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Abstract 

Introduction Despite increased interest in learning health systems (LHS), a paucity of guidance and tools for evaluat-
ing LHS implementation exists. To address this, we aim to undertake a scoping review on existing tools and evaluation 
of exemplars of LHS implementation.

Methods We conducted a scoping review of peer-reviewed studies within Scopus, EMBASE, MEDLINE, and MED-
LINE in-process that described (1) the evaluation of the implementation of an operating LHS or (2) the development 
of a framework or tool to facilitate this evaluation. Anima, basic research, abstracts, non-English language articles, 
and publications before 2018 were excluded. All study designs were considered.

Findings From 1300 studies initially identified, 4 were eligible, revealing three tools with nine implementation evalu-
ation examples. The identified tools shared constructs which were evaluated, including: Stakeholders, Data, Research 
Evidence, Implementation, and Sociotechnical Infrastructure. However, there was divergence in evaluation methodol-
ogy. Tools ranged from a five-point numerical rating system for process maturity with a radar chart called the Network 
Maturity Grid (NMG); the Kaiser Permanente Washington (KPWA) LHS Logic Model, which provides a broad list of con-
structs and sample measures relevant to LHS operations; and finally LADDERS, a simple tool or form-based template 
designed for consistent evaluation over time. The NMG tool was the most mature in terms of adaptation and adop-
tion. Notably, two (NMG and the KPWA LHS Logic Model) out of three tools conceptualized the LHS as a suite of pro-
cesses and devised tools were processes that linked these constructs.

Implications for toolkit development The evaluation of LHS implementation remains an under explored area 
of investigation, as this scoping review found only three tools for LHS implementation evaluation. Our findings 
indicate a need for further empirical research in this area and suggest early consensus in constructs that need to be 
considered during evaluation.
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Introduction
Learning health systems (LHS), conceptualized initially 
by the US Institute of Medicine, embody an aspirational 
vision for health systems where people, technology, and 
culture are seamlessly integrated to facilitate cyclical and 
systemic healthcare improvement [1]. Proposed in the 
early 2000s to tackle the challenges of integrating evi-
dence-based medicine (EBM) at scale and to leverage the 
potential of big data and electronic health records (EHR), 
the LHS has seen emerging international adoption across 
countries such as the USA, Australia, Canada, and Swe-
den [2].

Central to the LHS is the concept of “learning,” which 
involves using evidence gathered from various stakehold-
ers, including patients and clinicians, and data generated 
as patients journey through the health system, inform-
ing care and decision-making in near real-time. In the 
LHS model, “evidence” extends beyond evidence from 
traditional research to evidence from stakeholder expe-
rience and priorities, evidence from research such as 
randomized controlled trials and systematic reviews to 
encompass evidence from practice focused on data, and 
evidence from implementation in the local setting. Exam-
ples include prioritizing consumer involvement through 
the collection of patient-reported outcomes (PROMs) 
and experience measures (PREMs) [3, 4], leveraging EHR 
data [5, 6], and integrating implementation science strat-
egies into healthcare improvement [7, 8].

The application of the LHS across a variety of health 
systems and settings has demonstrated positive impact 
[2]; ranging from improvements in (1) evidence-based 
guideline compliance in lung cancer care [9], despair and 
distress measures in patients with breast cancer [10], 
and patient visit communication and glycemic control 
among people with type 2 diabetes [11]. However, despite 
increased adoption and evidence for impact, much of the 
LHS literature remains theoretical [12], and the emerging 
empirical evidence remains limited [13], with exemplars 
being confined to local contexts or singular clinical set-
tings [13]. As a result, it is yet unclear what aspects of a 
LHS directly leads to improved outcomes, limiting con-
tinued adoption and sustained scale-up.

