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Abstract

Objective Learning health systems (LHS) may improve healthcare access, innovation, coordination, continuity

and quality. To ensure implementation success, healthcare organizations must be able to assess their current readi-
ness to adopt an LHS approach; however, there is a paucity of LHS-specific readiness tools in the extant literature.
Thus, the overarching aim of this study was to map the depth and breadth of LHS literature to identify the domains
and items, alongside barriers, facilitators, implementation strategies and competencies relevant to include in an LHS
readiness tool.

Methods A scoping review informed by Arksey and O'Malley’s framework and updates proposed by Levac et al.

was employed. Scopus, MEDLINE, Embase, CINAHL, PsychINFO, Education Source and Business Source Complete were
searched from inception to May 2024. English or French publications that addressed the definitions, frameworks, com-
petencies, barriers and facilitators of an LHS were eligible.

Results The bibliographic database search and screening process yielded 90 articles, published between 2007

and 2024. A total of 72 articles defined LHS, with most emphasizing continuous learning cycles, evidence integra-
tion, infrastructure and stakeholder engagement. In addition, 56 articles presented 21 frameworks (educational, logic,
maturity, organizational, equity and implementation), and 50 described key domains, including the D2K-K2P-P2D
cycle, core values, and leadership, governance, and data infrastructure. Barriers to implementation included limited
resources, unsupportive culture, poor interoperability and ethical challenges, while facilitators were strong lead-
ership, shared purpose, robust partnerships and supportive policies. Identified competencies spanned research,
informatics, quality improvement, systems science, engagement and ethics, with educational strategies ranging
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from collaboratives and training programs to graduate curricula and peer learning. Readiness and maturity assess-
ments were discussed in 28 articles, but only a few operationalized these concepts. No specific LHS readiness assess-

ments were identified.

Conclusions Current readiness tools derived from quality-improvement contexts may be helpful but not sufficiently
specific for assessing healthcare organizations' readiness to implement an LHS approach. This review identified impor-
tant barriers, facilitators, and strategies related to the collective behaviour change required to implement an LHS
approach that should be considered in the future development of an LHS readiness assessment.

Keywords Learning health systems, Organizational readiness to change, Barriers and facilitators, Implementation,

Assessment

Background

In North America, specifically in Canada, an ageing
population faces increasingly complex chronic diseases
[1, 2]. Effective, adaptable healthcare transformation is
essential. Yet, research takes an average of 17 years for
just 14% of findings to reach practice [3-5], creating an
evidence-to-practice gap that undermines care quality,
patient experience and outcomes [6]. A promising solu-
tion is the learning health system (LHS) approach, which
leverages information technologies and health data to
generate and apply evidence in real time, while using
care delivery itself to drive innovation and transforma-
tion [7]. Introduced by the Institute of Medicine [now
National Academy of Medicine (NAM)] in 2007, the LHS
concept emphasizes continuous organizational learn-
ing across clinical, operational and research activities to
deliver high-value care [8, 9]. Through cyclical transitions
— from data to knowledge, knowledge to performance,
and performance back to data — LHSs strengthen knowl-
edge translation and advance the quintuple aim, with
improved patient care, population health, care experi-
ence, equity and cost-efficiency [10-12].

At its inception, the Institute of Medicine (IloM) identi-
fied 12 requirements for successful LHS implementation,
including adaptation to change, clinical decision support,
interoperable data systems, aligned incentives, public
engagement and leadership [9]. Building on this, Tril-
lium Health Partners’ Institute for Better Health devel-
oped the LHS Action Framework, which outlines key
accelerants (e.g. leadership, patient partners) and barriers
(e.g. privacy regulations, system capacity) that shape an
LHS’s ability to achieve the quintuple aim [13]. Despite
these roadmaps, few organizations have fully realized an
LHS. Systematic reviews identified only 31 unique LHSs
[14, 15] and 23 LHS environments, mostly in the United
States, raising questions about applicability in other
health system contexts.

Adoption challenges are multifaceted owing to
unclear evidence, inconsistent terminology and
uncertainty about whether LHSs are best pursued at
the organizational or network level [9, 14-17]. The

literature increasingly points towards learning health
networks, where interoperable, population-level data
support large-scale learning across sites and systems
[18]. However, local organizations must first assess
their readiness to implement and sustain such change
[8]. While there are many frameworks that can help
inform the implementation of novel programs or ini-
tiatives (e.g. the Consolidated Framework for Imple-
mentation Research) [19], we have opted to frame our
discussion drawing from Weiner’s (2009) theory of
organizational readiness for change, which is rooted
in psychological theories such as Bandura’s self-effi-
cacy and collective efficacy [20]. According to Weiner
(2009), organizational readiness refers to organization
members’ shared resolve to implement a change (i.e.
change commitment) and their shared belief in their
collective capacity to do so (i.e. change efficacy) [20].
Considering that an organization’s readiness for change
can determine whether an intervention is successfully
implemented by members of the organization, [21, 22]
it is a factor that should be assessed.

Some examples of successfully implemented LHS
approaches exist. Alberta Health Services (AHS) has
embedded an LHS approach across its system through
strategic clinical networks, which spread innova-
tions and enable value-based care [10, 23-25]. These
networks reflect core LHS principles — participatory
leadership, inclusiveness and transparency — and use
an innovation pipeline to design, test and scale new
practices [23]. Programs such as early supported dis-
charge, enhanced recovery after surgery and appropri-
ate antipsychotic use illustrate how an LHS can deliver
measurable benefits [23-25]. Still, little is known about
LHS use outside high-income, largely private systems
[10]. Measuring readiness is therefore essential. While
tools such as the Organizational Readiness to Change
Assessment (ORCA) [26] and Organizational Readiness
for Implementing Change (ORIC) [22] assess organi-
zational readiness for change, they are not tailored to
LHS implementation. Weiner recommends adapting
measures to the specific change under study [20], and
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systematic reviews suggest that broader readiness tools
must be context-specific to be effective [27].

Given the scope and complexity of LHS implementa-
tion, a tailored readiness assessment is needed. Devel-
oping such a tool requires clarifying the knowledge,
processes and resources (e.g. information systems)
required to support an LHS approach. The objec-
tive of this study was therefore to map the breadth
and depth of the LHS literature, with a focus on iden-
tifying potentially relevant domains (i.e. interrelated
attributes such as behaviours, attitudes or values) and
items (i.e. specific questions) for inclusion in an LHS
readiness assessment [28]. We also sought to identify
key barriers, facilitators, strategies and competencies
that should be considered. Ultimately, we anticipate
that these findings will inform a questionnaire to help
healthcare organizations self-assess their readiness
to implement an LHS and, in turn, improve practices,
patient outcomes and resource use.

