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Abstract

Background: Understanding the mechanisms of implementation strategies (i.e, the processes by which strategies
produce desired effects) is important for research to understand why a strategy did or did not achieve its intended
effect, and it is important for practice to ensure strategies are designed and selected to directly target determinants
or barriers. This study is a systematic review to characterize how mechanisms are conceptualized and measured,
how they are studied and evaluated, and how much evidence exists for specific mechanisms.

Methods: We systematically searched PubMed and CINAHL Plus for implementation studies published between
January 1990 and August 2018 that included the terms “mechanism,” “mediator,” or “moderator.” Two authors
independently reviewed title and abstracts and then full texts for fit with our inclusion criteria of empirical studies
of implementation in health care contexts. Authors extracted data regarding general study information, methods,
results, and study design and mechanisms-specific information. Authors used the Mixed Methods Appraisal Tool to
assess study quality.

Results: Search strategies produced 2277 articles, of which 183 were included for full text review. From these we
included for data extraction 39 articles plus an additional seven articles were hand-entered from only other review
of implementation mechanisms (total = 46 included articles). Most included studies employed quantitative
methods (73.9%), while 10.9% were qualitative and 15.2% were mixed methods. Nine unique versions of models
testing mechanisms emerged. Fifty-three percent of the studies met half or fewer of the quality indicators. The
majority of studies (84.8%) only met three or fewer of the seven criteria stipulated for establishing mechanisms.

Conclusions: Researchers have undertaken a multitude of approaches to pursue mechanistic implementation
research, but our review revealed substantive conceptual, methodological, and measurement issues that must be
addressed in order to advance this critical research agenda. To move the field forward, there is need for greater
precision to achieve conceptual clarity, attempts to generate testable hypotheses about how and why variables are
related, and use of concrete behavioral indicators of proximal outcomes in the case of quantitative research and
more directed inquiry in the case of qualitative research.
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Contributions to the literature statement

e This is the first systematic review of implementation
mechanisms across health that assesses the quality of studies
and the extent to which they offer evidence in support of
establishing mechanisms of implementation.

e \We summarize nine examples of models for evaluating
mechanisms.

e We offer conceptual, theoretical, and methodological

guidance for the field to contribute to the study of

implementation mechanisms.

Background

Implementation research is the scientific evaluation of
strategies or methods used to support the integration of
evidence-based practices or programs (EBPs) into health-
care settings to enhance the quality and effectiveness of
services [1]. There is mounting evidence that multi-
faceted or blended implementation strategies are neces-
sary (i.e., a discrete strategy is insufficient) [2, 3], but we
have a poor understanding of how and why these strat-
egies work. Mechanistic research in implementation sci-
ence is in an early phase of development. As of 2016,
there were only nine studies included in one systematic
review of implementation mediators" specific to the field
of mental health. Mediators are an intervening variable
that may statistically account for the relation between an
implementation strategy and outcome. We define the
term mechanism as a process or event through which an
implementation strategy operates to affect one or more
implementation outcomes (see Table 1 for key terms and
definitions used throughout this manuscript). Mechanisms
offer causal pathways explaining how strategies operate to
achieve desired outcomes, like changes in care delivery.
Some researchers conflate moderators, mediators, and
mechanisms [6], using the terms interchangeably [7]. Me-
diators and moderators can point toward mechanisms,
but they are not all mechanisms as they typically are insuf-
ficient to explain exactly how change came about.

In addition to these linguistic inconsistencies and lack of
conceptual clarity, there is little attention paid to the criteria
for establishing a mechanistic relation. Originally, Bradford-
Hill [8], and more recently Kazdin offers [4] at least seven
criteria for establishing mechanisms of psychosocial treat-
ments that are equally relevant to implementation strategies:

'A mediator can point toward a mechanism as it is an intervening
variable that may account (statistically) for the relation between the
independent variable (strategy) and the dependent variable
(implementation outcome), revealing one possible causal pathway for
the observed effect [4]. Compared to mediators, mechanisms are
conceptualized as more precise in their description of the operations
underlying causal processes [5].
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Table 1 Terms and definitions

Term Definition

Mechanism Process or event through which an implementation
strategy operates to affect desired implementation

outcomes.

Precondition  Factor that is necessary in order for an implementation

mechanism to be activated.

Strategy Methods used to promote the implementation of an

evidence-based practice or program

Determinant  Also commonly referred to as “barriers” and “facilitators,”
a factor that enables or hinders the implementation

strategy from eliciting the desired effect.

Mediator Intervening variable that may account for the
relationship between the implementation strategy and
the implementation outcome.

Moderator Factor that increase or decrease the level of influence of
an implementation strategy.

Proximal The product of the implementation strategy that is

outcome realized because of its specific mechanism of action, the
most immediate, observable outcome in the causal
pathway.

Distal Outcome that the implementation processes is

outcome ultimately intended to achieve, not the most immediate

outcome in the causal pathway.

strong association, specificity, consistency, experimental ma-
nipulation, timeline, gradient, plausibility, or coherence (see
Table 2 for definitions). Taken together, these criteria can
guide study designs for building the case for mechanisms
over time. In lieu of such criteria, disparate models and ap-
proaches for investigating mechanisms are likely to exist that
make synthesizing findings across studies quite challenging.
Consequently, the assumption that more strategies will
achieve better results is likely to remain, driving costly and
imprecise approaches to implementation.

Understanding the mechanisms of implementation
strategies, defined as the processes by which strategies

Table 2 Kazdin's criteria for establishing a mechanism

Term Definition

Strong association  Association between implementation strategy and
mechanism AND between mechanism and

behavior change.

One plausible construct accounts for behavior
change.

Specificity

Replication of observed results across studies,
samples, and conditions.

Consistency

Experimental
manipulation

Direct manipulation of implementation strategy or
proposed mediator or mechanism shows impact
on outcomes.

Timeline Causes and mediators temporally precede effects
and outcomes.

Gradient Dose response relationship between mediator and
outcome.

Plausibility or Explanation invokes other info and steps in a

coherence process-outcome relation that are reasonable or

supported by other research.
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produce desired effects [4, 8], is important for both re-
search and practice. For research, it is important to specify
and examine mechanisms of implementation strategies,
especially in the case of null studies, in order to under-
stand why a strategy did or did not achieve its intended ef-
fect. For practice, it is crucial to understand mechanisms
so that strategies are designed and selected to directly
target implementation determinants or barriers. In the
absence of this kind of intentional, a priori matching (ie.,
strategy targets determinant), it is possible that the
“wrong” (or perhaps less potent) strategy will be deployed.
This phenomenon of mismatched strategies and determi-
nants was quite prevalent among the 22 tailored improve-
ment intervention studies included in Bosch et al’s [9]
multiple case study analysis. Upon examining the timing
of determinant identification and the degree to which in-
cluded studies informed tailoring of the type versus the
content of the strategies using determinant information,
they discovered frequent determinant-strategy mismatch
across levels of analysis (e.g., clinician-level strategies were
used to address barriers that were at the organizational
level) [9]. Perhaps what is missing is a clear articulation of
implementation mechanisms to inform determinant-
strategy matching. We argue that, ultimately, knowledge
of mechanisms would help to create a more rational, effi-
cient bundle of implementation strategies that fit specific
contextual challenges.

Via a systematic review, we sought to understand how
mechanisms are conceptualized and measured, how they
are studied (by characterizing the wide array of models
and designs used to evaluate mechanisms) and evaluated
(by applying Kazdin’s seven criteria), and how much evi-
dence exists for specific mechanisms. In doing so, we
offer a rich characterization of the current state of the
evidence. In reflecting on this evidence, we provide rec-
ommendations for future research to optimize their con-
tributions to mechanistic implementation science.

