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Abstract

Introduction: Learning health systems (LHSs) play a crucial role in improving

healthcare delivery and outcomes through continuous learning and data-driven

decision-making. Implementation of LHSs spans individual, organization, and

systemic levels of healthcare. This paper outlines a systematic approach for

developing a comprehensive codebook to identify barriers, enablers, and strategies

associated with the establishment and operation of LHS from a multilevel

perspective.

Methods: The codebook development process was divided into two phases and

employed a coding team. Phase 1 involved the synthesis of previous literature, which

drove the development of initial codes. Phase 2 included the testing of the codebook

with a pilot dataset to derive new codes or iterative refinement, ensuring robustness,

and validity.

Results: The literature search revealed 12 papers that detailed the barriers,

enablers, and strategies for LHS implementation. Micro-level codes were derived

from a mixture of existing literature and our pilot dataset. Most meso-level codes

barriers and enablers were derived from the literature, with some subcodes derived

from participant interviews. All strategies for implementation at the meso-level

were identified in the literature. At the macro-level, all codes and subcodes were

from the literature.

Conclusions: The codebook contributes to the advancement of implementation sci-

ence in LHS. The codebook facilitates effective analysis and understanding of the key

factors influencing the success of LHS implementation, offering practical insights for

policymakers, healthcare practitioners and researchers engaged in the ongoing evolu-

tion of LHS.
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1 | INTRODUCTION

Learning health systems (LHSs) offer a transformative approach to

healthcare by integrating data, research, and practice, to continuously

improve patient care and outcomes.1,2 LHSs require the engagement

and cooperation of healthcare professionals, researchers, and other

stakeholders. However, for many healthcare professionals and organi-

zations, implementation of LHSs is still relatively novel. Furthermore,

despite the growth in empirical use of LHSs over the past decade, high-

quality studies detailing implementation and evaluation are scarce.3

Several frameworks have been developed to optimize LHS imple-

mentation and evaluation.4–8 For example, McLachlan et al.7 devel-

oped a framework to analyze barriers, benefits, and facilitating factors

for LHS implementation. Their framework outlined overcoming bar-

riers that have the most impact and identifying benefits that will be

realized once the barriers are resolved.7 Menear et al.8 suggested

incorporating core values, pillars and accelerators, processes and out-

comes to foster learning and improvement. Foley and Vale's5 focused

on the design, development and evaluation of LHSs at various scales—

local, regional, national, and international.

LHS maturity models and grids, such as those developed by Lan-

non et al.9 and Rentes et al. (2022), provide structured approaches to

evaluating LHS development.9,10 These models typically assess matu-

rity across several domains and stages, offering a roadmap from basic

to advanced implementation. Lannon et al.9 maturity grid categorizes

LHS development across different dimensions, including governance,

data infrastructure, and continuous learning processes, allowing orga-

nizations to benchmark their current status and identify areas for

improvement.9 Rentes et al. (2022)10 maturity model evaluates LHS

maturity, based on criteria such as data integration, stakeholder

engagement, and adaptive learning capabilities. It provides a detailed

roadmap for LHS development and encourages continuous assess-

ment and improvement.10 While these models offer high level

assessments, they lack granularity in understanding factors influencing

LHS implementation at different levels.

Evaluation of LHSs is necessary for continuous system improve-

ment and collaboration within the healthcare system. However, opti-

mal methods for successful implementation and comprehensive

evaluation are still not well understood.11 A review found that 30.2

per cent of LHS studies considered barriers and enablers, but there

was limited evidence on strategies to overcome identified barriers.3

To address this, it is recommended that LHS studies utilize an evalua-

tion framework focusing on barriers, enablers, and strategies.3,12,13

A comprehensive codebook that integrates qualitative implemen-

tation research is essential for understanding LHS implementation.

