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Abstract

Background—~Few prospective studies have evaluated theory-driven approaches to the
implementation of evidence-based opioid treatment. This study compared the effectiveness of an
implementation model (Science to Service Laboratory; SSL) to training as usual (TAU) in
promoting the adoption of contingency management across a multi-site opiate addiction treatment
program. We also examined whether the SSL affected putative mediators of contingency
management adoption (perceived innovation characteristics and organizational readiness to
change).

Methods—Sixty treatment providers (39 SSL, 21 TAU) from 15 geographically diverse satellite
clinics (7 SSL, 8 TAU) participated in the 12-month study. Both conditions received didactic
contingency management training and those in the pre-determined experimental region received 9
months of SSL-enhanced training. Contingency management adoption was monitored biweekly,
while putative mediators were measured at baseline, 3-, and 12-months.

Results—Relative to providers in the TAU region, treatment providers in the SSL region had
comparable likelihood of contingency management adoption in the first 20 weeks of the study, and
then significantly higher likelihood of adoption (odds ratios = 2.4-13.5) for the remainder of the
study. SSL providers also reported higher levels of one perceived innovation characteristic
(Observability) and one aspect of organizational readiness to change (Adequacy of Training
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Resources), although there was no evidence that the SSL affected these putative mediators over
time.
Conclusions—Results of this study indicate that a fully powered randomized trial of the SSL is

warranted. Considerations for a future evaluation are discussed.
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opioid; contingency management; adoption; implementation

INTRODUCTION

The gap between research and clinical practice is vast across all fields of healthcare, but few
areas are characterized by gaps as large and complex as addiction treatment in general®-3 and
opioid addiction treatment in particular.# Existing research indicates that simply offering
counselors didactic training is not sufficient to close the research to practice gap,®’ and that
the level and quality of training support affects implementation adoption.8 Over the past 20
years, a number of innovative federal initiatives have promoted the training of opioid
addiction treatment counselors in evidence-based practice, including NIDA's Clinical Trial
Network,® 10 SAMHSA's Addiction Technology Transfer Center (ATTC) Network,! and
the joint NIDA-SAMHSA “blending initiative” to distribute the Prescription Opioid
Addiction Treatment Study suite of training resources.}? The goal of the current pilot study
was to evaluate the effectiveness of a training model that came out of one of these federal
initiatives - the ATTC's Science to Service Laboratory (SSL) — among opioid addiction
treatment providers.

The ATTC developed the SSL in 2003 and it has been described in prior publications.13: 14
When the SSL was first developed, existing training and implementation models were
informed primarily by principles of either individual change or organizational change.13 The
SSL was designed to integrate principles from both of these levels, thereby addressing a
historical gap in the literature. Organizational change principles were informed by Simpson's
heuristic model for transferring research to practice,1® while individual change principles
were based on the strategies outlined in the ATTC's Change Book: A Blueprint for
Technology Transfer8 At the organizational level, the SSL model targets organizational
readiness to change as a putative mediator of intervention adoption. Organizational readiness
to change has been broadly defined as “the extent to which organizational members are
psychologically and behaviorally prepared to implement organizational change,”!’ and it has
recognized as a critical precursor to the effective implementation of evidence-based practice
across many disciplines!® 19 including addiction treatment.2% At the individual provider
level, the model targets five perceived intervention characteristics that were shown to
influence adoption in Roger's2! seminal work on the diffusion of innovations. In particular,
the SSL model attempts to emphasize the perceived Relative Advantage, Observability,
Trialability, and Compatibility of the intervention, while minimizing perceived Complexity.
To exert change in these mediators, the SSL model relies heavily on supportive interpersonal
personal strategies (described further in Methods) including the use of an external
technology transfer specialist, internal change champions, and collaborative group problem
solving.
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The current investigation was an initial evaluation of the SSL's effectiveness on evidence-
based practice adoption and on putative mediators of adoption in a multi-site opioid
addiction treatment program. Contingency management was selected as the evidence-based
practice because it has proved challenging to sustain in community settings,22 despite having
robust support in meta-analytic reviews,23-26 documented effectiveness when delivered by
community counselors,2” and high levels of receptivity among opioid addiction treatment
providers.28 29 This study evaluated the additive effects of the SSL over training as usual
(TAU), with all clinics receiving TAU (i.e. didactic training in contingency management) and
clinics in the experimental region receiving additional SSL support for 9 months.
Contingency management adoption was measured biweekly, while putative mediators of
implementation effectiveness (organizational readiness to change and perceived intervention
characteristics) were measured at baseline, 3- and 12-month follow-ups. We also assessed
and controlled for treatment provider characteristics. By tracking outcomes to 12 months,
we gained an indication of sustainability after removal of active SSL support at 9 months.

