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Abstract: Implementation science is a systematic research methodology aimed at facilitating
the application of research findings and other evidence-based practices into clinical daily
routines. It has become highly relevant to scientific research. As the concept of
"implementation science™ deepens, related theories and practical methods continue to evolve,
leading to rapid advancements in implementation science. However, in China, there has been
limited application and slower development of implementation research. This study
approaches the subject from a problem-oriented perspective and systematically describes
several commonly used theoretical frameworks, methodologies, implementation strategies,
and applications in implementation research. The goal is to support the development of
implementation science in China, promote its integration into evidence-based medicine, and
provide reference materials for conducting implementation research more effectively.
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1. Preface

In 1996, David first introduced the concept of evidence-based medicine (EBM), which was
subsequently followed by the continuous development of evidence-based practice (EBP) principles.
Healthcare professionals are required to make clinical decisions based on specific clinical issues,
incorporating their own clinical experience and the most current and best available evidence [1]. As
evidence-based practice has evolved, scholars in different countries have endowed it with various
concepts, including knowledge translation and implementation science.

Implementation science is the scientific study of how to facilitate the adoption, application, and
transformation of research findings into clinical practice. While the goals of implementation science,
knowledge translation, and evidence-based practice are similar [2], the research methods and
theoretical frameworks of implementation research are not entirely identical to those of evidence-
based practice. Rubenstein et al. defined implementation research as the study of how evidence-based,
scientifically sound, and effective interventions can be translated into clinical practice. The Centers
for Disease Control and Prevention in the United States defines implementation research as the study
of how a range of strategies can be used to integrate evidence-based interventions that promote public
health into practice settings.
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In 2002, the National Institutes of Health in the United States initiated special support for
implementation research and in 2009, designated it as a priority funding area. In 2010, the World
Health Organization (WHO) launched a specialized funding program for implementation research [3],
conducting research in multiple countries. In the 2013 WHO publication "Practical Guidance for
Implementation Research in Health," the concept of implementation research is described as follows:
during implementation, it is essential to clarify which interventions are effective, the reasons for
successful or failed implementation, and the methods for successful implementation. Different
implementation strategies need to be formulated for the same intervention content in different practice
environments, resulting in different implementation outcomes. This is the distinctive characteristic of
implementation research. In recent years, scholars in China have also started to pay attention to this
field. In 2016, the National Natural Science Foundation of China proposed the initiation of
implementation research and launched a collaborative project with the Canadian Institutes of Health
Research, encouraging and supporting scientists from both sides to conduct implementation research
related to mental health and dementia [4].

2. Objective

As the application of evidence-based intervention methods in universities and research institutions is
rapidly increasing, evidence-based medicine faces the challenge of how to translate high-quality
evidence into clinical practice. Studies have shown that evidence-based practice (EBP) typically takes
an average of 17 years to be integrated into routine clinical practice [5-7], and only half of EBP
interventions are successfully disseminated and applied [5]. Therefore, given the current lengthy
timeline and relatively low success rate of EBP translation, the utilization of implementation science
to facilitate evidence translation has become a breakthrough point for researchers both domestically
and internationally. Implementation science is a systematic research approach aimed at facilitating
the effective application of research findings and other evidence-based practices into routine clinical
practice, ultimately enhancing the quality and effectiveness of healthcare services [8]. Given its
critical role in bridging the gap between research outcomes and clinical practice, implementation
science has become a highly discussed topic in scientific research.

As scholars from various countries continue to explore the concept of "implementation science,”
related theories and practical methods have evolved accordingly. Implementation science researchers
have introduced the concept of "implementation strategies" and related application methods to
address the determinants of implementation decisions in clinical interventions, EBP, or new
technologies (including barriers and facilitators). This is done with the aim of promoting the
dissemination of innovative approaches. Adapting implementation strategies based on determinants
of innovation, combined with the clinical context, to ensure effective implementation is a key task of
implementation science.