The Consolidated Framework for Implementation Research (CFIR)

identifies factors influencing implementation outcomes across five

domains: intervention characteristics, outer setting, inner setting,

characteristics of individuals, and process.14 Our proposed codebook

for LHSs shares features with CFIR but introduces unique elements,

offering an ecological systems perspective (EST)15 to healthcare. In

line with EST and population health approaches, LHSs are thought to

be multilevel in nature,8 with learning components spanning individual

(micro), team and organizational (meso), and whole system (macro)

levels.16 Existing LHS implementation frameworks often fall short in

distinguishing the barriers, enablers, and strategies across these levels,

overlooking critical aspects like organizational assessments or individual

competencies.8,17 A codebook offers a structured approach with

defined codes, definitions, and examples, serving as a quality assurance

tool.18,19 However, detailed reporting of codebook development and

use in LHS studies is often lacking, limiting replicability, and robustness.

This paper presents a comprehensive methodology for developing

a codebook to evaluate qualitative data on LHS implementation bar-

riers, enablers, and strategies at micro-, meso-, and macro-levels.

Future researchers can use this codebook to evaluate LHS implemen-

tations in various contexts, unifying parts of the LHS literature and

bridging gaps in understanding LHS implementation.

2 | RESEARCH QUESTIONS

At the individual (micro), organizational (meso), and policy (macro)

levels of healthcare systems:

1. What are the types of barriers to implementation of a learning

health system?

2. What are the types of enablers to implementation of a learning

health system?

3. What types of strategies can be employed to overcome the bar-

riers to implementation of a learning health system?

3 | METHODOLOGY

The codebook development process involved the creation of a structured

document that outlined the codes, subcodes, and definitions for barriers,

enablers, and strategies related to LHS implementation. These are pre-

sented at the micro-, meso-, and macro-levels of healthcare systems. The

codebook built upon previously established frameworks5,20 and theories

of implementation science using a semi-inductive approach. The process

of the development of the codebook was iterative comprising two major

phases dedicated to initial creation and subsequent refinement, respec-

tively.21 During the first phase, a deductive approach was employed

involving the synthesis of existing literature, which drove the develop-

ment of the initial codes. In the second phase, codes were refined using

qualitative data from interviews (inductive codes) with five healthcare

professionals enrolled in an LHS Academy fellowship program to develop

LHS skills in Australian clinicians.22 This approach enabled methodological

flexibility, helped to address different narrative perspectives, and summa-

rized the findings into single codes.23

3.1 | Phase 1: Synthesis of previous literature

Phase 1 of the codebook development was deductive with the crea-

tion of a preliminary codebook based on the research questions and
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literature review.24 Figure 1 details the steps undertaken. To ensure a

comprehensive synthesis of the relevant literature all peer reviewed,

English language citations on the databases Scopus, Google scholar,

and Ovid Medline were searched until we reached a level of satura-

tion that was deemed acceptable for the purpose of constructing the

codebook. This approach allowed us to capture a broad and relevant

range of studies without adhering to the formal protocols of a system-

atic review. A range of years was not specified to ensure a compre-

hensive capture of relevant literature since the inception of LHSs.

Search terms comprised variations of the base “learning health* sys-

tem*” and closely related synonyms, combined with terms such as

implementation, evaluation, barriers, enablers, and strategies (see

Figure S1: Decision-making tree).

The titles and abstracts of the articles were screened along with

the methods and background sections to determine their relevance to

our research questions. We specifically looked for studies that identi-

fied barriers, enablers, and strategies for implementing LHS at the

individual (micro), organizational (meso), and policy (macro) levels. All

definitions and approaches of LHS, such as healthcare delivery organi-

zations, national networks, and large databases were included. Studies

that did not focus on LHS evaluation or implementation, those

focused only on the advantages or disadvantages of LHS frameworks,

or LHS studies that focused solely on the recommendations for imple-

mentation in a specific health institution only, were excluded.

Twelve articles satisfied the criteria for subsequent assessment

(Table 1). These articles were thoroughly analyzed to identify existing

knowledge describing barriers, enablers, and strategies to implement-

ing an LHS. This approach ensured that our literature review was

comprehensive and that the selected articles were relevant to our

research objectives.