Our first hypothesis was that SSL providers would report greater levels of contingency
management adoption than TAU providers over the 12-month period. We expected the SSL's
effect to be largest during the period of active external support (months 1-9), but to remain
significant throughout the 12-month follow-up. Our second hypothesis was that the SSL
would have a significantly greater effect on putative mediators of implementation
effectiveness — organizational readiness to change and perceived intervention characteristics,
even when controlling for provider characteristics. Our approach addresses a critical need to
promote the implementation of evidence-based practice for opioid addiction treatment
providers and is consistent with a recent landmark consolidation of the substance use
implementation literature,30 which advises researchers to: a) evaluate the effectiveness of
implementation models prospectively; b) measure implementation effects comprehensively
by considering the interplay of multiple domains that have been shown to influence
implementation effectiveness (i.e., characteristics of individuals involved, intervention
characteristics, setting, implementation process); and c¢) use theory to identify and test
potential mechanisms of implementation effectiveness. Because this study was not powered
to test mediation, examination of mediators was exploratory.

METHODS

Treatment Sites

Sites were recruited from a comprehensive opioid addiction treatment program spanning six
states: Illinois, Indiana, Pennsylvania, Utah, Rhode Island, and Maine. The program had 18
satellite clinics employing over 300 staff and serving 4100 adults annually. Each clinic
provided various outpatient services including methadone maintenance, individual, family,
and group counseling. In the two years before the study, the program sponsored 28 trainings,
only one of which was focused on an EBP (buprenorphine) and none of which addressed
CM.
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Assignment to Conditions

Assignment of clinics to condition was based on geographic location, such that seven sites in
the New England ATTC's catchment area (3 Rhode Island, 4 Maine) received SSL-enhanced
training while 11 sites outside of the region (1 Illinois, 1 Indiana, 6 Pennsylvania, 3 Utah)
received TAU only. Geographic location was used instead of random assignment for three
reasons: a) to prevent contamination associated with staff resource sharing across
geographically proximate sites; b) to promote compatibility with procedures of the agency,
which frequently held regional trainings; and c) to resemble standard operations across the
ATTC network, under which each ATTC had the autonomy to roll out regional training
initiatives.

Recruitment

Procedures were approved by the Brown University institutional review board. Clinical
directors from the 18 satellite clinics were given an overview of the project during a
quarterly leadership meeting and invited to provide informed consent. Inclusion criteria
required that providers had been employed for at least 3-months with active on-going
caseloads.

Clinical directors supplied current numbers of treatment providers meeting inclusion criteria,
resulting in 145 providers (51 SSL, 94 TAU) being invited to participate. Providers received
resource packets describing the study, which included return-addressed, stamped postcards
indicating interest in participating. Both clinical directors and providers were informed that
participation was voluntary and would not affect their employment.

Of the 145 providers, 75 (46 SSL, 29 TAU) returned reply cards, reflecting a 52% initial
response. The response rate was 90% in SSL (46/51) and 31% in TAU (29/94), rates that
clearly favored the SSL (7(144) = 22.2, p<.001). A primary reason for this differential
response was likely the unblinded nature of the study, under which SSL clinics knew they
would receive additional support. Although differential enrollment indicates response bias, it
stands to reason that bias might have created a more stringent test of the SSL; in essence,
SSL providers were being compared to those TAU providers most interested in receiving
contingency management training.

