impact
response allocation across games of chance with equal pay out
rates.

As the body of experimental evidence continues to grow in
support of an RFT explanation as to why someone would gamble,
alter responses across games, and be resistant to quitting gam-
bling, it naturally follows that the therapeutic application of RFT
(e.g., Acceptance and Commitment Therapy, ACT; Hayes, Stroshal,
& Wilson, 1999/2011) may hold promise in altering established
relational networks to reduce the gambling behavior of a given
person. The goal of ACT is to foster psychological flexibility, or to
“train individuals to actively and openly contact their ongoing
experiences in the present moment… without defense and as it
serves their chosen values” (Sandoz, Wilson, & Dufrene, 2010, p
17). Psychological flexibility is targeted through the use of six in-
terrelated components or processes termed: acceptance, present
moment focus, defusion, self as context, committed action, and
values. The ACT model is a set of therapeutic techniques designed
to alter the way contextual verbal relations function, in the hopes
of influencing experiential avoidance. The empirical evidence in
support of ACT as an effective therapeutic technique continues to
expand (see Ruiz, 2012 for a review), and has been evidence of an
effective treatment option for substance use disorders (e.g., Two-
hig, Shoenberger, & Hayes, 2007).

A few brief experimental-based ACT approaches have been
employed with problem gamblers and the results appear pro-
mising. In the first investigation on ACT in a gambling con-
text, Nastally and Dixon (2012) documented a reduction in gam-
blers’ irrational beliefs after exposure to a brief computerized
delivery of ACT. Gamblers completed a slot machine activity before
and after the intervention, wherein gamblers rated how close each
slot machine outcome was to a win (1¼ not at all close, 10¼ very
close to a win). The intervention included a PowerPoint slide-show
across ACT component, each targeted at the near-miss effect (i.e.,
1 or 2 identical slot machine symbols short of a win, on a single
payout line). Following ACT, all three gamblers’ subjective ratings
of near-miss outcomes decreased. In a related study, Whiting and
Dixon (2014) assessed the extent to which acceptance and defu-
sion (through an imaginal desensitization task) would have on
gambling. Thirty gamblers were randomly assigned to complete 30
imaginal desensitization trials (either imagining slot machine
gambling 30 times plus dropping quarters in a laundry machine
3 times, or imagining dropping quarters in a laundry machine 30
times plus slot machine gambling 3 times). Next, gamblers were
asked to play on a slot machine for as long as they wanted to.
Results showed that participants who accepted gambling images/
thoughts played less than participants who did not think about
gambling images/thoughts. Taken together it appears that a full
therapeutic trial for pathological gamblers could be valuable using
the ACT model.

If implemented successfully an ACT-based treatment for dis-
ordered gamblers could potentially make gambling less appetitive
by disrupting existing relational networks between stimuli, or by
creating new competing relational frames that are in contrast to
prior held frames. For example, if a client tends to see gambling as
an activity which allows for acquiring additional money with no
effort (if-than frame), and is seen as equivalent to working a job
that yields money (coordination frame), that client may find little
reason to quit gambling because it is just another way to make
money. However, if that client is now exposed to a therapeutic
intervention which alters such relations to include relational net-
works targeted at larger value systems (e.g., If I gamble, then no
bills get paid; and gambling is the same as missing family time), then
the client might reduce gambling because these relational frames
contain more aversive stimulus functions than before (Barnes-
Holmes, Barnes-Holmes, McHugh, & Hayes, 2004; see also Hayes
et al., 2001 for similar argument).

To date, therapeutic interventions for gambling have relied
heavily on self-reports of gambling (e.g., Hodgins, Currie, & el-
Guebaly, 2001; Petry, Weinstock, Morasco, & Ledgerwood, 2009;
see also Gooding & Tarrier, 2009 for a review), with limited out-
come studies focusing on direct behavioral observation. Unlike
other substance use disorders, direct measures useful in detecting
substance use over time (such as urine or hair samples) are not
possible for gambling. While subjective reporting and reliable
psychometric assessments are commonly place for gambling re-
search, additional direct observational methods across a range of
behavioral phenomenon (including physiological changes) may
serve as additional measures to assess the effectiveness of
interventions.

Emerging neuroimaging studies on substance use disorders
have found neurological similarities between disordered gambling
and other substance use (e.g., Potenza, 2008; Shah, Potenza, &
Eisen, 2004) including cocaine (Wareham & Potenza, 2010), me-
thadone and alcohol (Goldstein & Volkow, 2002), and tobacco (De
Ruiter et al., 2009). Neuroimaging studies have also found differ-
ences in brain activation and functioning patterns across gambling
proclivity (Habib & Dixon, 2010) and gambling outcomes (Dixon,
Wilson, & Habib, 2014). For instance, Habib and Dixon (2010)
subjected disordered and non-disordered gamblers to a slot ma-
chine activity. Gamblers were instructed to rate each slot machine
outcome (e.g., wins, losses, and near-misses or 2 of 3 matching
symbols on the payout line) during the slot machine activity. Re-
sults showed increased dopaminergic activation for non-dis-
ordered gamblers during winning trials when compared to losing
trials; with increased dopaminergic activation for disordered
gamblers during near-miss trials when compared to losing trials.



