
TYPE Original Research

PUBLISHED 06 September 2022

DOI 10.3389/fdgth.2022.911634

OPEN ACCESS

EDITED BY

Sue S. Feldman,

University of Alabama at Birmingham,

United States

REVIEWED BY

Parisis Gallos,

National and Kapodistrian University of

Athens, Greece

Wouter A. Keijser,

University of Twente, Netherlands

*CORRESPONDENCE

Elizabeth A. Regan

earegan@mailbox.sc.edu

SPECIALTY SECTION

This article was submitted to

Health Technology Implementation,

a section of the journal

Frontiers in Digital Health

RECEIVED 02 April 2022

ACCEPTED 08 July 2022

PUBLISHED 06 September 2022

CITATION

Regan EA (2022) Changing the

research paradigm for digital

transformation in healthcare delivery.

Front. Digit. Health 4:911634.

doi: 10.3389/fdgth.2022.911634

COPYRIGHT

© 2022 Regan. This is an open-access

article distributed under the terms of

the Creative Commons Attribution

License (CC BY). The use, distribution

or reproduction in other forums is

permitted, provided the original

author(s) and the copyright owner(s)

are credited and that the original

publication in this journal is cited, in

accordance with accepted academic

practice. No use, distribution or

reproduction is permitted which does

not comply with these terms.

Changing the research paradigm
for digital transformation in
healthcare delivery

Elizabeth A. Regan*

Department of Integrated Information Technology, College of Engineering and Computing,

University of South Carolina, Columbia, SC, United States

The growing focus on healthcare transformation (i.e., new healthcare delivery

models) raises interesting issues related to research design, methodology, and

funding. More than 20 years have passed since the Institute of Medicine first

called for the transition to digital health with a focus on system-wide change.

Yet progress in healthcare delivery system change has been painfully slow. A

knowledge gap exists; research has been inadequate and critical information is

lacking. Despite calls by the National Academies of Science, Engineering, and

Medicine for convergent, team-based transdisciplinary research with societal

impact, the preponderance of healthcare research and funding continues to

support more traditional siloed discipline research approaches. The lack of

impact on healthcare delivery suggests that it is time to step back and consider

di�erences between traditional science research methods and the realities

of research in the domain of transformational change. The proposed new

concepts in research design, methodologies, and funding are a needed step to

advance the science. The Introduction looks at the growing gap in expectations

for transdisciplinary convergent research and prevalent practices in research

design, methodologies, and funding. The second section summarizes current

expectations and drivers related to digital health transformation and the

complex system problem of healthcare fragmentation. The third section then

discusses strengths and weaknesses of current research and practice with the

goal of identifying gaps. The fourth section introduces the emerging science

of healthcare delivery and associated research methodologies with a focus

on closing the gaps between research and translation at the frontlines. The

final section concludes by proposing new transformational science research

methodologies and o�ers evidence that suggests how and why they better

align with the aims of digital transformation in healthcare delivery and could

significantly accelerate progress in achieving them. It includes a discussion of

challenges related to grant funding for non-traditional research design and

methods. The findings have implications broadly beyond healthcare to any

research that seeks to achieve high societal impact.
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Introduction

Over two decades have passed since the Institute of

Medicine recognized the growing problems in the U.S.

healthcare delivery system and called for the transition to

digital health with a focus on system-wide change (1).

However, progress in healthcare delivery system change has

been painfully slow (2–10). Despite calls by the National

Research Council (11) and the National Academies of Science

and Medicine (12) for convergent, team-based transdisciplinary

design science research, the preponderance of healthcare

research and funding continues to support more traditional

disciplinary research approaches (5, 13, 14). The emerging

science of healthcare delivery holds promise, but has it

advanced enough? Does it appropriately consider the complexity

of systemic change? Is it time to step back and consider

differences between traditional science research methods and

the realities of research in the domain of transformational

change? The proposed new concepts in research design,

methodologies, and funding are a needed step to advance

the science.

The purpose of this research is to examine the growing

gap between expectations and demands for creating a

21st century healthcare delivery system and the current

methodologies, practices, and funding available to address

them—what works, what does not, and why. The approach takes

a deep transdisciplinary view. The underlying conceptual

frameworks span healthcare delivery science, design

science/design thinking, human-centered design/user

experience, complex systems science, social sciences–

especially organizational development, change leadership,

interorganizational systems, business process management,

healthcare service management, value cocreation, digital

transformation, IT adoption and assimilation, implementation

science, medical practice, comparative effectiveness research,

translational research, and learning organization theory–

only a selection of the most relevant of which are discussed

in ensuing sections and referenced in the bibliography.

The next section summarizes current expectations and

drivers related to digital health transformation. The

third section then discusses strengths and weaknesses of

current research and practice with the goal of identifying

gaps. The fourth section on research methodologies then

synthesizes this information with the aim of suggesting

critical success factors for closing the gaps between research

and translation at the frontlines. The final section on

changing the research paradigm concludes by proposing

new transformational science research methodologies and

offers evidence that suggests how and why they better

align with the aims of digital transformation in healthcare

delivery and could significantly accelerate progress in

achieving them. The findings have implications broadly

beyond healthcare to any research that seeks to achieve high

societal impact.

The problem of healthcare
fragmentation

Healthcare delivery transformation is a truly complex socio-

technical systems problem at the intersection of multiple

disciplinary traditions (10, 15–17). Significant issues in U.S.

healthcare delivery persist despite advances in technologies,

medicine, health policies, regulations, and resources (2, 5,

18, 19). Many Big Tech healthcare initiatives have ended

in failure, stifling true innovation in healthcare delivery and

reducing market confidence in technologies that are successful

in addressing real market needs (10). We essentially have the

greatest medical science in the world with a 19th Century

delivery system incapable of providing consistent, affordable

care for all citizens (20). The term healthcare “delivery system”

is used broadly to include the wide range of care givers and

venues that provide clinical care services, all of which operate

largely in silos with disjointed coordination among them leading

to errors, gaps, duplication of services, and all too often, poor

patient outcomes. In their documentation of the problem, the

Institute of Medicine (IOM) attributes >100,000 deaths a year

to preventable medical errors, resulting from system lapses that

fail to deliver well-established standards of practice. The IOM

findings and recommendations were issued in 2000, and the

statistics have not improved (4, 5, 21–28). The U.S. healthcare

system faces a daunting set of challenges, including high costs,

disparities in access, and significant gaps between scientific

evidence and actual practice (5, 21, 28–30). Healthcare costs

are projected to continue rising at a rate faster than growth in

the overall economy, with expenditures increasing from $3.6

trillion in 2018 to nearly $6.0 trillion by 2027 (31). According

to estimates, up to one-third of healthcare spending in the

US each year may be classified as waste that relates largely

to failures of care delivery, care coordination, and overuse

(10, 32, 33). Chronic illness accounts for 75% of total health

system costs in the U.S. (34, 35). Yet the delivery system remains

focused primarily on acute care and not chronic care (5, 36, 37).

Research by RAND Corporation indicates that patient care

meets recommended evidenced-based standards of care only 55

percent of the time (13). Despite these concerns, <0.1% of total

healthcare spending in the U.S. goes toward research to improve

how we deliver care, which represents only 3.6% of the NIH

budget (24, 38, 39).

The research on quality, safety, and coordination issues

indicates that most barriers to transforming healthcare delivery

are neither medical problems nor individual performance

problems, but rather they are complex system problems (1,

5, 40–42). The problems have grown increasingly worse and
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more expensive with an aging population and high incidence

of multiple chronic conditions. The explosion of technology

innovations and nontraditional market entrants may be further

exacerbating the fragmentation problem.

The siloed nature of healthcare in an uncoordinated fashion

across multiple specialties and settings, presents one of the

greatest challenges limiting delivery system optimization (13,

14). Gaps impeding solutions include problems in both clinical

and technical domains and especially at the intersection of the

two. Our fragmented U.S. healthcare delivery system is a major

driver of spiraling cost increases, inequities, and deteriorating

patient outcomes (5, 14, 41, 43–47). It is no fluke that the

technologically advanced but fragmented U.S. healthcare system

ranks highest in cost but 37th globally in performance (14,

48). Spending more on parts has not improved the whole

(14). An abundance of digital innovations and research has

generated much excitement, but relatively minor impact on

how healthcare is delivered (39, 49). The inability to address

this fragmentation problem has been attributed largely to our

narrowly focused approaches with insufficient attention to the

whole (5, 14, 49–51). U.S. healthcare is built on an acute care

paradigm that has grown increasingly fragmented and inefficient

at addressing the chronic care and other health needs of today’s

population (14).

The problem U.S. healthcare faces is how to leverage

advanced technologies and information sharing to transform the

healthcare ecosystem from an underperforming conglomeration

of independent entities (individual practitioners, small group

practices, clinics, hospitals, pharmacies, community health

centers, public health agencies, etc.) into a high-performance

system in which participants recognize their interdependence

and the implications and repercussions of their actions on the

system as-a-whole (14, 51, 52). Moreover, lessons learned from

multiple failures among Big Tech innovation ventures have

demonstrated that the healthcare industry is a different animal

with intricate, deep-rooted problems that cannot be solved

with a one-size-fits-all approach; but rather that improving

healthcare requires specialized knowledge and applications to

transform processes from the inside out (10). These problem

have been successfully addressed by many other industries

greatly expanding their capabilities to meet customer needs

(e.g., banking, airlines, retail, and others). Although healthcare

communities across the nation have made some progress in

implementing and using health IT to share relevant patient

information, the lack of widespread adoption of reliable systems

that can share and integrate communication across institutional

and organizational boundaries continues to hinder efforts to

improve care delivery (5, 8).

