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Abstract

Introduction: Learning health systems (LHS) science is fundamentally a transdisciplin-

ary field. To capture the breadth of the competencies of an LHS scientist, AHRQ and

national experts defined a series of 42 competencies across seven domains that sup-

port success. Clinicians, researchers, and leaders who are new to the LHS field can

identify and prioritize proficiency development among these domains. In addition,

existing leaders and researchers will assemble teams of experts who together repre-

sent the LHS science domains. To serve LHS workforce development and proficiency

assessment, the AHRQ-funded ACCELERAT K12 training program recruited domain

experts and trainees to define and operationalize items to include in an LHS Compe-

tency Assessment to support emerging and existing LHS scientists in prioritizing and

monitoring proficiency development.

Methods: Sequential interviews with 18 experts iteratively defined skills and tasks to

illustrate stage in proficiency, and its progression, for each of 42 competencies in the

seven LHS expertise domains: systems science; research questions and standards of

scientific evidence; research methods; informatics; ethics of research and implemen-

tation in health systems; improvement and implementation science; and engagement,

leadership, and research management. An educational assessment expert and LHS

scientist refined the assessment criteria at each stage to use parallel language across

domains. Last, current trainees reviewed and pilot tested the assessment and the

LHS Competency Assessment was further refined using their feedback. The assess-

ment framework was informed by Bloom's revised taxonomy of educational objec-

tives (Anderson and Krathwohl, A taxonomy for learning, teaching, and assessing: A

revision of Bloom's taxonomy of educational objectives, 2001) where learning pro-

gresses from recalling, defining, understanding, and awareness at the lower levels of

the taxonomy, to applying and adopting and finally to creating, designing, and critiqu-

ing at the upper levels of the taxonomy. We also developed assessment criteria that

could be used for longer term assessment of direct performance. Van der Vleuten

et al. (Best Pract Res Clin Obstetr Gynaecol. 2010;24(6):703-719) define longer term

direct assessment methods as assessment that occurs over a period ranging from

Received: 6 May 2022 Revised: 5 August 2022 Accepted: 17 August 2022

DOI: 10.1002/lrh2.10343

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2022 The Authors. Learning Health Systems published by Wiley Periodicals LLC on behalf of University of Michigan.

Learn Health Sys. 2022;6:e10343. wileyonlinelibrary.com/journal/lrh2 1 of 8

https://doi.org/10.1002/lrh2.10343

https://orcid.org/0000-0002-4441-0533
https://orcid.org/0000-0001-9763-3928
https://orcid.org/0000-0001-9511-2299
https://orcid.org/0000-0002-4038-1966
https://orcid.org/0000-0003-1993-5634
https://orcid.org/0000-0002-9881-4541
mailto:patricia.franklin@northwestern.edu
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/lrh2
https://doi.org/10.1002/lrh2.10343


weeks to even years and involves multiple assessment methods and exposure to the

learner's work over an extended period.

Results: This experience report describes the content of the LHS Competency

Assessment. For each domain and competency, the assessment lists examples of evi-

dence to support expertise at each level of proficiency: no exposure; foundational

(awareness/understanding); emerging (early application); and proficient (application

with a high level of skill). Trainees begin with baseline standard assessment tables,

where they can indicate no exposure or mark the foundational and emerging skills

with which they have competence. For domains where foundational and emerging

skills have been achieved, users can move on to assessment tables that list evidence

of proficiency.

Conclusion: The LHS Competency Assessment offers consistent, graded criteria

across the seven LHS domains to guide trainees and mentors to evaluate progress

from no experience to foundational knowledge, emerging proficiency, and profi-

ciency. The assessment can also be used to design training and mentoring for those

newly exposed to LHS science and for those with key expertise who wish to expand

LHS expertise.
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1 | INTRODUCTION

Learning health systems (LHS) science is fundamentally a transdisci-

plinary field. To capture the breadth of the competencies of an LHS

scientist, AHRQ and national experts defined a series of 42 competen-

cies across seven domains that could be used to design, implement,

and evaluate training programs for LHS researchers.1 Clinicians,

researchers, and leaders who are new to the LHS field can use these

competencies to identify and prioritize proficiency development. In

addition, existing researchers and health system leaders may choose

to assemble teams of experts who together represent the LHS science

domains. To serve LHS workforce development and proficiency

assessment for LHS scientists, faculty of an LHS training program

recruited domain experts and trainees to design an LHS Competency

Assessment to support emerging and existing LHS scientists in priori-

tizing and monitoring LHS proficiency development.