Methods

We followed the first five steps outlined in Arksey and
O’Malley’s [29] framework for conducting scoping
reviews, and updates proposed by Levac et al. [30] and
Peters et al. [31, 32]. We followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) guide-
lines [33]. We did not publish a study protocol for this
review, but a previous report on this topic is available
on Open Science Framework (https://osf.io/fub36).

Step one: identify the research question(s)

For the purpose of this study, we define readiness as
organizational members’ change commitment and
change efficacy to implement organizational change
(i.e. in a state of being both psychologically and behav-
iourally prepared — willing and able — to take action)
[20]. We sought to answer the following research
questions:

(1) How are LHSs defined and characterized in the
extant literature?

(2) What are the barriers and facilitators that health
organizations may face when implementing an LHS
approach?

(3) What competencies are required by members
of health organizations working within an LHS
approach?

(4) What tools exist in the literature to help health
organizations assess their level of readiness to
implement an LHS approach?
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Step two: identify relevant publications and other
important information

Database searching

Four authors (C.G., A.T,, A.B,, and S.A.) met to define
the review scope, potential search terms and relevant
databases. Following this meeting, a search strategy was
developed by C.G. in MEDLINE in consultation with a
health sciences librarian (L.S.) and then it was adapted to
the other databases as appropriate (Appendix 1). The fol-
lowing databases were searched by C.G., in consultation
L.S.: MEDLINE (Ovid), Embase (Ovid), APA PsycINFO
(Ovid), Education Source (EBSCOHost), CINAHL
(EBSCOHost) and Business Source Complete (EBSCO-
Host). All databases were searched from 7 to 9 May 2024.
All references were exported into an Endnote file for
records management (n=960), and then Covidence for
deduplication and screening.

Step three: select studies and relevant information

We included all publications types, not just empirical
studies. Publications were eligible if they: (1) addressed
the concept of LHS; (2) addressed definitions, frame-
works and characteristics associated with an LHS; and (3)
were published in English or French between 2007 and
2024. Additionally, publications had to either: (4) present
any organizational or system level barriers, facilitators or
strategies associated with implementing an LHS; and/or
(5) present any tools or specific items measuring organi-
zational readiness to implement an LHS. Publications
that focused on the individual level were excluded.

Three reviewers (EM., Z.E. and C.G.) tested the inclu-
sion criteria on a 10% subset of titles and abstracts
(n="78) using Covidence. They met weekly to facilitate
calibration and to discuss any disagreements. Once the
screeners achieved 90% agreement, they independently
screened each article by title, abstract and full text. An
additional reviewer (S.A.) was available to discuss any
disagreements.

Step four: charting the data

C.G. and S.A. developed a data extraction form that
was reviewed by the research team. We extracted study
characteristics (i.e. bibliometric data) and LHS defini-
tions; theories, models or frameworks; barriers and
facilitators to LHS approach implementation; and tool
names, domains and items used to evaluate organiza-
tional readiness. Specifically, we extracted any domains
or items included in existing LHS readiness or maturity
assessments that may help to inform the content of this
new measure. Four reviewers (C.G., Z.E., N.G. and FEM.)
independently pilot-tested the extraction form on 5% of
articles (n=5). On the basis of this pilot, the extraction
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form was modified and tested on a further two articles.
Conflicts were resolved through discussion. Once they
reached 90% agreement, they divided the remaining arti-
cles equally among themselves for extraction.

Step five: collate, summarize and report the results

We conducted two types of analyses: (1) a bibliometric
analysis consisting of calculating descriptive statistics
using Microsoft Excel to describe year of publication,
location, study design and discipline; and (2) a conven-
tional content analysis of extractions [34] related to the
definitions, domains, barriers, facilitators, competencies,
implementation and educational strategies, and associ-
ated LHS readiness or maturity tools. Conventional con-
tent analyses use inductive coding approaches to describe
a phenomenon when existing theory or research is lim-
ited; researchers code inductively without a preconceived
code book, allowing codes and categories to flow from
the data [34]. Preliminary codes were then collapsed into
categories during a second cycle of coding; this was car-
ried out using a series of matrices and displays to facili-
tate data analysis and to explore relationships between
categories [35]. Consistent with standard practices in
scoping reviews [29, 30, 36], we did not conduct an
assessment of methodological quality of included articles
because of the heterogeneity of publication types and the
exploratory nature of this review.

Results

Bibliometric information

The bibliographic database search yielded 960 records,
leaving 775 citations after duplicates were removed.
Overall, 90 studies were eligible for inclusion after
screening by title, abstract and full text (Fig. 1 depicts the
PRISMA flow diagram). Table 1 presents an overview of
the characteristics of the included studies, notably their
country of origin, publication year, discipline, study
design and study aim. Most included publications are
commentaries or experience reports (n=>53; 59%) within
the realm of health services research (n=63; 70%), origi-
nating in the United States of America (n=60; 67%), and
published in 2022 (n=25; 28%).

Narrative findings

Defining and conceptualizing learning health systems
(research question 1)

In total, 72 articles defined the term learning health sys-
tem. Overall, 43 author teams used the definition pro-
vided by, or cited alignment with, the NAM/IoM [18,
37-78]. This definition states that an LHS is a system in
which science, informatics, incentives and culture are
aligned for continuous improvement and innovation —
with best practices and discovery seamlessly embedded
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in the delivery process and new knowledge generated
as an integral byproduct of the delivery experience [9].
Two articles cited the definition of LHS put forth by the
Agency for Healthcare Research and Quality (AHRQ),
which states that an LHS is a system in which internal
data and experience are systematically integrated with
external evidence, and that knowledge is seamlessly
put into practice [79, 80]. Four articles cited definitions
of LHS put forth by Friedman and colleagues [41, 61,
81, 82], which indicates that an LHS approach involves
learning cycles where data are generated in usual care
settings, and knowledge is rapidly generated from these
data and then widely used, refined and scaled to advance
policy and practice [12]. Three articles defined LHS in
alignment with Menear and colleagues [41, 64, 80], indi-
cating that an LHS provides a framework for organizing
people and resources to address common challenges and
support the rapid dissemination of findings to enable
decision-making [10].