M.R. Dixon et al. / Journal of Contextual Behavioral Science 5 (2016) 80–8882
Gamblers subjective ratings of slot machine outcomes, however,
did not vary across groups.

Neuroimaging has recently been used as a measure to assess
the effectiveness of therapeutic interventions. Researchers have
found differences in brain activation patterns following cognitive
behavior therapy for a range of disorders, from depression (Siegle,
Carter, & Thase, 2006) to spider phobia (Paquette et al., 2003).
However, to date, there is no neurobiological evidence supporting
brain function differences for gambling treatment.

Taken together, treatment approaches to suppressing addictive
behaviors such as gambling, may need to focus beyond simple
contingency manipulations such as restricted access, teaching
people about odds of winning, or structural characteristics of the
games themselves. Instead, we may need a greater understanding
of how language and seemingly arbitrary contextual relationships
may be impacting resistance to extinction at worst, and repeated
losses over time at best (see also Weatherly & Dixon, 2007). Fur-
ther, combining neurological measures with psychological as-
sessments (common to clinical trials on addictive behaviors) is
needed to understand the brain-behavior relationships that
emerge following behavioral therapy. Therefore, the purpose of
the present study was to examine the gambling of college-aged
gamblers (18–20 years old) while they actually gambled in an fMRI
scanner. Following initial scans, gamblers were randomly assigned
to one of two groups: ACT or control. Gamblers assigned to the ACT
group completed eight weeks of one-on-one therapy as developed
by Dixon and Wilson (2014). All gamblers returned for post-test
fMRI scans eight weeks following the initial scans, to determine
the efficacy of ACT at a neurological level. If ACT could produce
neurological traces within treated participants while controls re-
mained constant across scans, these procedures would be the first
to illustrate brain changes following ACT. Furthermore, such
changes would provide evidence that contextual rearrangement of
verbal stimuli have the ability to impact the person at a neurolo-
gical level when exposed the very same stimuli as during baseline.
1. Methods

1.1. Participants, screening, and setting

Eighteen individuals participated in the current study, and were recruited on a
Midwestern college campus. Potential participants were screened for gambling
pathology using the South Oaks Gambling Screen (SOGS; Lesieur & Blume, 1987).
Inclusion criterion included: a) a SOGS score of 3 or above and b) between 18 and
20 years of age at time of intake. The mean age of participants was 19.056
(SD¼ .848). All participants were male, 67% were African American (33% European
American), and 56% reported an attempt to stop gambling at least once in the last
6months. Average participant SOGS scores were 6.5 (SD¼3.02). The Human Sub-
jects Committee of Southern Illinois University Carbondale approved the study.

Experimental sessions took place at an imaging center at the local hospital,
while gambling treatment sessions took place in a small office on a college campus.
For experimental sessions, participants were placed in a scanning room containing
the fMRI scanner and other equipment, including a MRI-compatible LCD screen
used for stimulus presentation and recording of subject responses. All MRI tech-
nicians and experimenters were in an adjoining control room throughout the
scanning process. Gambling treatment sessions took place in a small office con-
taining two chairs, a couch, three slot machines, a personal computer, video
camera, and office furniture. All gambling treatment sessions were recorded for
treatment integrity.

Each participant received a $200 gift card at the completion of all study pro-
cedures, including $25 for participation in each MRI scan ($50 total) and the
amount won during the scan ($75 per scan; $150 total). Participants who were
randomly assigned to the treatment group received an additional $25 ($225 total)
for completion of all eight treatment sessions. All participants were informed prior
to the start of the experiment that they would receive at least $200 at the end of
their participation.

1.2. Apparatus

fMRI scans were acquired on a Philips Intera 1.5 T magnet: T2* single-shot EPI,
TR ¼2.5 s, TE ¼50 ms, flip angle ¼90°, FOV ¼220�220 mm2, 64�64 matrix,
3.44�3.44�5.5 mm voxels, 26�5.5 mm axial slices, 0 mm gap, and the first eight
images were discarded. All data collected during the fMRI scans were analyzed
with SPM 8 implemented in Matlab (Mathworks). All images were (1) slice time
corrected for acquisition order, (2) realigned and motion corrected to the first
image of the session, (3) normalized to a common template (Montreal Neurological
Institute EPI template), (4) resliced to 2�2�2 mm voxels, and (5) spatially
smoothed with a 10 mm Gaussian filter. A 128 s high pass filter was applied to each
time series to eliminate low frequency noise. Single-subject statistical contrasts
were created using the general linear model (GLM) with conditions of interest
being Wins, Near-Misses, and Losses both pre-ACT and following ACT. These con-
ditions (Wins, Near-Misses, and Losses at both Pre-ACT and Post-ACT times) were
modeled using a canonical hemodynamic response function. Group comparisons
across time were created using a random effects model, and contrasts were set at
po0.001 uncorrected for multiple comparisons. Coordinates are presented in the
Talairach and Tournoux (1988) system.