While there are multiple competencies in each LHS domain, train-

ing programs do not expect scholars to become proficient in every

domain or competency. Rather, LHS scholars will focus their training on

a few domains and several competencies within the domain. Every LHS

trainee brings individual strengths; some scholars enter the program

with proficiency in some competencies, while lacking exposure to other

competencies or domains. The LHS Competency Assessment is

designed to guide trainee and mentor planning across many years of an

early LHS science career as proficiency evolves, including providing

measurable benchmarks for individual career advancement plans.

Competencies are important for LHS workforce development as

they define the knowledge- or skill-based assets that trainees should

acquire during their training.2 They are outcome focused rather than

content focused.3 Clearly defined competencies are needed to

develop LHS training curricula. They allow program leaders to define

learning objectives for trainees and to develop structured learning

activities and experiences that will help trainees achieve the compe-

tencies. Criteria for assessing competencies are equally important for

workforce development because they provide fixed and objective cri-

teria for determining if trainees have acquired competencies at the

desired standard of performance.3,4 This obviously has practical

importance, however, in their paper on assessment of clinical and

translational medicine competencies, Dilmore et al. also note that

there is an ethical imperative to evaluating competence.14

To serve LHS workforce development and proficiency assessment

for LHS scientists the specific goals of this project were to (a) define

distinct levels of LHS proficiency for each competency and

(b) operationalize measurable criteria that could be used to differenti-

ate between the levels of proficiency.

2 | METHODS

2.1 | Educational framework

Achieving competence is developmental and requires a gradual

progression toward the integration of knowledge, skills, and atti-

tudes. Competency-based education is a learning paradigm focused

on describing and measuring what learners need to know and be

able to do (outcomes), given the goals and mission of the program.
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In this light, competencies define the knowledge, skills, and attitudes

needed to function successfully within the discipline.14

Our assessment framework was informed by Bloom's revised tax-

onomy of educational objectives.5 The taxonomy defines cognitive

processes that underly learning. At the lower level of the taxonomy,

learners remember (recognize, recall), and understand (eg, summarize,

explain, interpret). These are the cognitive processes that underly the

foundational mastery level of the framework. In the mid-level of the

taxonomy, learners apply (execute, implement). This process underlies

the application level of the framework. At the upper level of the

taxonomy, learners analyze (eg, differentiate, attribute), evaluate, and

create (eg, generate, plan, and produce).

We also aimed to develop an assessment framework that could be

used for longer term assessment of direct performance. Van der Vleuten

et al. define longer term direct assessment methods as assessment that

occurs over a period ranging from weeks to even years.6 This contrasts

with assessment that occur at a single point in time. In addition, these

authors note that assessment involves multiple assessment methods and

exposure to the learner's work over an extended period. Our framework

has 4 levels of mastery so that progress can be assessed over a timeline

of months and/or years. Mastery is assessed using multiple forms of evi-

dence from research study protocols to IRB submissions, to stakeholder

meetings, to the trainee's mentored research project.

2.2 | Competency assessment development team

ACCELERAT (A Chicago Center of Excellence for Learning Health

Systems Research Training) is one of the 11 AHRQ-funded LHS train-

ing programs. (K12HS026385; 2019-2023) Participation in the K12

funding mechanism allows junior faculty committed to a career as an

LHS scientist to dedicate 75% effort for a minimum of 2 y. While

ACCELERAT is housed at Northwestern University Feinberg School

of Medicine, the program invites scholar applications from across the

Chicago region. LHS scholars complete a mentored research project

while completing a training program that includes a core didactic

series plus individualized training opportunities.

The development team for this competency assessment consisted

of an expert in learning health systems research and an expert in

higher education evaluation and assessment. The development team

created the development process, identified experts to review draft

competencies, conducted the expert panels, and drafted and refined

the competencies.