Methods

Search protocol

The databases, PubMed and CINAHL Plus, were chosen
because of their extensive collection of over 32 million
combined citations of medical, nursing and allied health,
and life science journals, as well as inclusiveness of inter-
national publications. We searched both databases in
August 2018 for empirical studies published between
January 1990 and August 2018 testing candidate mecha-
nisms of implementation strategies. This starting date
was selected given that the concept of evidence-based
practice/evidence-based treatment/evidence-based medi-
cine first gained prominence in the 1990’s with the field
of implementation science following in response to a
growing consciousness of the research to practice gap
[10, 11]. The search terms were based on input from all
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authors who represent a variety of methodological and
content expertise related to implementation science and
reviewed by a librarian; see Table 3 for all search terms.
The search string consisted of three levels with terms
reflecting (1) implementation science, (2) evidence-based
practice (EBP), and (3) mechanism. We adopted Kazdin’s
[4] definition of mechanisms, which he indicates are the
basis of an effect. Due to the diversity of definitions that
exist in the literature, the term “mechanism” was supple-
mented with the terms “mediator” and “moderator” to
ensure all relevant studies were collected.

Study inclusion and exclusion criteria

Studies were included if they were considered an empirical
implementation study (i.e., original data collection) and
statistically tested or qualitatively explored mechanisms,
mediators, or moderators. We did not include dissemin-
ation studies given the likely substantive differences be-
tween strategies, mechanisms, and outcomes. Specifically,
we align with the distinction made between dissemination
and implementation put forth by the National Institutes of
Health program announcement for Dissemination and
Implementation Research in Health that describes dissem-
ination as involving distribution of evidence to a target
audience (i.e., communication of evidence) and implemen-
tation as involving use of strategies to integrate evidence
into target settings (i.e., use of evidence in practice) [12].
However, the word “dissemination” was included in our
search terms because of the tendency of some researchers
to use “implementation” and “dissemination” interchange-
ably. Studies were excluded if they were not an implemen-
tation study, used the terms “mediator,” “moderator,” or
“mechanism” in a different context (i.e., conflict mediator),
did not involve the implementation of an EBP, or were a
review, concept paper, or opinion piece rather than ori-
ginal research. All study designs were considered. Only

Table 3 Search strategy

Search terms Explanation

Implement* OR disseminate* OR
“knowledge translation”

AND

These terms were chosen to target
Implementation Science literature.

“empirically supported treatment”
OR “evidence-based practice” OR
“evidence-based treatment” OR
innovation OR guideline

These terms were chosen to target
the implementation evidence-based
practices

AND

Mediate* OR moderator OR These terms were chosen to target

mechanism* mechanisms explaining the
implementation of evidence-based
practices

NOT

These terms were chosen to
exclude mechanistic studies in
biology and microbiology

Biology OR microbiology
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studies in English were assessed. See Additional File 1 for
exclusion criteria and definitions. We strategically cast a
wide net and limited our exclusions so as to characterize
the broad range of empirical studies of implementation
mechanisms.

Citations generated from the search of PubMed and
CINAHL were loaded into EPPI Reviewer 4, an online soft-
ware program used for conducting literature reviews [13].
Duplicate citations were identified for removal via the dupli-
cate checking function in EPPI and via manual searching.
Two independent reviewers (MRB, CWB) screened the first
ten citations on title and abstract for inclusion. They then
met to clarify inclusion and exclusion criteria with the
authorship team, as well as add additional criteria if neces-
sary, and clarify nuances of the inclusion/exclusion coding
system (see Additional File 1 for exclusion criteria and defini-
tions). The reviewers met once a week to compare codes and
resolve discrepancies through discussion. If discrepancies
could not be easily resolved through discussion among the
two reviewers, the first author (CCL) made a final determin-
ation. During full text review, additional exclusion coding
was applied for criteria that could not be discerned from the
abstract; articles were excluded at this phase if they only
mentioned the study of mechanisms in the discussion or fu-
ture directions. Seven studies from the previous systematic
review of implementation mechanisms [14] were added to
our study for data extraction; these studies likely did not ap-
pear in our review due to differences in the search strategy in
that the review undertaken by Williams hand searched pub-
lished reviews of implementation strategies in mental health.

Study quality assessment

The methodological quality of included studies was assessed
using the Mixed Methods Appraisal Tool (MMAT-version
2018) [15]. This tool has been utilized in over three dozen
systematic reviews in the health sciences. The MMAT in-
cludes two initial screening criteria that assess for the articu-
lation of a clear research question/objective and for the
appropriateness of the data collected to address the research
question. Studies must receive a “yes” in order to be in-
cluded. The tool contains a subset of questions to assess for
quality for each study type—qualitative, quantitative, and
mixed methods. Table 4 summarizes the questions by which
studies were evaluated, such as participant recruitment and
relevance and quality of measures. Per the established ap-
proach to MMAT application, a series of four questions spe-
cific to each study design type are assigned a dichotomous
“yes” or “no” answer. Studies receive 25 percentage points for
each “yes” response. Higher percentages reflect higher qual-
ity, with 100% indicating all quality criteria were met. The
MMAT was applied by the third author (CWB). The first au-
thor (CCL) checked the first 15% of included studies and,
based on reaching 100% agreement on the application of the
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rating criteria, the primary reviewer then applied the tool in-
dependently to the remaining studies.

Data extraction and synthesis

Data extraction focused on several categories: study informa-
tion/ background (i.e., country, setting, and sample), methods
(ie., theories that informed study, measures used, study de-
sign, analyses used, proposed mediation model), results (ie.,
statistical relations between proposed variables of the medi-
ation model tested), and criteria for establishing mechanisms
(based on the seven listed in Table 2 [4];). All authors con-
tributed to the development of data extraction categories that
were applied to the full text of included studies. One reviewer
(MRB) independently extracted relevant data and the other
reviewer (CWB) checked the results for accuracy, with the
first author (CCL) addressing any discrepancies or questions,
consistent with the approach of other systematic reviews
[61]. Extracted text demonstrating evidence of study meeting
(or not meeting) each criterion for establishing a mechanism
was further independently coded as “1” reflecting “criterion
met” or “0” reflecting “criterion not met” by MRB and
checked by CWB. Again, discrepancies and questions were
resolved by the first author (CCL). Technically, mechanisms
were considered “established” if all criteria were met. See
Additional File 2 for PRISMA checklist for this study.

Results

The search of PubMed and CINAHL Plus yielded 2277 stud-
ies for title and abstract screening, of which 447 were dupli-
cates, and 183 moved on to full-text review for eligibility.
Excluded studies were most frequently eliminated due to the
use of mechanism in a different context (ie., to refer to a
process, technique, or system for achieving results of some-
thing other than implementation strategies). After full article
review, 39 studies were deemed suitable for inclusion in this
review. Two of the included studies appeared in the only
other systematic review of implementation mechanisms in
mental health settings [14]. For consistency and comprehen-
siveness, the remaining seven studies from the previously
published review were added to the current systematic re-
view for a total of 46 studies.” See Fig. 1 for a PRISMA Flow-
chart of the screening process and results.

2Key differences in Williams’ [14] search method are important to
note. Williams first conducted a broad search for randomized
controlled trials concerning implementation or dissemination of
evidence-based therapies. Only after screening references for these cri-
teria, did Williams narrow the search to studies that specifically ad-
dressed mediators. Conversely, the present method included
mediators/moderators/mechanisms as terms in the initial search string.
Additionally, Williams hand searched references included in four pre-
vious reviews of implementation strategies in mental health.
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2277 records identified > 447 duplicates removed
5 through PubMed & CINAHL
_& !
£z 1830 records screened after
3 duplicates removed
=]
144 records excluded after
screening
40 records excluded on Not
Implementation Science
= 66 records excluded on
= Mechanism Used in a Different
§ Context
@
183 full-text records assessed | 14 records excluded on Mediator
for eligibility Used in a Different Context
15 records excluded on
Moderator Used in a Different
Context
30 records excluded on Concept
or Opinion paper or Review
z 1 record excluded on Limitation
=
B0 11 records excluded on Future
=2 Direction
\4
39 records found that < 7 records identified from
contained relevant information Williams (2016) review
=
E v
= 46 records were identified for
= data extraction

total number of studies excluded.