1.3. Dependent measures and reliability

Primary dependent measures included brain activation patterns and subjective
ratings of outcomes during the fMRI task. Blood oxygenation level dependent
(BOLD) signal was collected during the fMRI tasks for each participant. BOLD ac-
tivation was contrasted between groups (i.e., treatment and control), time (i.e.,
pretest, 8 weeks following), and slot machine outcome (i.e., Wins, Losses, and Near-
Misses). Participant subjective ratings of slot machine outcomes were also collected
during the fMRI tasks. Participants rated how close each slot machine outcome was
to a win using a five point Likert scale (1¼ not at all close, 5¼ extremely close).

Secondary measures included psychometric surveys that were completed ei-
ther via computer or paper-pencil responding before each fMRI task. Four measures
were included to assess the effects of the intervention: the Acceptance and Action
Questionnaire II (AAQ-II; Bond et al., 2011); the Valued Living Questionnaire (VLQ;
Wilson, Sandoz, Kitchens, & Roberts, 2011); and the Mindful Awareness Attitude
Scale (MAAS; Brown and Ryan, 2003).

1.4. Acceptance and Action Questionnaire II

The AAQ-II (Hayes, Strosahl, Wilson, & Bissett, 2004; Bond et al., 2011) is a
measure of experiential avoidance based off a functional contextual theory of
language and cognition. This seven-item assessment includes statements such as
“I’m afraid of my feelings” and “I worry about not being able to control my worries
and feelings”. Higher scores reflect psychological inflexibility and experiential
avoidance, while lower scores reflect an individual’s flexibility or acceptance and
willingness.

1.5. Valued living questionnaire

The VLQ (Wilson et al., 2011) was originally developed as a clinical evaluation
tool, specifically targeting values as a core ACT process. The two-part instrument
measures the perceived importance and the consistency to which an individual
behaved in accordance with ten specific value domains (e.g., marriage/intimate
relations, parenting, employment/career, education/personal growth, recreation,
spirituality, etc.). Each domain is scored on a 10 point Likert scale, where ratings are
composited by multiplying responses per category by domain, and summing across
domains. The sum of all domains are divided by 10, resulting in the valued living
composite score. Higher composite scores are indicative of living in accordance
with ones values. Preliminary evidence suggests the measurement has adequate
internal consistency (α¼ .77) and test re-test reliability (interclass correlation
coefficient ¼ .75, p o0.001), and has significant correlations with other psycho-
logical distress measures including depression and experiential avoidance (Wilson
et al., 2011).

1.6. Mindful Attention Awareness Scale

The MAAS (Brewer et al., 2011) is a fifteen-item measure assessing the frequency
of mindfulness states over time. This measure focuses on attention and awareness
during the present moment by measuring the propensity of mindfulness during daily
activities. Using a 6-point Likert scale, respondents indicate the frequency of each
statement. Higher scores reflect mindful behaviors and engagement in life.

1.7. Procedure

A mixed 2 (group: ACT, Control)�2 (condition: wins, losses)�2 (time: pre,
lost) design was used to assess brain activation during a gambling task. Conditions
included outcomes observed by participants during the gambling task, and were
categorized as losses (comprised of loss and near-miss outcomes) and wins. Par-
ticipants first completed the informed consent, demographic questionnaires on
overall medical, psychological, and neurological history, as well as any MRI



Fig. 1. Sample of stimuli presented to participants during the gambling activity.
The top panel represents a winning outcome; the middle panel represents a near-
miss outcome, while the bottom panel represents a losing outcome.
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contraindications. After participants were cleared for inclusion by the MRI tech-
nician, participants were led into the MRI scanning room and asked to lie down on
a 2.5 m table, and fitted with MRI compatible sound dampening headphones (used
to communicate with the participant) and corrective eyewear if necessary. Next, a
MRI compatible response pad was attached to each participant’s right hand. Par-
ticipants pressed the corresponding fingers at various points during the scanning
activity to progress through the study (e.g., instruction screen, slot machine out-
come self-report, etc.), and to rate each slot machine outcome.