There is also a corresponding lack of LHS-specific tools 
that can evaluate how well an existing implementation of 
a LHS aligns with the objectives and vision. Such tools are 
important in allowing robust and comparable evaluations 
of the impact of different LHSs in variable contexts. Due 
to the diverse and at times theoretical nature of the LHS, 
we conduct a scoping review to address this knowledge 
gap by identifying and summarizing the existing research 
on the evaluation of existing LHS implementation. We 
plan to capture such tools, alongside examples of the 
use of such tools, identify residual gaps, and capture 

opportunities for further research. Ultimately, this review 
aims to inform ongoing development of a pragmatic, 
evidence-based toolkit to support ongoing real-world 
implementation and evaluation LHS efforts to bridge the 
conceptual gap between theory and practice in the LHS.

Aim
The aim of this scoping review is to gather evidence on 
the evaluation of existing LHS implementation and 
report on current development and use of LHS specific 
evaluation methodologies, tools and frameworks.

Context
This scoping review was conducted within the context of 
an Academic Health Centre (https:// mchri. org. au/) that 
is working with existing health services to implement a 
rigorously codesigned Monash LHS model [14] (Fig.  1). 
The Monash LHS model [14] was developed through a 
combination of stakeholder driven codesign, systematic 
literature review [2], qualitative research, and consensus 
processes.

It highlights key evidence sources that must be consid-
ered to continuously translate knowledge into practice, 
that is evidence from stakeholders, research, data and 
implementation (as illustrated in the four main quad-
rants in Fig.  1). It further integrates core phases of evi-
dence generation and synthesis across all four evidence 
types, ranging from stakeholder engagement and prior-
ity setting related to stakeholder evidence, primary evi-
dence generation and guideline development related 
to research evidence, data systems and benchmarking 
relevant to data evidence, and the application of imple-
mentation science and existing healthcare improvement 
methodologies relevant to implementation evidence. As 
the framework diverged from existing LHS frameworks 
due to adopting a systems level lens and integrating a 
stakeholder-centered perspective, the model has found 
increased adoption within the Australian context, imple-
mentation work underway.

However, while implementing the LHS, stakeholders 
had identified the need for tools and frameworks usable 
by front line implementation researchers and health 
service teams to evaluate ongoing implementation and 
to support alignment with the Monash LHS model. A 
recent scoping review of LHS literature [13] conducted in 
2021 had found very limited research in the production 
of LHS specific tools, with existing examples focused on 
either adapting existing frameworks such as the Consoli-
dated Framework of Implementation Research (CFIR) for 
use within an existing LHS [15]. The review also noted 
a dearth in high quality empirical research, including 
implementation evaluation studies [13].

https://mchri.org.au/
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Thus, the authors, which include a researcher in resi-
dence (D.R.), health service manager (A.J.), and LHS 
experts (H.T., A.J., and J.E.) aim to realize the stated 
aims and results of the scoping review to inform the 
ongoing coproduction of an implementation evaluation 
toolkit for integration into existing LHS activities. Thus, 
the Monash LHS framework’s key evidence sources 
of stakeholders, research, data, and implementation 
is used as a basis for synthesis in this scoping review. 
This is to ensure proper alignment with ongoing, gov-
ernment funded efforts to implement the Monash LHS 
framework and support stakeholder uptake [16]. Fur-
ther, this scoping review is the continuation of work 
on the impact of the LHS globally [2]. Aligned to this 
rapidly emerging field, the search in this scoping review 
was conducted from 2018 onwards.

Methods
Search strategy
The scoping review was conducted according to guid-
ance from Arskey et  al. [17] and Levac et  al. [18] and 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA-ScR) guidelines for scop-
ing reviews [19]. A protocol was developed prospec-
tively and is available on request. An electronic search 
was conducted within Scopus, EMBASE, MEDLINE, 
and MEDLINE in-process in May 2023, utilizing key-
words as listed in Appendix  1. Publications were lim-
ited to the English language and published within the 
past 5 years (2018–current). Records were entered into 
EndNote for deduplication, prior to commencement of 
title and abstract screening.

