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Abstract
We evaluated the efficacy of an interactive, computer-based behavioral therapy intervention,
grounded in the community reinforcement approach (CRA) plus voucher-based contingency
management model of behavior therapy. Our randomized, controlled trial was conducted at a
university-based research clinic. Participants comprised 135 volunteer adult outpatients who met
DSM-IV criteria for opioid dependence. All participants received maintenance treatment with
buprenorphine and were randomly assigned to one of three treatments: (1) therapist-delivered
CRA treatment with vouchers, (2) computer-assisted CRA treatment with vouchers, or (3)
standard treatment. The therapist-delivered and computer-assisted CRA plus vouchers
interventions produced comparable weeks of continuous opioid and cocaine abstinence (mean =
7.98 and 7.78, respectively) and significantly greater weeks of abstinence than the standard
intervention (mean = 4.69; p<.05), yet participants in the computer-assisted CRA condition had
over 80% of their intervention delivered by an interactive computer program. The comparable
efficacy obtained with computer-assisted and therapist-delivered therapy may enable more
widespread dissemination of the evidence-based CRA plus vouchers intervention in a manner that
is cost-effective and ensures treatment fidelity.
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Introduction
A reevaluation of the current drug abuse treatment system may be required to positively and
substantively impact the problem of substance use disorders. Despite numerous important
scientific advances in the treatment of drug dependence over the last decade, such a
reassessment may be necessary because of the many serious challenges facing the treatment
system. The current system has difficulty recruiting and retaining treatment staff, inadequate
financing for the provision of treatment, treatment availability insufficient to meet demand,
and a slow adoption of research-based treatment innovations (Bickel & McLellan, 1996;
McLellan, Carise, & Kleber, 2003). Moreover, the growing problem of dependence
disorders in rural communities presents additional challenges for the provision of treatment.

These challenges may be partially addressed by applying computer-based interactive
technologies to deliver aspects of substance abuse treatment. Computer-based interactive
technologies refer to “computer-based media that enables users to access information and
services of interest, control how the information is presented, and respond to information
and messages in the mediated environment (e.g., answer questions, send a message, take an
action in a game, receive feedback, or make a response to previous actions)” (Street &
Rimal, 1997). Two central features of this technology are interactivity and modularity
(Street & Rimal, 1997). Interactivity refers to the responsiveness of the program to the
behavior of the user such that the user may modify or control the presentation of material
(Rafaeli, 1988; Steuer, 1992). Modularity refers to the user’s ability to move from one
portion of a program to another (Dede & Fontana, 1995; Street & Rimal, 1997). Types of
interactive, computer-based technology that have been employed in providing treatment or
promoting health behaviors include desktop computers (Selmi, Klein, Greist, Sorrell, &
Erdman, 1990), e-mail (Murphy & Mitchell, 1998), hand-held devices (Newman, Kenardy,
Herman, & Taylor, 1997), telephone-accessed computer systems (Osgood-Hynes et al.,
1998), video-disc training (Thorkildsen, Bickel, & Williams, 1979)), virtual reality systems
(North, North, & Coble, 1997) and Web-based interventions (Wantland, Portillo, Holzemer,
Slaughter, & McGhee, 2004). The number of computer-delivered therapeutic interventions
or health promotion programs is growing and applicable to an ever-increasing array of
disorders (Taylor & Luce, 2003; Wantland et al., 2004).

The most widely developed computerized treatments for psychiatric disorders have been for
anxiety and depressive disorders (Buglione, Devito, & Mulloy, 1990; Newman, Consoli, &
Taylor, 1997; Newman, Kenardy, Herman, & Taylor, 1996; Selmi, Klein, Greist, Sorrell, &
Erdman, 1991). One factor making development of computer-based treatments of these
disorders more feasible may be the fact that manuals have been developed for non-
computer-based cognitive-behavioral interventions for these disorders; that is, manual-
driven treatments that specify the use of certain sequences of procedures may be readily
adapted for computer-based interventions (Selmi et al., 1990). Interestingly, comparable
outcomes have generally been reported when computer-delivered and therapist-delivered
treatments have been compared (Buglione et al., 1990; Carr, Ghosh, & Marks, 1988).