Once in the scanner, participants viewed stimuli on an 18-cm (diagonal) MRI-
compatible LCD screen through a mirror attached to the inside of the head coil at a
distance of 15 cm. Stimuli presented to participants during the gambling activity
are represented in Fig. 1. Participants read the following instructions prior to the
start of the experiment:

“You are going to play a computerized slot machine game. You will have $10 to
begin with. Each spin costs $.05. A win will pay $.10 unless all symbols are 777
in which case it will pay $2.00. Your task is to rate how close to a win you feel
each outcome is. Please make the decision after the slot machine wheels have
stopped spinning.
Press your thumb if you feel that the outcome is very close to a win. Press with
your index finger if you feel that the outcome is close to a win. Press with your
middle finger if you feel that the outcome is somewhat close to a win. Press
with your ring finger if you feel that the outcome is somewhat close to a loss.
Press with your pinky finger if you feel that the outcome is very close to a loss.
During the scan please remain as still as possible. Do not move your feet and
only move your fingers to respond. Try your best to minimize your head
movements and eye blinks. Do you have any questions? ”

The experimenter answered any questions before starting the experiment.

1.8. Scanning Procedures

Participants were scanned while viewing the wheels of a computerized slot
machine programmed on E-Prime 1.0 software (Psychology Software Tools, Pitts-
burgh, PA). Each wheel spin consisted of a sequence of static images presented in
rapid succession. The presentation rates of images were shown in a progression to
give the illusion of spinning slot machine wheels, gradually slowing down and
eventually stopping on an outcome for 2.5 s The first seven images were shown in
rapid succession over 30 ms, the next two images shown for 45 ms, the next four
for 50 ms, the next four images for 100 ms, and the last three images were shown
for 200 ms. Total wheel spin time was 1.5 s, and stopped for 2.5 s on one of two
equally divided outcomes: win (three identical symbols on the payout line) or a
loss (less than two identical symbols on the payout line). On each trial, participants
were required to rate how close each outcome was to a win immediately after the
wheel stopped spinning.

Each participant was staked with $10 at the beginning of the scan. Each spin
cost $.05, and winning outcomes were programed at either $2 or $.10, resulting in a
total of $50 at the end of the scan.

A total of five functional runs were acquired for each participant, each run
lasting 5 min and 20 s The images collected during the first 20 s were discarded, as
the magnetic field was being stabilized during this time. For each run, participants
viewed 60 wins, and 60 losses (including near-miss outcomes). Images collected
throughout each run were subsequently categorized across outcome (wins and
losses). Outcomes were presented in random order. Participants completed two
fMRI sessions before and after 8 weeks of either gambling treatment or no treat-
ment (see also Habib & Dixon, 2010, and Dixon, Wilson, & Habib, 2014 for similar
scanning procedures).

1.9. Therapeutic intervention

There were two levels of the independent variable: treatment and no treat-
ment. For participants who were randomly assigned to the treatment condition, the
first ACT session was scheduled for the week following the initial experimental
gambling session. Treatment sessions were 60 min each, over eight weeks, and
were developed from Dixon, and Wilson A. N. (2014) gambling treatment model.
During each treatment session, one or more of the six core ACT process was in-
corporated to address self-generated rule following related to the participant’s
gambling (see Table 1 for treatment overview). All participants received the same
manualized treatment intervention. A brief overview of each component is pro-
vided below.

1.10. Acceptance

Acceptance included exercises that explicitly targeted participants’ perspectives
on control and willingness. Experiential exercises were included to allow for self-
generated rule formulation. A gambling inventory was completed, where partici-
pants were asked to think about their gambling, what they experience as a result of
their gambling, and how long gambling had been a problem. The metaphor “taking
the bait” was created to highlight how urges and triggers to use functioned like a
mouse trap, and suggested other ways to interact with the trap. Willingness ex-
ercises included “don’t think about gambling,” “fill in the blanks,” and the “will-
ingness to cash out.”

1.11. Values

Values were defined as qualities that combine a string of moments together
into a meaningful path, and emphasis was placed on the choice of the participant



Table 1
Treatment overview.

Week ACT component Experiential exercises

1 Mindfulness –Where do you feel it?
–Getting present

Acceptance –Gambling inventory: Tracking your gambling
history

2 Values –Mapping your values
–Treasure box

Acceptance –Movie buff
Mindfulness –Noticing the moment

3 Acceptance –If you’re not willing…
Defusion –Taking the bait

–10 relations to gambling
–Deliteralizing gambling outcomes

Mindfulness –Experiencing gambling
–Staying in the present moment

4 Acceptance –Acceptance and gambling
–Willingly cold

Committed Action –At the auction
Defusion –Getting stuck in the baggage claim

–A thought is a thought, is a thought, is a
thought…

5 Acceptance –Almost willing
–Acceptance, willingness, and the urge to gamble
–Willingness 360

Committed Action –Willingness to cash out
Mindfulness –Where do you feel it?

