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Abstract
Motivational interviewing (MI) is a directive, client-centered therapeutic method employed in the
treatment of substance abuse, with strong evidence of effectiveness. To date, the sole mechanism
of action in MI with any consistent empirical support is “change talk” (CT), which is generally
defined as client within-session speech in support of a behavior change. “Sustain talk” (ST)
incorporates speech in support of the status quo. MI maintains that during treatment, clients
essentially talk themselves into change. Multiple studies have now supported this theory, linking
within-session speech to substance use outcomes. Although a causal chain has been established
linking therapist behavior, client change talk, and substance use outcome, the neural substrate of
change talk has been largely uncharted. We addressed this gap by measuring neural responses to
clients’ own change talk using magnetoencephalography (MEG), a non-invasive neuroimaging
technique with excellent spatial and temporal resolution. Following a recorded MI session, MEG
was used to measure brain activity while participants heard multiple repetitions of their CT and ST
utterances from that session, intermingled and presented in a random order.

Results suggest that CT processing occurs in a right-hemisphere network that includes inferior
frontal gyrus, insula, and superior temporal cortex. These results support a representation of
change talk at the neural level, consistent with the role of these structures in self-perception. This
suggests that during treatment sessions, clinicians who are able to evoke this special kind of
language are tapping into neural circuitry that may be essential to behavior change.

Keywords
neuroimaging; motivational interviewing; change talk; magnetoencephalography; mechanisms of
behavior change

Introduction
Within psychotherapy, remarkably little study has been made of the neural processes
underlying effective talk therapies. Although some authors have recommended
neuroimaging studies of therapy components (Carrig, Kolden, & Strauman, 2009; Etkin,
Pittenger, Polan, & Kandel, 2005; Gerber & Peterson, 2006; Moras, 2006), neuroimaging
and neurodynamic studies have by and large focused upon describing the dysfunctional
brain. Aside from the occasional study of neuronal activity during assessment tasks

Correspondence concerning this article should be addressed to: Jon M. Houck, Department of Psychology, MSC03 2220,
Albuquerque, NM 87131. jhouck@unm.edu.

Theresa B. Moyers is a trainer for motivational interviewing, and is occasionally compensated for training. Jon M. Houck is a trainer
for the Motivational Interviewing Skill Code (MISC) coding system, and is occasionally compensated for trianing.

This manuscript is based on Jon M. Houck’s doctoral dissertation.

NIH Public Access
Author Manuscript
Psychol Addict Behav. Author manuscript; available in PMC 2014 June 01.

Published in final edited form as:
Psychol Addict Behav. 2013 June ; 27(2): 489–500. doi:10.1037/a0029896.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(Bayless, Gaetz, Cheyne, & Taylor, 2006; Phan, et al., 2004; Razumnikova, 2007; Wang,
Kakigi, & Hoshiyama, 2001), those few studies evaluating talk therapies have examined
brain activity after a course of treatment (McClure, et al., 2007; Paquette, et al., 2003), but
have not explored the processes that occur during treatment.

This is surprising given that neuroimaging measures have substantial relationships with
treatment outcomes. Clear links between brain function and symptom improvement have
been found across a range of therapeutic approaches, including cognitive behavioral therapy
(McClure et al., 2007; Siegle, Carter, & Thase, 2006; Paquette et al., 2003; Ritchey, Dolcos,
Eddington, Strauman, & Cabeza, 2008; Thase, Fasiczka, Berman, Simons, & Reynolds,
1998), pharmacotherapy (Siegle et al, 2006), and exposure therapy (Peres et al., 2007).
Although these studies employed disparate imaging modalities, the results across multiple
problem areas support the notion that improvements in psychotherapy can be associated
with specific changes in neurological structures and processes.

Given that talk therapies produce measurable neural changes after treatment, an important
first step toward understanding these changes would be to measure activity related to
specific active ingredients of treatments, particularly those treatments that have shown
strong evidence of effectiveness. Motivational interviewing (MI) is a one such treatment, a
client-centered therapy that combines a humanistic counseling style with a directive, non-
confrontational approach to resolving ambivalence about behavior change. MI is an
empirically-supported treatment for substance use disorders; a recent meta-analysis of
clinical trials using MI (Hettema, Steele, & Miller, 2005) found an average short-term
between-group effect size of d=0.77, decreasing after one year to d=0.30. Over 200 clinical
trials of MI have now been published. One analysis (Miller & Wilbourne, 2002) found that
motivational enhancement, an adaptation of MI, was ranked second only to brief therapy on
cumulative evidence for alcohol use disorders.