Nationally, healthcare and public health institutions are

ill prepared to meet healthcare changes required by the

21st Century Cures Act and national priorities for a fully

connected healthcare system that empowers patients, caregivers,

and their healthcare providers to access, exchange, and use

digital health information (8). Sharing patient information

remains problematic, even within health systems, and sharing

information across institutions is extremely limited. The

COVID-19 pandemic of 2020 shed light on shortcomings in our

ability to share information to coordinate public health. From

a patient perspective, hand-offs between silos present many

challenges for coordination of care leading to delays and errors

(2, 5, 53, 54). The lack of widespread adoption of a reliable

system that can share and integrate communication across

institutional boundaries is a significant barrier to improving

care coordination (55). Our abilities to use and learn from the

vast amounts of patient data now available in digital format

have barely scratched the surface (8). Work to implement

data standardization (US Core Data for Interoperability) and

a national health information exchange network (QHINS and

TEFCA) called for in the 21st C. Cures Act of 2017 are

slowly moving forward. However, little funding or support has

been allocated for research or integration at the frontlines of

care delivery.

Currently, consensus around what an optimized U.S.

healthcare delivery system would look like is lacking, but

there is general agreement around the following objectives for

optimization: [(8, 56), Fed Health IT Strategic Plan].

• Interoperability for seamless sharing of data across systems

and among health institutions of all types.

• Patient-centered–organized around patient needs rather

than optimized around provider organizations (putting

individuals first).

• Focus on quality of care, safety, reduction of medical errors,

and improved efficiency.

• Transition to Pay-for-Value (from Fee-for-Service)–a better

aligned payment system.

• Coordination across the entire continuum of patient care.

• Connect healthcare with health data (Need for patient

electronic health data always available at the point-of-care).

• Need to shift from episodic care to population health focus.

• Team-based care.

• Equitable access.

• Put research into action: Strengthen feedback loops

between scientific, public health, and healthcare

communities to efficiently translate evidence into

clinical practice and improvement (“Learning

Healthcare Organizations”) (56–58).

Essentially, each of these objectives for transformation

represents a significant paradigm shift from the status quo.

The shift in mind set and organizational culture required to

implement solutions is significant and often under appreciated.

Problems in healthcare delivery are well documented, but why

is progress in addressing them so slow and difficult? And, most
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importantly, what can we do about it? These are critical research

questions, which remain largely unaddressed.

Research design for healthcare
delivery transformation

A growing body of evidence reveals that what we are doing

now has not been working. In many respects, paper silos

have now been replaced with digital silos, but progress toward

substantive changes in healthcare delivery have been minimal.

Much of the research remains in the realm of innovation

outside of the core processes that drive care delivery (49, 59–

61). The research literature related to transforming healthcare

delivery reveals many challenges, not the least of which is the

complexity of the U.S. healthcare ecosystem. The dynamics

of the healthcare ecosystem are highly regulated, especially in

the clinical environment. Despite recent trends for hospitals

to employ physicians, many physicians and physician groups

remain autonomous. Thus, hospitals generally experience strong

cultural tensions between the clinical and administrative

environments. Although operational units function essentially

as silos, they are at the same time highly interdependent. Since

healthcare is largely subject to a third-party payer system, it does

not operate on a true market economy. As thought leader Dr.

Don Berwick, former administrator of the Centers for Medicare

and Medicaid, President Emeritus of Institute for Healthcare

Improvement and Harvard Professor, described it, the U.S.is

saddled with “... a viciously complicated legacy payment system

designed by no one at all” (3). There is little price transparency,

and in most cases, consumers of healthcare do not know the cost

of what they are buying—at least not until well after the fact.

“Purchase” is generally not a choice, and the alternative may be

death or severe disability. Healthcare emergency departments

are unique in having to provide service even when the consumer

is unable to pay. These and other conditions often lead to

misalignments between incentives and rewards (62, 63). Thus,

it is no coincidence that the most significant progress in

transformation has been made by a handful of integrated health

systems where there is greater alignment between incentives,

practice, and rewards (3, 64–66).

Despite widespread efforts over the past 20 plus years,

we have seen little impact on our fragmented U.S. healthcare

delivery system. Research shows that most of these efforts have

been as fragmented and siloed as the delivery system itself and

seldom have been translated beyond a narrow scope of practice

to the delivery system more holistically (60, 67). Impediments

are many.

Information sharing for care coordination is a long-

standing challenge, which has become a national priority

(21st C. Cures Act). Failures in healthcare delivery practices

for care coordination alone accounts for approximately 10–

20 percent of variance in health outcomes (35). Individual

behavior is also a driver of variance as is social determinants

of health. Our healthcare system simply was not designed for

preventing and managing chronic conditions that account for

75–80 percent of U.S. healthcare costs. It was not designed

to integrate care of chronic behavioral and medical health

conditions (35).

Addressing healthcare delivery problems requires convening

many stakeholders with often competing interests. Bringing

together siloed organizations and competitive entities with

a focus on the bigger, system-wide picture for consumer-

centered coordinated care can present a major challenge.

Digital technologies offer revolutionary tools and opportunities.

However, employing them effectively requires redesigning

workflows, organizational relationships, and job responsibilities.

Progress requires deep integration with medical practice,

which has implications for system engineering, user interface

design, algorithms, database design, and other technology and

organizational issues. Healthcare innovation success stories

reveal the extent to which factors such as culture, transition to

team-based care, buy-in at all levels, roles of clinical leadership,

and change in mindset are critical to achieving desired outcomes

(64–66, 68, 69). Thus, due to this socio-technical complexity,

one form of integrated care does not fit all; no single model

will be suited to all contexts, settings, and circumstances.

Careful analysis is needed. Decisions about which approaches

are relevant in a particular setting must consider project

goals, needs of service users, providers, other stakeholders, and

available resources. Strategies need to address multiple levels

for transformation.

1. Overcoming barriers to implementing what we already

know about systems and delivery (evidence base) in a

sustainable and timely manner. In many cases, significant

gaps exist between best practice/evidence and what is

delivered, and how it is delivered.

2. Generating new evidence (especially effectiveness) to close

gaps in what is possible toward optimizing healthcare

delivery and better coordinating patient care.

Moreover, working in the domain of transformational

change involves additional challenges that go far beyond

standard change management methodologies (68, 70) The

organizational development research reveals critical distinctions

involved in leading transformational change (68). Working at

the level of transformational change, involves three critical and

unique dynamics: (1) the future state cannot be fully known

in advance; (2) significant change in organizational culture and

in individual mindsets and behaviors are required, and (3) the

change process itself cannot be tightly controlled and is difficult

to manage because outcomes are uncertain, and the human

dynamics are too unpredictable (68). These unique dynamics

present many challenges for working within traditional

scientific research methodologies and institutional management
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infrastructures. Addressing these challenges requires a new

mindset, with a whole-systems, long-term, process perspective.

Transformation is not something that can be led apart from

where real “work” happens—it must be intertwined, embedded,

and integrated into activities and infrastructure that drive action

in healthcare organizations (68). These theoretical foundations

underlie our recommendations for rethinking methodologies

for transformational research.

Essentially, despite the strong advocacy for healthcare

system change, no one in the U.S. has clear cut responsibility

for leading it. Leadership is as fragmented as healthcare

delivery itself (44). The Centers for Medicare and Medicaid’s

(CMS) innovation efforts exert influence power through

Medicare/Medicaid policy and reimbursement regulations.

Professional medical associations such as the American

Hospital Association and the American Medical Association,

bring specific perspectives and vested interests. Health

IT vendors add yet another influential dimension. The

Center for Disease Control (CDC) is focused on public

health with limited capability of sharing health information

within states let alone nationally. The Office of the National

Coordinator for Health Information Technology (ONC)

focuses primarily on convening stakeholders to address

technology issues with the exception of the Meaningful

Use (MU) program, which was managed in coordination

with CMS. The ONC’s current focus is on implementation

of components of the 21st Century Cures Act related to

interoperability and information exchange. By design, the

2020-2025 Federal Health IT Strategic Plan (8) is broad in

scope, providing strategies that span many federal departments,

agencies, and offices. It focuses on meeting the electronic

health information (EHI) needs of individuals, populations,

caregivers, healthcare providers, public health professionals,

payers, researchers, developers, and innovators. Although

these and other efforts are all critical components, their role

in addressing implementation at the frontlines of care is

important but not sufficient. Little focus has been placed

on how all the pieces come together at the frontlines of

care delivery and how they impact the patient experience.

Multiple gaps exist between evidence-based standards of

care and practice. What needs to change and how do we

translate it into practice, develop the evidence, and sustain

it? Solutions call for the convergent team-based problem-

solving approaches with high societal impact advocated by

the National Academies of Engineering and Medicine and

major funding agencies. However, we need to stop and consider

that our traditional scientific methods may not be up to the

task. Questions of appropriate scientific methodologies for

convergent, team-based research remain largely unexplored.