The use of computers in substance abuse treatment is a small but growing research area.
Several studies have demonstrated the effective use of computer-generated personalized
messages and feedback to users in promoting smoking cessation, encouraging movement of
smokers along the stages of change, or promoting nicotine fading procedures (Burling,
Seidner, & Gaither, 1994; Curry, McBride, Grothaus, Louie, & Wagner, 1995; Dijkstra,
DeVries, & Roijackers, 1998; Prochaska, Velicer, Guardagnoli, & Rossi, 1991; Schneider,
Schwartz, & Fast, 1995; Schneider & Tooley, 1986; Strecher et al., 1994; Velicer et al.,
1993). To our knowledge, three controlled clinical trials have examined the efficacy of
interactive computer-delivered therapy during drug abuse or alcohol treatment. The first
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study demonstrated that a computerized version of a behavioral self-control training
program produced significant reductions in drinking among heavy drinkers (Hester &
Delaney, 1997). The second study demonstrated that a computer-based, brief motivational
intervention promoted a reduction in the quantity and frequency of drinking and associated
problems among problem drinkers (Hester, Squires, & Delaney, 2005). A third study, that
compared computer-delivered to therapist-delivered HIV/AIDS education among opioid-
dependent, injection drug-users (IDUs) receiving buprenorphine treatment (Marsch &
Bickel, 2004), found that participants who received computer-based instruction learned
significantly more information, retained more of that information at a 3-month follow-up,
liked the teaching medium better, and requested more supplemental information about HIV/
AIDS relative to those in the therapist-delivered program. Additional research on computer-
based technology in the treatment of substance abuse is necessary because of its potential to
address the challenges of the current treatment system. Indeed, adoption of such technology
may play a critical role in improving community-based substance abuse treatment in a
manner that enables rapid diffusion and adoption of evidence-based interventions (See
Bickel & Marsch, 2007 for a discussion of the application of computer technology to
substance abuse prevention and treatment; Carise, Ozge, McLellan, Dugosh, & Kendig,
2005).

This article reports on the application of computer-based interactive technology to the
treatment of opioid dependence. Specifically, we computerized the cognitive behavior
therapy package referred to as the community reinforcement approach (CRA) with
contingency management (Budney & Higgins, 1998). We selected to develop a computer-
based therapeutic intervention theoretically grounded in the CRA intervention because this
intervention has been shown repeatedly to be effective in treating substance use disorders,
including opioid dependence (Abbott, Weller, Delaney, & Moore, 1998; Bickel, Amass,
Higgins, Badger, & Esch, 1997; Higgins, Budney, & Bickel, 1993; Higgins et al., 1994;
Higgins, Delaney, & al., 1991; Higgins, Sigmon, Wong, & al., 2003). In this research
program, we have adopted a similar approach to prior evaluations of CRA with vouchers,
which first demonstrated the efficacy of the treatment package and then examined the
efficacy of the components of the package. Thus, in the present study we will examine
whether there is an overall difference between the replacement of counselor delivered
therapy with computer delivered therapy as part of the treatment package as compared to the
treatment package with counselor delivered therapy. To ensure that the two treatment
packages each have efficacy a usual treatment condition is also used as a comparator. Thus,
to evaluate this computer-delivered intervention, opioid-dependent outpatients were
randomly assigned to one of three treatments in a randomized, controlled trial: (1) therapist-
delivered CRA behavioral treatment with vouchers, (2) computer-assisted CRA behavioral
treatment with vouchers, or (3) standard treatment (typical counseling offered at methadone
treatment clinics) (Ball & Ross, 1991). Note that this standard treatment has been employed
as a comparator in other studies (Bickel et al., 1997; Gross, Marsch, Badger, & Bickel,
2006). All participants received maintenance treatment with the partial opioid agonist
buprenorphine as a background therapy (see Bickel & Amass, 1995, for a review). To our
knowledge, the interactive, computer-delivered intervention described in this report is the
only computer-based intervention that is based on the community reinforcement approach
for individuals with opioid dependence and that has been evaluated in a controlled study.

Methods
Participants

One-hundred and eighty-one (181) individuals were assessed for eligibility for this study,
and 57 of these participants were excluded (35 of these 57 participants did not return during
the medication induction period and the remaining 11 were excluded for various other
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reasons), thus resulting in 135 opioid-dependent adults who participated in this study’s 23-
week, outpatient maintenance treatment phase. Participants were recruited over a 2-year
period by newspaper, radio, and television advertisements, word of mouth, and various
referral sources (e.g., physicians, alcohol, and drug abuse clinics). All participants (a) met
DSM-IV opioid dependence criteria; (b) met FDA methadone treatment qualification
criteria; (c) were ≥ 18 years of age; (d) were void of active psychiatric disorders (e.g.,
psychosis, manic-depressive illness) and significant medical illnesses (e.g., cardiovascular
disease); and (e) were not pregnant as determined by urinary pregnancy tests conducted at
intake and at weekly intervals throughout the study. All patients provided written informed
consent prior to study participation. This study was conducted at an outpatient research
clinic at the University of Vermont and was approved by the University’s Institutional
Review Board.

Randomization
Participants were randomly assigned to one of the three maintenance treatment groups using
a computer generated stratified randomization procedure in SAS. A separate randomization
list was provided by the biostatistician for each of the twelve strata defined by the following
three patient characteristics: (1) buprenorphine/naloxone maintenance dose (≤ or > 12 mg);
(2) past month cocaine use (y/n); and (3) one-way commute time to clinic (< 30 minutes, 30
– 60 minutes, > 60 minutes).

Urinalysis and Blood Alcohol Level Monitoring
Urine specimens were collected thrice weekly (Mondays, Wednesdays, Fridays) under staff
observation and screened immediately on-site using the MIRA semi-quantitative urinalysis
machine (Syva Corp., San Jose, CA). All specimens were screened for methadone, opioids,
propoxyphene, cocaine, and benzodiazepines (Fridays only). In addition, breath samples
were analyzed thrice weekly for blood alcohol levels (ALCO-SENSOR III, Intoximeters,
Inc., St. Louis, MO), which had to be less than 0.05 g/ml for patients to receive their
medication.