Evidence for the effectiveness of MI has accumulated across a range of problematic
behaviors (Amrhein, Miller, Yahne, Palmer, & Fulcher, 2003; Golin, et al., 2006; Riekert,
Borrelli, Bilderback, & Rand, 2011). Although some studies of substance abuse have
reported mixed results (e.g., Walker, Roffman, Stephens, Wakana, & Berghuis, 2006) the
bulk of the literature supports the effectiveness of MI in alcohol users (Burke, Arkowitz, &
Menchola, 2003; Hettema, et al., 2005; Miller, 1983; Rubak, et al., 2005; Vasilaki, Hosier,
& Cox, 2006).

Despite this strong empirical support for the effectiveness of MI in substance abuse
treatment, there has been difficulty in determining why MI is effective (Apodaca &
Longabaugh, 2009). Multiple mechanisms of action have been tested, to no avail
(Morgenstern & McKay, 2007). One promising mechanism of action in MI that has garnered
some research support is client change language. Based in social psychological theories
including self-efficacy (Bandura, 1977), self-perception (Bem, 1972) and cognitive
dissonance (Festinger, 1957), MI maintains that during therapy, clients talk themselves into
change (Miller, 1983; Miller & Rollnick, 1992, 2002). By hearing themselves repeatedly
verbalize arguments for or against a particular behavior change, clients resolve their
ambivalence about that change in the direction of their own speech. The self-perceptual
effects of client speech were noted in both the original (Miller, 1983) and later (Miller &
Rollnick, 1991, 2002) formulations of MI.

Change language in MI incorporates both positive (change talk) and negative (sustain talk)
aspects. Although change talk was initially defined as client speech that recognized alcohol-
related problems, concerns about the problem, and recognition of a need to change the
behavior (Miller, 1983), later advances included discussions of the advantages of change,
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the disadvantages of the status quo, optimism for change, or intention to change. The term
was ultimately expanded to include client expressions of a desire, ability, reason, need, or
commitment to change, as well as expressions of concrete steps clients had taken toward
change (e.g., substance use cessation) (Miller, Moyers, Amrhein, & Rollnick, 2006). Sustain
talk includes expressions of a desire, ability, reason, need, or commitment to maintain the
status quo, as well as expressions of concrete steps clients had taken to maintain the status
quo (e.g., continued substance use). Several MI language coding systems have evolved to
measure the language of clients and therapists during treatment sessions (Houck, Moyers,
Miller, Glynn, & Hallgren, 2010; Martin, Moyers, Houck, Christopher, & Miller, 2005;
Miller, 2000), creating straightforward and unbiased operational definitions of client change
language for empirical study.

Recent studies investigating change talk reveal the promise of this construct to explain
outcomes. In a study of drug use disorders, Amrhein and colleagues (2003) found that the
strength of client change talk during MI sessions as rated on a 10-point scale was a
significant predictor of drug treatment outcomes; further, this change talk differentiated
those who would benefit from MI even in the absence of a main effect of treatment. In the
years following the Amrhein study, an array of studies have demonstrated strong
relationships between therapist behavior and client behavior (Gaume, Bertholet, Faouzi,
Gmel, & Daeppen, 2010; Glynn & Moyers, 2010; Houck & Moyers, 2008; Moyers &
Martin, 2006) as well as within-session-client behavior and subsequent outcomes
(Aharonovich, Amrhein, Bisaga, Nunes, & Hasin, 2008; Baer, et al., 2008; Bertholet,
Faouzi, Gmel, Gaume, & Daeppen; Hodgins, Ching, & McEwen, 2009; Karno, Longabaugh,
& Herbeck, 2009; Vader, Walters, Prabhu, Houck, & Field, 2010). Finally, Moyers and
colleagues (2009) have demonstrated that client change talk mediates therapist behavior and
substance use outcomes. Taken together, these studies support a causal chain in which MI-
consistent clinician behaviors produce client change talk during sessions, which in turn
increases client motivation to change substance use. It is worth noting that this causal chain
for MI is the only one with consistent support in the literature to date.