Fig. 1 Monash LHS framework
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Inclusion and exclusion criteria
Publications that described a (1) example evaluating the 
implementation of an operating LHS or (2) the devel-
opment of a framework or tool to facilitate this evalua-
tion were included. Only examples that self-identified 
as a “learning health system,” “learning health network,” 
or related variant were included. Additionally, tools 
and frameworks were defined as any guide, framework, 
assessment tool, evaluation tool, or rubric, either pre-
sented in digital format or otherwise, that can be used to 
(1) evaluate the maturity or progress of LHS implemen-
tation or (2) evaluate how well ongoing health system 
activities currently align with a particular LHS model. All 
primary study types were considered, including mixed 
methods studies, qualitative studies, case studies, and 
quantitative studies.

Publications that described the implementation of a 
LHS without describing an evaluation of the implementa-
tion process were excluded. Publications that presented a 
conceptual framework describing a LHS without outlin-
ing a process for assessing the implementation of a LHS 
were also excluded. Animal research, conference and 
poster abstracts, basic research, non-English language 
articles, and publications before 2018 were also excluded. 
All study designs were considered.

Screening
Title and abstracts of retrieved publications were 
screened independently by a single author (A.J.) to iden-
tify publications that met the inclusion criteria. Full text 
was then retrieved and independently assessed by two 
authors (A.J. and D.R.). Shared understanding and con-
sensus for articles eligible for inclusion was generated via 
regular meetings between A.J. and D.R.

Data extraction
The first author (D.R.) developed a data extraction tem-
plate incorporating end user (A.J. and H.T.) input and 
constructs from the Monash LHS model to ensure better 
usability for the proposed context. Thus, for publications 
that described a tool or framework, the (1) aim of the 
tool, (2) evaluation constructs described in the tool, (3) 
scoring/evaluation system employed by the tool, and (4) 
the development methodology of the tool was extracted. 
The development methodology was further divided into 
three subthemes in partial alignment with the Monash 
LHS model (Fig.  1), that is, whether (1) evidence from 
stakeholders was leveraged through the process, (2) 
whether the development of tool had leveraged evidence 
from research/or was theory driven, and (3) whether evi-
dence from implementation into practice had been lever-
aged, through evidence of piloting in an existing LHS or 
network.

For publications that described a case study evaluating 
the implementation of the LHS, the (1) name, (2) coun-
try, (3) scale, (4) study design, (5) implementation evalu-
ation tool/framework that was employed, (6) areas of 
evaluation, (7) users of the tool, (8) reported outcomes of 
the LHS, and (9) how the results of evaluation were used 
were extracted.

Data extraction was conducted by one author (D.R.), 
with four authors (D.R., A.J., J.E., and H.T.) periodically 
meeting throughout the data extraction process to gener-
ate consensus.

Results
As in Fig. 2, the final search yielded a total of 1300 unique 
records after deduplication. A total of 1273 records were 
excluded during the title and abstract screening phase, 
resulting in 27 records that were sought for full text 
retrieval and full text screening. A total of 23 records 
were excluded during full text screening, most frequently 
due to not describing a process for LHS implementa-
tion evaluation (n = 19), either for records that described 
a record or tool (n = 6) or a case study (n = 13). A total 
of four full text records [20–23] proceeded to final data 
extraction, consisting of three tools or frameworks 
(Table  1), with nine examples (Table  3), eight of which 
were extracted from Lannon et  al. [20] and one from 
Bailes et al. [23]; although, all nine were conducted with 
the same tool [20].

Tools/frameworks identified
Secondly the Kaiser Permanente Washington (KPWA) 
LHS Logic Model developed by Allen et  al. [21], which 
presents 24 constructs that are relevant to LHS programs. 
The constructs are divided into 6 inputs, 9 outputs, and 9 
outcomes, and a measurable operationalisation of each 
construct is provided. For example, the “people and 
partnerships” construct is presented alongside a recom-
mended level of analysis (“Organisation or setting”), sug-
gestions for measurement (through observations and 
checklists), and sample measures or question prompts 
(eg: “Does your team have key stakeholder relationships 
in place to succeed?”). However, a numerical rating sys-
tem or rubric is not provided. The model was developed 
through a narrative review of LHS models, components, 
and measurement approaches.

