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ABSTRACT

Introduction: Countries need to determine their level of digital health capability maturity to assess and mobilize
their knowledge, skills, and resources to systematically develop, implement, evaluate, scale up and maintain
large-scale implementations of standards-based interoperable digital health tools.

Objective: Develop a Digital Health Profile and Maturity Assessment Toolkit (DHPMAT) to assist Pacific Island
Countries (PICs) to harness digital tools to support national health priorities.

Materials and Methods: A literature review guided the development of the conceptual framework to underpin
the DHPMAT. Key informants collaborated to collect key digital health features and indicators to inform their
country’s digital health maturity assessment. The DHPMAT was tested with country stakeholders at a Pacific
Health Information Network workshop in 2019.

Results: A comprehensive list of indicators to describe country digital health profiles (DHP). A digital health ma-
turity assessment tool that uses criteria codeveloped with country stakeholders to assess essential digital health
foundations and quality improvement. DHPs created and maturity assessed and packaged into individualized
DHPMATSs for 13 PICs. PIC users perceived the DHPMAT as useful, especially the congruence with the 2017
WHO WPRO Regional Strategy but noted a “cognitive overload” from a plethora of complex digital health tool-
kits.

Conclusions: The cocreation approach optimized currency, accuracy, and appropriateness of information in the
DHP, understanding, and use of the DHPMAT to facilitate informed iterative discussion by PICs on their digital
health maturity to harness digital tools to strengthen country health systems. The DHPMAT can rationalize the
choice and use of existing tools and reduce cognitive overload.
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INTRODUCTION
The 2018 World Health Assembly (WHA) urged Member States to:

“... assess their use of digital technologies for health, including
health information systems at the national and subnational lev-
els, in order to identify areas of improvement, and to prioritize
the development, evaluation, implementation, scale-up and

greater utilization of digital technologies, as a means of promot-
ing equitable, affordable and universal access to health for all, in-
cluding the special needs of groups that are vulnerable in the con-
text of digital bealth.”"

In 2018, the WHO Regional Committee for the Western Pacific
endorsed the Regional Action Agenda on Harnessing eHealth for
Improved Health Service Delivery (eHealth Regional Action
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Agenda).> This blueprint for action included the development of
country digital health profiles to provide summarized insights to
governments, policy makers, administrators, and stakeholders on
the maturity of essential digital health foundations to address na-
tional health priorities.®

Understanding their digital health maturity will enable countries
to meaningfully align their knowledge, skills, and resources to sys-
tematically develop, implement, and evaluate standards-based inter-
operable digital health systems and programs to support and sustain
their health priorities. A recent review of 14 maturity models in in-
formation systems and technologies in health care highlighted the
need for a more holistic approach to integrate the current
approaches to maturity models, which are either specialized or gen-
eralized.* This holistic approach should be contextualized within
the national health priorities.

We therefore aimed to develop a Digital Health Profile and Ma-
turity Assessment Toolkit (DHPMAT) to assist Pacific Island Coun-
tries (PICs) to assess their digital health capability maturity to
implement and evaluate a national digital health program.

MATERIALS AND METHODS

This included a literature review of maturity assessment tools
(MATs) to develop the common understanding and conceptual
framework to guide the DHPMAT.® MATs were also collected
through the WHO Institutional Repository for Information Sharing
and included if they had been evaluated or field-tested.

Definitions to establish a common understanding

Digital health

Digital health is “a broad umbrella term encompassing eHealth* as
well as developing areas of advanced computing sciences in the
fields of ‘big data,” genomics, and artificial intelligence” (WHO
EB142/20, 2017).° Digital health is consumer-centric through the
use of smart phones and wearable sensors connected through the In-
ternet of Things.”

*eHealth was defined as the “cost-effective and secure use of
ICT [information and communications technology] to support
health and health-related fields, including health services, health sur-
veillance and health-related literature, education, knowledge and
research” (WHAJS58.28 on e-health, 2005).

Digital health profile

The digital health profile (DHP) includes summarized information
compiled from available data about the country context, health pri-
orities, digital health developments, and quality improvement pro-
grams. Digital health indicators take on different meanings and
significance from the perspectives of the patient, health professional,
organization, or system. DHPs may be sufficiently granular for in-
depth assessments of digital health maturity at subnational levels.

Digital health maturity models

A maturity model is a set of structured levels that describe organiza-
tional behaviors, practices, and processes that reliably and sustain-
ably produce required outcomes.*® It measures the ability of an
organization to continuously improve in specific dimensions until it
reaches the desired level of maturity.* Factors that influence the
achievement of mature, interoperable information systems are iden-
tified and quantified at each maturity level to guide and monitor the
improvement in maturity. Like a roadmap, the maturity model

1.

describes the processes that lead to better outputs and outcomes
from 1 level to the next. Inherent in maturity assessment is the need
for measurement, evaluation, and quality improvement tools and
protocols.

Developing the maturity assessment conceptual
framework for the DHPMAT

The conceptual framework included the 3 dimensions—digital
health foundations, maturity assessment and quality improvement—
described below.