2.3 | Competency assessment development
process

We developed the competency assessments using an iterative process

(Table 1). We identified a panel of 18 experts across the learning

health science domains to develop the competency assessments,

including research experts for each domain. The experts were

members of the ACCELERAT executive committee for the training

program, faculty who teach in the program, and experts from within

the health systems that employed the trainees. Expert panels for

domains 4 (informatics) and 5 (ethics) also included trainees who

entered the training program with a high degree of expertise in those

domains.

The competency development team co-facilitated an initial meet-

ing with the director of the Northwestern University Searle Center for

Advancing Learning and Teaching to explain what competencies are,

how Blooms Revised taxonomy could be used as a means of distin-

guishing between levels of performance, and potential sources of evi-

dence to assess competencies development. The process for

developing the competency assessments was also discussed at the

meeting.

Panels of 3-4 experts were convened for each competency

domain. The expert panel then met with an expert in learning health

systems research with broad expertise across all the domains and a

specialist in higher education evaluation for a 90-min brainstorming

session. During the sessions, experts described how they understood

the competency, and how they would distinguish between someone

with a very basic level of skill, someone whose skills were emerging

and someone whose skills were proficient. The expert panel meetings

were recorded, and notes were taken. Following the meeting, the

evaluation specialist reviewed the meeting notes and recording and

drafted criteria for the different levels of proficiency described during

the meeting. The LHS expert edited the drafts, and the revised draft

was shared with the expert team for additional edits. The revised draft

TABLE 1 Summary of the six-step competency assessment
development process

1. Panel of learning health systems experts assembled and

includes multiple experts within each of the 7 LHS

domains

Development team outlines process for developing

competency assessments with panel experts

Development team and education expert discuss

competencies and competency assessment with panel

experts

2. Development team convenes a 90-min brain-storming

session with 7 sub-groups of the panel comprised of

3–4 experts for each domain

Based on session recordings, development team creates

first draft of competency assessments and shares

them with the domain experts

3. Domain experts revise competency assessments

Development team refines competency assessments and

shares with domain experts for their final revisions

Development team makes final revisions for consistency

across domains

4. Competency assessments for 7 domains shared with the

full expert panel for feedback

Development team makes revisions

5. Competency assessments shared with new cohort of

trainees for feedback

6. Development team makes final revision to competency

assessments
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was then reviewed and edited by the development team again.

Revised drafts were then shared with the expert panel for another

round of feedback. The full expert panel discussed and advised on the

definition of proficiency levels and provided final feedback on the

assessment. Last, the draft competencies were reviewed by a new

cohort of four ACCELERAT trainees to provide input on content and

accessibility of the language for trainees.

2.4 | Proficiency levels

Based on input from all domain experts, we chose four levels of

proficiency: “no exposure,” “foundational awareness,” “emerging

proficiency,” and “proficient” (Table 2). The “no exposure” level of

proficiency was created for trainees with no incoming awareness of

the competency. The “foundational awareness” level is associated

with awareness or understanding of the concepts and skills.

This awareness is often gained through didactic learning (seminars,

workshops, and coursework) in the training program but may also be

acquired through one-to-one feedback and discussions in research

in progress meetings or with mentors. Trainees demonstrate their

understanding during discussions, workshop activities, and course

assignments through behaviors such as summarizing, explaining, and

comparing. The emerging level is associated with application of

knowledge and concepts and skills to the trainee's own research.

Trainees design, create, and make decisions but with minimal

input from stakeholders. Completion of a mentored research

project may demonstrate emerging skills in some LHS domains.