Of the 75 responders, 60 (80% of responders) ultimately provided informed consent and
completed a baseline assessment. Participation of those interested was 85% in SSL (39/46)
and 72% in TAU (21/29), which was not statistically different (2(74)=1.30, p>.05). Clinic
directors from all 18 sites agreed to participate, but three TAU sites did not return interest
forms. The final sample contained 60 providers across 15 sites (7 SSL, 8 TAU).

Standard Training

Participating treatment providers in both conditions received didactic training in contingency
management led by a national expert in the intervention.3! The training protocol
encompassed: a) overview of evidence supporting contingency management, b) behavioral
principles related to contingency management and how they inform intervention, c)
designing monitoring and reward schedules, d) implementation procedures, and €) training
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and supervision.32 Providers were excused from work and received continuing education
credits, consistent with usual program procedures. Costs associated with contingency
management reinforcers were not provided through this study; however, shortly after the
training, the central organization announced that sites could apply for seed funds to defray
the costs of reinforcers. Thirteen of 15 sites (7/7 SSL, 6/8 TAU) subsequently applied and
received seed funding of approximately $1,500 per site.

SSL-Enhanced Training

Measures

Treatment providers in the SSL region received 9 months of additional support containing
four elements. First, sites received access to a technology transfer specialist, an external
change agent who provided ongoing technical assistance. The technology transfer specialist
had a Master's of Social Work and over 20 years of experience in clinical program
management and supervision. Second, each site was assigned an in-house innovation
champion to work with the technology transfer specialist to support adoption. Clinical
directors were invited to serve as innovation champions or identify alternates and in all
cases, the clinical directors volunteered. Third, all employees received specialized training
focused on the change process. Innovation champions received a 4-day training focused on
principles and theories of organizational change, leadership decisions related to adoption of
evidence-based practices, and strategies to integrate evidence-based practices into existing
organizational structures. Remaining providers received a 4-hour training led collaboratively
by the technology transfer specialist and in-house innovation champions, focused on
defining evidence-based practice, reviewing the theory of change, and providing an overview
of the adoption process. Additional technology transfer specialist support included separate
monthly conference calls for treatment providers and innovation champions, moderation of
an online community bulletin board, and scheduled forums to discuss barriers to
contingency management utilization. Informal technology transfer specialist support was
also available upon request.

Contingency management adoption was measured biweekly, while other measures were
completed at baseline, 3 —and 12-month follow-ups. Providers completed measures using a
customized data collection website with a dedicated secure server. Providers received
weekly reminders to complete measures and could make retrospective entries up to four
weeks. Up to $200 could be earned for completing assessments: $20 for baseline, $30 for 3-
months, $50 for 12-months, and a $50 bonus for completing all 26 bi-weekly entries.

Provider Characteristics—Providers completed a self-report measure at baseline
recording their demographic characteristics and clinical experience (i.e., training, years’
experience, caseload).

Individual-Level Putative Mediator: Perceived Attributes Scale(PAS33)—The
PAS is a 27-item, customizable scale that measures five aspects of an intervention or
innovation (i.e., Relative Advantage, Compatibility, Complexity, Trialability, Observability)
that have been shown to influence adoption.2! Items are scored on 7-point Likert scales
ranging from 1 (strongly disagree) to 7 (strongly agree). Analyses of the PAS’ psychometric
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properties have indicated high construct, content, and criterion validity, along with good
internal consistency and test-retest reliability.34-36 Reliability coefficients ranged from .75-.
90 in this sample.

Organizational-Level Putative Mediator: ORC Scale (ORC-S37)—The ORC-Sis a
comprehensive assessment tool based on Simpson's model of organizational change.® The
measure consists of 115 Likert-type items, comprising 18 scales across four major domains:
Motivation for Change (i.e., need for improvement, training needs, pressure for change),
Adequacy of Resources (i.e., offices, staffing, training, equipment, computer/internet), Staff
Attributes (i.e., growth, efficacy, influence, adaptability), and Organizational Climate (i.e.,
mission, cohesion, autonomy, communication, stress, change). We conducted exploratory
analyses of all 18 scales, though based on prior SUD studies,38 3% we expected Staff
Attributes and Organizational Climate to be most sensitive to the SSL. Reliability
coefficients ranged from .75-.96.