3.2 | Codebook version 1

Publications that satisfied the inclusion and exclusion criteria were

reviewed, key concepts and definitions were identified, and relevant

themes and categories were extracted. A coding team consisting of

four members was established to ensure inter-coder agreement

through coding exercises and discussions. The team were supported

by numerous strategies including explanation of the purpose of the

F IGURE 1 Phase 1—Synthesis of previous literature. LHS, Learning health system.
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study and explanation of the rationale behind the methods for devel-

opment of the codebook.29 The entire coding team independently

reviewed and qualitatively analyzed each of the 12 publications and

extracted relevant information. The team followed a consensus pro-

cess, meeting regularly to discuss their findings. Any discrepancies in

the analysis were discussed and resolved collaboratively.21

Analysis of the evidence was carried out with the use of a litera-

ture matrix created in Microsoft Excel. The matrix included the

study design, aims, and purposes, together with barriers, enablers,

strategies, and study methods. Keywords, such as “barriers” and

“enablers” together with their synonyms, were extracted from the

selected publications. Potential codes and definitions comprised

summative labels related to the barriers, enablers, and strategies to

any individual, organizational, or policy level for implementing learn-

ing health systems.19 The coding team aimed to develop code labels

that were conceptually meaningful, clear, and concise.30 Codes were

arranged into a hierarchical structure of codes and subcodes. Codes

were the overarching themes, with subcodes assigned to add detail

to the primary code.29 Definitions and descriptions for each code or

subcode and examples of when to apply each code were included in

the first draft of the codebook.

3.3 | Phase 2: Rationale

Phase 2 was designed to refine the initial coding scheme developed

from the literature review by testing and modifying it against real-

world data obtained from interviews with health professionals. While

the literature provides a foundational understanding of the barriers,

enablers, and strategies for implementing learning health systems

(LHS), these interviews are crucial for ensuring the codebook reflects

the practical realities and challenges faced by those directly involved

in the field. This process allowed for the identification of context-

specific factors and ensured the codebook's applicability and rele-

vance in practice. Despite the small sample size, the iterative refine-

ment through direct engagement with the data ensured it was robust,

comprehensive, and aligned with the current state of knowledge in

the implementation of LHSs. It can be used to assess qualitative data

TABLE 1 Table of included articles that met the search criteria.

Author
and year Journal/sources Title of paper

Type of
research

Country

study
conducted

Allen

et al.25
Learning Health Systems 5(4): e10258. A roadmap to operationalize and evaluate impact in

a learning health system.

Narrative

review

United

Kingdom

Easterling

et al.26
Learn Health Systems 6(2): e10287. Clarifying the concept of a learning health system

for healthcare delivery organizations: Implications

from a qualitative analysis of the scientific literature.

Qualitative

literature

review

USA

Ellis et al.3 JMIR medical informatics 10(2): e34907. The science of learning health systems: scoping

review of empirical research.

Scoping review Australia

Enticott

et al.27
BMC Health Services Research 21: 1–16. Learning health systems using data to drive

healthcare improvement and impact: a systematic

review.

Systematic

review

Australia

Foley and

Vale5
Learning Health Systems 7(1). A framework for understanding, designing,

developing, and evaluating learning health systems.

Framework

development

United

Kingdom

Hardie

et al.

(2022)34

The Health Foundation, UK Developing Learning Health Systems in the, UK:

Priorities for Action.

Report (based

on literature

and interviews)

United

Kingdom

Lindsell

et al.28
Academic Medicine 96(9): 1291–1299. Learning from what we do, and doing what we

learn: a learning health care system in action.

LHS Platform

model

USA

McDonald

et al.17
BMJ open 12(8): e061124. Identifying requisite learning health system

competencies: a scoping review.

Scoping review USA

McLachlan

et al.7
Learning Health Systems 3(4): e10189. A framework for analyzing learning health systems:

Are we removing the most impactful barriers?