Overall, the main components of the included defini-
tions were that an LHS approach: (1) continuously gener-
ates data, creates new evidence and applies this evidence
in practice using learning cycles [18, 37, 38, 40-45, 47—
56, 58-66, 68, 69, 71, 73-77, 79-103]; (2) has the overall
purpose of driving improvement in healthcare [18, 37,
38, 40-42, 44, 45, 47-49, 52, 55—-63, 66, 68, 69, 71-74, 76,
78, 80-83, 89, 90, 92-97, 100-102, 104—107]; (3) aligns
science, informatics, incentives and culture [17, 37, 42,
44-48, 51, 54, 55, 57, 59, 66, 68, 69, 71, 73, 74, 78, 83, 92,
102]; (4) provides technical infrastructure [40, 42, 51, 52,
57, 66, 75, 82, 84, 88, 94, 95, 97, 98, 104, 108-110]; and
(5) promotes collaborative and active engagement [18,
37, 40, 45, 47, 48, 52-54, 56, 57, 59, 60, 62, 64, 72, 73, 76,
87, 90, 93, 95, 103, 105, 106, 108, 110]. Additionally, five
publications identified the reduction of costs as a pri-
mary feature of an LHS approach [47, 61, 75, 80, 87], five
articles indicated that an LHS approach could guide pol-
icy- and decision-making [49, 64, 84, 88, 99], and three
publications described LHS’ impact on health equity [37,
41, 95].

Frameworks: In total, 56 articles presented 21 unique
LHS frameworks. Table 2 presents an overview of all
included LHS frameworks.

Domains: In total, 50 articles presented domains asso-
ciated with an LHS approach. Eight described the data
to knowledge (D2K), knowledge to performance (K2P)
and performance back to data (P2D) cycle as being key
LHS domains [4, 49, 60, 74, 81, 82, 85, 88]. Additionally,
six articles presented subdomains related to this D2K-
K2P-P2D cycle, notably, actions such as assembling data,
analysing data, integrating external evidence, interpreting
results, designing an intervention, taking action, forming
a learning community and capturing data about practice
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Fig. 1 PRISMA flow diagram

[60, 61, 69, 87, 104, 109]. Seven articles presented core
values associated with an LHS approach. These core
values included: (1) person-focused care; (2) privacy;
(3) inclusiveness; (4) transparency; (5) accessibility; (6)
adaptability; (7) governance; (8) cooperative and par-
ticipatory leadership; (9) scientific integrity; (10) value;
(11) patient safety and experience; (12) performance on
externally reported measures; (13) interoperability and

Studies excluded (n = 64)
Not focused on LHS implementation (n = 35)
Review article (n = 8)
Does not define LHS (n = 5)
Unrelated to LHS (n = 5)
Does not present LHS tools or frameworks (n = 4)
Only abstract (n = 4)
Wrong language or dates (n = 2)
Focuses on individuals rather than systems (n = 1)

Included studies ongoing (n = 0)
Studies awaiting classification (n = 0)

adaptability; and (14) engagement and growth mind-
set [42, 47, 49-51, 56, 86]. Finally, 17 articles described
domains that aligned with the NAM/IoM LHS roadmap
to varying degrees. These domains included: (1) systems
of leadership; (2) governance and management; (3) qual-
ity improvement; (4) engagement and community build-
ing; (5) data, analytics, and research; (6) creating a data
infrastructure; (7) establishing a supportive culture of
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Author (year)

Country of origin Discipline

Publication type

Publication aim

Adler-Milstein (2019)

Ainsworth (2015)

Allen (2021)

Anderson (2021)

Austin (2021)

Azar (2022)

Bailes (2021)

Beck (2021)

Bindman (2019)

Blizinsky (2018)

Boes (2018)

Bradbury (2014)

Britto (2018)

Brooks (2017)

Cameron (2018)
Carr (2022)
Ciemins (2020)

Coley (2022)

Colldén (2022)
Daniel (2017)

Davis (2021)

Dushyanthen (2022)

United States

United Kingdom

United States

United States

United States

United States

Unites States

United States

United States

United States

Switzerland

United Kingdom

United States

United States

United States
United States
United States

United States

Sweden
France

United States

Australia

Health services research

Health services research

Health services research

Health services research

Health services research

Health services research

Health services research

Health services research

Health services research

Medicine

Health services research

Health services research

Health services research

Health services research

Health services research

Health services research

Health services research

Health professions education

Health services research

Health services research

Health services research

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Measure development

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Cross-sectional study

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Case study

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Case study
Qualitative research
Survey

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Quialitative research
Case study

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Health professions education Evaluation

Explore the technical components
needed for an LHS

Explore the technical components
needed for an LHS

Propose rules or best practices
for designing and implementing
LHS

Reflect on an organization or net-
work's LHS experience

Reflect on an organization or net-
work’s LHS experience

Use novel research methods or the-
ories to inform LHS development
and scale up

Implement and evaluate a novel
LHS in an organization

Reflect on an organization or net-
work’s LHS experience

Reflect on an organization or net-
work’s LHS experience

Develop or test a new LHS frame-
work

Reflect on an organization or net-
work’s LHS experience

Reflect on an organization or net-
work's LHS experience

Develop or test a new LHS frame-
work

Develop or test a new LHS frame-
work

Explore the technical components
needed for an LHS

Explore the technical components
needed for an LHS

Explore the potential of LHS

for capacity building

Develop or test a new LHS frame-
work

Explore facilitators and barriers
to implementing an LHS

Develop or test a new LHS frame-
work

Explore facilitators and barriers
to implementing an LHS

Implement and evaluate a novel
LHS in an organization
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Table 1 (continued)
Author (year) Country of origin Discipline Publication type Publication aim

Easterling (2024)

El-Kareh (2023)

Ethier (2018)

Feldman (2022)

Flynn (2018)

Foley (2017)

Foley (2023)

Franklin (2022)

Friedman (2022)

Fung-Kee-Fung (2018)

Gilmartin (2021)

Greenberg-Worisek (2021)

Grob (2022)
Groot (2022a)

Groot (2022b)

Harrison (2021)

Hartley (2021)

Heys (2023)

Johnston (2017)

Kass (2018)

Keck (2021)

United States

United States

Canada

United States

United States

United Kingdom

United Kingdom

United States

United States

Canada

United States

United States

United States
Canada

Canada

United States

United States

United Kingdom

United Kingdom

United States

United States

Health professions education

Health services research

Health services research

Health professions education

Health informatics

Health services research

Health services research

Health professions education

Health services research

Medicine

Medicine

Health professions education

Health services research
Medicine

Medicine

Health services research

Health services research

Medicine

Health services research

Health services research

Health services research

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Case study

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Case study

Qualitative research

Mixed methods

Mixed methods

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Case study

Survey

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Quialitative research
Evaluation

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Reflect on an organization or net-
work’s LHS experience

Develop or test a new LHS frame-
work

Implement and evaluate a novel
LHS in an organization

Explore the learning components
or competency requirements
of an LHS

Develop or test a new LHS frame-
work

Explore the role of LHS for qual-
ity improvement (Ql) activities
in an organization