Needs include new frameworks for whole system approaches,

models for holistic understanding of the complex healthcare

delivery system, new paradigms for conceptualizing

solutions, and a healthcare research ecosystem for

EXAMPLE: 1

“Convergence among bio-medical, technological, clinical, and

regulatory fields can create a knowledge network for precision

medicine that integrates multiple sources of information. Molecular

data, medical histories, information on social and physical

environments, and health outcomes could be continuously

updated and made accessible to the research community,

health care providers, and the public. Analyzing connections

between information sets (e.g., patients’ genomes and their

environmental exposures) would help scientists to formulate

and test disease mechanisms and clinicians to develop new

personalized treatments. (Source: NAS Convergence report).”

transdisciplinary, evidence-based, co-creation of solutions at the

frontlines of care.

The fragmentation and complexity of the healthcare

ecosystem calls for a system level approach. Socio-technical

systems (STS) science, which originated in response to

challenges of understanding complex systems that are embedded

in a human world (71), provides a powerful framework

for analyzing issues behind the poor acceptability, uptake,

and performance of many information technology-based

interventions. Thus, the socio-technical framework seems

particularly suitable to healthcare systems which are so

dependent on complex human organizational structures.

However, achieving significant and sustainable improvement

will require going beyond standard discipline-centered research

practices. The challenge is how to better design team-based

transdisciplinary convergent research and how to close the

current gaps between lab research and translation to the

frontlines of care delivery.

Research methodologies for
healthcare transformation

The emerging science of healthcare delivery (HCDS) has

begun addressing this complex system problem, but many

challenges and unanswered questions remain (12, 14, 41, 49, 50,

52, 72, 73). In the opinion of Dr. James Weinstein, CEO and

President of Dartmouth-Hitchcock Medical Center, healthcare

delivery science “is the advance that is missing from healthcare

reform legislation and without it will fail” (50). One way of

conceptualizing HCDS is to think about it as working on

the healthcare delivery system as opposed to working in the

healthcare system. As its name implies, HCDS focuses on

the processes and organizational structures that influence the

provision of healthcare, rather than the biological sciences that

have been the traditional emphasis in medical research (74).

Healthcare delivery science (HCDS) is generally defined as

the study of the provision of healthcare and the development

of frameworks and theories to improve health and healthcare
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EXAMPLE: 2

“A recent article in Digital Medicine (49) asserts that “Artificial

intelligence (AI) has generated much excitement, but relatively little

impact in how healthcare is delivered.” The authors recommend

that to address the problem of leveraging AI at scale, “we need

to both broaden and deepen our thinking around how AI fits into

the complexities of healthcare delivery. As the data and computing

sciences for developing AI based solutions have matured, we

now need a delivery science to bring those solutions into use

in healthcare.” The issue of explainability of AI algorithms in all

industries has become a major research issue. This is an integrity

and user design issue that requires deep understanding of the

ecosystem for which AI applications are designed.”

services provided to individuals, communities, and populations

(73, 74). HCDS is generally viewed as encompassing

effectiveness research and implementation research, which

includes evaluation of quality improvement interventions (53).

Delivery science brings together concepts, methods and tools

from medicine, the social sciences, public health, population

health, engineering, technology, and business with the goal of

improving individual and community health while reducing

waste and harm. Critical to healthcare delivery science are

the insights needed to understand why healthcare systems are

failing to meet the needs and wants of the populations they

serve, and a new set of skills necessary to manage and champion

change in healthcare organizations such as hospital systems,

payer organizations, clinical practices, and government agencies

(24, 39, 53, 74, 75).

Delivery science research seeks to overcome the barriers,

understand the facilitators, and implement the innovations

necessary to improve the process of healthcare (24). Delivery

science has also been called “implementation science” or

“translational research,” because the overarching goal is to

translate the evidence of clinical research into the practice

of clinical care (39). Innovations examined or implemented

by delivery science researchers include new health IT tools

that leverage integrated electronic health records, new payment

models to overcome some of the misaligned incentives of the

traditional fee-for-service models, and patient-centered models

of care that integrate individual patient preferences and values.

Conducting robust and rigorous research to improve health

care delivery systems raises several novel research challenges,

including developing a well-trained research workforce with

a new set of research skills that are not standard features of

traditional research training programs (39, 76).

How can or should researchers align these new requirements

with traditional scientific hypothesis-driven research

methodologies? How does transformational research differ

from traditional translational research and applied research?

Reports by delivery science researchers about how extremely

competitive and challenging it is to secure funding for

transformational projects suggest several areas of misalignment

between expectations and new realities of research in the

transformational domain (37, 39, 77). The United States spends

more than $2 trillion on health care annually, but <0.1 % of

this total (representing only 3.6 percent of the NIH budget) is

currently allocated to research that is designed to improve how

healthcare is delivered (39, 78).

Grant and Schmittdiel (39) identify several key similarities

and differences in the competencies required for delivery science

research. Shared competencies with traditional health science

research include forming testable hypotheses, identifying

and addressing sources of bias and confounding variables,

and implementing rigorous biostatistical methods. New

competencies that are not standard features of traditional

research methods are summarized by Grant and Schmittdiel

(39) in three broad domains:

1) Understanding how clinicians create and use healthcare

data: Beyond the expertise to merge, clean, and

validate large quantities of clinical data, delivery

science researchers require a deep understanding of

the significance of the information in the care process

and how and why the data elements are created and

used in the flow of healthcare delivery. Developing this

understanding and potentially playing a role in changing

the data collection process requires direct collaboration

with the clinicians providing the patient care, the health

IT programmers developing or modifying the EHR

interfaces, as well as quality improvement leaders who

may be establishing care goals.

2) Developing relationships with stakeholders: Successful

translation of research into practice requires the effort

of many stakeholders within a health care system and

ultimately succeeds if clinician leaders are invested in

performance improvement. Thus, effective collaboration

between clinicians and researchers is essential. Aligning

research, operational, and clinical agendas is critical, albeit

challenging. To successfully implement change in a system

as complex as healthcare, delivery scientists must be

closely embedded within the workings of the system itself.

3) Resourcefulness in pursuing diverse and non-traditional

funding sources: As a transdisciplinary applied field of

research, healthcare delivery science does not clearly

align with traditional scientific funding sources. Therefore,

unless healthcare transformation is an institutional

priority, delivery science projects often face challenges

competing for internal funding, and competing for

external funding is equally challenging.

We can gain additional insight into the challenges of

healthcare delivery science by considering the prevalent

IT change methodology for implementation of electronic

health record systems (EHRs) as depicted in Figure 1. It is
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FIGURE 1

Prevalent IT change methodology for EHRs.

FIGURE 2

Healthcare delivery science methodologies.

essentially a linear top-down, siloed approach with the focus

on technology requirements. One of the weaknesses of the

prevailing approach is that generally 90 percent of strategy,

effort, and funding go into the technology implementation

phase while minimal planning and funding are allocated to

optimization (i.e., meaningful use of the technology). As a result,

the institution does not gain anticipated benefits and technology

has minimal impact on improving the delivery of patient

care, essentially layering expensive new technology on top of

expensive inefficient paper processes and disgruntled clinicians

burdened by the additional work with few benefits (79).

In contrast, research shows that institutions that realize the

greatest benefit from new technology take a far more integrated

approach from a holistic, system perspective (13, 53, 80–82).

Rather than starting with the technology, they focus on the

clinical goals they hope to achieve, which include clear, specific

improvements in patient care (the end in mind). Workflows and

care pathways are redesigned in parallel with the technology

installation. Training goes beyond just EHR functionality to

encompass changes in workflow and procedures and often job

redesign. As shown in Figure 2, the process involves a much

more bottoms up approach that engages clinicians and staff

at multiple levels including quality improvement —essentially

a transdisciplinary, convergent design science approach. It

also generally results in an EHR system configured far more

effectively in alignment with practice goals.

In summary, barriers to healthcare delivery science research

identified in the literature include the following: (53, 83).

• Limited funding (77).

• Insufficient leadership support (44).

• Lack of engagement between operational and

research leaders.

• Limited pools of research expertise / limited access to

research expertise by clinicians.

• Lack of pathways to identify and develop ideas.

• Confusion about how to prioritize opportunities.

To address these barriers, a convergence approach is critical

to advance both the science and technology research as well

as preparing the future workforce (53). Researchers Lieu and

Madvig (53) also underscore the critical role of industry in

taking advantage of the convergence opportunities moving

forward. They argue that a convergence approach is critical

to both advanced science and technology research as well as

preparing the future workforce. Two highly relevant research

methodologies associated with healthcare delivery science are

design science (also called design thinking) and value co-

creation (69, 84, 85).

Design science has its roots in engineering and can be

defined as “an applied research and innovation framework that

prioritizes empathy for users of a service or product, involves

highly diverse and collaborative project teams, and encourages

an action-oriented rapid prototyping of user-derived insights

rather than top-down hypotheses” [(86) p. 12]. Design science

and behavioral science are foundational in the information

systems discipline, positioned as it is at the confluence of

people, organizations, and technology (84). Design science

is especially appropriate for addressing complex problems in

which existing practice paradigms do not work well, requiring

whole new approaches to a problem, which makes it a good

fit for research in the domain of transformational change

(87, 88).

Design science methodologies differ from traditional science

in several distinct ways (86). It is transdisciplinary convergent

problem driven in contrast to traditional science top-down

hypothesis driven methodologies. Scientists put more emphasis

on analysis of pre-formed hypotheses or discipline-based,

theory-driven solution approaches whereas design scientists

emphasize synthesizing information and ideas from many
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different sources, in search of new and unconventional solutions.