Note: Records were excluded on multiple criteria, thus the reasons for exclusion do not equal the

Fig. 1 Mechanisms of Implementation Systematic Review PRISMA Flowchart

Study characteristics

Setting, sampling, and interventions

Table 5 illustrates the characteristics of the 46
included studies. Twenty-five studies (54.3%) were
completed in the USA, while 21 studies were con-
ducted in other countries (e.g., Australia, Canada,
Netherlands, UK). Settings were widely variable; stud-
ies occurred in behavioral health (e.g., community
mental health, residential facilities) or substance abuse
facilities most frequently (21.7%), followed by hospi-
tals (15.2%), multiple sites across a health care system
(15.2%), schools (15.2%), primary care clinics (10.9%),
and Veteran’s Affairs facilities (8.7%). Sampling oc-
curred at multiple ecological levels, including patients

(17.4%), providers (65.2%), and organizations (43.5%).
Seventeen (40.0%) studies examined the implementa-
tion of a complex psychosocial intervention (e.g.,
Cognitive behavioral therapy [42, 56];, multisystemic
therapy [25, 26, 58]).

Study design

Our review included six qualitative (10.9%), seven mixed
methods (15.2%), and 34 quantitative studies (73.9%).
The most common study design was quantitative non-
randomized/observational (21 studies; 45.7%), of which
11 were cross-sectional. There were 13 (28.3%) random-
ized studies included in this review. Twenty-nine studies
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Table 5 Descriptive summary
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Study Setting Sample Intervention/Innovation  Complex Design
psychosocial
intervention
Qualitative
Bardosh Health care  Key informants (researchers, Mobile health application N Qualitative, cross sectional,
etal. 2017 facilities, Mhealth staff, clinic staff, comparative case study, non-
[16] multiple government officials; n = 32) randomized
countries
Brewster Hospitals Hospitals (k = 10); hospital employees Initiative to reduce N Qualitative, descriptive, cross
et al. 2015 (hospital staff, n = 82; state hospital rehospitalization rates sectional, non-randomized
7 representatives n = 8)
Carrera and  Primary care Patients (n = 12); health care Blood pressure N Qualitative descriptive, cross
Lambooij providers (n = 4) monitoring guidelines sectional, non-randomized
2015 [18]
Frykman Emergency  Departments (k = 2), health care Multi-professional N qualitative, longitudinal (2
et al. 2014  departments providers (n = 11) teamwork guideline assessment points, 21 months),
[19] comparative case study, non-
randomized
Wiener- Primary care Health care providers (n = 9) Asthma management N qualitative, cross sectional,
Ogilvie guideline comparative case study, non-
et al. 2008 randomized
[20]
Quantitative randomized
Atkins et al. Schools Teachers (n = 127); mental health Attention Deficit Y quantitative, longitudinal (5
2008 [21] providers (n = 21) Hyperactivity Disorder assessment points, 2 years),
guidelines randomized
Baer etal.  Substance  Substance abuse treatment facilities Motivational Interviewing Y quantitative, longitudinal (3
2009 [ abuse (k = 6); Mental health providers (n = 118) assessment points, 6 months),
treatment randomized
facilities
Bonetti Primary care Health care providers (n = 152) Spinal X-ray referral N quantitative, longitudinal (2
et al. 2005 guidelines assessment points, 2 months),
[23] randomized control trial
Garner Substance  Substance abuse treatment facilities Adolescent Community Y quantitative, longitudinal (2
etal. 2011  abuse (k = 29); mental health providers (n = 95) Reinforcement Approach assessment points, 3 years),
[24] treatment and Assertive Continuing randomized control trial
facilities Care
Glisson Juvenile Counties (k = 14); patients (n = 615) Multisystemic Therapy Y quantitative, longitudinal
etal. 2010  courts (weekly, quarterly, 4 years),
[25] randomized control trial
Holth et al. Behavioral Mental health providers (n = 21); families Multisystemic Therapy, Y quantitative, longitudinal
2011 [26] health (youth and primary caregiver; n = 41) Cognitive Behavior (monthly, 17 months), block
facilities Therapy randomized control trial
Lee et al. Schools, Organizations (n = 121) Nutritional guidelines N quantitative, longitudinal (two
2018 [27]  child care time points; 2 studies at 6
facilities months, 1 study at 12 months),
analysis of aggregated datasets
from three randomized control
trials
Lochman Schools Schools (k = 57); patients (n = 531); Coping Power Program Y quantitative, longitudinal (2
et al. 2009 mental health providers (n = 49) assessment points, 2 years),
[28] randomized
Rapkin Public Communities (k = 20); community members Cancer screening and N quantitative, randomized,
etal. 2017  library (n =9374) prevention education stepped-wedge, longitudinal
[29] system programs
Rohrbach  Schools Schools (k = 25); administrators (n = 25); Adolescent Alcohol Y quantitative, longitudinal (3
et al. 1993 teachers (n = 60); patients (n = 1147) Prevention Trial assessment points, 2 years),

(30]

randomized control trial
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Study Setting Sample Intervention/Innovation  Complex Design

psychosocial

intervention
Seys etal.  Hospitals Care teams (k = 19); care team members Care pathway for Chronic N quantitative, longitudinal (two
2018 [31] (n = 284); patients (n = 257) Obstructive Pulmonary assessment points, 30 days),

Disease randomized

Williams Behavioral Behavioral health facilities (k = 92); Motivational Interviewing Y quantitative, longitudinal (3
etal. 2014  health administrators (n = 311) assessment points, 3 months),
[32] facilities randomized control trial
Williams Behavioral Organizations (k = 14); clinicians (n = 475) Evidence-based practice  Evidence- quantitative, longitudinal,
etal. 2017  health (not specified) based randomized (4 assessment
[33] facilities practice points, 4 years)

implemented

Quantitative non-randomized

Aarons
et al. 2009
[34]

Becker
et al. 2016
[35]

Beenstock
et al. 2012
[36]

Beets et al.
2008 [37]

Bonetti
et al. 2009
[38]

Chou et al.
2011 [39]

Cummings
et al. 2017
[40]

David and
Schiff 2017
[41]

Edmunds
et al. 2014
[42]

Gnich et al.
2018 [43]

Guerrero
et al. 2018
[44]

Huis et al.
2013 [45]

Little et al.
2015 [46]

Llasus et al.
2014 [47]

Behavioral
health
facilities
Substance
abuse
treatment
facilities

Hospitals

Schools

Dentist
offices

Veterans
Affairs

Nursing
homes

Health care
system,
multiple
sites

Behavioral
health
facilities

Dentist
offices

Behavioral
health
facilities

Hospitals

Schools

University
nursing
programs

Mental health care providers
(n=174)

Clinics (k = 15); treatment providers
(n = 60)

Hospitals (k = 8); health care providers
(n = 364)

Teachers (n time 1 =171,
ntime 2 =191)

Health care providers (n = 133)

Hospitals (k = 132), health care providers
(n = 2,438)

Nursing homes (k = 7); nursing home staff
(n =333)

Health care providers (n = 77)

Mental health providers (n = 50)

Health care providers (n = 709)

Behavioral health facilities (k = 112),
mental heal providers (n = 427)

Hospitals (k = 3); departments
(k = 67): health care providers
(k =2733)

School districts (k = 183); departments
(k=22)

Nursing students (n = 174)

31 child or family
evidence-based practices

Contingency
management treatment

Smoking cessation
guideline

Positive Action Program

Fissure sealant evidence-
based practice

Major depressive disorder
screening guideline

Coaching for Impressive
Care

Child-Parent
Psychotherapy

Cognitive Behavioral
Therapy

Fluoride varnish
application

Contingency
management treatment
and medicationassisted
treatment

Hand hygiene guidelines

Tobacco Use Prevention
Education

Evidence-based practices
(not specified)

not reported

Ya

quantitative, cross-sectional,
survey, non-randomized

quantitative, longitudinal
(biweekly, 12 months), non-
randomized

quantitative, cross sectional,
survey, non-randomized

quantitative, cross sectional at
two time points, survey, non-
randomized

quantitative, longitudinal,
predictive cohort study (3
assessment points, 28 months),
non-randomized

quantitative, cross sectional,
survey, randomized

quantitative, , non-randomized
two-group crossover

quantitative, cross sectional,
survey, non-randomized

quantitative, longitudinal, non-
randomized

quantitative, longitudinal (2
assessment points, 18 months),
non-randomized

quantitative, longitudinal (2
assessment points), survey,
non-randomized

quantitative, longitudinal,
process evaluation of a cluster
randomized controlled trial

quantitative, cross sectional,
survey, non-randomized

quantitative, descriptive,
correlational, cross sectional,
survey, non-randomized
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Study Setting Sample Intervention/Innovation  Complex Design

psychosocial
intervention

Nelson and Health care  Mental health providers (n = 214) Evidence-based practices N quantitative, cross sectional,