6 Defusion –Buying a win
–Building space for gambling private events
–Describing vs. evaluating
–Physicalizing private events

7 Self as Context –The you that’s here, there, and everywhere you go
–Who are you?
–Battleship

Values –You and your values

8 Committed Action –Making and breaking commitments
–Potential barriers to staying committed

Self as Context –Staying present with the you, you want to be
Values –Staying committed to your values

–Clarifying your values map

Note: exercises derived from Dixon and Wilson (2014); Hayes (2005)
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on the “meaningfulness” of the path and the direction they travel. Participants were
asked to think about what they valued in life across the 10 valued domains as
identified by the VLQ, in combination with the behaviors they engaged in to get
closer to those values. A “mapping your values” exercise was used to assist parti-
cipants with identification and clarification of selected values and the barriers that
get in the way of headed towards their values.

1.12. Present moment

Participants were provided with information regarding present moment focus,
including differentiation between mindless and mindful behaviors. Participants
were asked to notice their private events while playing on a real slot machine and
while scrolling through various images, including arbitrary (random shapes and
words), non-gambling specific (clocks, flowers, birds), and gambling specific ima-
ges. During all present moment exercises, participants were asked to notice their
thoughts/feelings, bodily sensations experienced, and how their private events
changed over time. The exercise “where do you feel it? ” was created to assist
participants with tacting the location of their private events as they occurred
during experiential exercises.
1.13. Defusion

Defusion exercises targeted cognitive fusion and literalization of language. A
deliteralization exercises was created to focus on functions of the near miss, where
participants were shown slides with images of near misses with the words “almost
a win” and “is like a loss” repeated for just under 1 min Physicalizing exercises were
also incorporated, where participants were asked to physicalize private events
related to gambling (e.g., giving thoughts, feelings, and cravings about gambling
shapes, colors, and unrelated names; see also Hayes, Strosahl, & Wilson, 1999).
Similarly, language exercises were incorporated to highlight transformation of
stimulus functions in gambling contexts, and were specialized to fit with each
participant’s unique gambling history.

1.14. Committed action

Experiential exercises were created to focus on behavioral activation and
commitment to behavioral change. The metaphor “at the auction” was created to
discuss how to stay committed to ones values in the presence of near miss out-
comes. This metaphor highlighted the thoughts and feelings the participant ex-
periences in the space of “almost,” particularly as the auctioneer says “going once,
going twice…” and when someone exceeds the participants’ bid, leaving them al-
most winning the gift. Another committed action metaphor used was the “cashing
out” metaphor. This metaphor was created to pair cashing out on a slot machine
with getting closer to ones values.

1.15. Self as context

Participants were exposed to exercises that highlighted the distinction between
the various forms of self. Exercises were presented in a way for participants to identify
and contact the different perspectives on their experience, including the labels used to
describe or evaluate their experience. One exercise in particular was the “Battleship”
metaphor, an alteration of the common “chessboard” metaphor (Hayes, 2005). Here,
participants were asked to imagine things they struggle with as the light boats with
their values and the things they want their life to be about as the dark boats, battling it
out. Participants were instructed to notice their role in the game, their position onwho
they wanted to win, and to consider taking the perspective of the board.
2. Results

2.1. Homogeneity of participants

The 18 participants included in the study were randomly assigned to one of
two groups: treatment (age M¼19.2, SD¼ .918) or control (age M¼18.75,
SD¼ .834). Participant characteristics did not differ between groups in terms of age
(t(16)¼ .776, p ¼ .925), race (χ2¼ .45, p ¼ .502), or SOGS scores (t(16)¼�1.072, p
¼ .228; treatment M¼5.8, SD¼2.39; control M¼7.37, SD¼3.815).

2.2. Subjective rating of slot machine outcomes

Participant subjective responses to Wins and Losses were averaged across the
30 min duration of slot machine play. Participant averages are represented in Fig. 2.
A 2 (group: ACT, Control)�2 (condition: wins, losses)�2 (time: pre, lost) mixed-
effects analysis of variance was carried out on the “closeness to a win” slot machine
ratings. The analysis revealed a significant 3-way interaction between group,
Treatment Control

Fig. 2. Average closeness to win ratings across wins and losses.



Table 2
Activations in present study in close proximity to activations observed by Habib
and Dixon (2010).

Present Study Habib et al. (2010)

X Y Z Label X Y Z Label

Pre-Treatment Wins – Losses Pathological Gamblers Wins – Losses

�12 �4 �7 Ventral Striatum �10 �18 �18 Midbrain
6 �91 16 Cuneus 8 �84 34 Cuneus

�26 5 �10 Amygdala �20 3 �20 Uncus/Amygdala
20 �3 �12 Amygdala 26 �3 �23 Uncus/Amygdala

Post-treatment wins – losses Non-pathological gamblers losses –wins

51 �29 49 Inferior Parietal
Lobule

40 �37 39 Inferior Parietal
Lobule

�2 25 43 Medial Frontal
Gyrus

�2 22 50 Superior Frontal
Gyrus

�14 �76 42 Precuneus 8 �62 47 Precuneus
�34 4 44 Middle Frontal

Gyrus
�44 6 49 Middle Frontal

Gyrus

Note. Negative X values indicate left hemisphere; positive X values indicate right
hemisphere. Fig. 3. Top Panel. Coronal (left) slice shows activation in bilateral ventral striatum.