Develop or test a new LHS frame-
work

Explore the learning components
or competency requirements
of an LHS

Explore the technical components
needed for an LHS

Investigate whether or how an LHS
could improve health outcomes
for specific health conditions

Use novel research methods or the-
ories to inform LHS development
and scale up

Develop or test an LHS readiness/
maturity measurement tool

Plan for patient engagement
inan LHS

Implement and evaluate a novel
LHS in an organization

Reflect on an organization or net-
work’s LHS experience

Develop or test a new LHS frame-
work

Reflect on an organization or net-
work’s LHS experience

Investigate whether or how an LHS
could improve health outcomes
for specific health conditions

Develop or test an LHS readiness/
maturity measurement tool

Discuss the ethical, legal or cultural
considerations of an LHS

Reflect on an organization or net-
work’s LHS experience
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Author (year)

Country of origin Discipline

Publication type

Publication aim

Keugoung (2021)

Kilbourne (2022)

Kohn (2022)

Koscielniak (2022)

Krapohl (2020)

Lannon (2021)

Lehmann (2018)

Levin (2023)

Lozano (2022)

Masica (2022)

Matsumoto (2021)

McCreary (2022)

Morain (2017)

Myers (2018)

Naimoli (2018)

Nash (2023)

Noseworthy (2021)

Okun (2017)

Ong (2022)

Parsons (2021)

Pestka (2022)

Benin and Guinea

United States

United States

United States

United States

United States

United States

Canada

United States

United States

Japan

United States

United States

United States

United States

Canada

Canada

United States

United States

United States

United States

Health services research

Health services research

Health services research

Rehabilitation

Health services research

Health services research

Health services research

Health services research

Health professions education

Health professions education

Medicine

Health services research

Medicine

Health services research

Health services research

Health services research

Health services research

Health services research

Medicine

Health services research

Medicine

Qualitative research

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)
Measure development

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Retrospective chart review

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)
Qualitative research

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)
Quialitative research

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)
Qualitative research

Reflect on an organization or net-
work’s LHS experience

Explore the learning components
or competency requirements
of an LHS

Explore the technical components
needed for an LHS

Investigate whether or how an LHS
could improve health outcomes
for specific health conditions

Reflect on an organization or net-
work’s LHS experience

Develop or test an LHS readiness/
maturity measurement tool

Propose rules or best practices
for designing and implementing
LHS

Implement and evaluate a novel
LHS in an organization

Explore the potential of LHS
for capacity building

Develop or test a new LHS frame-
work

Investigate whether or how an LHS
could improve health outcomes
for specific health conditions

Investigate whether or how an LHS
could improve health outcomes
for specific health conditions

Explore facilitators and barriers
to implementing an LHS

Develop or test a new LHS frame-
work

Explore the role of LHS for building
resilience in LMICs

Reflect on an organization or net-
work’s LHS experience

Explore the technical components
needed for an LHS

Implement and evaluate a novel
LHS in an organization

Develop or test an LHS readiness/
maturity measurement tool

Propose rules or best practices
for designing and implementing
LHS

Use novel research methods or the-
ories to inform LHS development
and scale up
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Table 1 (continued)
Author (year) Country of origin Discipline Publication type Publication aim
Platt (2018) United States Health services research Text and opinion (e.g. commen-  Discuss the ethical, legal or cultural
taries, perspectives, experience considerations of an LHS
reports)
Porcaro (2022) United States Health services research Text and opinion (e.g. commen-  Reflect on an organization or net-

Potts (2017)

Pronovost (2017)

Ramaswamy (2022)

Reid (2022)

Resnik (2022)

Rubin (2018)

Schleyer (2021)
Scobie (2020)

Seid (2020)

Seid (2021a)

Seid (2021b)

Sheikh (2020)

Soejima (2021)

Steele Gray (2018)
Steels (2021)

Stensland (2022)

Sunderland (2018)
Teichert (2024)

Thygeson (2021)

United States

United States

United States

Canada

United States

United States

United States
United Kingdom

United States

United States

United States

United Kingdom

Japan

Canada
United Kingdom

United States

Australia
Netherlands

United States

Health services research

Health services research

Health services research

Health services research

Rehabilitation

Health services research

Health services research

Health services research

Health services research

Health services research

Health services research

Health services research

Health services research

Health services research

Health services research

Health services research

Health professions education

Pharmacy

Health services research

taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)
Needs assessment

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)
Case study

Policy analysis

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)

Text and opinion (e.g. commen-
taries, perspectives, experience

reports)
Case study

Qualitative research

Quialitative research

Case study
Case study

Case study

work's LHS experience

Explore the learning components
or competency requirements
of an LHS

Reflect on an organization or net-
work’s LHS experience

Explore the potential of LHS
for capacity building

Explore facilitators and barriers
to implementing an LHS

Explore the learning components
or competency requirements
of an LHS

Propose rules or best practices
for designing and implementing
LHS

Reflect on an organization or net-
work's LHS experience

Explore facilitators and barriers
to implementing an LHS

Use novel research methods or the-
ories to inform LHS development
and scale up

Use novel research methods or the-
ories to inform LHS development
and scale up

Propose rules or best practices
for designing and implementing
LHS

Propose rules or best practices
for designing and implementing
LHS

Reflect on an organization or net-
work’s LHS experience

Explore facilitators and barriers
to implementing an LHS

Explore facilitators and barriers
to implementing an LHS

Use novel research methods or the-
ories to inform LHS development
and scale up

Explore the potential of LHS

for capacity building

Develop or test an LHS readiness/
maturity measurement tool

Use novel research methods or the-
ories to inform LHS development
and scale up
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Table 1 (continued)
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Author (year) Country of origin Discipline

Publication type Publication aim

Varnell (2023) United States Medicine

Vinson (2021) United States Social Science

Wood (2021) Canada Health professions education
Wu (2019) Taiwan Health services research
Yang (2019) Taiwan Medicine

Investigate whether or how an LHS
could improve health outcomes
for specific health conditions

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Discuss the ethical, legal or cultural
considerations of an LHS

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Explore the learning components
or competency requirements
of an LHS

Reflect on an organization or net-
work’s LHS experience

Text and opinion (e.g. commen-
taries, perspectives, experience
reports)

Implementation study Reflect on an organization or net-

work’s LHS experience

Table 2 LHS frameworks

Framework type

References

Educational frameworks:

- Friedman learning cycle

- 3-M framework for building learning organizations
- Knowledge grid framework

Maturity models:
- International Family Maturity Matrix

Logic models:

- LHS Logic Model

- Cystic Fibrosis Learning Organization Logic Model
- Kaiser Permanente Washington Logic Model

Equity frameworks:

- PETAL framework

- Patient/family microsystem framework

- Socially accountable health professions education LHS framework

LHS classification frameworks
- Types of LHS
- Definitions of LHS

National Academy of Medicine LHS-inspired frameworks
Project-specific LHS flow diagrams

Implementation frameworks

- Pragmatic framework for LHS

- Quality enhancement research initiative programs framework
- Knowledge to action framework

Organizational frameworks

- Actor-oriented architecture framework
- Actor-oriented network

- Relational coordination theory

- Community of solutions framework

Adler-Milstein 2019; Dushyanthen 2022; Flynn 2018; Friedman 2022;
Kilbourne 2022; Krapohl 2020; Levin 2023; Masica 2022; Naimoli 2018;
Noseworthy 2021; Resnik 2022; Wu 2019

Teichert 2024

Allen 2021; Beck 2021; Collden 2022; Groot 2022a; Heys 2023; Ong 2022

Brooks 2017; Parsons 2021; Wood 2021

Foley 2017; Lehman 2018; Koscielniak 2022

Blizinsky 2018; El Kareh 2023; Pronovost 2017; Rubin 2018; Varnell 2023

Ainsworth 2015; Austin 2021; Boes 2018; Britto 2018; Davis 2021; Ethier
2018; Foley 2023; Fung-Kee-Fung 2018; Grob 2022; Groot 2022b;
Keugoung 2021; Kohn 2022; Matsumoto 2021; Myers 2018; Nash 2023;
Soejima 2021;Yang 2019

Anderson 2022; Cameron 2018; Schleyer 2021

Carr 2022; Porcaro 2022; Seid 2021a; Seid 2021b; Thygeson 2021;

learning; (8) building data-driven decision-making com-
petencies; (9) incentivizing ongoing engagement; (10)
creating information systems, data warehouses and inte-
grated data portals; (11) ethics; (12) systems science; and
(13) people and partnerships [40, 48, 52, 54, 65, 69, 72,
76,79, 83,103, 110-115].

Considerations for implementing an LHS approach (research
questions 2 and 3)

The articles outlined barriers, facilitators and strategies
to consider when implementing an LHS approach. Arti-
cles also reported key competencies that people working
within an LHS approach should possess. Several of these
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barriers and facilitators appeared to be two sides of the
same coin, meaning that the same concept could help or
hinder LHS implementation depending on how it was
applied. Examples are provided below.

Barriers to implementing an LHS approach: There were
two main categories of barriers to implementing an LHS
approach: (1) interpersonal, organizational and financial
resources, and (2) challenges related to research, data
collection and synthesis.

Interpersonal, organizational, and financial resources:
Limited human and financial resources were barriers
to implementing an LHS approach. Two publications
indicated that adopting an LHS approach was time and
resource intensive [43, 116], with one author team artic-
ulating that few high-quality studies of successful LHS
implementation are available as models to follow [38].
An unsupportive organizational culture was reported to
hamper implementation efforts [75], as could difficul-
ties sustaining a virtual community commons or space
to share learning and best practices across the organiza-
tion and with members [40]. Similarly, the complexity of
partnerships within the LHS, and a lack of shared objec-
tives, were cited as barriers to adopting an LHS approach
in one article [41]. Financially, the authors of two articles
indicated that there were few ways to fund local system
and community priorities, and there were few LHS-spe-
cific funding opportunities [41, 75].

Research, data collection and synthesis: additional
barriers pertained to the research and data collection
process, as well as to the technological requirements sup-
porting these processes. Firstly, a lack of consensus on
outcomes being measured [108] and a lack of interoper-
ability across regions, systems and countries [43] lim-
ited the efficacy of using diverse electronic health record
(EHR) platforms to support an LHS approach. Four arti-
cles identified the lack of quantitative data analysis or vis-
ualization tools and the challenges of translating evidence
to practice as key barriers [37, 41, 75, 83]. The authors
of these four studies cited data-sharing barriers, such as
complex and multisource data that cannot be easily inter-
preted. Reid (2022) identified the fuzzy ethics boundaries
between research and quality-improvement activities to
be a limiting factor in an LHS [41]. Stensland (2022) indi-
cated that an LHS approach may actually interfere with
existing research practices, such as blinding in clinical
trials, thereby limiting usefulness [81].

Facilitators to implementing an LHS approach: Key
facilitators to implementing an LHS approach included
creating a culture of learning and focusing on partner-
ships and processes that could enhance the uptake of an
LHS.

Culture of learning: Eight articles indicated that pro-
moting a psychologically safe institutional culture that
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was supportive of an LHS approach facilitated its imple-
mentation [59, 61, 82, 92, 94, 108, 114, 117]; similarly,
commitment from leadership [39, 47, 52, 56, 71, 75, 89,
99, 108, 109] and establishing a shared purpose [41, 47,
69, 80, 95, 106] were described as key facilitators. Five
articles suggested that offering opportunities for continu-
ing education [4, 89, 92, 97, 115] and protected time for
research [66, 67, 71, 96, 103] could facilitate LHS imple-
mentation, as could providing recognition for efforts (e.g.
considering LHS work in promotion and tenure deci-
sions) [66, 103]. Finally, providing access to funding and
resources was cited to be a key facilitator for LHS uptake
[38-40, 54, 75].

Partnerships and processes: another important facilita-
tor was the creation of partnerships. Three author teams
recommended the development of robust data-sharing
agreements to promote collaboration [50-52]. Others
recommended establishing effective collaboration with
representation from diverse disciplines and interested
parties [51, 52, 80, 88-90, 94-96, 98, 103], including
patients and families [45, 49, 57, 58, 71, 90, 93, 99, 106,
115, 118]. Blizinsky (2018) and Potts (2017) both called
for partnerships with researchers who can help inter-
pret the data generated as part of the LHS [46, 48]. For
these partnerships to work in an LHS approach, 21 pub-
lications recommended establishing clear technology
processes, infrastructure and workflows [37, 43, 46, 49,
52, 54, 57, 62, 70, 85, 91, 93, 109, 111, 115, 119-122], as
well as clear knowledge translation processes [101, 109].
Finally, routine data collection processes that considered
the interoperability of EHRs were identified as a major
facilitator [37, 42, 54, 70, 88, 111, 122], alongside robust
privacy policies [57].

Implementation strategies: Table 3 presents an over-
view of strategies that could facilitate the implementation
of an LHS. Notably, these strategies focused on the data
and technical components, the human components and
the design components of an LHS.