In order to familiarize researchers more quickly and comprehensively with implementation
strategies, this article will provide an overview of theoretical frameworks, methodologies,
implementation strategies, and applications within implementation research. This will serve as a
reference for future endeavors in conducting implementation research.
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3. Theoretical Frameworks of Implementation Research

Implementation refers to a series of procedures and measures aimed at promoting the use of a
particular intervention within a system, representing a critical organizational decision-making process
concerning the adoption and utilization of the intervention [5]. During the process of conducting
implementation research, without guidance from theoretical frameworks, researchers often find it
challenging to identify factors that influence the outcomes of implementation research in a specific
context, making it difficult to generalize research results. A survey conducted by Birken et al. [6] in
2015-2016 among 223 scholars from 12 countries engaged in implementation research revealed that
over 100 different theoretical frameworks and models were used, covering disciplines such as
implementation science, health behavior, organizational management, sociology, and business.
Among the frequently utilized theoretical frameworks or models were the Consolidated Framework
for Implementation Research (CFIR) [3], the Knowledge to Action Framework (KTA) [9], the
Promoting Action on Research Service Framework (PARIHS), and the REAIM framework [10].

The PARIHS model comprises three core elements: evidence, context, and facilitation. Sub-
elements of evidence include research evidence, clinical experience, and patient preferences. Sub-
elements of context encompass organizational culture, leadership, and monitoring systems, while sub-
elements of facilitation encompass characteristics, role identity, and behavior [11].

The KTA model [12] divides evidence-based practice into two phases: knowledge creation and
knowledge application. The knowledge creation phase emphasizes the extraction and transformation
of research evidence to make it more relevant to the needs of stakeholders and presented in a concise
format. The knowledge application phase emphasizes the assessment, management, and monitoring
of barriers in accordance with the specific practice environment.

The CFIR framework [13] identifies five key elements in implementation research:

1. Intervention Characteristics: Refers to the intervention plan designed for a specific practice
environment.

2. Outer Setting: Refers to external factors influencing implementation, including social, economic,
political factors, patient needs, resources, peer pressure, external policies, and organizational
openness.

3. Inner Setting: Relates to internal organizational factors affecting intervention implementation,
such as organizational culture, structure, and networks, including structural characteristics,
organizational networks, internal communication, and organizational cultural climate.

4. Individuals Involved: Refers to the participants in the intervention, such as healthcare providers,
managers, policy-makers, and patients. This element primarily includes the knowledge, beliefs, self-
efficacy, attitudes at different stages of intervention, and a sense of identification with the
organization.

5. Implementation Process: Primarily focuses on the methods for promoting the adoption of
intervention plans at the individual and organizational levels. This includes planning, engagement,
execution, evaluation, and reflection. Planning involves pre-planning the action plan for the
intervention. Engagement involves strategies to attract individuals to participate in the
implementation process, such as through promotion, education, and exemplary demonstrations.
Execution involves completing tasks according to the predetermined plan, while evaluation and
reflection represent feedback on the implementation process by implementers or implementation
teams, with evaluation and reflection being integral throughout the entire implementation process.
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4. Methodology of Implementation Research

The journey from evidence-based innovation to its inception, clinical translation, and continuous,
normalized execution faces numerous obstacles. Implementation science can identify and address the
barriers to evidence-based practice, bridging the gap between research evidence and clinical practice,
and facilitating the implementation of health policies, plans, and practices. This process encounters
multifaceted barriers [14]: obstacles arising from the intervention itself (such as high costs, lengthy
timelines, and limited clinical applicability of evidence), barriers originating from research design
(such as a lack of representative target populations), barriers stemming from the practice environment
(such as healthcare institutions, communities, schools), and the interaction of these three factors. To
mitigate the adverse impact of obstacles in research design on research outcomes, the introduction of
rigorous research methods is of paramount importance in implementation research.

Implementation science has matured and developed various research design methods [15-16],
including randomized controlled trials using effectiveness-implementation hybrid designs, multi-
stage optimization strategies, multiple baselines randomized sequential trials, stepped-wedge designs,
and stepped-wedge cluster randomized trials. Quasi-experimental studies can employ interrupted
time series and breakpoint regression designs. Qualitative research can utilize theoretical frameworks
like integrated frameworks and knowledge translation action frameworks to develop interview guides
for semi-structured interviews. Mixed-methods research combines qualitative and quantitative
designs.