Framework

development

United

Kingdom

Nash et al.

(2023)35
Learning Health Systems 7(1): e10321. The Alliance for Healthier Communities' journey to

a learning health system in primary care.

Qualitative

descriptive

study

Canada

Steels et al.

(2021)36
Learning Health Systems 5(2): e10224. Implementation of a “real-world” learning health

system: Results from the evaluation of the

Connected Health Cities program.

Qualitative

evaluation

United

Kingdom

Zurynski

et al.20
Australian Institute of Health Innovation and

the NHMRC Partnership Centre for Health

System Sustainability, Macquarie University

Mapping the learning health system: A scoping

review of current evidence. A White Paper

Scoping review Australia
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in the evaluation of LHS implementation from a multilevel perspec-

tive. The development of a codebook is iterative allowing changes and

updates as new information becomes available.

3.4 | Methods for data familiarization

Phase two of the process involved reviewing and revising the codes

that were generated from the LHS implementation and evaluation

research.30 The initial draft of the codebook 1 was transferred into

NVivo™ version 1.7.1. for pilot testing. Pilot testing of the codebook

was conducted on a dataset of five entry interviews with health pro-

fessionals enrolled in a fellowship program to develop LHS skills in

Australian clinicians.22 Interviews were transcribed using Otter.ai™

and validated by human coders. The approach to this phase of the

codebook development was inductive, with new codes coming from

the data itself or priori deductive codes being refined.18,19,21,30

During calibration, the coding team immersed themselves in the

data by reading through transcripts to gain familiarity with the con-

tent. To ensure coding consistency and inter-coder agreement, two

(40%) interview transcripts were analyzed by all four team members

as a team. The purpose was to train coders, reduce risk of bias, and

for data calibration. The remaining three interview transcripts were

coded individually by each of the four coders and then discussed, to

test the codebook's effectiveness and resolve any disagreements.

Dorr Goold et al.,21 report that this method of team coding is benefi-

cial as it brings varying skills and knowledge to the project to establish

content validity and test coder agreement. As new insights emerged

and the coding team gained a greater understanding of the data, the

codebook was regularly re-visited and modified, with new changes

and discrepancies to codes recorded in NVivo™. Refinement of the

codes involved deleting, merging, relabeling, and expanding codes,

with a continual focus on aligning them with the research questions

and conceptual framework, the literature, and the study data.29 One

member of the team was designated as the codebook editor, who

updated and revised the codebook in NVivo™ as required31 (see

Figure 2). In the transition from phase 1 to phase 2, an example of a

code that was modified included addressing barriers at the individual

level. Initially, distinct codes were used for various issues such as lack

of experience and knowledge, personality traits, and difficulties adapt-

ing to different working styles. In a later iteration, these codes were

consolidated under a broader category: “Insufficient skillset to under-

take LHS work.” This overarching code encompasses subcodes like

difficulties managing competing demands and lacking necessary

knowledge and experience.

4 | RESULTS

The literature search revealed 12 papers that detailed the barriers,

enablers, and strategies for LHS implementation (see Table 1). All

papers were published between 2019 and 2023. The studies were

mainly conducted in high-income countries, including the

United Kingdom (n = 5), United States of America (n = 3), Australia

(n = 3), and Canada (n = 1). Included papers employed a range of

research methods. Half of the papers were literature reviews, includ-

ing three scoping reviews,3,17,20 one qualitative literature review,26

one structured systematic review,27 and one narrative review.25 Two

studies outlined frameworks of LHS development,5,7 while one

described a LHS model.28

F IGURE 2 Codebook
methods phase II. LHS, Learning
health system.
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Tables 2–4 outline the codebook to characterize barriers,

enablers, and strategies for implementing learning health system pro-

jects from a multilevel perspective. At the macro-level, all the identi-

fied codes and subcodes were from the literature. At the meso-level,

most codes for barriers and enablers were from the literature, with

some subcodes derived from participant interviews. All strategies for

implementation at the meso-level were identified in the literature. At

the micro-level, codes and subcodes identified for barriers, enablers,

and strategies were obtained from a combination of the literature and

participant interviews.