Design science offers a framework for orienting diverse

project teams around problems, as they exist within, and

are experienced by individuals and communities, rather than

around individual expertise, past practice, prevailing paradigms,

or organizational structures (86).

Design science also differs from traditional process

improvement methodologies in distinct ways: design science

is most applicable early in the innovation process when

problems are not well-defined, or it has become clear that

current attempts to solve a problem are not working. Whereas,

process improvement is most valuable when problems and

possible solutions are less abstract and more relevant to current

day-to-day operations (86). University of California San

Francisco Health’s “Caring Wisely” program has demonstrated

the effectiveness of using design science methodologies

to engage frontline healthcare professionals in designing

intervention strategies that reduce costs, enhance healthcare

quality, and improve healthcare outcomes. In fact, they cite

the application of design science / implementation science

principles as one of the key factors in the success of the

program (89).

Applying a design science research approach can lead

to solutions (artifacts), which might be in the form of

new implementation processes or methods, models, care

pathways, algorithms, human/computer interfaces, constructs,

instantiations, design theories, other innovative products, or

new technical/social/informational resources (57, 87, 90–92).

The artifact enables researchers to get a better understanding

of the problem; re-evaluation of the problem improves

the quality of the design process and so on. This build-

and-evaluate loop is typically iterated multiple times before

the final design artifact is completed. The methodology

involves three closely related cycles of activities. The relevance

cycle initiates design science research with an application

context (e.g., a use cases or care pathway innovations) that

provides the requirements for the research as inputs but

also defines acceptance criteria for the ultimate evaluation of

the research results. The rigor cycle applies past knowledge

to the research project to verify its innovation. The central

design cycle iterates between the core activities of building

and evaluating the design artifacts and processes of the

research. Ultimately, the research team will be aiming for

innovative solutions that improve healthcare delivery (39). To

achieve this objective, innovations need to be embraced by all

stakeholders (patients, clinicians, system leaders, researchers).

Thus, direct collaboration among the clinicians providing the

patient care, the researchers and programmers developing

or modifying technology solutions and interfaces, and the

quality improvement leaders establishing care goals is essential.

In accordance with the learning healthcare system concept

(24, 57, 58), implementation of solutions will continue to be

evaluated, refined, and extended with the longer-term aim of

transforming healthcare delivery to a more consumer centric,

better coordinated interorganizational healthcare ecosystem

that will extend the “health-span” of the population. The

concept of health-span, defined as the length of time patients

are able to maintain their health without the need for

hospitalization or other intensive care treatments, relates to

the paradigm shift to managing populations of patients with

chronic illnesses.

Another relevant methodology is the focus on value co-

creation. The concepts of value chain (93) and value co-

creation (94) have been studied extensively in the business and

service industry literature. Value co-creation is a central concept

of Service-Dominant (S-D) logic (95), which views service

industries such as healthcare as complex service ecosystems.

The ecosystem perspective recognizes the holistic dynamics

of complex systems, and how resources are integrated at the

various system levels (micro-meso-macro). Value co-creation

is generally defined as “benefit realized from integration of

resources through activities and interactions with collaborators

in the customer network” (96). In S-D logic, value is co-

created by actors when resources are used and combined

in different ways. In this sense, all actors in the customer

network are resource integrators, active participants in value

co-creation, connected together in embedded systems of

service exchange (97). Thus, collaboration is essential (98),

as actors interact to increase resource density, improve the

set of resources available to them and increase the value

created (99).

The next section discusses implications for rethinking

methodologies for research in the domain of transformational

change (i.e., societal impact) and implications for

funding priorities.

Changing the research paradigm:
new models for the science of
healthcare delivery and research
funding

Research institutions and funding agencies have recognized

the need and have made a notable shift in priorities to

incorporate transdisciplinary team-based convergent research

with societal impact into their funding programs. This shift is

reflected in multiple recent program solicitations issued by NSF,

NIH, and others. The rationale and benefits are well documented

in the National Academies literature, but have we moved far

enough in examining how best to adopt or adapt research

methodologies to fully realize the strengths of deep convergent

thinking? There seems to be an implied assumption—if not

expectation—that traditional science research methods still
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apply. The literature on HCDS, design science, and value co-

creation as well as feedback on grant proposals also suggest that

reviewers expect to see traditional science methods and may

be leery of more recent methodologies such as design science

(4, 37, 53, 100).

However, a growing body of literature is suggesting the need

for new research approaches (4, 8, 18, 37, 53, 69, 86, 89, 101).

In translational science, evidence suggests that the traditional

linear process of developing interventions–from proof-of-

concept and efficacy to effectiveness and implementation trials–

may be contributing to the lack of progress in healthcare

delivery transformation as well as inequities in care delivery

(4, 18). This conventional linear process embodies an inherent

dichotomy between the design context and the implementation

context, which leads to interventions that clinicians at the

point-of-care do not find feasible, acceptable, and useful [(4).

p. 3].

So, the question becomes how can we develop a

scientifically rigorous research process to bridge this

inherent dichotomy between lab science and translation

to practice—a process that on average requires seven or

more years and often turns out not to be sustainable or

scalable? And more broadly, how can we develop scientifically

rigorous research methods to address the realities of

designing, testing, and validating transformational change

in healthcare delivery as well as support the concept of

“learning healthcare organizations” called for in the seminal

Institute of Medicine reports (40)? In their research on

reframing implementation science to address inequities

in healthcare delivery, Bauman and Cabassa (4) discuss

the need to restructure grants and contracts to build

time, resources, and infrastructure in the initial stages of a

project to develop true partnerships between researchers and

vulnerable communities.

In summary, the discussion in the prior section suggests

that extending healthcare delivery science methodologies

to bridge this inherent gap between research and practice

requires several significant paradigm shifts from traditional

science methodologies as summarized in Table 1 These

paradigm shifts and the HCDS literature, in turn,

suggest several critical success factors for closing the

gaps between research and translation at the frontlines.

A growing body of evidence indicates that research

needs to move out of the lab and closer to the frontlines

(4, 13, 36, 49, 53, 68, 73, 89, 100, 102–104). These critical success

factors include:

• An ecosystem, holistic (systemic) perspective.

• Transdisciplinary convergent team-based, design

science approach.

• Co-leadership of projects by researcher and clinician.

• Begin with convergent transdisciplinary research

to gain new insights into the problem (medicine,

TABLE 1 Research paradigm shifts inherent in healthcare delivery

science.

FROM TO

Research about the frontlines of care • Research at the frontlines of care.

• Transdisciplinary convergence in

thinking

• Transdisciplinary action for doing.

• Translating proof-of-concepts • Co-creation of solutions

• Short term perspective (2–3 years) • Long term perspective (10+ years)

• Focus on initial implementation • Focus on sustainability and scalability

• Evidence-based medicine • Learning healthcare system

• Hypothesis generation based on

prior research

• Hypothesis generation based on

transdisciplinary convergent

problem solving

• Team roles based on discipline • Building team convergence as an

intentional project activity

• Incremental innovation • Transformational change

engineering, technology, behavioral health, social sciences,

population health).

• Hypotheses generated based on transdisciplinary

convergent problem solving instead of an extension

of prior research.

• Co-creation of solutions at the front lines (103, 104).

• Prior research helps inform solution evaluation.

• Optimize around patient experience rather than

institutional operations.

• Ensuring equity in the delivery of care.

• Integration of the learning healthcare system concept (105).

• Sufficiently long-term view.

The proposed transformational research methodology

for healthcare delivery science (Figure 4) is based on

a transdisciplinary synthesis spanning design science,

implementation science, translational research, transformation

change theory, systems theory, service-dominant logic,

and team-based transdisciplinary convergent research. As

a transdisciplinary, socio-technical research methodology,

design science makes a critical shift in the research focus from

describing and explaining the existing world to helping shape

it (90, 106).Thus it is particularly useful for complex system

research problems such as those involved in designing for

digital transformation. It provides a structured framework

for iterating solutions, implementing, evaluating, and guiding

additional research.

The methodology takes an integrative approach to

incorporate transdisciplinary team building and analysis at

the front end. Starting with convergent problem analysis is

intended to build transdisciplinary insight into the complex

dynamics of the problem ecosystem, which in turn, drives

thinking about desired outcomes for change, and the gaps in
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patient needs, expertise, and research between current practice

and desired outcomes. It strives to close the inherent disconnect

between research and practice by moving the research out of

the lab closer to the frontlines to co-create solutions. Evaluation

goes beyond assessing whether a solution achieved the desired

improvement in clinical process or outcome to assessing impact

on the system as-a-whole. It includes criteria such as how well or

poorly the solution was implemented, practice adoption rates,

scalability, sustainability, and impact on patient experience

and outcomes (106). An ecosystem perspective is crucial for

researching the holistic dynamics of complex systems, which

requires moving away from an institution-centric perspective

to focusing on the holistic context of a complex world (107).

This ecosystem perspective makes complex contexts such as

healthcare more understandable by applying systems-level

thinking (37, 44, 103, 108). Ecosystems are dynamic, constantly

changing on multiple system levels (micro, meso, and macro).

While these levels are different, they are interdependent within

the whole system. Thus, changes in one unit or level have

ripple effects (sometimes unanticipated) across other levels.