Sagittal (right) slice shows activation in left amygdala. Activation is greater for both
Treatment and Control groups following a Winning spin outcome than a Losing
spin outcome. Bottom panel. Horizontal (left) slice shows activation in bilateral
middle frontal gyrus. Sagittal (right) slice shows activation in right inferior parietal
lobule. Activation is greater for subjects in the Treatment group (8 weeks of ACT)
following a Winning spin outcome than a Losing spin outcome.
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condition, and time, F(1, 16)¼18.78, p o0.001, partial η¼0.54). The interaction
reflects the fact that mean slot machine ratings for winning and losing outcomes
did not differ in the control group (losses: pre ¼1.52, post ¼1.51; wins: pre ¼3.76,
post ¼3.61) whereas the ratings did differ in the treatment group (losses: pre
¼2.173, post ¼1.12; wins: pre ¼3.38, post ¼3.95). Paired-samples t-tests con-
firmed that the pre – post difference was only significant for the Treatment group
for both spin outcomes (Wins: t(9)¼3.56, p o0.01; Loses: t(9)¼5.60, po0.001).

2.3. fMRI results

fMRI activations were examined betweenWins and Losses in both the Control and
Treatment groups before and after the eight-week intervention (or eight-week no
intervention). To analyze the data from the initial scanning session, before gamblers
were randomly assigned to a group, all 18 subjects (10 Treatment þ8 Control) were
combined and brain regions demonstrating greater activation following Wins than
Losses were identified using a statistical threshold of p o0.001 uncorrected for
multiple comparisons, and an extent threshold of 5 contiguous voxels.

Table 2 represents brain activations of all participants before treatment, and
treatment-only participants after treatment, as compared to activations observed
by Habib et al. (2010). Regions demonstrating greater activity following winning
than losing spins across all pathological gamblers included the left middle temporal
gyrus (xyz¼�53 3 �20, Z¼3.69, k ¼92), left ventral striatum (xyz¼�24 �8 �3,
Z¼3.35, k¼48; xyz¼�12 �4 �8, Z¼3.24, k¼35), right fusiform gyrus (xyz¼42
�28 �10, Z¼3.2, k¼12), cuneus (xyz¼6 �91 16, Z¼3.06, k¼22), and ventral
striatum near the substantia nigra (xyz¼8 �2 �8, Z ¼3.02, k¼21). Activation in
the right amygdala was observed slightly below the set threshold and so should be
interpreted cautiously (xyz¼20 �3 �12, Z¼2.94, k¼12).

In the follow up scanning session, the Win – Loss contrast was examined once
again, but this time separately for the Treatment and Control groups. In the Control
group, no regions demonstrated greater activity following Winning than Losing
spins during the follow up scanning session than in the initial scanning session.
That is, there were no regions with increased activation following winning out-
comes after eight weeks than during the initial scan for control participants.

The pattern of activity was different for the participants that received eight
weeks of ACT. In this group, greater activations following Winning than Losing
spins after treatment compared to the initial scanning session were noted in frontal
and parietal brain regions: right inferior parietal lobule (xyz¼51 �29 49, Z¼4.09,
k¼198), left precentral gyrus (xyz¼�22 �13 45, Z¼3.65, k¼111), left superior
temporal gyrus (xyz ¼�42 �48 8, Z ¼3.62, k¼156), right middle temporal gyrus
(xyz¼40 �12 �16, Z ¼3.47, k¼49), left posterior cingulate gyrus (xyz¼�28 �30
27, Z¼3.28, k 45), bilateral medial frontal gyrus (xyz ¼18 �11 45, Z¼3.23, k¼154;
xyz ¼�2 25 43, Z ¼3.13, k ¼39), bilateral middle frontal gyrus (xyz¼48 40 28,
Z¼3.13, k¼28; xyz¼�34 30 22, Z ¼3.03, k ¼19; xyz ¼¼�34 4 44, Z¼3.01,
k¼20), and the left precuneus (xyz¼�14 �76 42, Z¼3.09, k¼45) (see also Fig. 3).