Competencies and educational strategies: The
included publications identified several competencies
that health professionals and researchers working in an
LHS should have. Specifically, these included research
competencies, such as the ability to review and inter-
pret data, pose feasible and timely research questions,
select appropriate methods and synthesize evidence
[41, 51, 57, 63, 72, 73, 76, 83, 95, 97, 98, 101, 113, 121].
Additionally, competencies in quality improvement
[65, 72, 76, 83, 95, 98, 113], systems science (i.e. under-
standing health systems’ strategic plan and capacities
for change or the norms, values and practices asso-
ciated with change) [41, 61, 69, 72, 76, 98, 113, 117,
121], informatics (i.e. building data and technology
platforms, governance and safeguards that can jointly
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Table 3 Strategies for implementing an LHS approach
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Strategy type

Recommended implementation strategy

References

Data and technical components

Human components

Design components

Build on existing practices and analytics capabilities

Use standardized data models/clear ontologies to pro-
mote interoperability

Use flexible data systems/warehouses

Have ready-made toolkits to help troubleshoot; space
to share resources

Define a learning structure and community

Create new degree programs/learning opportunities
focused on LHS

Recruit or leverage skilled professionals (e.g. researchers,
librarians, data scientists)

Develop strong leadership and culture that energizes
individuals in an organization

Develop steering committees that involve patients/car-
egivers, and other partners

Incentivize LHS participation (e.g. through promotion
and tenure, financial incentives, protected time)

Identify and leverage champions

Develop internal communications strategies

Seek and obtain appropriate resources

Start with small-scale implementations

Focus on integrating clinical and support services
Standardize ethical, business and legal agreements

Use theory to support improvement work

Morain 2017; Naimoli 2018; Scobie 2020

Daniel 2017; Flynn 2018; Koscielniak 2022; Varnell 2023;
Yang 2019

Ethier 2018; Koscielniak 2022
Keugoung 2021; Krapohl 2020; Seid 2020

Naimoli 2018; Varnell 2023

Feldman 2022; Kohn 2022; Levin 2023; Resnik 2022; Wu
2019

Adler-Milstein 2019; Naimoli 2018

Anderson 2022; Morain 2017; Vinson 2021
Koscielniak 2022; Levin 2023; Okun 2017
Dushyanthen 2022; El-Kareh 2023; Scobie 2020

Schleyer 2021

Colldén 2022; Pestka 2022; Schleyer 2021

Morain 2017; Naimoli 2018; Schleyer 2021

Okun 2017

Bradbury 2014; El-Kareh 2023; Kohn 2022; Morain 2017
Seid 2020

Varnell 2023

accomplish care improvement, research needs and
diversity while ensuring interoperability) [41, 48, 51,
63, 76, 85, 97, 98, 101, 113, 122, 123], and engagement
(i.e. establishing mechanisms/relationships to set learn-
ing priorities with researchers, communities, patients
and families) [41, 48, 49, 72, 76, 85, 98] were deemed
important. Other competencies included knowledge of
research ethics, data governance and privacy [43, 76,
98, 113]; leadership and communication skills [72, 76,
94, 96-98, 113]; and lifelong learning [46, 51, 57, 65].
Educational strategies: Our analysis revealed eight dif-
ferent educational strategies to support the development
of LHS-specific competencies. These included: (1) qual-
ity-improvement collaboratives [65, 108]; (2) continuing
education and training programs [47, 52, 66, 69, 76, 90,
108, 109]; (3) dissemination of printed information [59,
66, 108]; (4) learning laboratories or hubs [40, 98]; (5)
peer-to-peer engagement [40, 47, 65, 69, 123]; (6) com-
munity conferences or workshops [40, 52, 66, 70, 73, 113,
117]; (7) graduate education programs [49, 55, 96-98];
(8) mentoring or coaching [55, 113]; and (9) educational
rounds [64]. Five articles recommended the use of novel
curricula to promote LHS competency development,
including such curricula as a patient partner curriculum
[54, 64], an informatics curriculum [121, 122], and an
interdisciplinary collaboration curriculum [97].

Assessing readiness and maturity (research question 4)

Overall, 13 articles referenced assessing readiness to
implement an LHS approach [17, 51, 59, 73, 78, 80, 88,
92, 93, 108, 109, 116, 124], but only three expanded on
or contextualized the term [80, 116]. Teichert (2024)
described organizational readiness for guideline imple-
mentation among pharmacists across the domains of (1)
personalized care, (2) teamwork, (3) information systems
and data exchange, (4) external collaboration and (5) edu-
cation and research. Additionally, Pestka (2022) indicated
that they were guided by the Consolidated Framework
for Implementation Research (CFIR) domain of the inner
setting: readiness for implementation. Finally, Adler-
Milstein (2019) pointed to the framework produced from
the NAM conference as a starting point for assessing
the readiness of the United States healthcare system in
a way that utilizes new knowledge and knowledge infra-
structures. Similarly, 15 articles discussed assessing the
maturity of an LHS [18, 40, 45, 59, 65, 72-74, 82, 93, 104,
110, 116, 123, 124], but only five operationalized the term
maturity. Teichert (2024) defined maturity as the degree
to which the team is aware and motivated, and able to
perform, evaluate, improve and innovate. Porcaro (2022)
and Britto (2018) discussed what a mature network
would look like, stating that it is run independently from
the parent organization and is self-governing. Mature
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networks regularly evaluate their management struc-
ture and processes as part of routine operations. Lannon
(2021) did not define maturity itself but rather specified
that a maturity model identifies best practices and uses
a yes/no questionnaire to assess performance. Similarly,
Johnston (2017) outlined that digital maturity assess-
ments can be used to allow organizations to understand
their state of readiness to integrate digital technologies.

Moreover, 10 articles presented seven distinct tools
that helped assess the readiness or maturity of an LHS.
Table 4 presents an overview of the tool names, descrip-
tions, domains, scales and items. Three tools focused
on assessing maturity, three tools focused on assess-
ing the learning environment, and one tool presented a
series of questions for organizations to reflect on prior
to implementing an LHS, aligning with the definition of
readiness. Nine articles discussed other constructs that
should be assessed when considering an LHS, aside from
readiness or maturity [55, 58, 92, 93, 105, 106, 108, 117,
123]. These constructs included health system resilience
[108], reliability enhancing work practices (i.e. practices
that promote error-free performance in high-reliability
organizations) [92], competence [55], engagement [57,
105, 106], staff experience [58], cultural infrastructure
[117] and network functionality [123].