Knowledge of the neural substrate for change language has significant potential to inform
theories of motivational interviewing and behavior change. For instance, well-developed
neuroimaging paradigms exist for cognitive dissonance, a construct that was implicated in
original formulations of MI. If patterns of brain activity observed for change talk early in the
treatment process are consistent with those observed for cognitive dissonance, it would
support the notion that the process of change works in part via cognitive dissonance.
Insincere change talk is another issue frequently of concern to clinicians -- what happens
when change talk is the result of external pressure, rather than the product of a supportive
therapeutic interaction? Detection of deception has been explored enthusiastically via
neuroimaging (Johnson & Rosenfeld, 1992; Langleben et al. 2002; Seth, Iversen, &
Edelman, 2006) and has a substantial published literature (for a review, see Abe, 2011). If
activity related to insincere or externally-prompted change talk is similar to activity
observed in deception detection paradigms, clinicians and interventionists working with
mandated clientele would know to avoid heavy-handed strategies in favor of a focus on
autonomy support. If the neural substrate of change talk were known, specific refinements
based on these and other insights could be made to MI, targeting these brain regions and
processes more precisely in order to achieve the most efficient and powerful expressions of
change talk, which could in turn lead to improved substance abuse outcomes.

Although one group (Feldstein Ewing, Filbey, Sabbineni, Chandler, & Hutchison, 2011) has
reported brain activity during simultaneous presentation three stimulus types (alcohol taste
cues, visual presentation of client language, and auditory presentation of client language) no
study to date has measured neural activity evoked by a client’s own change talk as produced
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in a typical MI session. In this study we gathered change talk utterances from ambivalent
drinkers throughout their actual MI sessions, and then replayed these statements to the
drinkers while monitoring their brain activity using magnetoencephalography. Our goal was
to search for characteristic neural patterns common to hearing one’s own change talk elicited
from a therapy session. Two hypotheses were proposed: first, that neural responses to
change talk and sustain talk would localize to regions selected a priori including inferior
parietal lobule, superior temporal sulcus, Broca’s area, and insula; and second, that neural
responses to change talk and sustain talk would differ from each other in individuals who are
ambivalent about changing their substance use.

Method
Participants

Participants were ten individuals (mean age 40.0, SD 13.86 years; 30% female, 40% White
Hispanic, 30% White Non-Hispanic, 20% Native American, 10% African American) who
expressed concern about their substance use during a phone screening but were not seeking
formal substance abuse treatment, and with no recent history of such treatment. Participants
were recruited using fliers, print ads, online ads, and word of mouth. The recruitment text
advertised for adults who were concerned about their drinking but uncertain about making a
change. Exclusion criteria included recent use of any drugs other than alcohol or marijuana;
diagnosis or evidence of major mental illness, neurological disease, brain injury, or other
organic brain disorder; or currently seeking treatment or referral to treatment resources. This
population of ambivalent alcohol users was selected because it represents a group of
drinkers that is larger and less severely impaired than those actively seeking treatment. This
group is also representative of the individuals commonly seen in primary care settings where
concern about drinking or drug use might be broached without a desire for abstinence or
treatment. Participants were paid $100 for their participation. This dataset represents a
subset of the planned sample for the parent study (NIDA R21DA025135), which is currently
ongoing.

Measures
Magnetoencephalography (MEG: Cohen, 1968; for reviews, see Baillet, Mosher, & Leahy,
2001; Hämäläinen, Hari, Ilmoniemi, Knuutila, & Lounasmaa, 1993;) is a completely non-
invasive neuroimaging technique used to infer the electrical current distribution within the
brain by measuring the magnetic fields associated with these currents. MEG provides a
direct measure of neuronal activity with excellent temporal and spatial resolution, capturing
millisecond changes in current flow and localizing this brain activity with accuracy of 3–5
mm (Leahy, Mosher, Spencer, Huang, & Lewine, 1998; Yamamoto, Williamson, Kaufman,
Nicholson, & Llinás, 1988). Rapid data analysis techniques exist to explore the distributed
brain activation seen in complex tasks (Stenbacka, Vanni, Uutela, & Hari, 2002). Such
methods permit detailed characterization of local and network dynamics in the brain from
MEG data (for a review, see Le Van Quyen & Bragin, 2007). These methods were used with
a state-of-the-art whole-scalp MEG array to precisely characterize both the stimulus-related
responses within the brain that are related to change language offered during an MI session.