Quantitative research design is fundamentally concerned with measuring, analyzing, and drawing
conclusions about natural and social phenomena. Many implementation science research designs
adhere to the paradigm of quantitative research, such as effectiveness-implementation hybrid designs,
multi-stage optimization strategies, and interrupted time series. Implementation science primarily
focuses on the impact of implementation strategies, necessitating a shift toward clinical trial methods
in the implementation and evaluation of research [17]. Quantitative methods are frequently employed
in implementation science to assess the effectiveness of implementation strategies, as quantitative
approaches are well-suited to explore changes induced by implementation strategies and their scope
[18]. Quantitative research can be categorized into randomized quantitative research and non-
randomized quantitative research. However, implementation science often lacks clear descriptions of
randomization methods in randomized quantitative studies and control of follow-up in non-
randomized quantitative studies [19].

4.1 Randomized Controlled Trials

Randomized Controlled Trials (RCTSs) represent the highest level of evidence in empirical research.
As new methodological approaches have been proposed, the design of RCTs has become increasingly
diverse [20], including effectiveness-implementation hybrid designs, multiphase optimization
strategies, sequential multiple assignment randomized trials, stepped-wedge designs, and stepped-
wedge cluster randomized trials.

4.1.1 Effectiveness-Implementation Hybrid Designs (EIHD)

The implementation of evidence-based practices often encounters obstacles, such as high costs,
lengthy timelines, and limited clinical applicability of interventions. Effectiveness-implementation
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hybrid designs can assess the effectiveness of interventions and implementation outcomes,
emphasizing research efficiency to effectively address barriers associated with the intervention itself.
The specific implementation process includes: (1) selecting the study subjects, (2) collecting data
before and after implementation, and (3) conducting assessments before, during, and after
implementation [21]. Depending on the emphasis on effectiveness and execution results, this design
is divided into three types: Type | hybrid design, Type Il hybrid design, and Type I11 hybrid design.

Type I hybrid design is used when there is insufficient clinical evidence to support implementation.
It examines the effectiveness of evidence-based innovation implementation, collects implementation
information, focuses on the effectiveness of the intervention, and explores its feasibility.

Type Il hybrid design balances efficiency and results, simultaneously assessing the effects of
evidence-based innovation implementation and implementation strategies. Unlike Type I, Type Il
hybrid design requires feasible implementation plans. It is used when the intervention has been proven
effective in other settings or populations but has not been confirmed effective in the current trial
context or population.

Type 111 hybrid design, building upon Type I, observes and collects additional information during
the trial. For example, the Vaughn team used a Type 111 hybrid design to compare the effectiveness
of basic and enhanced applications of "children’s nutrition and physical activity self-assessment" [22].
Hybrid designs can answer gquestions in implementation science regarding whether outcomes can be
reasonably attributed to the intervention without being influenced by other factors and how
interventions can be implemented in the future.

4.1.2 Multiphase Optimization Strategy (MOST)

The Multiphase Optimization Strategy (MOST), based on engineering principles, systematically
develops and tests multi-component interventions, including screening, optimization, and testing
phases [23]. It is suitable for multi-factor, multi-domain complex behavioral intervention research.
Applying MOST in implementation science can optimize evidence-based practice.

4.1.3 Sequential Multiple Assignment Randomized Trial (SMART)

SMART is a multi-stage randomized trial design suitable for comparing adaptive interventions. In
this type of study, each stage randomly assigns all study subjects to intervention or control groups.
After multiple assignments, study subjects receive multiple intervention measures randomly.
Subsequently, the trial assesses subjects’ trial outcomes at each stage to determine the optimal
intervention strategy [24]. This design thoroughly analyzes intervention strategies and ensures that
the implementation and outcomes of interventions effectively address the question of whether
interventions change among beneficiaries during implementation. Compared to MOST, SMART can
determine the optimal intervention strategy, and researchers can calculate minimum sample sizes and
conduct statistical analyses using software, greatly reducing the workload of the study.
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Figure 1: Sequential Multiple Assignment Randomized Trial

4.1.4 Stepped-Wedge Design (SWD)

The Stepped-Wedge Design (SWD) is suitable for cluster randomized trials where the benefits of the
intervention outweigh the disadvantages [25]. In this research process, groups are first randomly
assigned numbers, and the intervention process is then divided into different stages in chronological
order. Interventions are implemented sequentially based on group numbers, with groups that have
received interventions continuing to receive them, while groups waiting for interventions remain
unexposed until all groups have received interventions.