Our search identified three tools or frameworks 
(Table 1) that were eligible for inclusion. First, the Net-
work Maturity Grid (NMG) developed by Lannon et al. 
[20], which is a process-oriented framework designed to 
assess the maturity of processes within a LHS across six 
domains utilizing a five point numerical rating system. 
Each domain consists of eight to nine components, and 
ratings are delivered on the basis of a self-assessment 
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on the average process maturity (scored 1–5) across all 
components for a given domain. The results are then 
plotted as a radar chart. Each component, thus, has a 
specific process outcome for each maturity level. For 
example, under the “Expectation that parents, patients, 
clinicians and researchers are co-creators and co-pro-
ducers” component of the “Engagement and Commu-
nity Building” domain, a LHS with “no expectation of 
collaboration/partnership” would be assessed as a 1 
(“not started”) on the maturity scale, whereas a LHS 
where: “ time and contributions of all partners are val-
ued, demonstrated, celebrated, and acknowledged in 
fair financial compensation, as well as reasonable and 
thoughtful request for time commitment” is assessed as 
a 5 (“idealized state”) on the maturity scale. The model 
itself was developed through stakeholder input from 
seven experts in network design and management to 
identify and refine the evaluated domains, informed by 

a literature review to identify network organizational 
tools and major processes associated with LHSs, and 
was codeveloped and piloted with nine learning net-
works over 3 years from 2017 to 2019.

Lastly, a tool developed by Meissner. [22], which pre-
sents the constructs commonly cited by health sys-
tems that have undergone successful transformational 
change, under the acronym “LADDERS”, that is, Lead-
ership, Alignment, Data, Demonstration, Evaluation, 
Replication, and Sustainability. The tool is presented 
as a template with a column for each LADDER con-
struct, a column for an assessment of the current state 
for each LADDER construct, and lastly a column for a 
plan stemming from the prior assessment for each LAD-
DER construct. The tool is recommended for use as a 
documentation tool to capture health systems learning 
over time and was developed through a synthesis of the 
author’s experiences over time.

Records identified from*:
Databases (n = 1300)
Registers (n = 0)

Records removed before screening:
Duplicate records removed (n = 0)
Records marked as ineligible by automation tools (n = 
0)
Records removed for other reasons (n = 0)

Records screened
(n = 1300)

Records excluded
(n = 1273)

Reports sought for retrieval
(n = 27)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 27)

Reports excluded:
Not within time range (n = 3)
Example does not describe evaluation of LHS 
Implementation (n = 13)
Framework / Tool does not describe a process for LHS 
Implementation Evaluation (n = 6)
Review protocol on LHS Implementation Strategies (n 
= 1)

Studies included in review
(n = 4)

Identification of studies via databases and registers
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Notably, some convergence in the LHS constructs that 
were evaluated by these tools were noted. These tools 
reflected underlying consensus on key constructs that 
contribute to the successful implementation and sus-
tainability of a LHS. Constructs could be categorized 
into processes or outcomes across five broad themes: 
stakeholders, research evidence, data, implementation, 
and finally, the underlying sociotechnical infrastructure 
required to support these processes and outcomes, as 
depicted in Table 2.

However, divergence in terms of implementation evalu-
ation methodologies were observed (Table 3). The NMG 
[20] is the most prescriptive of the identified tools, with 
its five-point numerical rating system for process matu-
rity, and the provision of a radar chart to allow at-a-
glance assessment of areas for improvement within a 
LHS. This is followed by the KPWA LHS Logic Model 
[21], which provides a broad list of constructs, level of 
analysis (organization versus setting levels) at which 
evaluation can be taken and sample measures relevant to 
LHS operations, but it stops short of offering an off-the-
shelf tool for evaluation. Lastly, the LADDERS tool [22], 
which is the simplest and most flexible of the eligible 
tools, consists simply of a form-based template designed 
for consistent use over time.