Steele 2007 system, (not specified) survey, non-randomized

[48] multiple

sites

Potthoff Primary care  Organizations (k = 99); health care providers Type 2 diabetes N quantitative, longitudinal (2

et al. 2017 (n = 489) management guideline assessment points, 1 year),

[49] correlational, survey, non-
randomized

Presseau Primary care  Family physicians (time 1 n = 632; time 2 Prescription of N quantitative, longitudinal (2

et al. 2016 n = 426) hypertension medication assessment points,

[50] approximately 8 months), 2X3
factorial

Simmonds  Health care  Health care providers Lower back pain N quantitative, cross sectional,

etal. 2012 system, (n =108) management guidelines survey, non-randomized

[51] multiple

sites

Stockdale  Veterans Health care providers Patient Centered Medical N quantitative, cross sectional,

et al. 2018  Affairs (n = 149), patients Home survey, non-randomized

[52] (n =3329)

Wanless Schools Schools (k = 13); teachers (n = 1114) Responsive Classroom Y quantitative, longitudinal, non-

et al. 2015 randomized (focuses on one

[53] condition in an RCT)

Yamada Hospitals Care units (k = 32); nurses (n = 779); Instrumental and N quantitative, cross sectional,

et al. 2017 patients (n = 1,604) conceptual research use, non-randomized

[62] evidence-based pain

assessment

Mixed Methods

Armson Health care  Health care providers (n = 70) Breast cancer screening N mixed method, longitudinal,

etal. 2018  system, guideline observational/ naturalist field

[54] multiple study, non-randomized

sites
Birken et al. Health care  Organizations (k = 149); administrators Quality improvement N mixed method sequential, cross
2015 [55]  system, (n =223) initiative based on sectional, non-randomized
multiple Chronic Care Model
sites

Kauth et al. Veterans Clinics (k = 21); mental health providers Cognitive Behavioral Y mixed method, quasi-

2010 [56]  Affairs (n=23) Therapy experimental, longitudinal (2 as-
sessment points, 6 months),
randomized

Lukas et al. Veterans Organizations (k = 78); health care providers, Advance Clinic Access N mixed method, cross sectional,

2009 [57] Affairs non-clinical staff (n = 3870) observational, non-randomized

Panzano Behavioral Consultants (n = 34); mental health Multisystemic Therapy, Y mixed method, longitudinal,

etal. 2012  health providers (n = 70) Dual Disorder Treatment, observational/ naturalist field

[58] facilities Ohio medication study, non-randomized

algorithms, Cluster-based
Outcomes Management

Rangachari  Hospitals Departments (k = 2); health care providers Central line bundle N prospective, longitudinal,

et al. 2015 (n = 101); administrators (n = 6) catheter insertion exploratory field study, mixed-

[59] evidence-based practice method analysis

Shrubsole  Hospitals Hospitals (k = 4); health care providers Aphasia management N mixed method, longitudinal,

et al. 2018 (n = 37); patients (n = 107) practices cross-over, cluster randomized

[60] control trial

“Multiple EBPs, some of which were complex psychosocial interventions
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(63.0%) were longitudinal (i.e., included more than one
data collection time point for the sample).

Study quality

Table 4 shows the results of the MMAT quality assess-
ment. Scores for the included studies ranged from 25 to
100%. Six studies (13.0%) received a 25% rating based on
the MMAT criteria [15], 17 studies (40.0%) received
50%, 21 studies (45.7%) received 75%, and only three
studies (6.5%) scored 100%. The most frequent weak-
nesses were the lack of discussion on researcher influ-
ence in qualitative and mixed methods studies, lack of
clear description of randomization approach utilized in
the randomized quantitative studies, and subthreshold
rates for acceptable response or follow-up in non-
randomized quantitative studies.

Study design and evaluation of mechanisms theories,
models, and frameworks

Twenty-seven (58.7%) of the studies articulated their
plan to evaluate mechanisms, mediators, or moderators
in their research aims or hypotheses; the remaining
studies included this as a secondary analysis. Thirty-five
studies (76.1%) cited a theory, framework, or model as
the basis or rationale for their evaluation. The diffusion
of innovations theory [63, 64] was most frequently cited,
appearing in nine studies (19.6%), followed by the theory
of planned behavior [65], appearing in seven studies
(15.2%). The most commonly cited frameworks were the
theoretical domains framework (five studies; 10.9%) [66]
and Promoting Action on Research in Health Services
(PARIHS) [67] (three studies; 6.5%).

Ecological levels

Four studies (8.7%) incorporated theories or frameworks
that focused exclusively on a single ecological level; two
focusing on leadership, one at the organizational level,
and one at the systems level. There was some discord-
ance between the theories that purportedly informed
studies and the potential mechanisms of interest, as
67.4% of candidate mechanisms or mediators were at
the intrapersonal level, while 30.4% were at the interper-
sonal level, and 21.7% at the organizational level. There
were no proposed mechanisms at the systems or policy
level. Although 12 studies (26.1%) examined mecha-
nisms or mediators across multiple ecological levels, few
explicitly examined multilevel relationships (e.g., mul-
tiple single-level mediation models were tested in one
study).

Measurement and analysis

The vast majority of studies (38, 82.6%) utilized self-
report measures as the primary means of assessing the
mechanism, and 13 of these studies (28.3%) utilized
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focus groups and/or interviews as a primary measure,
often in combination with other self-report measures
such as surveys. Multiple regression constituted the
most common analytic approach for assessing mediators
or moderators, utilized by 25 studies (54.3%), albeit this
was applied in a variety of ways. Twelve studies (26.1%)
utilized hierarchical linear modeling (HLM) and six
studies (13.0%) utilized structural equation modeling
(SEM); see Table 6 for a complete breakdown. Studies
that explicitly tested mediators employed diverse ap-
proaches including Baron and Kennys (N = 8, 17.4
causal steps approach [78], Preacher and Hayes’ (N = 3,
6.5%) approach to conducting bias-corrected bootstrap-
ping to estimate the significance of a mediated effect
(i.e., computing significance for the product of coeffi-
cients) [95, 126], and Sobel’s (N = 4, 8.9%) approach to
estimating standard error for the product of coefficients
often using structural equation modeling [79]. Only one
study tested a potential moderator, citing Raudenbush’s
[80, 82]. Two other studies included a potential moder-
ator in their conceptual frameworks, but did not expli-
citly test moderation.

Emergent mechanism models

There was substantial variation in the models that
emerged from the studies included in this review. Table 7
represents variables considered in mediating or moderat-
ing models across studies (or identified as candidate medi-
ators, moderators, or mechanisms in the case of
qualitative studies). Additional file 3 depicts the unique
versions of models tested and their associated studies. We
attempted to categorize variables as either (a) an inde-
pendent variable (X) impacting a dependent variable; (b) a
dependent variable (Y), typically the outcome of interest
for a study; or (c) an intervening variable (M), a putative
mediator in most cases, though three studies tested poten-
tial moderators. We further specified variables as repre-
senting a strategy, determinant, and outcome; see Table 1
for definitions.”