This design can address the question in research of whether outcomes can be reasonably attributed
to the intervention without being influenced by other factors. The ideal stepped-wedge design

involves observing study subjects for an extended period after receiving interventions for longitudinal
comparisons.

4.2 Quasi-Experimental Studies

When it is not feasible to conduct a randomized controlled trial (RCT) or there are ethical issues
surrounding RCT implementation, quasi-experimental studies can be considered. Although quasi-
experimental studies have less statistical power for hypothesis testing compared to RCTSs, they do not
require random allocation and are generally easier to execute [25].

4.2.1 Interrupted Time Series Design (ITS)

Interrupted Time Series (ITS) is a quasi-experimental research approach with strong testing
capabilities, often used in public health to validate the effects of interventions [26]. ITS involves
collecting data at multiple time points before and after the introduction of an intervention or exposure
to assess its effects. ITS designs leverage longitudinal data to intuitively compare the effects of an
intervention, addressing the question in implementation science of whether outcomes can be
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reasonably attributed to the intervention without being influenced by other factors. ITS designs
repeatedly collect data at intervention time points, reducing the possibility of the intervention effect
being confounded by long-term trends.

4.2.2 Regression Discontinuity Design (RDD)

When an intervention has already been proven effective and there is no need for an RCT, Regression
Discontinuity Design (RDD) can be used for causal inference [26]. RDD leverages real-world
constraints to analyze causal effects near a threshold. It can answer questions in implementation
science such as "Under what conditions or contexts should interventions be implemented? What are
the current conditions influencing implementation?” Thistlethwaite and Campbell first proposed
RDD in 1960. In non-randomized trials, there may be unaccounted confounding factors. RDD can
help reduce the impact of confounding factors on outcomes. However, compared to RCTs, RDD
requires a larger sample size. Currently, research articles using RDD need further improvement in
research design and reporting standards.

4.2.3 Difference-in-Difference (DID)

Difference-in-Difference (DID) is a widely used method in econometrics research that emphasizes
comparing control and intervention groups, commonly employed for evaluating the effects of public
policies or project implementations. In recent years, DID has gained popularity among researchers.
DID is typically applied in policy impact evaluation studies, such as assessing the effects of policies
like "Beijing-Tianjin-Hebei Coordination™ and "High-Speed Rail Opening™ [27].

We generally refer to experiments that naturally change the environment as natural experiments.
DID is a mature analytical method for conducting policy research, and its principles are similar to
those of natural experiments. It treats the implementation of a policy as a natural experiment and
compares the results of a group unaffected by the policy (control group) with those affected by the
policy (experimental group), examining the net impact of policy implementation [28].

In using DID for policy impact evaluation, sample data must meet three assumptions: the linearity
assumption, the individual treatment stability assumption, and the parallel trend assumption. The first
two assumptions are generally satisfied and do not require separate verification, with the focus
primarily on verifying the third assumption.

Assumption 1 — Linearity Assumption: The potential outcome variable is linear with respect to
both the treatment variable and the time variable.

Assumption 2 — Individual Treatment Stability Assumption: The policy intervention affects only
the experimental group and does not interact with the control group.

Assumption 3 — Parallel Trend Assumption (most important): Before the policy intervention, the
outcome trends for both the experimental and control groups should be the same (parallel trends).

Parallel trend tests can be performed using various methods, including t-tests, tests for the
significance of interaction terms, F-tests, and graphical methods.

DID's model and principles are relatively easy to understand and apply compared to other methods.
Moreover, it can largely avoid endogeneity problems, effectively controlling for the mutual influence
between the dependent and independent variables. These two factors have led to the widespread
application of DID in recent years. However, DID also has its limitations. For example, it is mainly
suitable for panel data; if only cross-sectional data is available, it is not suitable for this method.
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Additionally, in practical research, it may be challenging to find an appropriate control group for
comparison, which could lead to less rigorous research. Therefore, researchers should pay attention
to the assumptions required for the use of DID in practical research. If DID is not suitable, alternative
methods such as PSM-DID and synthetic control methods can be considered [29].