Implementation Outcome: Adoption of Contingency Management—Adoption of
contingency management was measured over 4-week intervals using providers’ responses to
a biweekly question asking the number of patients with whom they had used incentives over
the past two weeks. Providers who reported using incentives with at least one patient across
concurrent biweekly reports were coded as adopters in that 4-week period.

Analysis Plan

Preliminary analyses assessed missing data, correlations among measures, and distributional
properties of measures. Next, group equivalence on demographics and clinical
characteristics was examined to determine which variables to include as covariates.

Primary analyses applied generalized linear mixed models using all available data,
consistent with an intent-to-treat approach. Missing data were handled using maximum
likelihood estimation, which uses all available data and yields non-biased estimates when
data are missing at random.*? The first set of analyses tested the hypothesis that the SSL
would be related to higher rates of contingency management adoption (binary outcome) over
the 12-month (52-week) follow-up. The model specified random effects for providers within
agencies along with a categorical time index using assessed differences in the first 4-week
interval as a reference for assessing differences throughout the follow-up period. Odds ratios
calculated the odds of contingency management adoption among SSL providers relative to
TAU providers over each 4-week period. The second set of analyses tested the hypothesis
that the SSL would be associated with higher organizational readiness (ORC-S) and more
favorable perceptions of innovation characteristics (PAS; both continuous outcomes) and
used data from baseline, 3- and 12-month follow-ups. Each of the PAS and ORC-S scales
was tested separately to optimize power to detect an effect. Because of the exploratory
nature of our hypotheses, no corrections were made for multiple analyses.

All of the mixed models included a main effect of Training Group and Group*Time
interactions. Random effects accounted for the non-independence of providers within
agencies. Nested likelihood ratio tests were used to determine the significance of model
terms.

Subst Abus. Author manuscript; available in PMC 2017 January 01.
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RESULTS

Treatment Provider Characteristics

Table 1 depicts the providers’ baseline demographic and clinical experience characteristics
by condition. Relative to TAU therapists, SSL therapists differed on two clinical
characteristics: 1) a greater proportion reported heavy caseloads of 40+ patients per week;
and 2) a lower proportion had education beyond a Bachelor's degree. We therefore
controlled for caseload and education level in the analyses. Retention rates were high across
groups and did not vary by condition: 93% for the 3-month assessment (97% SSL, 86%
TAU); 85% for the 26 biweekly assessments (87% SSL, 81% TAU); and 82% for the 12-
month assessment (85% SSL, 76% TAU).

Effects of SSL Training on CM Adoption

Figure 1 depicts rates of contingency management adoption over 13 consecutive 4-week
intervals. The mixed model analyses controlling for covariates indicated a significant main
effect of Training Group on the likelihood of contingency management adoption, favoring
the SSL (B=1.28, SE=0.62, p<.04, OR=3.6, 95% CI=1.07-12.12). An examination of the
Group*Time terms demonstrated that the likelihood of adoption in SSL compared to TAU
also differed over time (X?(12)=38.15, p<0.01).

Table 2 presents the rate of contingency management adoption in the SSL relative to the
TAU group, along with estimates of the Time and Group*Time terms for each interval. Once
Group*Time interactions were added, the Training Group main effect was no longer
interpretable or significant (B=-1.96, SE =1.22, p=.11) in the context of significant
interactions. Examination of odds ratios indicated that SSL providers were not significantly
more likely to use contingency management during the first 5 intervals (20 weeks) after the
baseline assessment, but then had between 2.4 and 13.5 times higher odds of using
contingency management over the remainder of the follow up period (weeks 24 - 52).

Effects of SSL Training on Putative Mediators

Mixed models also tested the effects of the SSL on two putative mediators of adoption —
perceived intervention attributes (PAS scales) and organizational readiness (ORC-S scales).
Inclusion of random slopes in the mixed models testing mediators did not improve model fit,
so random slopes were removed.