Common model types

The most common model type (29; 63.0%) was one in
which X was a determinant, M was also a determinant,
and Y was an implementation outcome variable (deter-
minant =» determinant = implementation outcome). For
example, Beenstock et al. [36] tested a model in which
propensity to act (determinant) was evaluated as a medi-
ator explaining the relation between main place of work
(determinant) and referral to smoking cessation services
(outcome). Just less than half the studies (22; 47.8%)

*We refer to variables in the ways the study authors did, even if we
might have a different way in which we would approach their
conceptualization.
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Study Aims  Theory, framework, model

Mechanism measurement

Mediation
testing citation

Qualitative

Bardosh etal. N
2017 [16]

Brewsteretal. Y
2015 [17]

Carrera and N
Lambooij 2015
[18]

Frykmanetal. N
2014 [19]
Wiener-Ogilvie N
et al. 2008 [20]

Consolidated framework for implementation
research [68]

Implementation innovation framework [69]

Technology acceptance model [70]; Theory of planned
behavior [65]; Model of personal computing utilization [71]

Direction, competence, opportunity and motivation
(DCOM) [72, 73]

None reported

Quantitative- randomized

Atkins et al. Y
2008 [21]
Baer et al. Y
2009 [22]
Bonetti et al. N
2005 [23]
Garner et al. N
2011 [24]
Glisson et al. N
2010 [25]
Holth et al. Y
2011 [26]

Lee et al. 2018 Y
[27]

Lochman etal. N
2009 [28]

Rapkin et al. Y
2017 [29]

Rohrbach et al. N
1993 [30]

Seys et al. Y
2018 [31]

Williams etal. Y
2014 [32]

Williams et al, Y
2017 (66)

Diffusion of innovation theory [63]
None reported

Theory of planned behavior [65]; Social
cognitive theory [76, 77]

Theory of planned behavior [65]
None reported

None reported

Theoretical domains framework [84]
Diffusion of innovation theory [87]
None reported

Diffusion of innovation theory [64]
None reported

Diffusion of innovation theory [87]

Organizational culture theory [32] and Theory
of planned behavior [65]

Quantitative- non-randomized

Aarons et al. Y
2009 [34]
Becker et al. Y
2016 [35]
Beenstock N

et al. 2012 [36]

Beets et al. Y
2008 [37]
Bonetti et al. N
2009 [38]
Chou et al. N

2011 [39]

Institutional theory [93], Theory of planned behavior [65],
Theory of perceived organizational support [94]

Diffusion of innovation theory [64]

Theoretical domains framework [66]

Theory driven evaluation [96]; Diffusion of innovation
theory [63]

Theory of planned behavior [65]; Social cognitive theory [99]; Operant
learning theory [100]; Action planning [101]; Common sense self-regulation
model [102]; Precaution adoption process model [103]; Stage theory [103,
104]

Goal setting theory [105]; Goal commitment theory [106]

Interviews

Interviews

Focus groups

Interviews; observations

Interviews; focus groups

Interviews; self-report

interviews; self-report

Self-report

Self-report

Self-report, audiotape coding and
interviews

Interviews; self-report

Self-report, secondary analysis
Coder ratings

Self-report

Interviews; self-report; observations
Chart review; self-report

Self-report

Self-report

Self-report

Self-report

Self-report

Self-report

Self-report; objective measure

Self-report

None

None

None

None

None

[80, 107]
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Study Aims  Theory, framework, model Mechanism measurement Mediation
testing citation

Cummings N Promoting action on research in health services (PARIHS) [67] Self-report [108]
et al. 2017 [40]
David and Y Diffusion of innovation theory [87, 109] Self-report [110]
Schiff 2017
[41]
Edmunds et al. Y EPIS framework [111] Self-report [80, 112]
2014 [42]
Gnich et al. Y Theoretical domains framework [66] Self-report None
2018 [43]
Guerrero etal. Y Theory on middle manager s[69] Self-report [113]
2018 [44]
Huis et al. N None reported Observations; self-report; website visitor none
2013 [45] registration; logs; field Notes; effect

evaluation; quiz
Little et al. N Diffusion of innovation theory [64] Self-report [114-116)
2015 [46]
Llasus et al. N Knowledge to action conceptual framework [117] Self-report [78, 79, 95]
2014 [47]
Nelson and N None reported Self-report None
Steele 2007
(48]
Potthoff etal. Y Dual process model of behavior [118] Self-report [79]
2017 [49]
Presseau etal. Y Theory of planned behavior [65] Self-report None
2016 [50]
Simmonds Y None reported Self-report [78]
et al. 2012 [51]
Stockdale et al. Y None reported Self-report [119]
2018 [52]
Wanlessetal. Y None reported Self-report, observation [110]
2015 [53]
Yamada etal. Y Promoting action on research in health services (PARIHS) [120] Self-report, chart review None
2017 [62]
Mixed methods
Armson etal. Y Theoretical domains framework [66] Interviews; self-report None
2018 [54]
Birken et al. N Hierarchical taxonomy of leader behavior [121] Interviews; self-report [95, 122]
2015 [55]
Kauth et al. Y Fixsen model [123]; Promoting action on research in health services (PARIHS) Self-report; logs None
2010 [56] [120]
Lukas et al. Y Diffusion of Innovations Theory [63, 124] Interviews [78]
2009 [57]
Panzano etal. Y None reported Self-report [78]
2012 [58]
Rangachari N Complex systems theory [125] Infection rate; chart review; hospital None
et al. 2015 [59] records; logs
Shrubsole et al. N Theoretical domains framework [66] Chart review; self-report none

2018 [60]

included an implementation strategy in their model, of
which 16 (34.8%) evaluated a mediation model in which
an implementation strategy was X, a determinant was
the candidate M, and an implementation outcome was Y
(strategy => determinant =» implementation outcome);
ten of these studies experimentally manipulated the

relation between the implementation strategy and deter-
minant. An example of this more traditional mediation
model is a study by Atkins and colleagues [21] which
evaluated key opinion leader support and mental health
practitioner support (determinants) as potential media-
tors of the relation between training and consultation
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Study Independent variable (X) Intervening variable (M) Dependent variable (Y)
Quialitative
Bardosh Mobile and text follow up with patients Service organization at clinic level, clinician Culture of care
etal 2017 norms and practices, availability of local
[16] champions staff, adaptability and co-design of
strategy, receptivity and capacity of local
management
Brewster Patient education, follow-up phone calls to pa-  Intrinsic reward to staff --> shift in norms and Reduced hospital readmissions
etal. 2015 tients after discharge, discharge planning, collab- attitudes

(171

Carrera and
Lambooij
2015 [18]

Frykman
etal 2014
[19]

Wiener-
Ogilvie

et al. 2008
[20]

oration with post-acute providers

None reported

Senior manager and consultant-driven team-
work strategy, senior manager and staff-driven
teamwork strategy

Guideline implementation

Quantitative—randomized

Atkins et al.
2008 [21]

Baer et al.
2009 [22]

Bonetti
et al. 2005
[23]

Garner
etal 2011
[24]

Glisson
et al. 2010
[25]

Holth et al.
2011 [26]

Lee et al.
2018 [27]

Lochman
et al. 2009
[28]

Rapkin
et al. 2017
[29]

Rohrbach
et al. 1993
[30]

Seys et al.
2018 [31]

Williams
etal. 2014
[32]

Williams
etal. 2017
[33]

Training and consultation

Climate for organizational change

Audit and feedback

Pay for performance

Availability responsiveness and continuity (ARC)
Intervention + Multisystemic Therapy quality
assurance, pay for performance

Workshop + manual, intensive quality assurance
+ workshop + manual

Implementation strategy bundles (varied across
studies)

Intensive training + feedback, basic training

Indicators of program activities: cumulative local
programs, attendance at local programs, time
since most recent local program, personal
awareness of programs, cumulative outside
programs

1. Teacher training
2. Principal support intervention

Care pathway implementation

Information packets and Motivational
Interviewing webinar

Availability,Responsiveness, and Continuity (ARC)
intervention implementation

Mediators: perceived usefulness, perceived ease
of use, self-efficacy, attitudes,social norm
Moderator: enabling conditions

Direction, communication, opportunity,
motivation

Practice organization (delegation of work to
nurses)

Key opinion leader instrumental supportmental
health professional instrumental support

Post training agency activities to support use of
Motivational Interviewing

Decision difficulty, behavioral control

1. Subjective norms
2. Attitudes toward intervention
3. Perceived control

Fidelity to multisystemic therapy

Adherence to contingency management and
cognitive behavioral therapy techniques

Knowledge, skills, social/professional role and
identity, environmental resources