While there were several examples of patient and pub-
lic engagement in LHS in general, there were no spe-
cific examples of having patients or the public help to
assess organizational readiness or maturity to implement
or scale an LHS approach. In terms of the broader dis-
cussion of patient and public engagement, 14 articles
emphasized its importance when implementing an LHS
approach [45, 49, 51, 56, 58, 64, 65, 73, 83, 86, 94, 109,
114, 115], and 9 presented examples of patient and public
engagement in practice [40, 52, 58, 64, 72, 93, 106, 109,
116]. In one example, Ong and colleagues (2022) engaged
people with cystic fibrosis, families, health professionals
and community leaders in a proof-of-concept codesigned
pilot study that aimed to develop a community struc-
ture that facilitated shared learning. Seid and colleagues
(2020) initiated community conferences as part of an LHS
approach that originally only included health profession-
als but evolved to being patient/family led. Two articles
noted a lack of concrete examples of patient and fam-
ily involvement in assessing and implementing an LHS
approach and called for future stakeholder engagement
[109, 116]. A total of 10 articles provided recommenda-
tions or suggestions for engagement, citing best practices
such as financial compensation, codesign, collaborative
priority-setting, patient-led learning activities, develop-
ing a clear governance structure with working groups or
committees, and the use of frameworks to guide engage-
ment [52, 57, 64, 65, 72, 73, 83, 106, 114, 116].
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Discussion

The purpose of this review was to explore the current
state of the literature on organizational readiness to
implement an LHS, with the goal of informing the con-
tent of an LHS readiness questionnaire. Most of the liter-
ature included in this scoping review reflected the context
of the privately funded United States healthcare system.
Moreover, most articles consisted of commentaries or
perspective pieces, with very few empirical examples of
LHS that had been successfully implemented in practice.
The predominance of commentaries may reflect the com-
plexity of implementing an LHS approach. This outcome
may be attributed to the dominance of theoretical discus-
sions in the literature, limited practical implementation
of LHS and a lack of funding or infrastructure to sup-
port empirical studies in this area. Of the articles outside
the United States context, most (#=19) of the remain-
ing studies reflected the Canadian and United Kingdom
health systems. Only one article reflected a low- or mid-
dle-income country (LMIC) context, indicating a press-
ing need to critically explore whether and how an LHS
approach aligns with LMICs’ contexts, needs, priorities
and available resources. Indeed, as Witter and colleagues
(2022) argued, there is an emerging appreciation of LHS
but limited research related to its level of acceptability
and feasibility in LMIC contexts [125]. While their litera-
ture review on LHS in LMICs suggested that many of the
domains, barriers and facilitators may appear similar to
those identified in this review, additional work is needed
to explore what organizational readiness to implement an
LHS looks like in LMIC contexts and what organizations
will be involved as key actors (e.g. governmental organi-
zations, civil society organizations, among others) and
how.

The extant literature states that the objective of an LHS
is to align science, informatics, incentives and culture for
long-term improvement and innovation. Our scoping
review found that many articles drew upon the original
NAM definition to inform their understanding of an LHS
[18, 37-78]. One author explained the rationale for this
use of the NAM/IoM definition, stating that the defini-
tion was sufficiently broad that it could be applied to
diverse contexts [67]. Other definitions emphasized the
importance of an LHS being dynamic, having a culture
of health system improvement and increasing the value
of healthcare services provided by reducing costs and
promoting health equity [37, 41, 47, 61, 75, 80, 87, 95].
While definitions can be helpful, overstandardizing them
risks oversimplifying complex issues and limiting the
flexibility needed to address the unique challenges that
each context presents [126, 127]. Our findings align with
those of de Bruin and colleagues [128], whose mapping
review of the LHS landscape identified key aims related
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to the concept of LHS. These aims included accelerating
research, enhancing decision-making, improving care
quality and outcomes, optimizing service delivery, reduc-
ing costs, increasing value and innovation, driving system
transformation, advancing patient and population health,
and fostering learning. Together with de Bruin and col-
leagues’ identified aims, these definitions underscore the
potential of an LHS to capture and report data across
the quintuple aim framework: patient needs, population
health, care experiences, equity and costs [129]. Such an
approach is relevant for health and social systems look-
ing to adapt their models of care due to shifting demo-
graphics, such as an ageing population and an increasing
incidence of chronic conditions. For example, Rosen and
colleagues [130] argued that LHS approaches are being
implemented in academic medical centres and large
health systems, but that these organizations are less able
to address issues of health equity owing to limited mean-
ingful connections with patients and communities. They
recommended expanding LHS models to a broader range
of healthcare organizations, such as local hospitals and
primary care or community settings, to more effectively
reach patients who may otherwise be underserved [130].
However, additional work on how to critically assess and
address organizational readiness to implement an LHS
approach at the macro, meso, and micro levels of a health
system — that includes the diverse settings proposed by
Rosen and colleagues — is required.

Regarding an LHS framework, several studies indicated
that the role of an LHS was to iteratively move from data
to knowledge, from knowledge to practice, and from
practice to data [4, 49, 60, 74, 81, 82, 85, 88]. This cycle
depicts the potential of an LHS to accelerate evidence
use in practice. Many of these frameworks focused on
the technical aspects of an LHS (e.g. interoperability),
with only a few providing insights into the competencies
required by people working within an LHS (e.g. ability to
interpret and use data) and how to develop those com-
petencies (e.g. communities of practice, peer teaching).
Indeed, one article argued that LHSs are heavily focused
on data generation and use, and the current literature
does not necessarily address the learning needs of people
working within an LHS [46]. Considering the many and
complex competencies (i.e. the ability to review and inter-
pret data or pose feasible and timely research questions)
that are required for health professionals and research-
ers to operate within an LHS is essential for ensuring
that members of an organization are ready and able to
do so. Since organizational readiness consists of hav-
ing members of an organization be both willing and able
to adopt a change [20], organizations looking to imple-
ment an LHS approach must ensure that its members
are appropriately equipped to do so otherwise uptake of
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an LHS approach may be hindered. While educational
interventions such as quality-improvement collaboratives
or continuing education/training programs are helpful,
they may not be sufficient. The knowledge and compe-
tencies required to work within an LHS - and indeed the
LHSs themselves — are embedded within complex webs
of social and political contexts that interact in dynamic
ways. It may therefore be helpful to holistically consider
the environments that enable competency development
and collaborative capacity building within and imple-
mentation of an LHS approach [131, 132].