Regarding the five perceived intervention attributes (PAS) scales, random intercept models
revealed a significant main effect for Observability (i.e., the dimension indicating how
visible the benefits of the intervention are to those in the system) favoring the SSL (B=2.35;
SE=0.95; p<.05), but did not indicate a significant Group*Time interaction (B=0.08;
SE=0.11; p=0.48). These data suggested that SSL providers perceived the benefits of
training as more observable than TAU providers did, though there was no significant change
over time. No significant Training Group or Group*Time effects were found for any of the
other attributes.
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For the organizational readiness (ORC-S) scales, we first examined the Staff Attributes and
Organizational Climate domains, as these were expected to be most sensitive to the SSL. No
significant differences between SSL and TAU were found on any of these scales. Additional
exploratory analyses revealed one significant difference in favor of the SSL on one of the
Adequacy of Resources scales: there was a significant Training Group effect for Training
(B=1.59; SE=0.69; p<.05), but no Group*Time interaction (B=0.02; SE=0.06; p=0.74).

DISCUSSION

This study evaluated the effectiveness of a theory-driven implementation strategy (SSL) in
promoting increased contingency management adoption across a multi-site opioid addiction
program. Results provided mixed support for our two hypotheses. Consistent with the first
hypothesis, the SSL was associated with both higher likelihood and faster rate of
contingency management adoption over the 12-month period. We expected the longitudinal
data to reveal two discrete time intervals: a period with large, significant effect sizes favoring
the SSL during active support in months 1-9, followed by a period of significant effect sizes
favoring the SSL (though less large in magnitude) after support was removed in months
10-12. In the latter half of the study, our results directly supported these predictions: the SSL
demonstrated superiority with very large odds ratios in months 6-9 and continued to
demonstrate superiority with moderate odds ratios in months 10-12. Furthermore, these
changes in odds ratios appeared to be driven by the SSL, since rates of adoption in the TAU
condition were relatively stable over the 12-month period.

Unexpected, however, was the identification of another time interval at the start of the study;
from weeks 1-20, there was no significant difference between the SSL and TAU conditions.
This lack of a significant difference suggests that the upfront didactic training in contingency
management had comparable effects on the two groups, and that the SSL did not
immediately add incremental benefit. One possible explanation is that didactic training was
sufficient to promote adoption for a discrete time period, but that more intensive training was
needed to sustain adoption over a longer interval. Another potential interpretation is that the
SSL, which relied heavily on interpersonal strategies, required a substantial time investment
to begin having beneficial effects.

The attenuation of the SSL's effects after removal of active support in month 9 was
consistent with our first hypothesis. Nevertheless, such a trend highlights the need to attend
to sustainability throughout the implementation process. A recent review recommended that
researchers work to prevent the all too common “voltage drop” as interventions move from
efficacy and effectiveness to implementation and sustainability.*! Specific recommendations
included in this review were the use of dynamic implementation approaches that encourage
continued learning and problem solving, ongoing adaptations of intervention approaches,
and expectations of ongoing improvements. The SSL philosophy in which a technology
transfer specialist works with designated in-house innovation champions to foster continued
learning and collaborative problem solving is well-aligned with these recommendations.
Still, our results indicate that further work is needed to optimize the SSL's sustainability.
Longer follow-ups are also needed to evaluate the SSL's effects for a prolonged timeframe
without external assistance.
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Support for our second hypothesis was more equivocal. Only one perceived innovation
attribute (Observability) and one organizational readiness to change scale (Training
Resources) differed between groups, and there was no indication that the SSL affected these
variables over time. These results suggest that, across the entire study period, counselors in
the SSL group perceived the benefits of their training as more visible and perceived
themselves as having greater access to training resources than counselors in the TAU group;
these findings are not surprising, since providers in the SSL condition knew that they would
be receiving additional training resources and that the effects of their training would be
monitored throughout the organization.

Without evidence supporting putative mediators, it is challenging to speculate what
accounted for the beneficial effects of the SSL. Assuming that providers’ perceptions of
Observability and Training Resources might have contributed to the observed outcome, it is
unclear how stable these factors would be in the absence of other expected mediators. The
lack of an effect on the dimension of Relative Advantage is particularly noteworthy,
considering that Relative Advantage — defined as perceived benefit over current practice - is
typically the strongest predictor of adoption.2! Future tests of the SSL will seek to target
Relative Advantage by emphasizing the approach's key advantages throughout the initial
training sessions, as well as the ongoing support processes.