# of sessions attended, # of objectives
completed, # of contacts with trainers, counselor
engagement w/clients

Mediators: awareness of free/low cost cancer
screening, cancer knowledge, cancer information
seeking, having health insurance, annual physical
moderator: frequency of library use

1a. Teacher self-efficacy, 1b. enthusiasm, 1c.
preparedness

2a. Principal encouragement, 2b. Principal beliefs
about program

Adherence to evidence-based recommenda-
tions, level of competence, team climate for
innovation, burnout, level of organized care

Attitudes towards EBPs, pressure for change,
barriers to EBPs, resources, organizational
climate, management support

Proficiency culture --> evidence-based practice
intention, barrier reduction

Intervention acceptability (providers and
patients)

Change in staff behavior

Compliance with guidelines

Teacher self-reported used of ADHD
guidelines

Fidelity to intervention (Motivational
Interviewing spirit and response to
question ratio)

Simulated behavior

1. Therapists’ intention to achieve monthly
competence

2. Therapists’ intention to achieve targeted
threshold

Rate of change in child behavior out of
home placements
Youth cannabis use

Nutrition guideline implementation

Client externalizing behaviors, client social
skills, client study skills, client expectancies
re: aggression, consistent parenting, client
assaultive acts

Cancer screening attempts to quit
smokingtobacco cessation

Quantity of program implementation

30-day hospital readmission

Motivational Interviewing adoption

EBP adoption, EBP use
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Study

Independent variable (X)

Intervening variable (M)

Dependent variable (Y)

Quantitative—non-randomized

Aarons
et al. 2009
[34]

Becker
et al. 2016
[35]

Beenstock
etal. 2012
[36]

Beets et al.
2008 [37]

Bonetti
et al. 2009
[38]

Chou et al.
2011 [39]

Cummings
et al. 2017
[40]

David and
Schiff 2017
[41]

Edmunds
et al. 2014
[42]

Gnich et al.
2018 [43]

Guerrero
et al. 2018
(44]

Huis et al.
2013 [45]

Little et al.
2015 [46]

Llasus et al.
2014 [47]

Nelson and
Steele 2007
[48]

Potthoff
et al. 2017
[49]

Presseau
et al. 2016
[50]

Simmonds
et al. 2012
[51]

Agency type

Training as usual, training + ongoing technical
assistance, support from in-house champion,
specialized training on change process, monthly
conference calls and online forum to support
change

Main place of work

Perception of school climate

Behavioral intention

Receipt of individual performance feedback,
clinician input into guideline implementation
and quality improvement, clinician expectancy,
clinician self-efficacy

Culture, feedback, leadership and resources

Child-parent psychotherapy social network
Child-parent psychotherapy supervision

Time following training

Pay-per item financial incentive

Top manager transformational leadership

individual and organization targeted strategies
(education, reminders, feedback), individual and
organizational targeted strategies + team and
leader strategy

Community priority, organizational support,
program champion

EBP knowledge

EBP training, openness of clinical setting to EBPs

Action planning, coping planning

Printed informational materials

Intolerance of uncertainty

1. organizational support for EBP --> provider
attitudes towards EBP

2, 3 organizational support for EBP
organizational support for EBP

Organizational readiness to change (motivation
for change, adequacy of resources, staff
attributes, organizational climate),perceived
intervention characteristics (relative advantage,
observability, trialability, compatibility, and
complexity)

Propensity to act

1. Beliefs about responsibility to teach program
2. beliefs about responsibility to teach program
--> attitudes towards program --> curriculum
delivered

Action planning

Agreement with guidelines, adherence to
guidelines, improved knowledge, practice
delivery

Manager support, coaching conversations, job
satisfaction

Self-efficacy

Time spent in consultation

Knowledge, skills, social/professional role and
identity, beliefs about consequences, motivation
and goals (intention), environmental context and
resources, social influences (norms), emotion,
behavioral regulation

Middle managers’ implementation leadership

Social influence, leadership, performance
feedback

beliefs about effectiveness of interventions -->
funding to adopt program

Self confidence in one's EBP competencies
(defined as readiness)

Positive attitudes towards treatment research,
negative attitudes towards treatment research

Habit

Attitudes toward prescribing, subjective norms,
perceived behavioral control, intention to
prescribe

Treatment orientation toward back pain

1,3 provider EBP use2. provider EBP
attitudes

Adoption

Referral of women to smoking cessation
services

1. Attitudes towards program
2. curriculum delivered to schoolwide
material usage

Placing fissure sealants

Fidelity to screening patients for depression

Conceptual research use, persuasive
research use, instrumental research use

Number of child-parent psychotherapy
cases, intention to use child-parent
psychotherapy

Knowledge of cognitive behavioral therapy
for anxiety, attitudes towards EBPs

Fluoride varnish delivery

Employee attitudes towards EBPs, EBP
implementation

Handwashing fidelity

Adoption

EBP implementation behaviors

EBP use

Clinical behaviors (prescribing, advising,
examining)

Self-reported prescribing behavior

Recommendations to return to work
2. recommendations to return to usual
activities,estimated risk of back pain
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Study Independent variable (X) Intervening variable (M) Dependent variable (Y)
disability
Stockdale  Health care team communication Patient-provider communication Patient satisfaction with primary care
et al. 2018 provider
[52]
Wanless Use of responsive classroom practices, global Teacher training engagement Fidelity to intervention
etal. 2015  emotional support, self-efficacy, collective
[53] responsibility
Yamada Instrumental research use, conceptual research Organizational context: Pain assessment, evidence-based pain pro-
etal. 2017  use leadership, culture, evaluation, social capital, cedure use, pain intensity
[62] informal interactions, formal interactions,

Mixed methods

resources, slack space, slack staff, slack time

Armson Implementation tools (printed education Evidence-based information in guideline,

et al. 2018  materials, informational video, decision aid) evidence-based information in screening mod-

[54] ule, discussions with peers, application of imple-
mentation tools, discussions with patients, lack
of evidence about benefits, patients' screening
expectations, fear of misdiagnosis, problems with
having patient materials available

Birken et al. 1. Top manager support Mediators:

2015 [55] 2. Performance reviews 1a. Performance reviews

3. Human resources 1b. Human resources

1c. Training
1d. Funding
Te. Local social network involvement
Moderator:
2/3. top manager support

Kauth et al. Facilitation + workshop, workshop Job-related barriers, # of contacts with facilitator,

2010 [56] time spent in facilitation

Lukas et al. Higher management support, group culture, Team effectiveness

2009 [57] hierarchical culture

Panzano 1. Strategic fit of intervention 1. Climate for innovation2. Fidelity to

etal. 2012 2. Climate for innovation intervention

[58]

Rangachari  Emails containing intervention information and ~ Proactive communication between nurses and

et al. 2015  unit level adherence feedback + brief weekly physicians emergence of champions

[59] training

Shrubsole  Tailored training intervention targeting Mechanisms of Intervention 1 targeting

etal. 2018  information provision information provision implementation):

[60] knowledge, beliefs about consequences, social

influence, beliefs about capabilities,
environmental context and resources
Mechanisms of Intervention 2 targeting
implementation of goal setting): beliefs about
consequences, social influences, beliefs about
capabilities, environmental context and
resources

Use of breast cancer screening guidelines

1, 2, 3 middle manager commitment to
innovation

% time conducting Cognitive Behavioral
Therapy
Extent of implementation

1. Fidelity to intervention
2. Assimilation

Number of catheter days

Information provisiongoal setting

Numbering is used to denote match variables across models; not all models tested the same sets of variables

(strategy) and adoption of the EBP (implementation out-
come). Five studies included a mediation model in which
X was an implementation strategy, ¥ was a clinical out-
come, and M was an implementation outcome (strategy
= implementation outcome = clinical outcome) [25, 26,
28, 29, 31].

Notable exceptions to model types

While the majority of quantitative studies tested a
three-variable model, there were some notable excep-
tions. Several studies tested multiple three variable
models that held the independent variable and

mediator constant but tested the relation among sev-
eral dependent variables. Several studies tested mul-
tiple three variable models that held the independent
variable and dependent variables constant but tested
several mediators.