2.4. ACT treatment outcomes

Participant responses on the AAQ-II, VLQ, and MAAS were subjected to an in-
dependent paired samples t-test. All p values were considered significant at 0.05.
Results indicated a significant difference between AAQ-II scores following treat-
ment (M¼�9.7, SD¼7.42) when compared to control (M¼4.87, SD¼13.45), t
(16)¼�2.927, p¼ .010. A significant effect was also identified between MAAS scores
following treatment (M¼�4.3, SD¼6.34) when compared to control (M¼�38.50,
SD¼9.7), t(16)¼8.97, po0.01. However, a non-significant effect was identified
between VLQ scores following treatment (M¼5.78, SD¼21.65) when compared to
control (M¼�3.27, SD¼9.5), t(16)¼1.096, p¼ .289 (see also Table 3)).
3. Discussion

The current study sought to examine the possible neurological
effects following eight weeks of ACT for college-age gamblers. The
first fMRI scan revealed similar brain activation patterns across all
participants, consistent with previous research (e.g., Dixon et al.,
2014; Habib & Dixon, 2010; Potenza et al., 2003), as increased
activation was identified in the dopaminergic system (e.g., ventral
striatum, cuneus, and amygdala). However, participants who
completed eight weeks of ACT, showed greater brain activation
patterns for winning spins when compared to the initial scanning
session; while participants in the control group showed no dif-
ferentiation in brain activity following winning spins. The neuro-
logical change observed in the treatment group resembled similar
brain activation patterns in regions as non-pathological gamblers
as discussed in previous research (e.g., Habib et al., 2010). Con-
sistent with previous research, all gamblers at the initial fMRI scan
showed decreased activation in the dopaminergic activation cen-
ters, including the amygdala, cuneus, and ventral striatum (Dixon
et al., 2014; Potenza et al., 2003). However, the difference between
gamblers at posttest revealed interesting differences, particularly
with increased activation in the middle frontal gyrus and inferior
parietal lobule in gamblers receiving treatment. These findings
mirror findings of non-pathological gamblers activation patterns
reported by Habib and Dixon (2010).

Conceptually, these differences may suggest that when treat-
ment-completed gamblers observed the winning stimuli, they
psychologically “saw” the stimuli differently than before. If we
consider the impact of a functional contextual intervention such as
ACT, it seems plausible that the “win” of the slot machine now
acquired additional functions such as “loss of time with family”,



Table 3
Psychometric data across group.

Group Psychometric Assessment

AAQ-II MAAS VLQ

Pre Post F Pre Post F Pre Post F

(M/SD) (M/SD) df (2, 16) (M/SD) (M/SD) df (2, 16) (M/SD) (M/SD) df (2, 16)

ACT 51.4 (12.89) 41.7 (14.67) 1.47* 64.8 (15.39) 60.5 (15.02) 4.307** 53.58 (19.54) 59.36 (26.5) 1.840
Control 52.13 (8.36) 57 57 18.5 57.32 (11.70) 54.05 (17.00)

(14.62) (12.00) (7.89)

* pr .001.
** p r .01.

M.R. Dixon et al. / Journal of Contextual Behavioral Science 5 (2016) 80–8886
“disappointment on eliminating debt”, or “taking time away from
studying.” While such additional relational networks are spec-
ulative at this point, the increased neurological activity in the pre-
frontal cortex does suggest this as a possibility. Future research
may simply ask participants to verbally describe the top 5 things
that come to their mind when they see the slot machine displays,
and see if such a list is altered post-therapy.

Concomitantly, significant differences were found on partici-
pant responses to the AAQ-II and MAAS over time. Following
treatment, gamblers were more likely to report higher engage-
ment in psychological flexibility and mindfulness-related beha-
viors then gamblers who did not complete treatment. Interest-
ingly, gamblers in both groups reported lower MAAS scores
overall, with gamblers assigned to the control group reporting the
largest decreases in MAAS scores over time. Further, subjective
ratings of slot machine outcomes were significantly different be-
tween groups over time (po0.01). All participants responded si-
milarly with subjective ratings of wins and losses during the first
slot machine task. Over time, ratings for winning and losing out-
comes differed significantly in the treatment group, but did not
differ in the control group. Such differences in subjective ratings of
slot machine outcomes following ACT are consistent with previous
research (e.g., Nastally & Dixon, 2012). At post-treatment, it also
appears that the self-report loss ratings reduced and win ratings
increased when compared to a constant rating shown in the
control group. Although this was not directly targeted in treat-
ment, it is possible that the ACT intervention aided in clarifying
the objective nature of each outcome, thus producing these dis-
parity ratings when compared to pre-treatment. If we were to
speculate about the ACT mechanism responsible, it would be hy-
pothesized that the present moment awareness component of
treatment aided in this effect. Future research may also attempt to
separate the various components of ACT and see how individually
they may or may not contribute to similar effects.

Taken together, these results suggest that both behavioral and
neurological differences emerge following eight weeks of ACT
when compared to a no-treatment control group. From an ACT
perspective, focusing on the present moment helps to foster
committed valued-based action in the presence of appetitive and
aversive stimuli. In other words, derived relations that dominate
sources of behavioral regulation (i.e., maladaptive gambling pat-
terns) were indirectly targeted through metaphor and experiential
exercises. The current study highlights how ACT can assist gam-
blers with engaging in psychological flexibility and present mo-
ment awareness, particularly during a gambling task. Behavioral
change in psychological flexibility and awareness during a gam-
bling task were identified through both neurological and beha-
vioral measures.