TABLE 2 Definitions of the four levels of proficiency

Mastery level Definition

No exposure The trainee has not been exposed to the

competency

Foundational The trainee has an awareness of or basic

understanding of the competency. The trainee

demonstrates understanding by interpreting,

classifying, summarizing, inferring, comparing, and

explaining

Emerging The trainee is in the early stages of applying the

competency. The trainee can execute and

implement

Proficient The trainee is applying the competency to their

research with a high degree of skill. The trainee

can analyze, evaluate, and critique, integrate

stakeholder perspectives and work successfully in

complex systems

F IGURE 1 Illustrative sources
of evidence for trainee proficiency
self, mentor, or program
assessment
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TABLE 3 Sample competency assessments for each of the 7 learning health systems (LHS) domains

No exposure Foundational Emerging Proficient

Domain 1: Systems science
Competency 1: Demonstrate knowledge of how systems theories can be used to understand how the interactions of the parts of health systems

operate to produce value for stakeholders

No exposure 1A. Aware of potential external and

internal factors that may influence

an intervention in the health

system and how to recognize

them

1B. Identifies both internal and

external system determinants that

can influence the impact of an

intervention to be deployed

1C. Designs a complex health intervention

study that measures the contribution of

multilevel determinants on outcome as

measured by process/use measures

Domain 2: Research questions and standards of scientific evidence
Competency 1: Demonstrate the ability to compose feasible and timely research questions and hypotheses, incorporating stakeholder priorities, to

generate evidence that informs meaningful clinical and policy decisions

No exposure 2A. Aware that research questions

can be constructed in

collaboration with stakeholders

2B. Constructs research questions

mainly in isolation based on

literature and clinical knowledge

2C. Constructs and refines research

questions in collaboration with

stakeholders

Domain 3: Research methods

Competency 2: Demonstrate the ability to develop an appropriate observational, quasi-experimental, or experimental study design while mitigating

threats to internal and external validity for research that is minimally disruptive to operations in real world health systems and practices

No exposure 3A. Understands how stakeholder

involvement can enhance study

procedures and successful study

conduct

3B. Accurately assesses the

feasibility of conducting the study

protocol including consideration

of workflow, issues

re: randomization, anticipation of

the stakeholders who need to be

engaged

3C. Study protocol exhibits evidence of

substantive involvement of stakeholders/

community in the study design and issues

such as workflow and randomization

Domain 4: Informatics
Competency 1. Demonstrate the ability to use data derived from electronic health records and other clinical information sources for research and

quality improvement

No exposure 4A. Knows the range of questions

that can be addressed with real

world data

4B. Constructs questions that can

be addressed using existing

informatics tools and data sources

4C. Translates a research question into the

vocabulary and specifications that a data

analytics team can execute, while providing

important clinical and research context

Domain 5: Ethics of research and implementation
Competency 4: Demonstrate the ability to identify and minimize potential conflicts of interest in the design, conduct, and reporting of research

conducted in health systems

No exposure 5A. Aware of the range of conflicts

of interests

5B. Identifies one's own conflicts of

interest

5C. Identifies own conflicts of interest and

conflicts of interest relating to those of

stakeholders. Discloses and

minimizes them

Domain 6: Improvement and implementation science
Competency 1: Demonstrate the ability to employ specific quality improvement methods to reduce avoidable variation and improve performance in

clinical processes and outcomes in routine practice

No exposure 6A. Recognizes an opportunity to

reduce variation in care delivery

and/or to improve outcomes

6B. Identifies unnecessary variation

in care delivery, patterns/themes

and causes of variation and/or

suboptimal performance

6C. After identifying potentially avoidable

variation or suboptimal performance in

care delivery, identifies stakeholders

involved in care, collaborates to establish a

team charter and measurable objectives

Domain 7: Engagement, leadership and research management
Competency 7.6: Demonstrate the ability to implement protocols aligned with health systems operations and integrated into clinical settings, including

engaging clinicians in the research process

No exposure 7A. Understands the roles research

partners play, including clinicians

and other stakeholders, but major

decisions are made without input

7B. Roles and decision-making

authority of research partners,

including patients and other

stakeholders, are defined and

clearly stated. Major decisions are

communicated to all stakeholders

7C. Roles and decision-making authority of

research partners, including patients and

other stakeholders, are defined

collaboratively and clearly stated. Major

decisions are made inclusively and

communicated to all stakeholders
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“Proficient” involves application, but with a high degree of skill.

Trainees who are proficient conduct their work within complex sys-

tems with diverse stakeholders. They design, create, and make deci-

sions in collaboration with stakeholders and demonstrate a high

degree of flexibility. Trainees may demonstrate their proficiency

through successful completion of a mentored research project, meet-

ings, and interactions with stakeholders. Figure 1 provides examples

of evidence for trainee proficiency.