Assessments in the computerized assessment battery included demographic information, the
Brief Symptom Inventory (BSI 18: Derogatis, 2001), the Stages of Change Readiness and
Treatment Eagerness Scale (SOCRATES: Miller & Tonigan, 1996), the Form 90 Quick
Feedback Version (Form 90 QFV: Tonigan, Miller, & Brown, 1997), the Inventory of Drug
Use Consequences (InDuC-2R3: Tonigan & Miller, 2002), and the Interpersonal Reactivity
Index (Davis, 1980), a measure of dispositional empathy including both cognitive and
affective aspects. Descriptive statistics on these measures can be found in Table 1.
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Procedures
All procedures were approved by the Human Subjects Review Committee of the University
of New Mexico. The study design was intended to measure neural activity evoked by an
empirically-supported mechanism of behavior change in MI, change talk. Following
completion of a computerized assessment battery, participants underwent an MI session
conducted by the second author, including content such as participant concerns around
substance use, exploring reasons favoring and against change, and future desires with regard
to substance use. The intervention was modeled after motivational enhancement therapy
(MET: Miller, 1994), a type of MI session that incorporates feedback from an assessment
battery. The MET format was chosen because much previous work demonstrating a
relationship between change talk and outcome was also based upon MET sessions
(Amrhein, et al., 2003; Moyers, et al., 2007; Moyers, et al., 2009). This intervention
generated the majority of the experimental stimuli clients heard during the MEG scan. Client
language from these sessions was coded by the first author using the client language
categories of the MISC 2.5 coding instrument (Houck et al., 2010), enabling the extraction
of the client’s own change talk and sustain talk statements for use as experimental stimuli.
This also permits comparisons between MEG data, the assessment battery, and change talk
measures. Each session was later coded by a masked rater using the complete MISC 2.5
coding system.

The mean time between MI session and MEG scan was 45.3 days, with a mean session
length of 42.79 minutes (SD 8.80). To ensure quality and audibility of recorded stimuli,
noise removal was performed using spectral noise gating based on a 2-minute recording of
the ambient room noise. To permit interpretation of the precise timing information available
from MEG, all stimuli were carefully constructed to have clean auditory onsets and offsets
by parsing each client language utterance with accuracy of 0.1 milliseconds. All processing
of audio files was performed in the Audacity (2010) audio editor. Because of systematic
differences in the length of change talk and sustain talk utterances, with generally longer CT
utterances than ST utterances (CT M=3.20 sec., sd = 1.82; ST m = 2.32 sec., sd = 1.43) the
epoch following the auditory offset of each utterance was selected for the present analysis.

During the MEG scan, participants were presented with a randomly-ordered series of these
auditory recordings, including their own spontaneous speech as well as non-spontaneous
phrases endorsed and recorded by the participant. Each of the two utterance types (change
and sustain) was presented via headphone (Etymotic ER-1) approximately 200 times in
order to ensure an adequate signal-to-noise ratio. Each individual stimulus was repeated no
more than 15 times. To control for attentional effects, 5% of the trials consisted of a single
neutral-speech “target phrase” recorded by the participant. Participants indicated
identification of this target phrase by making a motor response using a fiber optic response
pad. The epoch between the offset of a target stimulus and the onset of the next utterance
was randomly varied between 1100, 1250, and 1400 ms. Stimulus delivery was controlled
using an IBM-compatible PC running the Presentation software package (Neurobehavioral
Systems, 2007). Stimuli were presented in a unique random order for each participant. To
minimize noise in the MEG signal that can be generated by eye movements and blinks,
participants were asked to maintain their gaze on a fixation cross projected on a screen, and
to blink as cued by a visual prompt. Blink prompts were randomly interspersed between
groups of 3–5 verbal stimuli.

MEG data were collected in a magnetically and electrically shielded room (VAC Series
Ak3B, Vacuumschmelze GmbH) using a whole-cortex 306-channel MEG array (Elekta
Neuromag™) at the Mind Research Network. Before positioning the participant in the MEG,
four coils were affixed to the participant’s head, two on the forehead and one behind each
ear. These coils allow determination of the position of the participant’s head relative to the
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position and orientation of the MEG sensors. Additional positioning data was collected
using a head position device (Polhemus Fastrak) in order to permit co-localization of MEG
activity with the anatomical MRI of each participant. Two channels of electro-oculogram
(EOG) were collected, one vertical and one horizontal, simultaneously with MEG. MEG
data were sampled at a rate of 1000 Hz, with a bandpass filter of 0.10 to 330 Hz. Head
position was monitored continuously throughout the MEG session. Raw single-trial data
were collected and stored. Each client’s MEG scan lasted approximately 45 minutes.