Table 5 shows a summary of the codes at each level of the health-

care system, highlighting the various factors that enable, hinder, and

strategize the implementation of LHSs. The table categorizes these

factors across micro-, meso-, and macro-levels, providing a detailed

view of the different dimensions influencing LHSs. Investment of suf-

ficient resources and sustainable funding were found to be pivotal at

both the meso- and macro-levels, underscoring their significance in

the broader healthcare framework. Digital “readiness” emerged as a

consistent contributing factor across all levels, with digital infrastruc-

ture playing a crucial role at the meso- and macro-levels, while a profi-

cient digital skillset was essential at the micro-level. At the micro- and

meso-levels, the possession and cultivation of adequate skills to

undertake LHS work were identified as key contributing factors

to successful LHS implementation.

5 | DISCUSSION

This study described the development of a codebook for evaluating

LHS implementation emphasizing an ecological systems perspective.

Our novel framework has shared features with CFIR including evalua-

tion from a multilevel perspective, identification of barriers and

enablers to implementation, and implementation strategies.14 How-

ever, our framework is specifically designed to address the particular

challenges and enablers relevant to LHSs. The incorporation of Bron-

fenbrenner's EST provides a more nuanced understanding of the

interactions between different system levels and helps in identifying

how various contexts influence LHS implementation, offering a dee-

per analysis compared to CFIR's broader categories. Our framework

also enhances the evaluative capacity of maturity models by providing

detailed qualitative insights and context-specific strategies, contribut-

ing to a more nuanced and actionable understanding of LHS imple-

mentation. For example, at the developing stage of Lannon et al.

maturity grid,9 our framework can help pinpoint the precise micro-,

meso-, and macro-level barriers that need to be addressed. Our code-

book also includes strategies for overcoming barriers, which can be

used to inform the action plans developed from maturity model

assessments.

Micro-level codes were derived from a mixture of our pilot data-

set (interviews of clinicians implementing LHS projects) and existing

literature. By contrast, meso-level codes mostly originated from the

literature. The pilot dataset revealed additional codes beyond those

found in the literature, indicating the need for further research to

identify and characterize barriers, enablers, and strategies for LHS

implementation at the micro-level. Most evaluations exploring the

barriers, enablers, and strategies for implementation of LHS did not

distinguish between different levels of the healthcare system.17

Therefore, extracting this information from the literature and catego-

rizing codes according to the level of healthcare required interpreta-

tion. Frequently, a single code was applicable across multiple levels.

The micro-level has the fewest codes and subcodes, possibly because

many studies did not consider individual contributing factors. The LHS

interviews used in the study were conducted at the start of the fel-

lowship year. Conducting interviews later in the fellowship year might

reveal more codes as individuals reflect on how their attributes, mind-

set, and skill set contributed to their project's development and imple-

mentation. The meso-level had the greatest number of subcodes,

possibly reflecting that more of the current literature focuses on LHS

implementation at the organizational level. Alternatively, this could

suggest that most barriers and enablers to LHS implementation are at

the organizational level.

Macro-level codes were distinct, reflecting large-scale regulatory,

governance, or policy changes required for LHS implementation. Smal-

ler scale contributing factors (subcodes) at the macro-level may not

yet have been researched or evaluated. More barriers than enablers

to implementation were identified at the micro- and meso-levels, pos-

sibly due to a lack of relevant evidence on strategies to overcome

these barriers.3 Developing an understanding of the multilevel barriers

that influence the establishment and effectiveness of LHSs, whilst

leveraging the enablers to overcome challenges, could inform the suc-

cessful development and operation of an LHS. This approach aims to

create a healthcare system that continuously learns and improves

patient care.3,32,33

The creation of a standardized, ecologically informed codebook

for LHS implementation research is not only beneficial but also essen-

tial for advancing the field, ensuring theory-driven, comprehensive,

systematic, and replicable research practices that address the com-

plexity of LHS implementation at all system levels. The codebook

could provide researchers with an empirically grounded analytic tool

for future studies of factors affecting the implementation of an LHS.