Similarly, the current study provides a framework for utilizing
physiological and behavioral measures to assess the effectiveness
of a behavioral intervention. These data provide evidence on how
a behavioral analysis can use a neurological measure to determine
change following manipulation of an independent variable, with-
out needing a neurological analysis to be the cause of the beha-
vioral change (e.g., Habib and Dixon, 2010). Previous research has
identified brain activation differences following behavioral inter-
ventions across a range of populations (Cozolino, 2010) including
phobia (Paquette et al., 2003) and substance use disorders (DeVito
et al., 2012). Recent technological advancements in magnetic
imaging has made accessing the world “within the skin” (Skinner,
1945) easier and more reliable. The current study highlights the
utility of combining neurological and behavioral measures to un-
derstand differences in private events over time.

The inclusion of college-aged gamblers is also noteworthy.
While gambling prevention strategies abound for adolescents and
under-age young adults (Ladouceur, Goulet, & Vitaro, 2013), to
date, minimal treatment interventions have targeted this at-risk
population. This is concerning given the risk factors of college-
aged to develop disordered gambling. The current study provides
preliminary evidence in support of using ACT for this population.

While the current study is the first to identify neurological
changes in gamblers following ACT, the study is not without lim-
itations. The treatment protocol could be considered a multi-
component intervention, as it contained many different in-
dependent variables which may have been in part or not at all
responsible for behavior / neurological change. At the level of ACT
as an intervention, it is uncertain if a specific factor within in the
hexaflex altered the dependent variables. For example, present
moment awareness alone may have been sufficient to bring about
changes (see Brewer et al., 2011 for theoretical overview of
mindfulness-based interventions for substance use disorders). In
contrast, perhaps self as context added nothing to the treatment.
Future research might consider conducting a component analysis
to determine if the entire ACT treatment presented here was cri-
tical to implement.

The treatment dose and manualized nature of treatment de-
livery may also function as limitations. The ACT intervention used
a standardized eight-week intervention dose to ensure treatment
integrity and provide a uniformed level of the independent vari-
able across subjects. It is possible that some participants may have
needed a few more weeks of sessions to increase its effectiveness.
Conversely some participants may not have needed the entire
eight sessions, thus the additional sessions were postponing our
discovering of the minimal effective treatment dose. Similarly, our
treatment was delivered in a topographically identical fashion to
all participants regardless of the underlying mechanisms as to why
they gambled in the first place (e.g., accessing escape vs. accessing
social attention or tangible items). Future research should explore
how an individual gambler’s triggers or antecedents that occasion
their gambling might be isolated during more client-driven
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individualized treatment sessions.
The subjective ratings of closeness to a win effectively pro-

duced reports which delineated different slot outcomes from each
other. However, it is possible that these ratings were partially in-
fluenced by the question itself and not solely a product of the
psychological experience of the slot display. While previous re-
search has used different types of questions to assess subject self-
reports on slot outcomes (e.g., Chase & Clark, 2010; Habib and
Dixon, 2010), to date, no study has compared responses for iden-
tical slot outcomes across multiple questions. Therefore, future
research may wish to consider using multiple topographies of
questioning (e.g., “How close were you to a win? ” or “How happy
are you with the outcome?”).

Finally, this study used a very restricted age range of non-
treatment seeing problem gamblers. It remains unknown how
these two critical variables impacted our obtained data as well as
limit the external validity of our findings. This population does
hold some positive aspects however, as we documented underage
college gamblers could show positive treatment outcome, and
thus our treatment model may be useful on other college
campuses.

Behavioral interventions for addiction in general are hard to
validate, particularly for addictions where there is no physical
consumption involved in the process. The current study attempted
to validate the use of ACT for disordered gambling by combining
standardized psychometric assessments and self-reports with
physiological measures (e.g., fMRI). By doing so, the current study
raises the bar of validating measures used to determine the ef-
fectiveness of ACT on events that occur within the skin. Future
research should continue to determine the effects of therapeutic
interventions across levels of analyses, to include events that occur
within the skin. In doing so, objective measurement systems can
be used to understand changes to private events following ther-
apeutic interventions. Even though skeptics abound within the
behavioral sciences to using methods and outcomes typically
limited to the cognitive sciences (such as fMRI), a great deal of
utility can be gained by adoption of such an approach. Our study
illustrates that the internal neurological processes that occur as a
result of gambling can be maintained at the level of a dependent
variable, and not a causal agent. It is perhaps here where the
misunderstanding of neurological metrics lies. Although cognitive
neuroscientists appease to such brain states as a cause of behavior,
we as behavioral scientists can maintain our stance of environ-
mental determinants of behavior by simply viewing neurological
activities as a behavior, like any other sort of easier observed be-
havior. When such neurological activities have the ability to tell a
story of therapeutic effectiveness, which had previously been left
to self-reports, it appears that it is long overdue to embrace the
potential of neuroimaging to validate treatment efficacy.
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