The implication is that making changes in one unit or level

requires corresponding change on other levels to achieve the

anticipated benefits. This is a major gap in the prevalent model

of siloed disciplinary innovation, which often results in failure

to attain sustainability.

Figures 3, 4 contrast the traditional science research

methodology with the proposed convergent team-based

transformational research methodology. Evidence indicates

that the traditional linear process for developing interventions,

from proof-of-concept and efficacy to effectiveness and

implementation trials, often leads to implementation gaps

due to the inherent “disconnect between the design context

and the implementation context” (4, 18, 109). This gap

often leads to treatments or delivery processes that are not

feasible, acceptable, and useful with the realities of routine

practice (4). This disconnect may be most pronounced in

underserved communities further contributing to inequities in

care delivery.

In contrast to the linear methodology of the traditional

science research model, the proposed methodology is more

dynamic, integrative, and holistic (systemic) in approach. It

is intended to shift more research to the core processes that

drive healthcare delivery. It takes into account the unique

dynamics of transformational change with its associated

changes in organizational culture and individual mindset

and behavior. It addresses people, process, technology,

and structure. Hypothesis development is based on

convergent analysis of complex problems rather than the

more traditional theory-driven hypotheses or theory-driven

solution approaches.

The proposed research methodology for convergent

transdisciplinary transformation research provides a more

holistic ecosystem perspective for healthcare delivery science

research. It advances the science beyond current siloed

innovation approaches to address system level transformation.

The problem driven design science approach starts with

convergent analysis of the status quo to develop deeper

insight into the symptoms and root causes of the problem.

Transdisciplinary research teams span multiple disciplines,

such as medicine, information technology, engineering,

behavioral sciences, and transformational change. Co-creation

at the frontlines involves clinicians, patients, and researchers

with the goal of closing the gap between lab research and

translation to practice. The methodology is intended to provide

additional rigor and structure to the research process to develop

reliable evidenced-based interventions that are responsive

to the implementation context and meet the needs of both

patients and clinicians. It is hoped that the methodology will

contribute to making healthcare delivery science research

grant proposals more competitive with traditional disciplinary

research proposals and help reviewers and decision makers

evaluate funding requests.

Achieving this goal for funding parity with traditional

basic science research still faces significant challenges

(4, 6, 7, 18, 24, 45, 52, 106, 110). Since the mid-20th

century, funding decisions by NSF and other federal

agencies have been guided by longstanding distinctions

between basic research (understanding) and applied science

(use), which characterized them as empirically separate

(111). This distinction reflects the belief that basic and

applied research are separate endeavors, pursued by different

people “with different gifts and different interests,” which

over time evolved to giving priority to the discoveries

of basic science. Ultimately, these conceptualizations of

research have evolved to today’s prevailing research and

development (R&D) Model of technology transfer, as illustrated

in Figure 5 (111).

The underlying assumption is that basic science advances are

the principal source of technological innovation, and this has

become the prevailing paradigm of the relationship of science to

technology (111). However, this linear model, which is viewed

sequentially extending from basic research to new technology

(technology transfer to industry), is increasingly being brought

into question. Researchers such as Douglas Stokes, author of

Pasteur’s Quadrant: Basic Science and Technological Innovation,

challenge the basic premise of scientific discovery being the

primary driver of technological innovations. Stokes maintains

that the annals of science suggest that this premise has always

been false to the history of science and technology and cites

numerous examples of a notable reverse flow, from technology

to science. The argument being made is that basic and applied

research are not necessarily opposite ends of the research

continuum, but complementary and increasingly in today’s

technological world, integrated and dynamic. Nonetheless,

the longstanding paradigm of basic vs. applied research still

tends to influence evaluation and fundability of research
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FIGURE 3

Traditional science research methodology.

FIGURE 4

Transdisciplinary, convergent transformation research.

FIGURE 5

Prevailing R&D model of technology transfer.

proposals and publication of research results. So, the question

becomes, what changes are needed in funding policies and

practices to increase the effectiveness of transdisciplinary,

team-based convergent research and support the proposed

research methodology?

Discussion and recommendations about grant

funding for so-called applied research methodologies

(use related such as design science, transformational

change, business process reengineering) are sparse in

the research literature. Issues and challenges discussed

in preceding sections suggest several requirements

that should be taken into consideration in designing

future research funding programs to promote

convergent research and transformation of the U.S.

healthcare delivery system. Research methodologies and

funding should:

• Align with the longer timeframes required to achieve

transformational change (8–10 years).

• Support transdisciplinary team-based convergent

research processes, including for team leadership

(Research/Clinician Co-PIs).

• Recognize the socio-technical nature of IT-based

innovation, design science, and translational

(applied) research.

• Incorporate problem analysis and solution development as

part of the convergent research process and methodologies

such as design science, iterative hypotheses development,

and the learning healthcare system concept.

• Recognize the unique characteristics of transformational

change: where the future state cannot be fully

known in advance, requires significant cultural and

mindset change, and cannot be tightly controlled
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because outcomes are uncertain and human dynamics

are complex.

• Focus on outcomes and impact as part of the contribution

to new knowledge.

• Support partnerships at the frontlines through

strategies such as Researcher/Clinician Co-PI roles,

co-creation of solutions not just translation, creative

academic/industry relationships.

• Consider issues and goals from multiple perspectives

including: academic, funding agencies, industry,

patient experience.

• Support systemic approaches (breaking down the silos

and fragmentation of care) that consider impact at the

micro, meso, andmacro levels and long-term sustainability.

Identify all stakeholders in care delivery processes (not just

clinician and patients). Define care pathways across the

entire continuum of care from the patient perspective (not

just the unit or institution perspective).

The proposed research methodology holds promise

for increasing the opportunities and impact for research

collaborations between university researchers and the healthcare

industry. Our educational institutions comprise a reservoir

of resources and researchers in the health sciences, medicine,

pharmacy, public health, social sciences, engineering, and

computing and technology on which to draw. However,

like our care delivery system, they are fragmented and operate

predominantly in disciplinary and institutional silos, which limit

translation to systemic problems like healthcare delivery. The

complex system problem of healthcare delivery transformation

requires a sustained transdisciplinary, convergent design

science approach; there is no “quick fix.” Addressing it

requires rethinking how our national research and funding

infrastructure can support formation of a more effective

convergent team-based transdisciplinary research ecosystem

to enable it. Making this problem a national research priority

could make a significant impact, especially now as our nation

has begun implementing data standardization and national

health information exchange capabilities called for in the 21st

Century Cures Act. Achieving the aims for a fully connected

healthcare system that empowers patients, caregivers, and

their healthcare providers to access, exchange, and use digital

health information to better coordinate care could be a game
changer. We invest heavily in research for working in the

system; much greater investment is now needed for working

on the system.

Data availability statement

The original contributions presented in the study are

included in the article, further inquiries can be directed to the

corresponding author.

Author contributions

The author confirms being the sole contributor of this work

and has approved it for publication.

Acknowledgments

The author gratefully acknowledges opportunities to discuss

ideas and concepts with several colleagues during the formative

process of developing this article. ER had an NSF Engineering

Research Center Planning Grant 19–562 which was part of

experience with designing and proposing center type grants

which contributed to the thinking underlying article.

Conflict of interest

The author declares that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Institute of Medicine (US) Committee on Quality of Health Care in America.
Crossing the Quality Chasm: A New Health System for the 21st Century. (2001).

2. Bates DW, Singh H. Two decades since to err is human: an assessment of
progress and emerging priorities in patient safety. Health Aff. (2018) 37:1736–
43. doi: 10.1377/hlthaff.2018.0738

3. Berwick D. Editorial: vital directions and national will. JAMA. (2017)
317:1420–21. doi: 10.1001/jama.2017.2962

4. Baumann A, Cabassa L. Reframing implementation
science to address inequities in healthcare delivery. BMC
Health Serv Res. (2020) 20:190. doi: 10.1186/s12913-020-
4975-3

5. Clarke JL, Bourn S, Skoufalos A, Beck EH, Castillo DJ. An
innovative approach to health care delivery for patients with chronic
conditions. Popul Health Manag. (2017) 20:23–30. doi: 10.1089/pop.2016.
0076

Frontiers inDigital Health 12 frontiersin.org

https://doi.org/10.3389/fdgth.2022.911634
https://doi.org/10.1377/hlthaff.2018.0738
https://doi.org/10.1001/jama.2017.2962
https://doi.org/10.1186/s12913-020-4975-3
https://doi.org/10.1089/pop.2016.0076
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org


Regan 10.3389/fdgth.2022.911634

6. Colicchiol TK, Ciminol JJ, DelFiol G. Unintended consequences of
nationwide electronic health record adoption: challenges and opportunities in
the post-meaningful use era. J Med Int Res. (2019) 21:e13313. doi: 10.2196/
13313

7. Leape L, Berwick DM. Five years after to err is human: what have we learned?
JAMA. (2005) 293:2384–90. doi: 10.1001/jama.293.19.2384

8. Office of the National Coordinator for Health Information Technology
(ONC). 2020-2025 Federal Health IT Strategic Plan. U.S, Department of Health and
Human Services. (2020). Available online at: www.healthit.gov

9. Ravindranath M. Hospitals Learn Lessons From Health Tech Failures. Boston
Globe. (2022) (accessed June 13, 2022).

10. Siwicki B.Why Does Big Tech Often Fail in Healthcare? Healthcare IT News.
(2022) (accessed March 25, 2022).

11. National Research Council. Convergence: Facilitating Transdisciplinary
Integration of Life Sciences, Physical Sciences, Engineering, and Beyond.
Washington, DC: The National Academies Press (2014).