5. Implementation Strategies

In implementation science, implementation strategies are defined as methods or techniques used to
enhance the adoption, implementation, sustainability, and dissemination (or spread) of innovations
[30-32]. For example, in the context of implementing clinical interventions for chronic disease self-
management based on electronic health, implementation strategies may include "providing education
and training for healthcare professionals.” Through this implementation strategy, healthcare
professionals can gain an understanding of the benefits of self-management clinical interventions and
become more proactive in implementing them through electronic health.

Leeman et al. [33] primarily categorize implementation strategies into five types:

1. Dissemination Strategies: These strategies focus on the knowledge, awareness, attitudes, and
intentions of research members and stakeholders regarding the adoption of innovations. They involve
creating key information and materials and sharing them with relevant audiences.

2. Process Implementation Strategies: These strategies involve planning and implementing an
innovation at different stages of implementation. Improvements are made in these strategies by
assessing the environment, involving key stakeholders, and monitoring the implementation process.

3. Integration Strategies: These strategies aim to integrate a specific innovation into a particular
environment. For example, if members need to introduce a new technology, their roles and
responsibilities may need to change and be updated. For instance, in the implementation study of
electronic health interventions for chronic kidney disease self-management, healthcare professionals
may need to shift from their previous roles as caregivers and educators to include responsibilities
related to maintaining and managing patient electronic medical record data.

4. Capacity Building Strategies: These strategies aim to enhance the motivation and capabilities
of the audience to participate in the implementation. They involve providing targeted skills training,
knowledge dissemination, seminars, and similar activities.

5. Scale-Up Strategies: These strategies focus on enhancing the ability to smoothly implement and
scale an innovation in various scenarios. For example, to promote the scale-up of electronic health
interventions, training related to the intervention program and the establishment of electronic health
infrastructure, such as self-management information systems, may be required.

Powell et al. [34-35] have established 73 implementation strategies, forming the Expert
Recommendations for Implementing Change (ERIC). ERIC employs expert consensus to create a
clear classification table of implementation strategies. The 73 implementation strategies are
categorized into nine thematic groups [34-35]. Table 1 presents examples of implementation
strategies from each of the nine thematic groups along with their specific definitions.
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Table 1 Examples and Definitions of Implementation Strategies in the Nine Thematic Groups of

ERIC

ERIC
Implementation
Strategy Themes

Examples

Definitions

1. Using Evaluative
and Iterative

Assess readiness
for innovation
implementation,

Assess various aspects of an organization to
determine readiness for innovation implementation,
identify barriers that may hinder implementation, and

Strategies identify barriers recognize strengths that can be leveraged during
and facilitators implementation
Collect and summarize clinical performance data
Audit and provide | over specific periods and provide this information to
feedback clinicians and managers for monitoring, assessment,
and modification of organizational behavior
2. Providing
Interactive Clinical Provide ongoing supervision focused on the
Assistance supervision innovation for clinical practitioners
Strategies
3. Tailoring and Identify ways t_o adapt clini.cal innovatigns to meet
Aligning to Promo.t(.a the needs of |mp_lementa}t|on and spe(:|f¥ which
adaptability elements of the innovation must be retained to

Context Strategies

maintain alignment with clinical practice

Tailored strategies

Modify implementation strategies to address barriers
identified during early data collection and leverage
facilitators

4. Developing Identify and Identify and cultivate individuals committed to
Relationships cultivate supporting, marketing, and driving the
Among champions implementation of innovations, overcoming
Stakeholders P indifference or resistance within the organization
Identify early Identify local early adopters who can share their
adopters experiences with innovation and serve as role models
- Hold meetings for different stakeholder groups (e.g.,
5. Training and Conduct . g . g . bs (.9
A ) providers, managers, other organizational
Educating educational i .
. stakeholders, community, patients/consumers, and
Stakeholders meetings

families) to inform them about the clinical innovation

6. Supporting

Revise professional

Shift and modify the roles of care providers and

Providers roles redesign the intervention accordingly
Intervene with
7. Engaging consumers to Collaborate with consumers to develop strategies that
Consumers increase uptake and | encourage engagement and address adherence issues

adherence
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Governments and other service payers issue requests
for innovation services, specify contracts to
encourage bidders to provide innovative clinical
services, and establish new funding criteria to make
providers more likely to offer innovative services
Modify record systems to better evaluate
implementation, record clinical outcomes, and
monitor the process of care delivery

These strategies represent various approaches that can be employed to facilitate the successful
implementation of innovations in healthcare and other fields.