Notably, only the NMG was developed through lever-
aging evidence from stakeholders, research, and imple-
mentation as in Table  3 and represents the tool that is 
most mature in terms of adaptation and adoption. It has 
already been piloted over 3 years in its initial develop-
ment and is already in use in established research illus-
trated in Table 4.

Implementation evaluation examples identified
Our search identified nine implementation evaluation 
examples (Table  4) of existing LHS implementations, 
all utilizing the NMG tool (Table 5) [3]. These examples 
focused on LHSs in the USA at a regional scale, with 
implementation evaluations conducted on LHSs that 
were established on average, 5.2 years before the start of 
evaluation.

Notably, eight out of nine of the examples were con-
ducted during the initial development of the NMG and 
only one case study (Cerebral Palsy Research Network) 
applied the tool in its final format. [4].

Stakeholders at a leadership level were approached as 
participants in the evaluation process in all identified 
case studies, with a focus on executive leadership. How-
ever, detailed breakdowns of different leadership levels 
were only available for one case study, specifically the 
evaluation of the Cerebral Palsy Research Network [4]. In 
this instance, stakeholders at systems leadership (n = 10), 
academic leadership (n = 5), and quality improvement 

project leadership (n = 4) levels were approached, with a 
resulting 68% (n = 13) response rate.

One example noted a potential use of the results of 
evaluation as a strategic planning tool to direct future 
investment of resources and improvement [20] dur-
ing initial development. This was further corroborated 
by the Cerebral Palsy research network case study [23], 
where the results of the evaluation were visualized as a 
radar chart, before being shared back to the survey popu-
lation and used to structure a priority setting exercise to 
identify the top six focus areas for improvement for the 
future.

Additionally, none of the case studies reported end 
LHS outcomes as part of implementing the LHS.

Discussion
Summary of findings
Despite the emerging evidence supporting LHS 
approaches to health system improvement [2], the LHS 
as a theoretical framework with variable constructs can 
be challenging to implement in complex health systems 
[12]. Hence, ongoing efforts to pragmatically implement 
and evaluate LHS application is vital to advance the field. 
However, this remains an under explored area of investi-
gation. This scoping review found three candidate tools 
for LHS implementation evaluation [20–22] that met the 
inclusion criteria. Only one (the NMG [20]) had been 
developed through a combination of stakeholder, theory, 
and implementation-based evidence. Nonetheless, the 
LHS constructs captured across the tools showed con-
sistency and aligned to the structure of the Monash LHS 
Framework. Additionally, there was diversity in terms 
of evaluation methodology that was employed by these 
tools. The review found a further nine examples of imple-
mentation evaluation, of which eight were conducted as 
part of the development process of the NMG tool [20]. 
The remaining tool applied the NMG tool post develop-
ment [23]. The examples constitute nine different clinical 
areas, all at a regional level, with evaluation been con-
ducted with participants at different leadership levels. 
As a result, the NMG tool emerged as the most mature 
implementation evaluation tool that was identified, suit-
able for further adaptation and iteration. As a result, the 
NMG tool is being adapted and iterated upon as part of 
ongoing work on the Monash LHS model within Austral-
ian government funded programs.

Identified tools converged in terms of evaluated constructs
A convergence in the evaluated constructs that was 
observed across all the three identified tools (Table  2), 
particularly between the Network Maturity Grid and the 
KPWA LHS Logic Model, affirming a shared understand-
ing of the core constructs that constitute a LHS. These 
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five constructs are: stakeholders, research evidence, data, 
implementation, and sociotechnical infrastructure, as 
detailed in Table 2, and also align with the four evidence 
quadrants (stakeholders, research evidence, practice evi-
dence/data, and implementation) in the Monash LHS 
Framework (Fig. 1).