Behavioral Treatment
Therapist-delivered community reinforcement approach (CRA) treatment with
contingency management—Participants in this condition received behavioral treatment
based on CRA plus voucher-based contingency management (Budney & Higgins, 1998),
with modifications as appropriate for an opioid-dependent patient population (e.g.,
detoxification training). Therapist-delivered CRA and voucher-based contingency
management treatment was administered throughout the 23-week maintenance treatment
phase. During the first 12 weeks of maintenance treatment, the CRA intervention was
implemented in three 30-minute individual counseling sessions per week. During the final
11 weeks, CRA was implemented in one 30-minute and two 20-minute individual
counseling sessions per week. Participants were provided with counseling in various life
skills through the following training modules: Self-Management Planning, Drug-Refusal
Training, Time Management, Social/Recreational Counseling, Problem Solving, Vocational
Counseling/Employment, Social Skills Training, HIV/AIDS Prevention, Relationship
Counseling, Communications Training, Other Substance Abuse, Depression, Anxiety,
Insomnia, Relapse Prevention, Anger Management, Pain Management, Detoxification
Training, Finance Management, and Housing Solutions. Participants who tested positive for
opioid and/or cocaine use completed two modules, Functional Analysis and Self-
Management Planning, with their therapist (see Budney & Higgins, 1998 for specific
procedures used).
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The voucher schedule used in the current study was similar to the schedule used successfully
with opioid-dependent individuals receiving a buprenorphine dose tapering regimen in a
prior trial (Bickel et al., 1997). Participants earned voucher points by providing opioid- (i.e.,
opioids, propoxyphene, methadone) and cocaine-negative samples. Each voucher point was
worth $0.25. The first negative sample was worth 29 points or $7.25 ($0.25 * 29). Vouchers
increased by one point with each consecutive negative sample (i.e., 30 points for the second,
31 for the third, etc.). In addition, a $10.00 bonus was earned for a week (Monday – Friday)
of negative samples. Continuous abstinence throughout the 23-week maintenance phase
resulted in voucher earnings of $1,316.75.

Submission of an opioid- and/or cocaine-positive urine sample, or failing to submit a valid,
scheduled sample reset the voucher points to the baseline of 29 points. Submission of five
consecutive opioid- and cocaine-negative samples returned voucher points to the pre-lapse
level. Voucher points, once earned, could not be lost.

A research staff member delivered paper copies of vouchers to participants each day they
provided a urine sample, indicating if a given sample was positive or negative for opioids
and cocaine, the amount of vouchers earned if negative for both drugs, the total account
balance to date and the amount that participants could earn for their next submission of an
opioid- and cocaine-negative sample. Vouchers were delivered to participants immediately
after urine samples were tested, as described above.

Computer-assisted community reinforcement approach (CRA) with
contingency management—Participants in this condition received the CRA plus
vouchers intervention delivered via an interactive, self-directed computer-based program
throughout the 23-week maintenance phase. The computer-assisted CRA and therapist-
delivered CRA treatments were identical with respect to CRA frequency, duration, topics,
Functional Analysis and Self-Management Planning completion, and voucher schedule,
except that in the computer-assisted CRA condition all of these interventions, as well as the
printout of paper copies of vouchers, were delivered via computer. In addition, every other
week (biweekly), participants in the computer-assisted treatment group met with their
therapist for approximately 30 minutes for a brief check and to revise the sequence of
modules if necessary. The weeks that participants in this treatment group met with their
therapist, they were required to complete only two computerized CRA sessions. The
voucher earnings by participants in the therapist-delivered CRA and computer-assisted CRA
conditions were comparable across groups (t88 = 0.29; p = .77). Participants in the
computer-assisted CRA condition earned a mean of $584.11 (SD=$492.85), and participants
in the therapist-delivered CRA condition earned a mean of $555.51 (SD=$439.18).

During the first week of maintenance treatment, participants completed a computer-assisted
CRA training program which taught them how to use the computer system. They also
completed a “customization program” with their counselor to establish an individual
treatment plan using the computer-based program to meet their treatment needs.

The computer-assisted CRA training that participants received involved fluency-based,
Computer-Assisted Instruction (CAI) (© Copyright 1997, HealthSim, Inc.). Fluency-based
technology is a procedural method of teaching information and skills that has been
demonstrated to be effective in acquiring and retaining new information (Kuhn & Stahl,
2003). This approach requires patients to develop a predetermined level of accuracy and
speed in responding. For each CRA topic, fluency-building CAI training included the
following five steps. (1) Information relevant to a given CRA topic (e.g., social skills
training; relationship counseling) was presented. (2) Multiple choice questions specific to
the CRA topic were then randomly presented. (3) To promote fluency on a given topic,
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“read and response timing parameters” were manipulated. “Read time” is defined as the time
elapsed between the appearance of a given question and the presentation of the response
choices. “Response time” is defined as the time elapsed between the presentation and
subsequent removal of response choices. Read and response times varied as a function of the
participant’s comprehension of the material. That is, if a participant responded correctly to a
question, both the read and response times decreased on the next presentation of that
question and vice versa. A question was no longer presented once three consecutive correct
responses were provided and the final response time was attained. (4) Fill-in-the-blank
questions that addressed the most important facts from the multiple choice questions were
then presented, with similar manipulation of read and response timing parameters. (5)
Participants were given immediate computer-delivered feedback on their responses, i.e., the
computer informed patients whether their responses were correct or incorrect. If incorrect,
the computer provided the patient with the correct response and an explanation why the
response was correct. In this process, the delivery of CRA topics were adjusted according to
pre-determined levels of fluency, speed, and accuracy, making the patient an active
participant in the educational process. To accommodate individuals with reading difficulties,
participants could have the information, concurrent with its presentation, read aloud to them
by computer via headphones.