12. National Academies of Sciences and Medicine. Fostering
the culture of convergence in research In: Proceedings of a
workshop (2019).

13. Bohmer RM. Fixing Healthcare on the Front Lines. Harvard Business Review
(2010). Reprint R1004D (April, 2010).

14. Stange KC. The problem of fragmentation and the need for integrative
solutions. Ann Family Med. (2009) 7:100–3. doi: 10.1370/afm.971

15. Berg M. Health information management: integrating information and
communication technology in health care work. Routledge. (2003) 13:978–
0415315197 doi: 10.4324/SE0636

16. Coiera E. Putting the technical back into socio-technical systems
research. Int J Med Inform. (2007) 76:S98–103. doi: 10.1016/j.ijmedinf.2006.
05.026

17. Sittig DF, Singh H. A new sociotechnical model for studying
health information technology in complex adaptive healthcare systems.
Qual Saf Health Care. (2010) 19:i68–74. doi: 10.1136/qshc.2010.04
2085

18. Alvidrez J, Nápoles AM, Bernal G, Lloyd J, Cargill V, Godette D, et
al. Building the evidence base to inform planned intervention adaptations by
practitioners serving health disparity populations. Am J Public Health. (2019)
109:S94–101. doi: 10.2105/AJPH.2018.304915

19. Christensen CM, Grossman J, Hwang J. Innovator’s Prescription. Boston:
Harvard Business School Press ISBN (2009) 9780071592086.

20. Regan E, Taaffe K, Steltenkamp C, Moss M. Engineering Research Center for
Health Care Transformation (ERC-HCT).NSF 19-562 ERC Planning Grant, Award
Number 1937107 (2019).

21. Berwick D, Hackbarth A. Eliminating waste in US health care. JAMA. (2012)
307:1513–6. doi: 10.1001/jama.2012.362

22. Leventhal, R. Population health progress report reveals slow movement,
with hope for future. Healthcare Innovation. (2020). Available online at: https://
www.hcinnovationgroup.com/population-health-management/article/21150891/
population-health-progress-report-reveals-slow-movement-with-hope-for-
future (accessed March 2020)

23. Raths, D. With a hopeful eye on Washington, providers continue work on
patient-matching solutions. Healthcare Innovations, September (2019). Available
online at: https://www.hcinnovationgroup.com/clinical-it/patient-identification-
matching/article/21096987/with-a-hopeful-eye-on-washington-providers-
continue-work-on-patientmatching-solutions (accessed March 2022).

24. Schmittdiel JA, Grant RW. Crossing the research to quality chasm: a checklist
for researchers and clinical leadership partners. J Gen Intern Med. (2018) 33:9–
10. doi: 10.1007/s11606-017-4189-5

25. Hagland M. At the Northeast Healthcare Innovation Summit, a wide-ranging
discussion of the challenges in EHR optimization. Healthcare Innovation. The
Daily (2019). Available online at: https://At the Northeast Healthcare Innovation
Summit, a Wide-Ranging Discussion of the Challenges in EHR Optimization |
Healthcare Innovation (hcinnovationgroup.com) (accessed October 8, 2019).

26. Novak LL, Anders S, Unertl KM, France DJ, Weinger MB. Improving the
effectiveness of health information technology: the case for situational analytics.
Appl Clin Inform. (2019) 10:771–6. doi: 10.1055/s-0039-1697594

27. Ratwani R, Reider J, Singh H. A decade of health information
technology usability challenges and the path forward. JAMA. (2019) 321:743–
4. doi: 10.1001/jama.2019.0161

28. Shrank W, Rogstad T, Parekh N. Waste in the U.S. health care
system: estimated costs and potential for savings. JAMA. (2019) 322:1501–
9. doi: 10.1001/jama.2019.13978

29. Anderson GF, Hussey PS, Frogner BK, Waters HR. Health spending in
the United States and the rest of the industrialized world. Health Aff. (2005)
24:903–14. doi: 10.1377/hlthaff.24.4.903

30. Nelson AR, Smedley BD, Stith AY. Institute of Medicine.
Unequal Treatment: Confronting Racial and Ethnic Disparities
in Health Care. Washington, DC: National Academies
Press (2003).

31. Keehan SP, Cuckler GA, Poisal JA, Sisko AM, Smith SD, Madison
AJ, et al. National health expenditure projections, 2019-28: expected
rebound in prices drives rising spending growth. Health Affair. (2020)
39:4. doi: 10.1377/hlthaff.2020.00094

32. Singh H, Meyer A, Thomas E. The frequency of diagnostic errors in
outpatient care: estimations from three large observational studies involving US
adult populations.Qual Safety. (2014) 23:727–31. doi: 10.1136/bmjqs-2013-002627

33. Sittig DF,Wright A, Coiera E, Magrabi F, Ratwani R, Bates DW, et al. Current
Challenges in health information technology-related patient safety. Health Inform
J. (2020) 26:181–9. doi: 10.1177/1460458218814893

34. Snowden A. Person Enabled Healthcare Delivery Focuses on Staying Well.
HIMSS White Paper (2020) (accessed February 24, 2020).

35. Egan BM, Sutherland SE, Tilkemeier PL, Davis RA, Rutledge V,
Sinopoli A. A cluster-based approach for integrating clinical management of
medicare beneficiaries with multiple chronic conditions. PLoS ONE. (2019)
14:e0217696. doi: 10.1371/journal.pone.0217696

36. King G, Curie M, Smith L, Servais M,McDougall J. A framework of operating
models for interdisciplinary research programs in clinical service organizations.
Eval Program Plann. (2008) 31:160–73. doi: 10.1016/j.evalprogplan.2008.01.003

37. Arnold A, Greer M. Convergence: a transformative approach to
advanced research at the intersection of life, physical sciences and engineering
and enhanced university-industry partnerships. J Transl Sci. (2015) 1:61–
4. doi: 10.15761/JTS.1000114

38. Dzau V, McClellan M, Gaines M, Leavitt M, Steele G. Vital directions for
health and health care: priorities from a national academy of medicine initiative.
JAMA. (2017) 317:1461–70. doi: 10.1001/jama.2017.1964

39. Grant RW, Schmittdiel JA. Building a career as a delivery science
researcher in a changing healthcare landscape. J Gen Intern Med. (2015) 30:880–
2. doi: 10.1007/s11606-015-3178-9

40. Donaldson MS, Corrigan JM, Kohn LT. To Err is Human: Building a Safer
Health System. Institute ofMedicine.Washington (DC): National Academies Press.
(2000). doi: 10.17226/9728

41. Gupta A, Sharda R. Improving the science of healthcare delivery and
informatics using modeling approaches. Decis Support Syst. (2013) 55:423–
7. doi: 10.1016/j.dss.2012.10.001

42. World Health Organization. The World Health Report 2008: Primary
Health Care Now More Than Ever: Introduction and Overview. World Health
Organization (2008).

43. Herzlinger RE.Why Innovation in Health Care is So Hard. Harvard Business
Review. (2006). Available online at: https://hbr.org/2006/05/why-innovation-in-
health-care-is-so-hard (accessed February 21, 2016).

44. O’Neill P. Why the U.S. healthcare system is so sick and what O.R. can do to
cure it. ORMS-Today. 12-07, Informs 25th Anniversary Edition (2007).

45. Towfighi A, Orechwa AZ, Aragón TJ, Atkins M, Brown AF, Brown J, et
al. Bridging the gap between research, policy, and practice: lessons learned from
academic–public partnerships in the CTSA network. J Clin Transl Sci. (2020)
4:201–8. doi: 10.1017/cts.2020.23

46. Towfighi A. From evidence to practice: what are we doing wrong? In:
7th International Conference on Neurology and Epidemiology (ICNE), Virtual
Conference. (2021). p. 1–106. doi: 10.1159/000515315

47. Regan E, Wang J. Realizing the value of EHR systems:
critical success factors. Int J Healthcare Inform Syst Inform. (2016)
11:1–18. doi: 10.4018/IJHISI.2016070101

48. Starfield B. Is US healthcare really the best in the world? JAMA. (2000)
284:483–5. doi: 10.1001/jama.284.4.483

49. Li RC, Asch SM, Shah NH. Developing a delivery science
for artificial intelligence in healthcare. NPJ Digit Med. (2020)
3:1–3. doi: 10.1038/s41746-020-00318-y

50. Weinstein JN. Health and health care are verbs: health care delivery
science: the new science. Spine. (2010) 36:1–2. doi: 10.1097/BRS.0b013e31820
240d8

51. Regan E. COVID-10 Revealed How Sick the U.S. Health
Care Delivery System Really is. The Conversation. (2021). Available
online at: https://theconversation.com/covid-19-revealed-how-sick-