While other reviews have aimed to map the LHS land-
scape [14, 16, 125, 128], none of them catalogued tools
that assess organizational readiness to implement an LHS
approach. Some articles focused on assessing the matu-
rity of an LHS exist at present [18, 116], but these appear
to assume that an LHS is already in place and could thus
be scaled across a larger network. The focus of maturity
exists at a network and technical level [18, 116, 124],
whereas readiness appears to focus on the people within
an organization [22, 26, 27]. For an LHS to be success-
fully implemented, organizational readiness to change
— an essential precursor to uptake — must be addressed
[20]. Indeed, large-scale change in healthcare organiza-
tions requires collective behaviour change related to both
the technical aspects (e.g. interoperability) and inter-
professional dynamics (e.g. trust); in other words, for
a change to be successfully implemented, those imple-
menting the change will need to consider staffing, work-
flow, decision-making and rewards to promote buy-in
among those working within the organization [20]. These
factors are not exhaustive or fixed; rather, they may inter-
act in complex and context-dependent ways, depend-
ing on the specific LHS and the broader environment
in which they operate [133]. Arguably, organizational
readiness to adopt an LHS approach needs to be estab-
lished before beginning to implement an LHS approach
and to guide further progress towards an LHS. Once an
LHS approach has been successfully implemented, matu-
rity can be assessed, and the subsequent spread or scale
of the approach can be explored [134, 135]. The use of a
readiness assessment tool may help organizations estab-
lish whether they have both the capacity and willingness
to embrace change and can serve as a foundation for dia-
logue and brainstorming. However, there appears to be
a lack of assessment tools that can help members of an
organization establish their readiness to implement such
a change. In this review, we identified seven distinct LHS
tools that were intended to assess the readiness for or
maturity of an LHS approach. While all tools touched on
the concept of LHS within the context of the articles in
which they were presented, not all tools were LHS-spe-
cific. Of those that were, two tools presented a series of
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helpful questions to consider when planning for an LHS
approach [73, 109]. One article [18] presented a maturity
grid for learning networks, but the objective of this study
was to provide guidance on tangible steps for developing
and maturing newly implemented LHS, rather than on
assessing readiness to implement an LHS. No specific or
formal tools related to assessing organizational readiness
to implement an LHS approach were found. This find-
ing is important because an LHS-specific tool can help
inform organizations that are interested in implement-
ing an LHS approach about the specific resources they
should invest in to achieve their goals. It could also help
organizations identify essential resources and processes,
as opposed to those that are merely nice to have, allowing
them to invest time and financial resources strategically.
Finally, having a content-validated and psychometri-
cally tested questionnaire will ensure that organizational
readiness is being effectively measured by organizations
looking to adopt an LHS approach. Despite these find-
ings, it is important to recognize that an LHS-specific
organizational readiness tool represents only one aspect
of the overall picture. It can provide a starting point for
iterative discussions among members of an organization
to critically explore and evaluate the next steps they need
to take to be ready to embrace an LHS approach.

These findings highlight the need for an LHS readi-
ness questionnaire that draws on adjacent fields such as
behaviour change, change management, education and
quality improvement. Existing tools (e.g. ORCA, ORIC)
assess readiness for change, but the scale and complexity
of LHS implementation demand a dedicated approach.
A tailored tool would help organizations evaluate their
capacity and willingness to address barriers (e.g. financial
constraints, time, complexity) and leverage facilitators
[e.g. high-quality data, comprehensive electronic medical
records (EMRs), recognition of clinician effort]. It should
also assess readiness to adopt LHS-specific strategies,
such as engaging key users, selecting technologies requir-
ing minimal training, and providing educational sup-
ports for behaviour change. Given the complexity of LHS
implementation across settings, such a tool would be a
valuable first step for healthcare organizations seeking to
embrace this transformation.

Limitations and future directions

This study has limitations. We executed a comprehen-
sive search strategy but may have missed relevant articles
owing to differences in the terminology used relating to
LHS globally (i.e. some terms may be more aligned with
the original NAM conceptualization and less applicable
to country contexts outside the United States). Addi-
tionally, we focused on the peer-reviewed literature and
acknowledge that the grey literature may contain relevant
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reports that describe LHS implementation. We also
included articles in English or French, perhaps exclud-
ing relevant articles published in other languages. While
we aimed to include articles focusing on global contexts,
including low- and middle-income countries (LMICs),
most articles came from the United States. Future
research specifically focusing on the barriers and facili-
tators to adopting an LHS approach in LMICs would be
highly valuable. Our findings are largely based on weak
research designs, with 59% of included articles consisting
of commentaries or opinion pieces. Thus, there is a press-
ing need for more robust research related to LHS.

Conclusions

Learning health systems can capture and report data to
address patient needs, population health, care experi-
ences, equity and costs. Yet, few readiness tools exist, and
those adapted from quality improvement lack the speci-
ficity needed for LHS implementation. Our review iden-
tified barriers, facilitators and strategies for collective
behaviour change that should inform future tool devel-
opment. We found that LHSs are consistently described
as data-driven, continuously improving systems that
integrate evidence into practice through learning cycles,
supported by infrastructure, culture and stakeholder
engagement. Implementation is challenged by resource
limitations, interoperability issues and cultural barri-
ers but facilitated by leadership, partnerships and sup-
portive processes. Readiness and maturity assessments
remain underdeveloped, with limited patient and public
involvement, highlighting opportunities to advance both
measurement and meaningful engagement. A future
LHS readiness tool should evaluate culture (leadership,
shared purpose, psychological safety), infrastructure
(data, interoperability, funding, capacity), and compe-
tencies (research, informatics, QI, engagement, ethics),
while explicitly incorporating patient and public voices
in priority-setting and governance. It should also con-
sider contextual factors such as partnerships, policies and
resources, and explore the relationship between readi-
ness and maturity for questionnaire development.

Appendix 1
MEDLINE database search strategy
Ovid MEDLINE(R) ALL < 1946 to May 08, 2024 >

Learning Health System/ 287.

learning health* system®.ti,ab,kw. 1343.
learning health* communit*.ti,ab,kw. 9
learning health* network®.ti,ab,kw. 33.
rapid learning network*.ti,ab,kw. 3
learning communit*.ti,ab,kw. 953.

S e
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7. improvement communit*.ti,ab,kw. 38.

8. or/1-7 2400.
9. organizational innovation/ or change manage-
ment/ 25,563.

10. organi?ational readiness.ti,ab,kw. 598.
11. organi?ational innovation®.ti,ab,kw. 425.
12. maturity.ti,ab,kw. 41,583.

13. organi?ational efficac*.ti,ab,kw. 19.

14. collective efficac*.ti,ab,kw. 685.

15. change valence.ti,ab,kw. 12.

16. (change adj5 read*).ti,ab,kw. 4406.

17. (change adj5 manag?*).ti,ab,kw. 12,369.
18. or/9-17 83,863.

19. 8and 18 65.
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