Several modules within the computer-based system also included video-based simulation
technologies (Issenberg, Gordon, Gordon, Safford, & Hart, 2001). The interactive videos
presented actors modeling various behaviors in order for the program user to better learn the
modeled behavior (e.g., progressive muscle relaxation). The videos also provided
experiential learning environments that simulated real world experiences and thereby
enabled the exploration of a wide variety of “what if” scenarios, while providing specific
feedback in role-playing situations (e.g., effective drug-refusal skills; effective
communication skills) (Gustafson, Bosworth, Chewning, & Hawkins, 1987; Orlandi, Dozier,
& Marta, 1990).

Upon completion of the CAI portion and simulation portions of computer-assisted CRA
training, the skills and information learned by the patients were personalized through other
interactive exercises and worksheets (e.g., Practice Exercise for Managing Thoughts About
Using, Time Management).

An electronic reporting system provided therapists the opportunity to view browser-based
reports summarizing participants’ activity using the computer program as well as results
and/or summary information of interactive exercises they completed on the computer (e.g.,
reports of recent drug use and circumstances surrounding the use). This feature allowed
therapists to integrate participants’ use of the program into their biweekly counseling
sessions. Figure 1 presents a flow chart of user activity with the computer-assisted CRA
program.

Standard Methadone-Style Counseling
Standard counseling treatment, the treatment most methadone maintenance programs use
(Ball & Ross, 1991), has been described fully and implemented successfully in a previously
reported study (Bickel et al., 1997). In this study, throughout the 23-week maintenance
treatment phase, standard counseling treatment was implemented in one 37-minute
individual counseling session per week (based on the average duration of sessions in most
methadone maintenance programs). In these sessions, compliance with program rules and
rehabilitation were addressed. These sessions focused on helping participants with current
problems (e.g., employment, recent arrests, illness, living arrangements), addressing
participants’ treatment progress (attendance, urine test results) and helping them understand
and comply with program rules. Counselors followed a manualized set of guidelines
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regarding the core content and philosophy associated with the delivery of standard therapy,
based on the model described by Ball & Ross (1991).

Therapists and Treatment Fidelity
Three master’s-level therapists, who averaged six years experience with opioid-dependent
patients, conducted therapy sessions for all participants. Treatment fidelity was assured
using numerous strategies, as described here and elsewhere (Bickel et al., 1997). All
therapists were trained rigorously in all therapy procedures. Each therapist was assigned an
equivalent number of participants in each condition to avoid a therapist-by-condition
confounding factor.

A manipulation check was conducted whereby treatment sessions between therapists and
clients were audiotaped. An independent evaluator, blind to participants’ treatment
conditions, reviewed randomly selected audiotapes to determine if a treatment session could
be classified into its appropriate treatment condition based on a checklist that highlighted
attributes of the respective therapies. Distinguishing characteristics included the duration of
the session as well as adherence to the appropriate content and style of the manual for a
given intervention (e.g., a focus on CRA content for those receiving therapist-delivered
CRA; a focus on compliance with program rules and rehabilitation for those receiving
standard treatment; and a review of progress on the computer and a restructuring of module
order [as needed] for those receiving computerized CRA). The independent evaluator
reviewed a total of 45 sessions, that is, one session of 25% of all patients (n=181), of which
135 were trial eligible and 46 ineligible. Importantly, across the 45 randomly selected
sessions, there was approximately equal representation among the three therapists (15
sessions reviewed per therapist) and treatments (therapist-delivered CRA = 16 sessions,
computer-assisted CRA = 13 sessions, standard counseling = 16 sessions). Overall, 82.2%
(37/45) of treatment sessions were classified accurately into their respective treatment
categories by the independent evaluator. The number of misclassifications were generally
comparable across study conditions (3/13 were misclassified in the computer-assisted CRA
condition, 1/16 was misclassified in the therapist-delivered CRA condition, and 4/16 were
misclassified in the standard condition).