Results must be interpreted within the context of several limitations. First, the differential
recruitment success between SSL and TAU clinics both in terms of number of clinics (8/11
TAU vs. 7/7 SSL) and percentage of eligible participants (22% TAU vs. 76% SSL) clearly
indicated response bias. As noted earlier, differential enrollment was likely an artifact of the
design in which SSL providers knew they would receive additional resources. While
differential enroliment might have biased the study in favor of SSL, it is equally plausible
that the design biased results toward TAU, since only those TAU providers who were most
motivated to adopt contingency management were likely to enroll in the study. This theory is
bolstered by the fact that TAU providers had more education and higher baseline rates of
contingency management adoption than those in the SSL condition.

Additional limitations pertain to the relatively small sample size of treatment agencies and
providers. Furthermore, because this was not a randomized trial, it is possible that sites
differed in unmeasured ways that influenced our results. Our design mirrored actual ATTC
procedures, in which training initiatives are rolled out regionally, thereby optimizing
ecological validity but limiting our ability to isolate the effects of the SSL on adoption.
Finally, our study measured contingency management adoption using self-report and did not
examine the extent to which the intervention was implemented with fidelity or competence.
All of these limitations should be addressed in future evaluations of the SSL model.

Despite these limitations, this study advances knowledge by providing a prospective test of a
theory-driven implementation approach. Our results have two key implications for
researchers and clinicians. First, our results indicate that applying the SSL in a large multi-
site, multi-state agency was feasible and had preliminary evidence of effectiveness. Our
promising results suggest that a larger scale randomized trial is warranted. To optimize both
internal and ecological validity, a stepped wedge cluster randomized trial assigning clinics to
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conditions appears to be a particularly promising design.s¢€ 42 Second, our study found that
the SSL was associated with increased contingency management adoption despite no effects
on putative mediators, highlighting a need for more comprehensive examination of
mechanisms. Additional evaluation of mediators can help to support the SSL's uptake in
community agencies by elucidating how it promotes adoption of evidence-based practice
and which aspects of the model are most essential.
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Figurel.
Rates of contingency management adoption over time in the Science-to-Service Laboratory

(SSL) and Training as Usual (TAU) conditions.]
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Table 1

Baseline Comparisons of Treatment Providers in the Science to Service Laboratory (SSL) and Training as
Usual (TA U) Conditions

Provider Characteristics SSL Condition (n=39) TAU Condition (n=21) Total (n=60) p-value

Age 419 (11.5) 41.1 (14.4) 41.7(12.4) 80

Sex .70
Female 26 (67%) 15 (71%) 41 (68%)

Male 13 (33) 6 (29%) 19 (32%)

Ethnicity .93
Hispanic 4 (10%) 2 (10%) 6 (10%)
Non-Hispanic 35 (90%) 19 (90%) 54 (90%)

Race .95
White 30 (77%) 16 (76%) 46 (77)

Non-white 9 (23%) 5 (24%) 14 (23%)

Highest Degree .048*
BA or Less 33 (85%) 13 (62%) 46 (77%)

MA or Greater 6 (15%) 8 (38%) 14 (23%)

Years of Experience 1.00
Less than 1 year 4 (11%) 2 (10%) 6 (10%)

1-3 years 11 (28%) 7 (33%) 18 (30%)
3+ years 24 (61%) 12 (57%) 36 (60%)

Years with Agency .85
Less than 1 year 17 (44%) 8 (38%) 25 (41%)

1-3 years 10 (26%) 9 (43%) 19 (32%)
3+ years 12 (30%) 4 (19%) 16 (27%)

Caseload .013*
Standard (< 39) 13 (33%) 14 (67%) 27 (45%)

Heavy (40+) 26 (67%) 7 (33%) 33 (55%)

Note: Values are n(%) or M(SD). For categorical variables, between group differences in proportions were tested using the z-statistic. For ordinal
variables with more than 2 categories, differences in distributions were tested using the independent samples Mann-Whitney U test.
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