The competency framework rests on the assumption that compe-

tencies will be assessed via multiple streams of information. Potential

sources of evidence available in the program were identified by the

development team and shared with the expert panel during the initial

meeting. These included traditional training program work products

such as course assignments, research in progress meetings and confer-

ences presentations, grant proposals, and manuscripts, but also included

work products specific to learning health systems training programs

such as quality improvement projects, informatics requests, and conver-

sations and interactions in stakeholder and health systems meetings.

3 | RESULTS

We developed assessment criteria for all competencies within each of

the seven LHS domains. For each domain and competency, the

assessment lists examples of evidence to support expertise within the

level of proficiency: no exposure; foundational (awareness/ under-

standing); emerging (early application); and proficient (application with

a high level of skill). Sample competency assessments for each domain

are presented in Table 3. The number of assessment criteria (n) varied

for each domain (Domain 1 n = 11; Domain 2 n = 12; Domain

F IGURE 2 Using learning
health systems competency

assessment
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3 n = 15; Domain 4 n = 12; Domain 5 n = 4; Domain 6 n = 10;

Domain 7 n = 10).

We organized the assessment criteria into Assessment Tables

(Supporting information). Users begin with baseline standard assess-

ment tables, where they can indicate no exposure or mark the founda-

tional and emerging skills with which they have competence. For

domains where foundational and emerging skills have been achieved,

users can move on to assessment tables that list evidence of proficiency.

4 | DISCUSSION

Over the past decade, training in health-related fields has shifted toward

competency-based models.7,15 In addition to medicine and nursing, disci-

plines including epidemiology8 and health systems research9 have

devoted time and resources to studying the core skills and knowledge

that trainees require to succeed in the professions. For translational sci-

ence, which is also a transdisciplinary field, experts have also defined

competencies (EATRIS C-COMEND, 2016) and characteristics10 that

complement discipline-specific expertise. Similarly, the AHRQ-defined

competencies for learning health system science provide a framework

for training and proficiency assessment for emerging LHS scientists.

We operationalized assessment criteria for the seven initially

defined LHS competency domains. The progression from foundational

to emerging to proficient involves a progression from “awareness” to

“application” to “application with a high degree of skill.” Application

with a high degree of skill involves the ability to apply the competency

in complicated settings or projects (see 1C), high level application/

integration of patient-centered outcomes skills (see 2C, 3C, 6C, 7C), or

the ability to work with professionals in the health system at a high

level (4C) or the ability to address complex problems (5C). In the devel-

opment sessions, experts across LHS domains discussed that emerging

proficiency can be differentiated from proficiency because the latter

requires active engagement of diverse stakeholders ranging from health

system leaders and policy makers to clinicians and clinic staff to

patients. The varied backgrounds and perspectives of these stake-

holders must be considered when refining LHS research questions,

implementing novel interventions, and evaluating associated health

outcomes and health system impact. The expertise to respectfully

solicit diverse stakeholder opinions, define a nuanced consensus, imple-

ment new procedures, and evaluate the impact requires practice across

many years. Overall, the goal is for LHS trainees to progress toward a

greater proficiency in leadership and systems thinking, meaning they

can distinguish and understand relationships among parts of a health

system and can apply tools to understand and solve complex problems

to improve healthcare delivery and health outcomes.11

The LHS Competency Assessment can be used as a self-assessment

or in conversation with a mentor or supervisor. Completing the assess-

ment encourages trainees to participate actively in monitoring skill

growth and assuming responsibility for achieving competence.3 Users

can complete a baseline assessment for all domains, identify the domains

within which they would like to develop proficiency, and then move to

the proficiency tables for the domains that are an area of emphasis to

identify competencies that have been met. The assessment can be useful

if repeated biannually during the training period and at least annually

during the early years of an emerging LHS science career.