Medication Administration
Patients participated in three dosing phases with the sublingual, partial opioid agonist
buprenorphine: induction (6–10 days), maintenance (23 weeks), and withdrawal (9 weeks).
Buprenorphine induction lasted approximately 6 – 10 days (Amass, Bickel, Higgins, &
Badger, 1994; Amass, Bickel, Higgins, & Hughes, 1994; Bickel et al., 1997). On days 1 and
2, participants were given a 6 mg and 12 mg dose of the buprenorphine mono formulation
(Subutex), respectively. On day 3, based on agonist and withdrawal ratings (Himmelsbach,
1939) taken on day 2, participants were given their maintenance dose of either 6, 12, or 18
mg of buprenorphine/naloxone (Suboxone), which they received daily for the remainder of
their induction phase (unless agonist or withdrawal ratings after day 3 indicated a further
dose adjustment was warranted) and during the 23-week maintenance treatment period using
a thrice weekly dosing schedule, in which patients received a double maintenance dose on
Mondays and Wednesdays and a triple maintenance dose on Fridays). Medication was
gradually tapered during the 9-week withdrawal period. All medication was administered
under double-blind conditions.

Outcome Measures
Opioid and cocaine abstinence—Continuous opioid and cocaine abstinence was
defined a priori as the primary outcome measure, and statistical power calculations for this
study were determined based on this primary outcome measure. One week of continuous
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opioid and cocaine abstinence was defined as three consecutive (i.e., Monday, Wednesday,
Friday) opioid- and cocaine-negative urine samples. Missed urine samples were considered
positive. The longest period of continuous abstinence achieved was recorded for each
patient. Secondary analyses were performed comparing treatment conditions on the percent
of scheduled urinalyses results classified as negative or missing.

Treatment retention—Treatment retention was defined as the percentage of participants
in each treatment that were retained in treatment through the maintenance treatment phase.
Participants were considered discontinued from maintenance treatment if they (1) completed
the 23-week maintenance treatment period, or (2) missed 3 consecutive medication doses.

Addiction Severity Index (ASI)—The ASI (McLellan et al., 1985) is a structured
clinical interview designed to provide a reliable, valid measure of multiple problems
common among substance abusers. The ASI computes a severity score for substance abuse
problems as well as a score for employment, medical, social, legal, and psychological
functioning.

The Helping Alliance Questionnaire-Patient Version (HAQ-P)—The HAQ-P
(Luborsky et al., 1996) is a 19-item inventory that measures the alliance (degree of helping
relationship) between patients and their therapists and enables the calculation of a total
alliance score. This measure has adequate internal consistency, test-retest reliability, and
convergent validity with the California Psychotherapy Alliance Scale.

Contact time between patients and therapists—Worksheets were completed by
therapists thrice weekly to document how much time participants in each study condition
spent with their counselor in therapy sessions during the treatment maintenance phase of the
trial.

Statistical analyses—Comparisons between treatment groups on baseline characteristics
were performed using either analysis of variance or Kruskal-Wallis tests for continuous
measures and chi-square tests for categorical variables. Analyses of primary outcome
measures associated with continuous abstinence and treatment retention were based on all
subjects randomized. Analysis of variance was used to compare groups with respect to the
primary outcome measure of mean duration of documented continuous opioid and cocaine
abstinence. Analysis of variance was also used to examine percent of scheduled urinalyses
attended and results classified as negative. Pairwise comparisons among treatment groups
were performed using Fisher’s Least Significant Difference (LSD) procedure. Effect sizes
associated with abstinence outcome measures were computed based on the estimated
correlation coefficient. Time to event analysis, utilizing a logrank test, was used to compare
retention time among treatment groups. In addition, a chi square test was used to compare
groups on the percentage of subjects retained through the 23-week treatment maintenance
phase.

Repeated measures analyses of variance were used for treatment comparisons on Helping
Alliance scores and ASI composite scores when retention was still high in all study
conditions. The repeated measures analysis of variance corresponding to Helping Alliance
was based on the first 12 weeks of treatment, so as not to have subject dropout adversely
influence group comparisons. One hundred and twenty four subjects (92%) were included in
these analyses of which ninety-eight were available at 12-weeks (Computer n=34, Therapist
n=30 and Standard n=34). Analyses were performed using SAS, PROC MIXED which
produces least square means, which adjust for subjects’ missing data at specific time points.
ASI composite scores collected at intake and week 13, when retention was still quite high in
all study conditions (96/135 = 71% retention) were analyzed in a similar fashion.
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Statistical analyses were performed using SAS statistical software (SAS Institute, Cary,
NC). The sample sizes of 45 subjects per treatment arm was determined using data from our
prior studies in order for the current study to have sufficient power (1-B= .90) to detect a 5
week difference in mean continuous abstinence between any two of the treatment
conditions.

Results
As shown in Table 1, with the exception of age, the characteristics of participants assigned
to the three treatment groups did not differ. Participants’ age was not predictive of treatment
outcome when considered as a covariate.