Anatomical whole-head MRI data was collected on participants at the Mind Research
Network following the MEG scan. High resolution, isotropic T1 [TE (echo time) = 2.74 ms,
TR (repetition time) = 2300 ms, TI (inversion time) = 900 ms, 8° flip angle, slice thickness
= 1 mm, FOV (field of view) = 256 mm, resolution = 256 × 256, slab thickness = 176 mm,
voxel size = 1×1×1 mm, number of echoes = 4, pixel bandwidth = 650 Hz] anatomic images
were collected on a Siemens scanner using a multi-echo 3D MP-RAGE pulse sequence. As
movement artifacts severely distort high-field MRI data, some participants required multiple
scans. A qualified radiologist read each image to ensure that no participant has any clinically
relevant structural abnormalities. This MRI scan occurred within 1 month of the MEG scan.

Data analysis
Preprocessing

Artifact removal, correction for head movement, and downsampling to 500 Hz were
conducted offline using Elekta Maxfilter software, with 123 basis vectors, a spatiotemporal
buffer of 10 seconds, and a correlation limit of .95. The MNE software package
(Hämäläinen, 2010) was used to band-pass filter (0.1–40 Hz) and average data off-line over
trials, with separate averages computed for the auditory onset and offset of each stimulus
type, with baselines of −0.1–0 and 1.1–1.2 s. respectively for onset and offset. Averages
based on auditory onset were used only to confirm accurate localization of auditory cortex.
All primary analyses were conducted using averages locked to the auditory offset of each
phrase. Trials were rejected if magnetic activity greater than 3000 femtotesla (fT) peak-to-
peak in any MEG channel occurred, or if there was activity greater than 150 μV peak-to-
peak in the EOG channels, resulting in a mean of 149 CT epochs and 141 ST epochs for
each subject. Data from the MEG and MRI scans were aligned using the Freesurfer (Dale,
Fischl, & Sereno, 1999; Fischl & Dale, 2000; Fischl, Sereno, & Dale, 1999) and MNE
(Hämäläinen, 2010) software packages. Participant structural MRI data were processed
through Freesurfer and used in MNE to generate realistic single-compartment boundary
element models. The MEG inverse operator was calculated in MNE using a loose cortical
orientation constraint based upon cortical patch statistics derived from individual anatomical
information (Lin, Belliveau, Dale, & Hämäläinen, 2006). Current source distributions were
then calculated as dynamic statistical parametric maps (dSPM: Dale, et al., 2000) for CT and
ST trials using MNE. After inverse modeling, individual MEG activity estimates were
registered to the MNI 305 template brain using a spherical morphing procedure (Fischl, et
al., 1999) and grand-averaged across participants to create average images of the whole
cortex for the CT and ST conditions.

dSPM-thresholded whole-cortex analysis
Statistical attributes of dSPM (Dale, et al., 2000) were used to identify regions where grand
averaged activity differed significantly from baseline levels at a threshold of p < .001. MNE
and Freesurfer were used to generate cortical labels (i.e., regions of interest in the cortical
surface) for each subject for these regions in standardized (MNI) space. These labels were
applied to each subject’s cortical solution. The MNE toolbox was used in Matlab to extract
source waveforms from each vertex (i.e., points in the cortical surface after it has been tiled
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with triangles (tessellated)). Each vertex (triangle) in the present study has an area of
approximately 0.5 mm2. Matlab was also used to compute three evoked response field
(ERF) measures for the epoch from 100–350 ms following auditory offset of each phrase.
Peak amplitude is defined as the maxima for the epoch. Peak latency is identified as the
latency of the peak amplitude. Area under the curve (AUC) was computed for the epoch
using the trapezoidal rule. AUC was included as a measure of activity because it is
independent of peak amplitude and latency. These measures were computed for each vertex
in the label for the epoch. Figure 4 illustrates each of these measures. These ERF measures
for each subject were compared across conditions using paired t-tests in AFNI (Cox, 1996).
The resulting z-scores were converted to Freesurfer paint files for visualization in MNE.

Results
Dynamic statistical parametric maps for MEG represent the three dipole orientations and
follow the F distribution. To include only those sources significantly different from baseline
levels of activity at p < .001, degrees of freedom 10,50 were used to determine the threshold,
resulting in a minimum dSPM of F = 2.68. When applied to the cross-subject whole cortex
dSPM solution, this yielded four sources in the 100–350 ms epoch in right hemisphere for
CT, three of which were also significantly active in ST. These included two sources in the
superior segment of the circular sulcus of the insula, one in the anterior portion and one in
the posterior; one source in the inferior part of the precentral sulcus; and a final source in the
inferior segment of the circular sulcus of the insula (see Figure 1).