Frontiers inDigital Health 13 frontiersin.org

https://doi.org/10.3389/fdgth.2022.911634
https://doi.org/10.2196/13313
https://doi.org/10.1001/jama.293.19.2384
http://www.healthit.gov
https://doi.org/10.1370/afm.971
https://doi.org/10.4324/SE0636
https://doi.org/10.1016/j.ijmedinf.2006.05.026
https://doi.org/10.1136/qshc.2010.042085
https://doi.org/10.2105/AJPH.2018.304915
https://doi.org/10.1001/jama.2012.362
https://www.hcinnovationgroup.com/population-health-management/article/21150891/population-health-progress-report-reveals-slow-movement-with-hope-for-future
https://www.hcinnovationgroup.com/population-health-management/article/21150891/population-health-progress-report-reveals-slow-movement-with-hope-for-future
https://www.hcinnovationgroup.com/population-health-management/article/21150891/population-health-progress-report-reveals-slow-movement-with-hope-for-future
https://www.hcinnovationgroup.com/population-health-management/article/21150891/population-health-progress-report-reveals-slow-movement-with-hope-for-future
https://www.hcinnovationgroup.com/clinical-it/patient-identification-matching/article/21096987/with-a-hopeful-eye-on-washington-providers-continue-work-on-patientmatching-solutions
https://www.hcinnovationgroup.com/clinical-it/patient-identification-matching/article/21096987/with-a-hopeful-eye-on-washington-providers-continue-work-on-patientmatching-solutions
https://www.hcinnovationgroup.com/clinical-it/patient-identification-matching/article/21096987/with-a-hopeful-eye-on-washington-providers-continue-work-on-patientmatching-solutions
https://doi.org/10.1007/s11606-017-4189-5
https://At
https://hcinnovationgroup.com
https://doi.org/10.1055/s-0039-1697594
https://doi.org/10.1001/jama.2019.0161
https://doi.org/10.1001/jama.2019.13978
https://doi.org/10.1377/hlthaff.24.4.903
https://doi.org/10.1377/hlthaff.2020.00094
https://doi.org/10.1136/bmjqs-2013-002627
https://doi.org/10.1177/1460458218814893
https://doi.org/10.1371/journal.pone.0217696
https://doi.org/10.1016/j.evalprogplan.2008.01.003
https://doi.org/10.15761/JTS.1000114
https://doi.org/10.1001/jama.2017.1964
https://doi.org/10.1007/s11606-015-3178-9
https://doi.org/10.17226/9728
https://doi.org/10.1016/j.dss.2012.10.001
https://hbr.org/2006/05/why-innovation-in-health-care-is-so-hard
https://hbr.org/2006/05/why-innovation-in-health-care-is-so-hard
https://doi.org/10.1017/cts.2020.23
https://doi.org/10.1159/000515315
https://doi.org/10.4018/IJHISI.2016070101
https://doi.org/10.1001/jama.284.4.483
https://doi.org/10.1038/s41746-020-00318-y
https://doi.org/10.1097/BRS.0b013e31820240d8
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org
https://theconversation.com/covid-19-revealed-how-sick-the-us-health-care-system-really-is-153614


Regan 10.3389/fdgth.2022.911634

the-us-health-care-system-really-is-153614 (accessed March 2,
2021).

52. National Academy of Engineering and Institute of Medicine. Building a better
delivery system: a new engineering/ health care partnership. In: Reid PP, Compton
WD, Grossman JH, Fanjiang G, editors. Washington, DC: National Academies
Press (2005). doi: 10.17226/11378

53. Lieu TA, Madvig PR. Strategies for building delivery science in
an integrated health care system. J Gen Intern Med. (2019) 34:1043–
7. doi: 10.1007/s11606-018-4797-8

54. Taaffe K, Fredendall L, Weiss R. Managing service-specific and open-posting
block sizes when allocating operating room time. Qual Manage J. (2018) 25:18–
31. doi: 10.1080/10686967.2018.1404371

55. Agency for Healthcare Research and Quality. Care Coordination, Quality
Improvement. Care Coordination | Agency for Healthcare Research and Quality.
(2018). (ahrq.gov) (accessedMarch 15, 2022).

56. Horvath KP, Sengstack F, Opelka AB, Kitts P, Basch D, Hoyt A,
et al. A Vision for a Person-Centered Health Information System. NAM
Perspectives. Washington, DC: Discussion Paper, National Academy of Medicine
(2018). doi: 10.31478/201810a

57. Senge PM. The Art and Practice of the Learning Organization. New York, NY:
Doubleday (1990).

58. McGinnis JM, Olsen L, Goolsby WA, Grossmann C. Engineering a learning
healthcare system: A look at the future: Workshop summary. National Academies
Press (2011).

59. Leventhal R. Study: Very Few Patients Use APIs to Download Their
Health Data: Efforts to Provide Patients With Easy Access to Their Health
Data Hace So Far Been Slow, New Research Finds. Healthcare Innovation
(2019). Available online at: https://www.hcinnovationgroup.com/interoperability-
hie/application-programming-interfaces-apis/news/21093463/study-very-
few-patients-use-apis-to-download-their-health-data (accessed May 1,
2022).

60. McGlynn EA, McClellan M. Strategies for assessing delivery system
innovations. Health Affair. (2017) 36:408–16. doi: 10.1377/hlthaff.2016.1373

61. Schulman KA, Richman BD. Toward an effective innovation agenda. N Eng J
Med. (2019) 380:900–1. doi: 10.1056/NEJMp1812460

62. Hillestad R, Bigelow J, Bower A, Girosi F, Meili R, Scoville R, et al. Can
electronic medical record systems transform health care? potential health benefits,
savings, and costs. Health Aff. (2005) 24:1103–17. doi: 10.1377/hlthaff.24.5.1103

63. Curto V, Sinaiko AD, Rosenthal MB. Price effects of vertical integration and
joint contracting between physicians and hospitals in Massachusetts. Health Aff.
(2022) 41:741–50. doi: 10.1377/hlthaff.2021.00727

64. Liang LL. Connected for Health: Using Electronic Health Records to Transform
Care Delivery. San Francisco, CA: Jossey-Bass (2010). ISBN 978-1-118-01835-4.

65. Bohmer RM, Edmondson AC, Feldman LR. Intermountain Health Care.
Harvard Business School Press (2013). Case #9-603–066. Available online
at: Hbsp.harvard.edu

66. Bohmer RM, McFarlan FW, Adler-Millstein J. Information Technology and
Clinical Operations at Beth Israel Deaconess Medical Center. Harvard Business
School Press (2007). Case #9-607-150. Available online at: Hbsp.harvard.edu
(accessed October 23, 2007).

67. Bates DW, Sheikh A, Asch DA. Innovative environments in health care:
where and how new approaches to care are succeeding. Health Affair. (2017)
36:400–7. doi: 10.1377/hlthaff.2016.1311

68. Anderson D, Anderson LA. Beyond Change Management: How to Achieve
Breakthrough Results Through Conscious Change Leadership. John Wiley and
Sons (2010).

69. Beirao G, Patricio L, Fisk R. Value cocreation in service ecosystems:
investigating healthcare on themicro, meso, andmacro levels. J ServManag. (2017)
28:227–49. doi: 10.1108/JOSM-11-2015-0357

70. Baiyere A, Salmela H, Tapanainenm T. Digital transformation and the
new logics of business process management. Eur J Inform Syst. (2020) 29:238–
59. doi: 10.1080/0960085X.2020.1718007

71. Trist EL. The evolution of sociotechnical systems as a conceptual framework
and as an action research program. In: van de Ven AH, Joyce WF, Editors.
Perspectives on Organization Design and Behavior. New York, NY: Wiley-
Interscience (1981). p. 19–75.

72. Omachonu V, Einspruch N. Innovation in healthcare delivery systems: A
conceptual framework. Innov J. (2010) 15:2.

73. Sharan AD,Weinstein J. The science of health-care delivery. J Bone Joint Surg
Am. (2016) 98:e76. doi: 10.2106/JBJS.15.00970

74. Faerbera A, Andrews A, Lobba A,Wadsworth E,Milligan K, Shumsky R, et al.
A newmodel of online health care delivery science education for mid-career health
care professionals. Healthcare. (2019) 7:100348. doi: 10.1016/j.hjdsi.2018.12.002

75. DeFlitch C, Geeting G, Paz HL. Reinventing emergency department flow
via healthcare delivery science. Health Environ Res Design J. (2015) 8:105–
15. doi: 10.1177/1937586715580949

76. Weeks K, Swanson M, Manorot M, Conley G, Nellis J, Charlton M, et al.
Viewpoints on healthcare delivery science education among practicing physicians
in a rural state. AdvMed Educ Pract. (2021) 12:29–39. doi: 10.2147/AMEP.S285463

77. Mazumdar M, Poeran JV, Ferket BS, Zubizarreta N, Agarwal P, Gorbenko K,
et al. Developing an institute for health care delivery science: successes, challenges,
and solutions in the first five years. Health Care Manage Sci. (2021) 24:234–
43. doi: 10.1007/s10729-020-09521-5

78. Academy Health. (2014). Available online at: https://www.academyhealth.
org/files/publications/fundingreport.pdf (accessed September 27, 2014).

79. Regan E, Wang J. Meaningful use of it to transform healthcare: what
differentiates success from failure? J Health Inform Manag. (2015) 29:52–61.

80. Regan E, Agha A. Role of Executive Leadership in Healthcare Innovation. In:
23rd Americas Conference on Information Systems (AMCIS 2017), A Traditional of
Innovation. (2017). Boston (accessed August 9-13, 2017).

81. Kenny C. Transforming Health Care: Virginia Mason Medical Center’s Pursuit
of the Perfect Patient Experience. Boca Raton, FL: CRC Press (2011).