Primary Analyses of Opioid and Cocaine Abstinence
Participants in the standard, therapist-delivered, and computer-assisted treatment conditions
achieved an average of 4.69 (SEM = 0.88), 7.98 (SEM = 1.09), and 7.78 (SEM = 1.17)
weeks of continuous opioid and cocaine abstinence, respectively, while in maintenance
treatment (see Figure 2). This measure significantly differed across treatment groups
(F(2, 132) = 3.06; p = 0.05), such that the therapist-delivered and computer-assisted treatment
conditions did not significantly differ from one another, but both produced significantly
greater weeks of continuous opioid and cocaine abstinence relative to the standard treatment
group (Fisher’s LSD, p<.05). The estimated effect size (r) for the therapist-delivered
treatment condition was r = 0.19 (SE = .09; 95% CI = .02, .35; p = .03) and for the
computer-assisted treatment condition was r= .18 (SE = .09; 95% CI = .01, .34; p = .04),
when expressed relative to the standard condition.

Secondary Analyses of Opioid and Cocaine Abstinence
Secondary analyses were performed to investigate the role of missing data in urinalyses
results. The percent of scheduled urinalyses sessions (n=69) that were attended by study
participants were nearly equal across the three conditions (71% for standard, 70% therapist
and 70% computer, F2, 132 = 0.04, p= .97). When analyses were restricted to the period in
which subjects were retained in treatment (i.e. prior to drop-out), there was also no evidence
of differences in the percentage of scheduled urinalysis sessions attended across treatments
(87% for standard treatment, 88% for therapist-delivered CRA, and 87% for computer-
assisted CRA (F 2,132 = 0.04, p= .96). When urinalysis results were restricted to those
samples that were documented to be either positive or negative (i.e. excluding missing
urines), 70%, 73% and 57% were negative for opioids and cocaine for Computer-assisted
CRA, Therapist-delivered CRA, and Standard groups respectively (F2,131=2.47 p= .08).
Effect sizes corresponding to this outcome measure were r = .17 (SE = .11; 95% CI = − .
03, .36, p= .10) for the computer-delivered CRA condition, and r = .21 (SE = .10; 95% CI:
= .01, .40, p= .05) for the therapist-delivered CRA condition, when expressed relative to the
standard condition.

Treatment Retention
An average of 58%, 53%, and 62% of participants in the standard, therapist-delivered, and
computer-assisted treatment conditions, respectively, were retained in treatment for the
entire 23 weeks of the maintenance phase of treatment. The percentage of participants
retained in treatment for the duration of maintenance treatment did not significantly differ
across treatment conditions (χ2(2) = 0.73; p = .69). Survival estimates for each group,
presented in Figure 3, were also not statistically significant across groups (logrank test χ2

(2)
= 0.38; p = .82).
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Addiction Severity Index (ASI)
Composite scores on the Addiction Severity Index (ASI) at the time of treatment intake were
highest on the scales measuring functioning in Employment (mean = 0.55; SEM = 0.04),
Drug (mean = 0.38; SEM = 0.01), Legal (mean = 0.33; SEM = 0.03), and Psychiatric (mean
= 0.30; SEM = 0.03); moderate on the scales for Family (mean = 0.20; SEM = 0.03) and
Medical (mean = 0.18; SEM= 0.03), and lowest on the scale for Alcohol problems (mean =
0.06; SEM = 0.01). ASI composite scores were shown to significantly reduce from their
intake levels during maintenance treatment (all p-values <.05), with the exception of the
alcohol composite score, which was low at the time of treatment intake and remained low
during the maintenance phase of treatment. There was no evidence of differential reductions
in ASI composite scores across dosing groups (all p-values >.05).

The Helping Alliance Questionnaire-Patient Version
Scores on the Patient version of the Helping Alliance Questionnaire were high throughout
maintenance treatment and did not significantly differ across the three treatment conditions
(F (2,121) = 0.15; p = 0.86). Average scores across the first 12-weeks of maintenance were
4.74 (SEM = 0.05), 4.84 (SEM = 0.04), and 4.86 (SEM = 0.05) for standard, therapist-
delivered CRA, and computer-assisted CRA treatments, respectively.

Patient-Therapist Contact Time
Participants in the therapist-delivered treatment condition spent an average of 1198 minutes
(SEM = 91.6; 95% CI = 1012–1382) in therapy sessions with their counselor during the
trial, while those in computer-assisted treatment condition spent an average of 264 minutes
(SEM = 21.5; 95% CI = 221–308) and those in the standard treatment group spent an
average of 647 minutes (SEM = 55.2; 95% CI = 536–758) in therapy sessions during the
trial. As shown in Figure 4, participants in the computer-assisted treatment condition
achieved a similar number of weeks of continuous opioid and cocaine abstinence as those in
the therapist-delivered treatment condition, but with markedly reduced contact time with
their counselor during the trial.

Discussion
This study, to our knowledge, was the first to evaluate an interactive, computer-delivered
intervention theoretically grounded in the evidence-based community reinforcement
approach (CRA) of behavioral therapy for individuals with opioid dependence. Results
demonstrated that the exclusively therapist-delivered CRA plus vouchers intervention and
the computer-assisted CRA plus vouchers intervention produced comparable levels of
continuous opioid and cocaine abstinence among participants and markedly higher levels of
abstinence than produced by the standard intervention. There are five points we would like
to make about the study.