Additionally, both the NMG [20] and KPWA LHS 
Logic Model [21] take an implicit process-as-outcome 
lens, highlighting key activities that would constitute a 
functional LHS and, in theory, achieve better outcomes. 
As such, they enable practical application of the erstwhile 
theoretical nature of LHSs as a pragmatic set of processes 
across the five core constructs that can be practically 
implemented, evaluated, and iteratively improved across 
various stages of maturity and fidelity.

Identified tools diverged in terms of evaluation 
methodology
Notably, there was also divergence in the evaluation 
methodologies that were employed by the identified 
tools. From the NMG’s numerical rating to the LAD-
DERS tool’s form-based prompts and the qualitative 
depth of the KPWA LHS Logic Model. Such divergence 
indicates that while the content of what should be evalu-
ated when it comes to LHS implementation should be 
standardized, the format and application of these tools 
require customization to the context in which they are 

deployed. Consequently, the development and imple-
mentation of an LHS evaluation toolkit may require a 
dual approach: standardization in “what” is measured to 
maintain comprehensive and comparable evaluations, 
alongside flexibility in how measurements and evaluation 
are conducted to accommodate the unique environments 
of various LHSs. Such tools may also need to consider 
the burden of data collection to facilitate evaluation, and 
alternative approaches to toolkit implementation may 
be required, such as integration into existing data infra-
structure [24] or the use of researchers in residence [25] 
to facilitate qualitative evaluations.

Learnings from implementation evaluation examples
Encouragingly, all included examples differed in terms 
of clinical area, including, but not limited to, perinatal 
health, cerebral palsy, cardiology, and autism; demon-
strating the flexibility of the application of the LHS as a 
framework: and highlighting that evaluation can be car-
ried out in a field-agnostic manner. Further, the included 
examples [20, 23] indicate that evaluation should be car-
ried at various levels of leadership, starting at project 
level, to health service level, and to executive and system 
level. However, while leadership buy-in is important, this 
top-down approach should be in addition to a bottom-
up approach to evaluation [26] that captures commu-
nity-generated interventions and the latent knowledge 

Table 3 Development methodology of the identified tools

Tool name Development methodology

Was evidence from 
stakeholders leveraged?

Was evidence from research 
leveraged? (i.e., theory driven)

Was evidence from implementation 
leveraged (i.e., piloted) and further 
refined?

Network Maturity Grid    

KPWA LHS Logic Model    

LADDERS    

Table 4 Identified LHS implementation evaluation case studies (all originating from the USA)

LHS name Years since established at time of evaluation LHS scale

ImproveCareNow Network 10 Regional

Ohio Perinatal Quality Collaborative 9 Regional

Solutions for patient safety 8 Regional

National Pediatric Cardiology Quality Improvement Collaborative 8 Regional

Autism Speaks: Autism Treatment Network/Autism Intervention Research Network 
on Physical Health

2 Regional

Cystic Fibrosis Learning Network 2 Regional

Improving Renal Outcomes Collaborative 1 Regional

All Children Thrive Learning Network 2 Regional

Cerebral Palsy Research Network 5 Regional
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of end users, beneficiaries, and workers on the front 
line. Indeed, such combined approaches [27] have been 
shown to support both the implementation [28, 29] and 
deimplementation [30] of complex interventions within 
healthcare settings allowing flexibility in how such an 
evaluation toolkit will be implemented, while maintain-
ing consistency in constructs being evaluated. Lastly, the 
examples indicate that results of evaluation should be 
framed as a both (1) a way to track progress in realizing 
a LHS and (2) prioritize areas for process and infrastruc-
ture improvement and later investment.