Qualitative studies

Five studies included in this review utilized qualitative
methods to explore potential mechanisms or mediators
of change, though only one explicitly stated this goal in
their aims [17]. Three studies utilized a comparative case
study design incorporating a combination of interviews,
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focus groups, observation, and document review,
whereas two studies employed a cross-sectional descrip-
tive design. Although three of the five studies reported
their analytic design was informed by a theory or previ-
ously established model, only one study included an
interview guide in which items were explicitly linked to
theory [19]. All qualitative studies explored relations be-
tween multiple ecological levels, drawing connections
between intra and interpersonal behavioral constructs
and organization or system level change.

Criteria for establishing mechanisms of change

Finally, with respect to the seven criteria for establishing
mechanisms of change, the plausibility/coherence (i.e., a
logical explanation of how the mechanism operates that
incorporates relevant research findings) was the most
frequently fulfilled requirement, met by 42 studies
(91.3%). Although 20 studies (43.5%), of which 18 were
quantitative, provided statistical evidence of a strong as-
sociation between the dependent and independent vari-
ables, only 13 (28.2%) studies experimentally
manipulated an implementation strategy or the proposed
mediator or mechanism. Further, there was only one
study that attempted to demonstrate a dose-response re-
lation between mediators and outcomes. Most included
studies (39; 84.8%) fulfilled three or fewer criteria, and
only one study fulfilled six of the seven requirements for
demonstrating a mechanism of change; see Table 8.

Discussion

Observations regarding mechanistic research in
implementation science

Mechanism-focused implementation research is in an
early phase of development, with only 46 studies identified
in our systematic review across health disciplines broadly.
Consistent with the field of implementation science, no
single discipline is driving the conduct of mechanistic re-
search, and a diverse array of methods (quantitative, quali-
tative, mixed methods) and designs (e.g., cross-sectional
survey, longitudinal non-randomized, longitudinal ran-
domized, etc.) have been used to examine mechanisms.
Just over one-third of studies (N = 16; 34.8%) evaluated a
mediation model with the implementation strategy as the
independent variable, determinant as a putative mediator,
and implementation outcome as the dependent variable.
Although this was the most commonly reported model,
we would expect a much higher proportion of studies test-
ing mechanisms of implementation strategies given the ul-
timate goal of precise selection of strategies targeting key
mechanisms of change. Studies sometimes evaluated
models in which the determinant was the independent
variable, another determinant was the putative mediator,
and an implementation outcome was the dependent vari-
able (N = 11; 23.9%). These models suggest an interest in
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understanding the cascading effect of changes in context
on key outcomes, but without manipulating or evaluating
an implementation strategy as the driver of observed
change. Less common (only 5, 10.9%) were more complex
models in which multiple mediators and outcomes and
different levels of analyses were tested (e.g., [37, 39]), des-
pite that this level of complexity is likely to characterize
the reality of typical implementation contexts. Although
there were several quantitative studies that did observe
significant relations pointing toward a mediator, none
met all criteria for establishing a mechanism.

Less than one-third of the studies experimentally ma-
nipulated the strategy-mechanism linkage. As the field
progresses, we anticipate many more tests of this nature,
which will allow us to discern how strategies exert their
effect on outcomes of interest. However, implementation
science will continue to be challenged by the costly na-
ture of the type of experimental studies that would be
needed to establish this type of evidence. Fortunately,
methodological innovations that capitalize on recently
funded implementation trials to engage in multilevel me-
diation modeling hold promise for the next iteration of
mechanistic implementation research [14, 127] As this
work unfolds, a number of scenarios are possible. For
example, it is likely the case that multiple strategies can
target the same mechanism; that a single strategy can
target multiple mechanisms; and that mechanisms across
multiple levels of analysis must be engaged for a given
strategy to influence an outcome of interest. Accordingly,
we expect great variability in model testing will continue
and that more narrowly focused efforts will remain im-
portant contributions so long as shared conceptualization
of mechanisms and related variables is embraced, articu-
lated, and rigorously tested. As with other fields, we ob-
served great variability in the degree to which mechanisms
(and related variables of interest) were appropriately speci-
fied, operationalized, and measured. This misspecification
coupled with the overall lack of high-quality studies (only
three met 100% of the quality criteria), and the diversity in
study methods, strategies tested, and mediating or moder-
ating variables under consideration, we were unable to
synthesize the findings across studies to point toward
promising mechanisms.

The need for greater conceptual clarity and
methodological advancements

Despite the important advances that the studies included
in this review represent, there are clear conceptual and
methodological issues that need to be addressed to allow
future research to more systematically establish mecha-
nisms. Table 1 offers a list of key terms and definitions
for the field to consider. We suggest the term “mechan-
ism” be used to reflect a process or event through which
an implementation strategy operates to affect desired
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Association

Specificity

Consistency

Manipulation

Timeline

Gradient

Plausibility

Total

Qualitative
Bardosh et al. 2017 [16]
Brewster et al. 2015 [17]

Carrera and Lambooij 2015 [18]

Frykman et al. 2014 [19]

Wiener-Ogilvie et al. 2008 [20]

Quantitative—randomized
Atkins et al. 2008 [21]
Baer et al. 2009 [22]
Bonetti et al. 2005 [23]
Garner et al. 2011 [24]
Glisson et al. 2010 [25]
Holth et al. 2011 [26]
Lee et al. 2018 [27]
Lochman et al. 2009 [28]
Rapkin et al. 2017 [29]
Rohrbach et al. 1993 [30]
Seys et al. 2018 [31]
Williams et al. 2014 [32]
Williams et al. 2017 [33]

Quantitative—non-randomized

Aarons et al. 2009 [34]
Becker et al. 2016 [35]
Beenstock et al. 2012 [36]
Beets et al. 2008 [37]
Bonetti et al. 2009 [38]
Chou et al. 2011 [39]
Cummings et al,, 2017 [40]
David and Schiff 2017 [41]
Edmunds et al. 2014 [42]
Gnich et al. 2018 [43]
Guerrero et al. 2018 [44]
Huis et al. 2013 [45]

Little et al. 2015 [46]
Llasus et al. 2014 [47]
Nelson and Steele 2007 [48]
Potthoff et al. 2017 [49]
Presseau et al. 2016 [50]
Simmonds et al. 2012 [51]
Stockdale et al. 2018 [52]
Wanless et al. 2015 [53]
Mixed methods

Armson et al. 2018 [54]
Birken et al. 2015 [55]
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Table 8 Kazdin criteria (Continued)

Association Specificity Consistency Manipulation Timeline Gradient Plausibility Total
Kauth et al. 2010 [56] 0 0 0 1 1 0 1 3
Lukas et al. 2009 [57] 1 1 0 0 0 0 1 3
Panzano et al. 2012 [58] 1 0 0 0 0 0 1 2
Rangachari et al. 2015 [59] 0 0 0 0 1 0 0 1
Shrubsole et al. 2018 [60] 0 0 0 1 1 0 1 3

Studies that only tested mediation relationships are not included in this table

implementation outcomes. Consistent with existing cri-
teria [4], mechanisms can only be confidently established
via carefully designed (i.e., longitudinal; experimentally
manipulated) empirical studies demonstrating a strong
association, and ideally a dose-response relation, be-
tween an intervening variable and outcome (e.g., via
qualitative data or mediation or moderator analyses) that
are supported by very specific theoretical propositions
observed consistently across multiple studies. We found
the term “mediator” to be most frequently used in this
systematic review, which can point toward a mechanism,
but without consideration of these full criteria, detection
of a mediator reflects a missed opportunity to contribute
more meaningfully to the mechanisms literature.
Interestingly, the nearly half of studies (43.5%) treated
a variable that many would conceptualize as a “deter-
minant” as the independent variable in at least one pro-
posed or tested mediation pathway. Presumably, if
researchers are exploring the impact of a determinant
on another determinant and then on an outcome, there
must be a strategy (or action) that caused the change in
the initial determinant. Or, it is possible that researchers
are simply interested in the natural associations among
these determinants to identify promising points of lever-
age. This is a prime example where the variable or over-
lapping use of concepts (i.e., calling all factors of interest
“determinants”) becomes particularly problematic and
undermines the capacity of the field to accumulate
knowledge across studies in the service of establishing
mechanisms. We contend that it is important to differ-
entiate among concepts to use more meaningful terms
like preconditions, putative mechanisms, proximal and
distal outcomes, all of which were under-specified in the
majority of the included studies. Several authors from
our team have articulated an approach to building causal
pathway diagrams [128] that clarifies that preconditions
are necessary factors for a mechanism to be activated
and proximal outcomes are the immediate result of a
strategy that is realized only because the specific mech-
anism was activated. We conceptualize distal outcomes
as the eight implementation outcomes articulated by
Proctor and colleagues [129]. Disentangling these con-
cepts can help characterize why strategies fail to exert an

impact on an outcome of interest. Examples of each fol-
low in the section below.