First, the results suggest that when computerized treatment for opioid dependence is
integrated into other treatment components, treatment outcomes may be comparable to those
achieved from exclusively therapist-delivered therapy. This finding is consistent with the
literature on computerized therapy as developed in other contexts. Importantly, even though
the two active CRA interventions produced comparable periods of sustained opioid and
cocaine abstinence, the abstinence rates among those in the computer-assisted CRA
condition were achieved even though only approximately one sixth of the intervention was
delivered through a therapist and five sixths of the intervention was delivered by the
interactive computer program. These results suggest that a computer-based program may
enable more widespread dissemination of the evidence-based CRA plus vouchers
intervention in a manner that is cost-effective and ensures fidelity.
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Second, this less intensive and expensive computer-based intervention was more efficacious
than standard treatment. In addition, the therapist-delivered treatment and the computer-
assisted treatment did not produce any less therapeutic alliance between therapists and
participants relative to the traditional counseling condition. This suggests, in turn, that
treatment programs might be able to integrate computer-based counseling into existing care
without jeopardizing clinically important alliances with therapeutic staff. Although this
system was evaluated in a clinic setting in the present trial, it may be useful in providing
evidence-based psychosocial treatment in a wide range of settings. For example, this system
may be useful when accessed in the privacy of one’s home via secure Internet access or
from the offices of health providers (such as physicians offering office-based buprenorphine
treatment). Indeed, both the CRA and contingency management components of the
intervention may be delivered online in light of recent research demonstrating that
contingency management can be effectively conducted over the Internet (Dallery & Glenn,
2005). Finally, this program may be useful as a supplement to group therapy or as an
alternative to group therapy for patients, which may be particularly important for patients
with social anxiety or social phobias.

Third, one potential criticism of this study is that these treatments are all largely ineffective
and therefore treatment differences are not meaningful. This concern may be addressed by
comparing the results of this study with those of prior studies. The magnitude of treatment
effects reported here replicates or exceeds those observed in prior reports of similar
procedures with similar populations. For example, in this study the standard, therapist-
delivered and computer-assisted treatment conditions achieved an average of 4.69, 7.98 and
7.78 weeks of continuous opioid and cocaine abstinence, respectively. Effect sizes observed
for urine samples documented to be opioid and cocaine negative were of the same
magnitude as those observed for our primary outcome measure of continuous opioid and
cocaine abstinence. These secondary group comparisons did not achieve statistical
significance; however, power calculations, which were performed prior to the study, were
based on continuous abstinence. Other studies conducted with patients receiving
buprenorphine or methadone report standard treatment resulted in approximately 2 to 4
weeks of continuous abstinence and the community reinforcement approach with
contingency management procedures resulted in 4 to 5 weeks of continuous abstinence (e.g.,
Gross et al., 2006; Schottenfeld et al., 2005). Similarly, a recent meta-analysis of
contingency management studies targeting cocaine and opioids reported a mean weighted
effect size of .21 (95% CI = .05 to .36) compared to control conditions, while the effect size
in the present study for the counselor and computer based treatments were 0.19 and 0.18,
respectively, when compared to the standard treatment (Lussier, Heil, Mongeon, & Badger,
2006). Thus, treatment effectiveness as reported here is consistent with prior results.

Fourth, this study did not measure the independent contribution of computerized therapy
given that it was provided in the context of treatment components with documented efficacy
(e.g., buprenorphine and contingency management). Indeed, the uniformly high retention as
well as attendance rates across all three treatments is likely, at least in part, a result of the
buprenorphine (the common treatment element). We decided the first step in this new area
of research was to examine whether comparable outcomes would be obtained when
computerized CRA was substituted for therapist provided CRA and whether a combined
treatment package was more efficacious than standard treatment. If the results had shown
that the computerized treatment package was less effective than the therapist treatment
package, then there would be little value in examining the independent effects of
computerized treatment alone. Given the comparable efficacy of computerized and therapist
delivered CRA packages established in the present study, we believe that the next step
would be to isolate the effects of the computerized CRA as was done recently with therapist
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delivered CRA (in which both CRA and vouchers were shown to contribute to the overall
efficacy of the treatment package (Higgins et al., 2003).

It is conceivable that some current treatment programs may wish to adopt a treatment
package of computerized CRA and vouchers. Indeed, the cost savings from computerized
CRA (relative to person-delivered CRA) may be used to support the cost of voucher-based
incentives. By automating this treatment package, treatment programs may be provided with
a means to readily provide this science-based treatment package with fidelity. However, our
overall planned line of research, including future dismantling studies, will allow us to
generate empirical data to inform approaches that may markedly improve the substance
abuse treatment system (not just to fit into the current treatment system).

While it would have been interesting to have also directly assessed acquisition of skills
during training on the computerized CRA modules in this study as well participants’
perceptions of the acceptability and utility of the intervention, the main focus of this study
was to assess the efficacy of this computerized therapeutic tool on clinically meaningful
outcome measures such as treatment retention and opioid abstinence. Thus, outcome
measures were selected consistent with the primary focus of this clinical trial. Our prior
work with computerized interventions has shown, however, that computer-based
interventions, which use the informational technologies that we also employed in the present
study, are highly acceptable and can promote significant gains in both knowledge and skills
acquisition (e.g., Marsch & Bickel, 2004; Marsch, Bickel, & Grabinski, 2007; Marsch,
Bickel, Grabinski, & Badger, 2007). Future evaluations could assess the specific knowledge
and skills impacted by the computerized CRA package. Moreover, the primary focus of the
present study was to assess the efficacy of the computerized CRA intervention during
maintenance treatment for opioid dependence. Given the chronic, relapsing nature of opioid
dependence and the need for ongoing maintenance treatment for many opioid-dependent
individuals (e.g., Ball & Ross, 1991), outcomes during treatment are of clinical significance.
Nonetheless, future evaluations should include follow-up data to examine post-treatment
outcomes.