82. Vom Brocke J, Weber M, Grisold D. Design science research of high practical
relevance: dancing through space and time. In: Aier S, editor. Engineering the
Transformation of the Enterprise. Switzerland, AG: Springer Nature (2021). p.
115–35. doi: 10.1007/978-3-030-84655-8_8

83. National Science and Technology Council. Federal Health Information
Technology Research and Development Strategic Framework. (2020). Available
online at: https://www.nitrd.gov/pubs/Federal-Health-IT-Strategic-Framework-
2020.pdf

84. Hevner AR, March ST, Park J, Ram S. Design science in information systems
research.MIS Quarterly. (2004) 28:75–105. doi: 10.2307/25148625

85. Sweeney JC, Danaher TS, McColl-Kennedy JR. Customer effort in value
cocreation activities: improving quality of life and behavioral intentions of health
care customers. J Serv Res. (2015) 18:318–35. doi: 10.1177/1094670515572128

86. Roberts JP, Fisher TR, Trowbridge MJ, Bent C. A design thinking
framework for healthcare management and innovation. Healthcare. (2016) 4:11–
14. doi: 10.1016/j.hjdsi.2015.12.002

87. March ST, Smith GF. Design and natural science research
on information technology. Decis Support Syst. (1998) 15:251–
66. doi: 10.1016/0167-9236(94)00041-2

88. Erwin K, Norell S, Martin MA, Paik SM, Press VG, Thompson TM, et
al. Applying design methods to care delivery science: improving the care of
minority children with uncontrolled asthma and their caregivers who present to
six emergency departments in Chicago through a stakeholder-optimized discharge
tool. Inform Design J. (2017) 23:248–67. doi: 10.1075/idj.23.3.01erw

89. Gonzales R, Moriates C, Lau CY, Valencia V, Imershein S, Rajkomar A,
et al. Caring Wisely: a program to support frontline clinicians and staff in
improving healthcare delivery and reducing costs. J Hosp Med. (2017) 12:662–
7. doi: 10.12788/jhm.2786

90. March ST, Storey VC. Design science in the information systems discipline:
an introduction to the special issue on design science research. MIS Quart. (2008)
32:725–30. doi: 10.2307/25148869

91. Gregor S. Design theory in information systems. Aust J Inform Syst. (2002)
10:14–22. doi: 10.3127/ajis.v10i1.439

92. Ellis TJ, Levy Y. Guide for novice researchers: design and development
research methods. In: Conference: InSITE 2010: Informing Science + IT Education
Conference. Ft. Lauderdale, FL. (2010). doi: 10.28945/1237

93. Porter ME. Competitive Advantage. New York, NY: Free Press (1985).

94. Vargo SL, Lusch RF. Evolving to a new dominant logic for marketing. J Mark.
(2004) 68:1–17. doi: 10.1509/jmkg.68.1.1.24036

95. Vargo SL, Lusch RF. Service dominant logic: continuing the evolution. J Acad
Market Sci. (2008) 36:1–10. doi: 10.1007/s11747-007-0069-6

96. McColl-Kennedy JR, Vargo SL, Dagger TS, Sweeney JC, van Kasteren Y.
Health care customer value cocreation practice styles. J Serv Res. (2012) 15:370–
89. doi: 10.1177/1094670512442806

97. Chandler JD, Vargo SL. Contextualization and value-in-context: how context
frames exchange. Market Theory. (2011) 11:35–49. doi: 10.1177/14705931103
93713

Frontiers inDigital Health 14 frontiersin.org

https://doi.org/10.3389/fdgth.2022.911634
https://theconversation.com/covid-19-revealed-how-sick-the-us-health-care-system-really-is-153614
https://doi.org/10.17226/11378
https://doi.org/10.1007/s11606-018-4797-8
https://doi.org/10.1080/10686967.2018.1404371
https://ahrq.gov
https://doi.org/10.31478/201810a
https://doi.org/10.1377/hlthaff.2016.1373
https://doi.org/10.1056/NEJMp1812460
https://doi.org/10.1377/hlthaff.24.5.1103
https://doi.org/10.1377/hlthaff.2021.00727
https://doi.org/10.1377/hlthaff.2016.1311
https://doi.org/10.1108/JOSM-11-2015-0357
https://doi.org/10.1080/0960085X.2020.1718007
https://doi.org/10.2106/JBJS.15.00970
https://doi.org/10.1016/j.hjdsi.2018.12.002
https://doi.org/10.1177/1937586715580949
https://doi.org/10.2147/AMEP.S285463
https://doi.org/10.1007/s10729-020-09521-5
https://www.academyhealth.org/files/publications/fundingreport.pdf
https://www.academyhealth.org/files/publications/fundingreport.pdf
https://doi.org/10.1007/978-3-030-84655-8_8
https://www.nitrd.gov/pubs/Federal-Health-IT-Strategic-Framework-2020.pdf
https://www.nitrd.gov/pubs/Federal-Health-IT-Strategic-Framework-2020.pdf
https://doi.org/10.2307/25148625
https://doi.org/10.1177/1094670515572128
https://doi.org/10.1016/j.hjdsi.2015.12.002
https://doi.org/10.1016/0167-9236(94)00041-2
https://doi.org/10.1075/idj.23.3.01erw
https://doi.org/10.12788/jhm.2786
https://doi.org/10.2307/25148869
https://doi.org/10.3127/ajis.v10i1.439
https://doi.org/10.28945/1237
https://doi.org/10.1509/jmkg.68.1.1.24036
https://doi.org/10.1007/s11747-007-0069-6
https://doi.org/10.1177/1094670512442806
https://doi.org/10.1177/1470593110393713
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org


Regan 10.3389/fdgth.2022.911634

98. Moeller S, Ciuchita R, Mahr D, Odekerken-Schröder G, Fassnacht M.
Uncovering collaborative value creation patterns and establishing corresponding
customer roles. J Serv Res. (2013) 16:471–87. doi: 10.1177/1094670513480851

99. Normann R. Reframing Business: When the Map Changes the Landscape.
Chichester: John Wiley and Sons (2001).

100. Regan E,Wang J. Realizing the Value of EHR Systems Critical Success Factors.
Health Economics and Healthcare Reform: Breakthroughs in Research and Practice.
IGI Global (2018). p. 56–76. doi: 10.4018/978-1-5225-3168-5.ch004

101. Gregg EW, Ali MK, Moore BA, Pavkov M, Devlin HM, Garfield S, et
al. The importance of natural experiments in diabetes prevention and control
and the need for better health policy research. Prevent Chronic Dis. (2013)
10:E14. doi: 10.5888/pcd10.120145

102. Berwick D, Snair M, Nishtar S. Crossing the global health care quality
chasm: a key component of universal health coverage. JAMA. (2018) 320:1317–
8. doi: 10.1001/jama.2018.13696

103. McCreary L. Kaiser permanente’s innovation on the front lines. Harv Bus
Rev. (2010) 88:92, 94–7, 126.

104. Schmittdiel JA, Desai J, Schroeder EB, Paolino AR, Nichols GA, Lawrence
JM, et al. Methods for engaging stakeholders in comparative effectiveness research:
a patient-centered approach to improving diabetes care. Healthcare. (2015) 3:80–
8. doi: 10.1016/j.hjdsi.2015.02.005

105. National Academies Press. Engineering a learning healthcare system: A
Look at the Future: Workshop summary. In: McGinnis JM, Olsen L, Goolsby WA,
Grossmann C, editors. National Academies Press (2011).

106. Hevner AR. The three cycle view of design science research. Scand J Inform
Syst. (2007) 19:87. Available online at: http://aisel.aisnet.org/sjis/vol19/iss2/4

107. Gummesson E. Extending service-dominant logic: from customer centricity
to balanced centricity. J Acad Market Sci. (2007) 36:15–7. doi: 10.1007/s11747-007-
0065-x

108. Bason C, Austin RD. Leading Teams: The Right Way to Lead
Design Thinking. Harvard Business Review. (2019). March-April 2019, Harvard
Reprint R1902F.

109. Balas EA, Boren SA. Managing clinical knowledge for healthcare
improvement. Yearb Med Inform. (2000) 2000:65–70. doi: 10.1055/s-0038-16
37943

110. National Research Council. Enhancing the Effectiveness of Team Science.
Committee on the Science of Team Science. In: Cooke NJ, Hilton ML, Editors.
Board on Behavioral, Cognitive, and Sensory Sciences, Division of Behavioral
and Social Sciences and Education. Washington, DC: The National Academies
Press (2015).

111. Stokes DE. Pasteur’s Quadrant: Basic Science and Technological Innovation.
Brookings Institute Press (1997).

Frontiers inDigital Health 15 frontiersin.org

https://doi.org/10.3389/fdgth.2022.911634
https://doi.org/10.1177/1094670513480851
https://doi.org/10.4018/978-1-5225-3168-5.ch004
https://doi.org/10.5888/pcd10.120145
https://doi.org/10.1001/jama.2018.13696
https://doi.org/10.1016/j.hjdsi.2015.02.005
http://aisel.aisnet.org/sjis/vol19/iss2/4
https://doi.org/10.1007/s11747-007-0065-x
https://doi.org/10.1055/s-0038-1637943
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org

	Changing the research paradigm for digital transformation in healthcare delivery
	Introduction
	The problem of healthcare fragmentation
	Research design for healthcare delivery transformation
	Research methodologies for healthcare transformation
	Changing the research paradigm: new models for the science of healthcare delivery and research funding
	Data availability statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