Grand averages of brain activity across subjects for CT and ST in left and right hemisphere
are shown in Figures 2–3, with descriptive statistics for evoked response fields (ERF) given
in Table 2. AFNI analysis revealed multiple regions with significant differences between CT
and ST. In right hemisphere, these regions included cuneus, superior frontal gyrus, lingual
gyrus, middle occipital gyrus, and occipital pole. In left hemisphere, these regions included
occipital pole, middle temporal gyrus, lingual gyrus, and frontomarginal gyrus. Beyond the
regions already discussed in the a priori and dSPM thresholded analysis, however, no
additional regions survived the application of a cluster size and z-score threshold.
Timecourses for the significant regions are given in Figure 4.

Significant correlations were observed between ERF measures and assessment data. Within
Broca’s area, the Recognition scale of the SOCRATES was correlated with peak amplitude
for ST (r = .678), drinking intensity (DDD) was correlated with CT peak latency (r = −.642),
and three of the four IRI scales were correlated with CT peak latency (perspective taking r
= .635, empathic concern r = .654, and personal distress r = .768). Correlations were
detected with raw scores of the BSI scales, but were not present after conversion to T-scores
using community norms. In superior temporal sulcus, ST peak amplitude and AUC were
significantly correlated with the personal distress scale of the IRI (r = .647 and r = .659,
respectively). Correlations were detected with raw scores of the BSI scales, but were not
present after conversion to T-scores using community norms. Significant correlations for
each source are given in Table 3.

Discussion
Results indicate that, despite the complex social cognitive nature of the therapeutic milieu in
general, and CT and ST perception specifically, differences do exist in the perception and
processing of these two theoretically important modes of speech. These differences are
apparent in both the localization and dynamics of neural activity occurring after each phrase.
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This project was conceived as a study of the role of brain network s related to the processing
of change language in motivational interviewing. Of the regions designated a priori as
representing these networks, only right insula, left superior temporal sulcus (STS) and right
inferior frontal gyrus (IFG) displayed significant activation relative to baseline levels.
Significant differences between change talk and sustain talk were also observed in these
regions, suggesting some relationship between this network and the perception of one’s own
change language. Our original hypotheses were partially supported.

Research using fMRI has detected coupled brain activity between speakers and listeners
during story-telling in regions including insula, parietal lobule and temporo-parietal junction
(Stephens, Silbert, & Hasson, 2010). Right lateralization of evoked response potentials
(ERPs) related to semantic information has been reported as well (Balconi & Amenta, 2010)
a finding that is salient given the largely right-lateralized responses observed in the present
study following auditory offset. The activity observed in right insula for change language is
consistent with the participation of this structure in speech perception (Toyomura, et al.,
2007), emotional control (Bechara, 2005) and addiction (Naqvi & Bechara, 2009). Insula
has been implicated in both speech production (Dronkers, 1996) and the perception of the
motor representations of speech (Fridriksson, et al., 2009; Gazzola, Aziz-Zadeh, & Keysers,
2006), as well in the processing of vocal affect (Campanella & Belin, 2007). Given the role
of insula in assigning valence to emotional content (Berntson, et al., 2011), the differential
activation of right insula reported here may be related to processing of subtle differences of
emotional content between the CT and ST utterances, and may also reflect differences in the
participant’s emotional response to these utterances. A recent meta-analysis of nearly 1800
studies indicated functional differentiation in the insular cortex, with a distinct role for
anterior insula in emotion and empathy (Kurth, et al., 2010). The only other study that
applied neuroimaging to explore change language in MI (Feldstein Ewing, Filbey,
Sabbineni, Chandler, & Hutchison, 2011) also observed an effect in insula, although this
was seen only for ST statements, and only following an alcohol taste cue. While the
implications of that study are complicated by simultaneous auditory and visual presentation
of change language, the use of change language from only a single exercise, as well as the
use of an alcohol cueing paradigm during stimulus presentation, one consistent finding
observed in both studies was activity in insula related to the perception of change language.
Given the evidence of a role for insula in cognitive dissonance and attitude change (Izuma,
et al., 2010; Qin, et al., 2011; van Veen, Krug, Schooler, & Carter, 2009), the observed
activation may provide biological support for the theorized role of cognitive dissonance in
motivational interviewing.