Fifth and finally, the computerization of some aspects of addiction treatment may also have
other broader implications. Adoption of evidence-based research innovations permits
addiction treatment programs to improve patient services and evolve while failing to adopt
innovation may render treatment a static and less than optimally effective enterprise (Bickel
& Marsch, 2007). Indeed, as McLellan and colleagues convincingly argue in a recent review
of the numerous systemic problems that exist within the national addiction treatment
infrastructure (McLellan et al., 2003), “without modernization and investment, the addiction
treatment system will fail to meet the public’s needs”. Although informational technology
continues to expand and bring about profound changes in our society in general, it has been
infrequently employed in the addiction field. If computer and other informational
technologies were routinely employed in the field, they might lead to not only cost-effective
interventions but ultimately to more rapid diffusion and adoption of research findings. That
is, if computer-delivered therapies that require minimal therapist involvement and are
efficacious, then dissemination of new empirically supported treatments may be provided by
simply sending computer programs to treatment providers. By reassigning some portions of
addiction treatment for delivery by computer-based technology, evidence-based treatment
may be routinely provided, the need to train counselors to deliver new therapies may be
decreased, counselors may be permitted to focus on those aspects of treatment that they are
uniquely suited to address and focus more on problematic clients with recurring drug use
and/or crises, and treatment cost may be reduced. In order for such changes to occur,
research must be conducted on how to computerize treatments and assess their efficacy.
Thus, the present study not only provided a demonstration of the efficacy of computer-
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assisted therapy for opioid dependence, but also represents an initial step in bringing
information technologies to bear on issues of substance abuse treatment.
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Figure 1.
Flow of user activity with computer-based community reinforcement approach (CRA) plus
vouchers program.
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Figure 2.
Mean weeks continuous abstinence from opiates and cocaine by treatment condition. Means
sharing a common letter are not significantly different from one another.
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Figure 3.
Retention by treatment condition during 23-week treatment maintenance phase.
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Figure 4.
Mean weeks of continuous opioid and cocaine abstinence plotted by mean contact time with
therapist during treatment by treatment condition.
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Table 1

Participant Demographics by Treatment Condition

Standard n=45 Therapist n=45 Computer n=45 p-value

Demographics

 White (%) 98 98 93 .44

 Male (%) 58 56 53 .91

 Never married (%) 58 76 60 .16

 High school education (%) 71 67 69 .90

 Employed (%) 47 44 49 .91

 Age (in years)a 30.1 ± 9.2 26.1 ± 6.9 29.7 ± 8.9 .05

 Monthly income (in dollars)b 523 (50,1236) 698 (220,1500 ) 675 (300,1100) .56

Opioid use

 Prior treatment (%) 64 68 70 .82

 Years of regular usea 5.6 ± 6.2 5.2 ± 4.4 6.4 ± 6.3 .62

 Age of first usea 22.4 ± 7.9 18.9 ± 5.3 21.8 ± 8.2 .08

 Days/Week use opioidsa 6.7 ± 1.1 6.7 ± 0.8 6.9 ± 0.3 .50

 Preferred route

  Intravenous (%) 62 80 68 .17

  Intranasal (%) 38 20 32

Other drug dependence

 Alcohol (%) 18 9 16 .44

 Cocaine (%) 24 16 27 .38

 Sedative (%) 13 7 9 .56

 Cannabis (%) 16 18 14 .87

ASI composite scalesa

 Medical .20 ± .32 .19 ± .31 .17 ± .29 .92

 Employment .59 ± .30 .66 ± .31 .62 ± .33 .54

 Alcohol .05 ± .11 .06 ± .11 .06 ± .10 .93

 Drug .39 ± .09 .38 ± .08 .39 ± .08 .78

 Psychiatric .32 ± .22 .36 ± .26 .31 ± .22 .58

 Legal .34 ± .25 .35 ± .28 .25 ± .24 .11

 Family-social .31 ± .24 .21 ± .21 .23 ± .24 .11

Beck Depression Inventorya 20.5 ± 9.1 21.6 ± 9.7 19.5 ± 9.8 .60

Michigan Alcoholism Screening Testa 10.4 ± 13.3 11.5 ± 9.2 8.7 ± 9.0 .46

Buprenorphine dose 15.9 16 16.4 0.71

Note: Tabled values are percents unless otherwise indicated, statistical significance based on Chi Square Test

a
Mean ± SD, statistical significance based on F Test

b
Median (interquartile range), statistical significance based on Kruskal-Wallis Chi Square Test
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