It can be used as an easy reference means to guide further explora-

tion, improve the potential for inter-coder agreement, and ensure

accurate analysis of qualitative data in the evaluation of LHSs. By

following a structured approach that includes a literature review,

qualitative analysis, and iterative refinement, researchers and practi-

tioners can optimize their comprehension of the factors influencing

LHS implementation.

5.1 | Strengths and limitations

There were several strengths in the methods used to develop the

codebook that contributed to the value of the results. The initial liter-

ature review ensured that the initial codes were informed by existing

knowledge, providing a theoretical grounding for the key barriers,

enablers, and strategies for LHS implementation. Grounding the
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codebook in existing literature and analysis by a coding team

enhanced its validity and inter-coder agreement. The team approach

included training and familiarization with the data. The use of

pilot test data from interviews with current healthcare professionals

undertaking an LHS fellowship allowed for ongoing refinement and

adaptation of the codebook as new insights emerged. The diversity of

health professionals of fellowship participants increased the generaliz-

ability of the results across various Australian healthcare settings.

TABLE 5 Codes at each level of the healthcare system.

Contributing factors

Level of healthcare system

Micro
(individual)

Meso
(organizational)

Macro
(policy)

Enablers

Skillset to undertake LHS work x

Mindset x

Personal attributes x

Suitable digital and technology infrastructure x x

Organizational culture x

Patient-centered care x

Investment of sufficient resources/sustainable funding x x

National or regional initiatives x

Collaborative networks x

Public awareness and support x

Barriers

Insufficient skillset to undertake LHS work x x

Non-adaptive mindset x

Personal attributes: areas for growth x

Appropriate digital and technology infrastructure x x

Cultural and organizational challenges x

Patient-centered care x

Funding limitations/resource constraints x x

Regulatory, governance, and policy restrictions x

Lack of standardization x

Diverse stakeholder interests x

Political pressures x

Strategies

Implement structured patient engagement processes x

Cultivate mindsets and skills important to LHS x

Seek appropriate support as required x

Protect time available to work on LHS activities x

Develop skillset for LHS work x

Improve digital and technology infrastructure x

Supportive organizational culture with visible leadership x

Investment of sufficient resources/sustainable funding x x

Engagement in policy advocacy x

Facilitation of stakeholder collaboration x

Creation of public awareness campaigns x

Development of research and pilot programs x

Standards development x

Ensure continuous evaluation x

Abbreviation: LHS, Learning health system.
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However, the codebook needs testing in different settings

and with different populations, to assess its validity and reliability.

Notably, the studies incorporated into the framework were primarily

conducted in high-income countries. This limitation suggests the need

for targeted research in low- and middle-income countries (LMICs) to

understand how the coding scheme may or may not extend to LHS

evaluation in those contexts. Supporting work on LHS implementation

in LMICs could help determine the applicability of the current code-

book and potentially reveal additional barriers, enablers, and strategies

specific to these settings.

6 | CONCLUSION

This study described the development of a codebook for identifying

barriers, enablers, and strategies related to implementation of learning

health systems. Addressing a knowledge gap, the codebook provides

a structured approach for understanding the factors influencing LHS

implementation at micro-, meso-, and macro-levels of healthcare sys-

tems. By situating our framework in relation to CFIR, and LHS matu-

rity models and grids, we aim to demonstrate its complementary

nature and relevance, encouraging its adoption and iterative enhance-

ment by the research community. The codebook facilitates effective

analysis and understanding, providing practical insights for policy-

makers, healthcare practitioners, and researchers. Its iterative devel-

opment process ensures that the codebook will continue to evolve

based on new data and emerging research, contributing to the ongo-

ing improvement of healthcare systems and the realization of LHS

capabilities.
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