The theory of change talk in motivational interviewing holds that ambivalent clients decide
what they think about their problematic behavior by hearing themselves talk about that
behavior with the clinician. This is grounded in Bem’s (1972) theory of self perception:
people form and change their attitudes by observing their behavior. Clients who emit more
change talk in the session will experience a shift in the balance of their ambivalence – a
change in their perception of their own willingness to change – and will make subsequent
behavior changes based on this new self-perception, so as to minimize cognitive dissonance.
This is consistent with the integration of self-perception and cognitive dissonance theories
(Fazio, Zanna, & Cooper, 1977). Because therapists are able to influence how much change
talk clients emit in a session (Glynn & Moyers, 2010; Moyers & Martin, 2006), they
partially control the client’s emerging self-perception around the problematic behavior, and
contribute to subsequent behavior change (Moyers, et al., 2009). If a relationship can be
confirmed between the neural activity described here and subsequent outcomes, this
activation may provide a salient marker for the trajectory of the participant’s behavior
change.
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Each region displayed a different pattern of relationships with assessment data. Given the
small sample size of the present study and the issue of multiple comparisons, these
relationships should be considered tentative until they can be replicated. Within left Broca’s
area, the extent to which participants were likely to spontaneously adopt another’s
perspective, experience sympathy and compassion for others, and experience discomfort in
response to extreme distress in others were all correlated with peak latency following change
talk utterances in our data. This suggests that neural responses to one’s own change talk may
be related to the construct of dispositional empathy. Given this structure’s participation in
self-reflection, it seems possible that the observed correlation reflects a empathic response to
one’s own statements of desire to change problematic behavior. It is possible that MI works,
at least in part, by helping a person to view their own reasons, desires and needs for
changing in a momentarily more accepting and understanding manner. In this way, their
perception of themselves and being willing and ready to change might shift. The
relationships observed with measures of empathy suggest that the systems that are active
during the perception of change talk and sustain talk may be the same that are active in basic
social and emotional processing. This suggests that during treatment sessions, therapists who
are able to evoke this special kind of language are tapping into neural circuitry that could be
essential for behavior change, mobilizing processes hinted at by Miller and Rose (2009, p.
534), “…covert events that are not directly observable but that result in both increased
commitment language and subsequent behavior change.”

Unfortunately it is impossible to say from these data whether specific brain activity is
attributable to subtypes of change talk, including desire, ability, reason, and need (DARN);
taking steps, or other. Most utterances fell into one of the DARN categories, but were not
present individually in sufficient numbers to create averages with adequate signal to noise
ratios for analysis. However, the overall relationships observed are suggestive and should
benefit from additional data collection.

The pattern of observed activity differs substantially from that reported by Feldstein Ewing
and colleagues (2011). The imaging modalities themselves may account for much of this
difference: recent work has demonstrated that sustained auditory activity as measured by
MEG is only weakly represented in the fMRI BOLD response (Gutschalk, Hämäläinen, &
Melcher, 2010). An fMRI study, even one adopting an identical paradigm, would likely
observe a very different pattern of activity than that seen in the present study. In addition,
the evoked responses analyzed in the present study were time-locked to the end of each
phrase, while activity in the Feldstein Ewing report was locked to the beginning of each
phrase. Additional differences between the two studies may be related to the absence of an
alcohol taste paradigm in the present study, as well as the use of naturalistic auditory stimuli
in the present study, rather than simultaneous presentation of auditory and visual stimuli.
Finally, the present study used change language that occurred naturally throughout the
session or was endorsed by the participant prior to the session, rather than constraining the
included client language to an exercise at the end of the session.

Limitations
What remains unclear is whether the experience of listening to one’s own change talk
outside of the context of a motivational interviewing session bears any relationship to the
processes that occur within treatment sessions. If indeed the engagement of insula, superior
temporal sulcus, and Broca’s area following change language phrases indicates a shift in
self-perception, does this shift indicate movement toward change (“My drinking really
doesn’t fit with my goals”), or does it instead suggest maintenance of the status quo (“I can’t
believe I said that; I don’t really want to change at all.”)? Without follow-up data on
subsequent substance use outcomes, this is difficult to determine. The collection of ongoing
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MEG data during treatment sessions, to measure brain activity when speech is originally
emitted, would provide more directly-interpretable results. To this end we have begun
collecting pilot MEG data in situ during MI sessions to provide additional clarity on the
neural substrate of CT and ST.