The sheer number of competency assessment criteria may appear

to be overwhelming. However, in learning health systems training

programs, the goal is not for trainees to become proficient in every

competency, but for them to identify a few competencies in which

they want to become proficient and others where they want to have

emerging or foundational skills. The expected level of competence

in each educational domain, however, is a topic for each training

program to address with trainees.2

We anticipate that the LHS competency assessment will clarify

the skills that align with each competency and illustrate how the dis-

tinct levels of expertise can be differentiated for both the trainee and

mentor. The operational definitions use tasks and expertise to illus-

trate progression from foundational skills to proficiency. Items were

selected to provide the trainee with a tangible idea of what skills and

expertise they should be developing within each domain. The specific-

ity of the competency assessments enables mentors to provide

mentees with highly specific external feedback which is critical to the

success of competency-based education.3 In addition, the explicit

assessment criteria make it easier for mentors and mentees to set

goals and to identify activities that will help mentees reach the next

level of proficiency. Mid-career or senior researchers who hope to

develop new skills aligned with LHS science can also use the assess-

ment to identify gaps in proficiency. Figure 2 illustrates how both a

trainee new to the LHS field and a mid-career researcher may use the

LHS competency assessment to establish and monitor learning goals.

We recognize that LHS scientists require ongoing practice while

engaged in complex research and improvement activities in order to

become proficient in some competencies. Thus, the LHS scientist with

emerging proficiency requires the availability and partnership of a

healthcare delivery system that shares the LHS values. Ongoing skill

refinement in some domains, particularly in leadership and systems

science, may emerge over time while some of the specific content knowl-

edge domains may be mastered through training and early application.

A potential limitation of the LHS competency assessment is that

the items were developed by experts at one LHS training center.

Although the 18 participants spanned many areas of expertise and had

trained and worked in different healthcare systems across the nation,

all participated in the same LHS training program. It is possible that this

may have resulted in a narrow perspective with uneven focus on com-

ponents of LHS science. For example, we noted earlier that proficiency

in a particular competency often involved high level integration of

patient-centered outcomes research, a specific expertise of this pro-

gram. It is possible that experts from other training programs may bal-

ance assessment criteria differently. In addition, involving a greater

number of experts may have resulted in different assessment criteria.

Some groups who have developed competencies have obtained feed-

back from several hundred members of professional associations.12

Obtaining feedback from a wider range of LHS experts may be an

appropriate next step in our competency assessment development pro-

cess. To simplify assessment of trainee progress, we applied only four

levels of competence across the many domains. For example, within

the foundational level, both awareness of a concept and understanding

FRANKLIN ET AL. 7 of 8



it - two distinct steps in mastery- are grouped together. Finally, as addi-

tional LHS competencies are named, the competency assessment will

be expanded. For example, in summer 2022 and after this assessment

was defined, AHRQ and LHS training leaders defined an eighth domain

addressing equity and justice competencies.

We note that conceptual critiques of competency-based medical

education also apply to competency-based assessment in LHS. These

include epistemological critiques such as “competency is socially con-

structed and reflective of dominant values and power relations” and

“the learning process is as important as learning outcomes” and “com-

petence is not solely individual, but also collective,” along with behav-

iorist critiques such as “competency cannot be broken down into

discrete elements,” “it is not possible to define all necessary competen-

cies” and “not all aspects of competencies are observable and measur-

able.”13 Thus, the LHS competency assessment will and should evolve

as experience deepens with both the concept and application of learn-

ing health systems science in real-world healthcare delivery settings.

The present work is an essential step toward advancing the LHS field

by providing objective, measurable criteria for achieving competence.

5 | CONCLUSION

This initial LHS Competency Assessment has the potential to guide

and enhance the objectivity and consistency of trainee and mentor

assessment of progress from no experience to foundational knowl-

edge, emerging proficiency, and proficiency across the seven LHS

domains. The assessment can also be used to identify training and

mentoring priorities for those newly exposed to LHS domains. For

those with research expertise and wishing to expand LHS skills, the

LHS Competency Assessment can help to identify opportunities to

attain a higher level of competence or broaden skills in new domains.

Finally, the sample skills within the assessment can inform LHS train-

ing program didactic components to assure all participants master

foundational skills across LHS domains while defining opportunities to

continually expand proficiency in priority domains.
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