Conceptual and methodological recommendations for
future research

Hypothesis generation

With greater precision among these concepts, the field
can also generate and test more specific hypotheses
about how and why key variables are related. This begins
with laying out mechanistic research questions (e.g.,
How does a network intervention, like a learning collab-
orative, influence provider attitudes?) and generating
theory-driven hypotheses. For instance, a testable hy-
pothesis may be that learning collaboratives [strategy]
operate through sharing [mechanism] of positive experi-
ences with a new practice to influence provider attitudes
[outcome]. As another example, clinical decision support
[strategy] may act through helping the provider to re-
member [mechanism] to administer a screener [proximal
outcome] and flagging this practice before an encounter
may not allow the mechanism to be activated [precondi-
tion]. Finally, organizational strategy development [strat-
egy] may have an effect because it means prioritizing
competing demands [mechanism] to generate a positive
implementation climate [proximal outcome]. Research
questions that allow for specific mechanism-focused hy-
potheses have the potential to expedite the rate at which
effective implementation strategies are identified.

Implementation theory

Ultimately, theory is necessary to drive hypotheses, ex-
plain implementation processes, and effectively inform
implementation practice by providing guidance about when
and in what contexts specific implementation strategies
should or should not be used. Implementation theories can
offer mechanisms that extend across levels of analysis (e.g,
intrapersonal, interpersonal, organizational, community,
macro policy [130]). However, there is a preponderance of
frameworks and process models, with few theories in exist-
ence. Given that implementation is a process of behavior
change at its core, in lieu of implementation-specific theories,
many researchers draw upon classic theories from psych-
ology, decision science, and organizational literatures, for
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instance. Because of this, the majority of the identified studies
explored intrapersonal-level mechanisms, driven by their
testing of social psychological theories such as the theory of
planned behavior [65] and social cognitive theory [76, 77,
99]. Nine studies cited the diffusion of innovations [63, 64] as
a theory guiding their mechanism investigation, which does
extend beyond intrapersonal to emphasize interpersonal, and
to some degree community level mechanisms, although we
did not see this materialize in the included study analyses
[63-65, 76, 77]. Moving forward, developing and testing
theory is critical for advancing the study of implementation
mechanisms because theories (implicitly or explicitly) tend to
identify putative mechanisms instead of immutable
determinants.

Measurement

Inadequate measurement has the potential to undermine
our ability to advance this area of research. Our coding
indicated that mechanisms were assessed almost exclu-
sively via self-report (questionnaire, interview, focus
group) suggesting that researchers conceptualize the di-
verse array of mechanisms to be latent constructs and
not directly observable. This may indeed be appropriate,
given that mechanisms are typically processes like learn-
ing and reflecting that occur within an individual and it
is their proximal outcomes that are directly observable
(e.g., knowledge acquisition, confidence, perceived con-
trol). However, conceptual, theoretical, and empirical
work is needed to (a) articulate the theorized mecha-
nisms for the 70+ strategies and proximal outcomes
[128], (b) identify measures of implementation mecha-
nisms and evaluate their psychometric evidence base
[131] and pragmatic qualities [132], and (c) attempt to
identify and rate or develop objective measures of prox-
imal outcomes for use in real-time experimental manip-
ulations of mechanism-outcome pairings.

Quantitative analytic approaches

The multilevel interrelations of factors implicated in an
implementation process also call for sophisticated quan-
titative and qualitative methods to uncover mechanisms.
With respect to quantitative methods, it was surprising
that the Baron and Kenny [78] approach to mediation
testing remains most prevalent despite that most studies
are statistically underpowered to use this approach, and
the other most common approach (i.e., the Sobel test
[79]) relies on an assumption that the sampling distribu-
tion of the mediation effect is normal [14, 133], neither of
which were reported on in any of the 12 included studies
that used these methods. Williams [14] suggests the prod-
uct of coefficients approach [134, 135] is more appropriate
for mediation analysis because it is a highly general ap-
proach to both single and multi-level mediation models
that minimizes type I error rates, maximizes statistical
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power, and enhances accuracy of confidence intervals
[14]. The application of moderated mediation models and
mediated moderator models will allow for a nuanced un-
derstanding of the complex interrelations among factors
implicated in an implementation process.

Qualitative analytic approaches

Because this was the first review of implementation mech-
anisms across health disciplines, we believed it was im-
portant to be inclusive with respect to methods employed.
Qualitative studies are important to advancing research
on implementation mechanisms in part because they offer
a data collection method in lieu of having an established
measure to assess mechanisms quantitatively. Qualitative
research is important for informing measure development
work, but also for theory development given the richness
of the data that can be gleaned. Qualitative inquiry can be
more directive by developing hypotheses and generating
interview guides to directly test mechanisms. Diagram-
ming and tracing causal linkages can be informed by
qualitative inquiry in a structured way that is explicit with
regard to how the data informs our understanding of
mechanisms. This kind of directed qualitative research is
called for in the United Kingdom’s MRC Guidance for
Process Evaluation [136]. We encourage researchers inter-
nationally to adopt this approach as it would importantly
advance us beyond the descriptive studies that currently
dominate the field.

Limitations

There are several limitations to this study. First, we took
an efficient approach to coding for study quality when
applying the MMAT. Although it was a strength that we
evaluated study quality, the majority of studies were
assessed only by one research specialist. Second, we may
have overlooked relevant process evaluations conducted
in the UK where MRC Guidance stipulates inclusion of
mechanisms that may have been described using terms
not included in our search string. Third, although we
identified several realist reviews, we did not include
them in our systematic review because they
conceptualize mechanisms differently than how they are
treated in this review [137]. That is, realist synthesis
posits that interventions are theories and that they imply
specific mechanisms of action instead of separating
mechanisms from the implementation strategies/inter-
ventions themselves [138]. Thus, including the realist
operationalization would have further confused an
already disharmonized literature with respect to mecha-
nisms terminology but ultimately synthesizing findings
from realist reviews with standard implementation
mechanism evaluations will be important. Fourth, our
characterization of the models tested in the identified
studies may not reflect those intended by researchers
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given our attempt to offer conceptual consistency across
studies, although we did reach out to corresponding au-
thors for whom we wished to seek clarification on their
study. Finally, because of the diversity of study designs
and methods, and the inconsistent use of relevant terms,
we are unable to synthesize across the studies and report
on any robustly established mechanisms.

Conclusion

This study represents the first systematic review of imple-
mentation mechanisms in health. Our inclusive approach
yielded 46 qualitative, quantitative, and mixed methods
studies, none of which met all seven criteria (i.e., strong
association, specificity, consistency, experimental manipu-
lation, timeline, gradient, plausibility or coherence) that
are deemed critical for empirically establishing mecha-
nisms. We found nine unique versions of models that
attempted to uncover mechanisms, with only six exploring
mediators of implementation strategies. The results of this
review indicated inconsistent use of relevant terms (e.g.,
mechanisms, determinants) for which we offer guidance
to achieve precision and encourage greater specificity in
articulating research questions and hypotheses that allow
for careful testing of causal relations among variables of
interest. Implementation science will benefit from both
quantitative and qualitative research that is more explicit
in their attempt to uncover mechanisms. In doing so, our
research will allow us to test the idea that more is better
and move toward parsimony both for standardized and
tailored approaches to implementation.
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