Implications for implementation evaluation toolkit 
development and implementation
Collectively, our results suggest that an effective LHS 
implementation evaluation toolkit needs to first consist-
ently evaluate an LHS exemplar as an integrated suite of 
interventions across all five key constructs (stakehold-
ers, research evidence, data, implementation, and socio-
technical Infrastructure). This should be framed around 
assessing how well the existing implementation or fidel-
ity [31] of a LHS aligns with the LHS as an aspirational 
model. Second, the LHS implementation evaluation 
toolkit should also have mechanisms to evaluate how 
well the LHS exemplar at a given fidelity has success-
fully achieved its stated aims, for example, in improv-
ing stroke outcomes. This, thus, provides a concrete link 
between the LHS as an aspirational vision, to the LHS in 
practice, to outcomes that matter to stakeholders. Such 
an approach would help delineate whether failure or suc-
cess may be attributable toward the LHS approach itself 
or issues with its implementation and has been shown to 
be helpful in tailoring complex interventions for further 
scale up [32, 33].

Limitations
The search for this scoping review was conducted 
only on peer-reviewed literature, and it is possible 
that the gray literature would yield additional case 
studies of LHS implementation evaluation. Further, 
all of the implementation evaluation examples and 
tools identified were in the USA within regional scale 
health systems, limiting generalizability beyond this 
environment, particularly in low resource contexts. 
Additionally, none of the implementation evaluation 
examples reported health outcomes as a direct result 
of LHS implementation, and none of the tools iden-
tified an approach to systematically identify stake-
holders and engage them as a part of LHS evaluation 
toolkit development and subsequent evaluation, lim-
iting learning applicable for further toolkit develop-
ment efforts. Lastly, the search considered contexts 

that self-identified as an LHS, and it is likely that other 
environments that are LHS-like may not have been cap-
tured in this review.

Conclusions
The learning health system presents a proven approach 
toward health system improvement that has shown con-
siderable promise in generating cyclical and measurable 
healthcare improvement. However, much of the litera-
ture remains theoretical, and our scoping review has cap-
tured emerging empirical evidence to both guide the 
implementation of the LHS in the first instance and guide 
the evaluation of LHS implementation to ensure consist-
ent alignment with the aspirational vision of the LHS. 
We have shown consistency in the LHS constructs that 
should be measured by these tools and a divergence in 
how such evaluations can be implemented. As such, fur-
ther iteration and adaptation of LHS evaluation toolkits 
should consider evaluation across five core constructs 
(evidence from stakeholders, research, practice/data, and 
implementation, as well as sociotechnical infrastructure), 
while maintaining flexibility in evaluation methodology 
to allow for adaptation to local contexts. Further, more 
work is needed in evaluating the use of these tools across 
diverse clinical settings beyond the USA, across low and 
middle income settings, and underserved populations, 
and settings including regional and rural care with fur-
ther focus on linking the implementation of the LHS with 
direct health system outcomes.

Appendix 1
Search code used on the electronic databases
A systematic search, based on the selection criteria and 
combining key words, was developed. The search strat-
egy is limited to English language papers published in the 
previous five years.

Medline:

(learn* health* system*.tw) OR (learn* health* net-
work*.tw) OR (learn* network*.tw) OR (learn* org*.
tw)
AND
(evaluat* or assess* or matur* or implem*).tw.
AND
(limit to (yr="2018-Current" and English))

Medline in-process (and other non-indexed citations):
Same as for Medline
Embase:
Same as for Medline
Scopus:
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( TITLE-ABS-KEY ( “learning health system*”) OR 
(“learning health network*”) OR (“learning network*”)
AND ( health* OR ehealth )
AND ( partner* OR collaborat* OR "startup" )
AND ( data* OR informatic* OR infomatic* OR digi-
tal )
AND ( translation* )
AND (evaluat* OR assess* OR matur*)
AND ( LIMIT-TO ( PUBYEAR , 2023 ) OR LIMIT-
TO ( PUBYEAR , 2022 ) OR LIMIT-TO ( PUBYEAR , 
2021 ) OR LIMIT-TO ( PUBYEAR , 2020 ) OR LIMIT-
TO ( PUBYEAR , 2019 ) OR LIMIT-TO ( PUBYEAR , 
2018 ) AND ( LIMIT-TO ( LANGUAGE , "English" ) )
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