Provide funding

8. Using Financial and contract
Strategies opportunities for

clinical innovations

9. Changing Change record
Infrastructure systems

6. Applications of Implementation Research

The focus of implementation research is to identify common implementation issues, understand
barriers and facilitators to knowledge translation, develop implementation strategies, and promote the
dissemination and sustainable development of interventions [3]. Theoretical models and frameworks
can assist researchers in understanding the process of evidence application, guiding the
implementation of evidence-based projects. This includes constructing theory-based intervention
strategies, selecting appropriate outcome indicators and measurement methods, and guiding the
process evaluation of evidence application. Currently, the fields of implementation research mainly
include health services, HIV prevention, school health, mental health, cancer control, violence
prevention, and rehabilitation, among others.

In 2016, Tavender et al. [36] conducted a search for implementation research in the field of critical
care, and the results indicated a continuous increase in relevant research. The research topics included
identifying the gap between research evidence and clinical practice, assessing the clinical
effectiveness of evidence-based interventions, and identifying barriers and facilitators during
implementation. When conducting implementation research, researchers should use theoretical
frameworks to guide change, employ more rigorous research design methods, and pay attention to
the identification and intervention of barriers. Moreover, researchers should provide detailed
descriptions of evidence-based interventions in their research findings. In 2017, Lourida et al. [37]
identified 88 implementation research studies in the field of elderly dementia care. Among them, 70
studies applied measures to facilitate the translation of research findings into clinical practice. These
measures included increasing training and education for practitioners, enhancing stakeholder
engagement, increasing assessment and monitoring processes, and providing financial and material
support. Sixty-two studies explored barriers and facilitators in the process of implementation research.
Organizational-level barriers in long-term care facilities included restrictions on working hours and
workloads, while managerial support was identified as a facilitator. In 2017, Gwadz et al. utilized a
multi-stage optimization strategy to develop an efficient, scalable, and cost-effective intervention for
optimizing continuous care for vulnerable populations with HIV in the United States [17]. In 2017,
Meurer et al. used a multiple-arm, sequential, randomized trial to test treatment strategies for post-
stroke reperfusion and evaluated outcomes such as patients' quality of life and survival, leading to
improved treatment guidelines and increased probability of reperfusion after stroke. In 2017, Van
Den Heuvel's team applied a stepped-wedge design to test the impact of intranasal insulin on cognitive
development in children with Phelan-McDermid syndrome. In 2018, Jacobsen et al. proposed that
implementation research could facilitate the translation and application of cancer patient pain
assessment and management practices. The National Cancer Institute suggested integrating evidence-
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based guidelines related to cancer patient symptom management through implementation research to
provide decision support for cancer patients and clinical practitioners, promoting the translation of
research evidence into clinical practice. In 2020, Ndejjo's team implemented a cardiovascular disease
prevention program in a Ugandan community using a stepped-wedge cluster randomized trial to
identify barriers and facilitators to program implementation [27]. In 2020, Anderson conducted an
observational study using a regression discontinuity design to determine the effectiveness of influenza
vaccination in reducing hospitalization and mortality rates among the elderly, describing the relevant
background and conditions for the successful implementation of influenza vaccination in reducing
hospitalization and mortality rates among the elderly [31].

7. Conclusion

This study, starting from the perspective of research questions, systematically reviewed several
commonly used theoretical frameworks, methodologies, implementation strategies, and applications
in implementation science (1S). The aim is to support the development of IS in China and promote its
application in evidence-based medicine. Currently, IS is widely used abroad, but there is relatively
little related research in China. With the increasing research on knowledge translation in China's
medical and health field, implementation science plays a crucial role in evaluating the effectiveness
of knowledge translation. It is recommended that future research explore the applicability of IS in
China to facilitate the effective translation of more evidence into clinical practice.
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