Another consideration is the potential for changes in alcohol use between MI sessions and
subsequent neuroimaging measurements. In the present study alcohol use was measured
only during the baseline assessment session. Given that single-session MI can affect
drinking, it is possible that research participants changed their alcohol consumption patterns
prior to hearing their recorded change language during the MEG session. The effects of
hearing one’s own change talk after having already changed one’s behavior are unknown,
and could range from reinforcing to aversive. This question should be addressed in future
research via longitudinal collection of drinking data, multiple neuroimaging sessions, or,
ideally, both. The small sample described in the present effort also limits the generalizability
of our findings.

Finally, there are several technical limitations to the dSPM approach to source analysis. As
implemented in the current version of MNE, all sources are constrained to the cortical sheet
defined in Freesurfer. This omits multiple sources from consideration, including
hippocampus, thalamus, cerebellum, and amygdala, all of which are easily measured using
MEG. Any activity from these sources would be shifted to the cortical sheet. Although the
present study had no explicit hypotheses concerning contributions from these structures,
there remains the possibility that important activity from deep sources is either ignored or
misattributed to cortical regions.

Conclusions
The present study illustrates the potential of functional neuroimaging techniques in
mechanisms of change research. These techniques, including functional MRI and
magnetoencephalography, have been used for decades in studies of basic cognitive and
social processes. Patterns of activity uncovered in studies of these processes, including
constructs such as cognitive dissonance, deception detection, and choice-induced preference
change, may be brought to bear in mechanisms of behavior change research to achieve what
behavioral research alone has not: to reveal the basic processes by which effective
treatments such as motivational interviewing work, how behavior change begins in the
brain, and how this process may be supported or accelerated during treatment.
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Figure 1.
dSPM-thresholded regions of significant activation.
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Figure 2.
Grand averaged cortical activation (dSPM) in left hemisphere for change talk (top) and
sustain talk (bottom) at 100, 200, 300, and 400 ms after auditory offset.
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Figure 3.
Grand averaged cortical activation (dSPM) in right hemisphere for change talk (top) and
sustain talk (bottom) at 100, 200, 300, and 400 ms after auditory offset.
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Figure 4.
Illustration of evoked response field measures on the timecourse following change talk (CT)
in A.) left Broca’s area, B.) right superior temporal sulcus, and C.) in right superior circular
sulcus of the insula – posterior. Horizonal lines represents dynamic statistical parametric
map (dSPM) amplitude, intersection of vertical dashed lines with horizontal axis indicates
peak latency; intersection of vertical dashed line with dSPM amplitude indicates peak
amplitude; shaded blue area illustrates area under the curve (AUC) for the epoch of interest.
Zero ms indicates auditory offset. Amplitude for the baseline period for this epoch is shown
at the right.
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Table 1

Descriptive statistics on assessment and language data.

Measure Mean SD

InDuC

 Physical 7.60 5.13

 Interpersonal 10.70 9.74

 Intrapersonal 12.60 7.09

 Impulse 9.00 5.89

 Social 6.30 4.72

 Control 8.60 3.06

 Total 46.20 29.24

SOCRATES

 Recognition 25.56 6.29

 Ambivalence 14.89 3.89

 Taking steps 27.00 6.96

BSI*

 Somatization 48.44 20.37

 Depression 56.22 23.23

 Anxiety 51.78 21.41

 General Severity Index 54.11 22.21

IRI

 Fantasy Scale 14.20 3.88

 Perspective Taking 16.00 6.34

 Empathic Concern 19.40 6.15

 Personal Distress 8.40 4.72

Form 90 QFV

 Percent Days Abstinent 18.22 28.01

 Percent Heavy Drinking Days 2.13 4.56

 Drinks per Drinking Day 4.05 3.59

 Age at onset (years) 14.80 6.70

Session length (minutes) 42.79 8.80

Client language counts

 Change talk 73.10 9.27

 Sustain talk 34.90 6.64

 Percent change talk 67.71 4.69

Note. InDuC: Inventory of Drug Use Consequences; SOCRATES = Stages of Change Readiness Scale; IRI = Interpersonal Reactivity Index; BSI =
Brief Symptom Inventory 18; Form 90 QFV = Form 90, Quick Feedback Version

*
Reported values are T-scores from community norms
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