Essential digital health foundations to support health services

The health services oriented digital health framework (Figure 1) is
central to 2017 WPRO eHealth Regional Action Agenda to harness
digital tools that strengthen health systems and improve access, eq-
uity, safety, and quality of health services.” Our literature review on
MATs supported a comprehensive approach in designing the
DHPMAT to assist PICs to harness digital health to improve health
services from the perspectives of citizens, communities, health pro-
fessionals (clinical, managerial and technical), health organizations
(technical, operations and governance), and the national health sys-
tem.

The essential digital health foundations include: essential ICT in-
frastructure, essential digital health tools, readiness for information
sharing and health system adoption. The elements of the founda-
tions were derived from the Atlas of eHealth Country Profiles
2015, WHO-ITU National eHealth Strategy Toolkit,'® and WHO
Guideline on Digital Health Interventions.'" They include leadership
and governance; strategy and investment; legislation, policy, and
compliance; workforce standards and interoperability; infrastruc-
ture; services, applications, and tools such as telehealth, electronic
health records (EHRs), eLearning, mHealth, social media, and big
data.

Digital health maturity assessment tools

To assist country level assessment of its capability maturity to imple-
ment and evaluate a national digital health program, the maturity
assessment tool (MAT) must be sufficiently comprehensive and flex-
ible to capture the perspectives of health systems, organizations,
professionals, and consumers. Four MATs identified in the literature
review were selected to illustrate the requirements for the health sys-
tem, organization, and individual users (Table 1), including the fol-
lowing:

Global Digital Health Index (GDHI) has a national focus and a
framework with 7 categories: Leadership and governance; Strat-
egy and investment; Legislation, policy and compliance; Work-
force; Standards and interoperability; Infrastructure; and Services
& applications.'?

Informatics Capability Maturity Model (ICMM) has an organiza-
tional focus and a framework with 5 dimensions: Managing infor-
mation; Using business intelligence; Using information technology
and informatics;

tools; Aligning business

13,14

and Managing
change.
Health Information Systems Interoperability Maturity Toolkit
(HISIMT) has a focus on interoperability and a framework with 3
domains: Leadership and governance; Human resources; and
Technology.'’

Health Information System Stages of Continuous Improvement
Toolkit (HISSCIT) has a focus on continuous improvement and a
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Figure 1. Health services oriented digital health framework.

Table 1. Digital health maturity assessment models used in developing DHPMAT

Maturity assessment model

Focus of model

Maturity Categories

Maturity descriptors

Informatics Capability Maturity
Model (ICMM)

Global Digital Health Index
(GDHI)

Health Information Systems Inter-
operability Maturity Toolkit
(HISIMT)

Health Information System Stages
of Continuous Improvement

Toolkit (HISSCIT)

Health organization

National digital health system

Health organization (technical &
operational)

Health organization (technical &
operational)

® Managing information

® Using business intelligence

¢ Using information technology
tools

¢ Aligning business and informat-
ics

® Managing change

* Leadership & governance

® Strategy & investment

* Legislation, policy & compli-
ance

*  Workforce

¢ Standards & interoperability

¢ Infrastructure

®  Services & applications.

® Leadership and governance;

® Human resources; and

¢ Technology

There are a number of subcate-

gories

* Leadership & governance;
* Management;

* ICT infrastructure;

* Systems;

¢ Interoperability;

¢ Data quality; and

* Data use

General descriptors with examples
for 5 levels of maturity: basic,
controlled, standardized, opti-
mized, and innovative.

Respondents reflect on their digital
health profile and choose a ma-
turity level.

Prescriptive descriptors with re-
spondent ticking 1 of 5 specific
statements for each category &
subcategory ranked according to
levels of maturity.

Prescriptive descriptors with re-
spondent ticking “yes/no” for 1
of 5 specific statements for each
category & subcategory to ascer-
tain 5 levels of maturity: na-
scent, emerging, established,
institutionalized, or optimized.

Prescriptive with respondent tick-
ing “yes/no” for 1 of 5 specific
statements for each category &
subcategory to ascertain 5 levels
of maturity: Emerging/Ad hoc,
Repeatable, Defined, Managed,
or Optimized.




Journal of the American Medical Informatics Association, 2021, Vol. 28, No. 3 497

Box 1: The Global Digital Health Index categories and maturity descriptors
With the GDHI, there are 5 response options to a “Standards and Interoperability” question: Is there a national digital health
(eHealth) architectural framework and/or health information exchange (HIE) established?

There is no national digital health (eHealth) architectural framework and/or health information exchange (HIE) established.

A national digital health architecture and/or health information exchange (HIE) is defined including semantic, syntactic, and organiza-
tional layers.

The HIE is operable and provides core functions, such as authentication, translation, storage, and warehousing; a guide to what data is
available and how to access it; and data interpretation.

The government leads, manages, and enforces implementation of the national digital health architecture and/or the health information
exchange (HIE), which are fully implemented following industry standards.

The national digital health architecture and/or health information exchange (HIE) provides core data exchange functions and is periodi-
cally reviewed and updated to meet the needs of the changing digital health architecture. There is continuous learning, innovation, and

quality control. Data is actively used for national health strategic planning and budgeting.

resources, and technology to ascertain the maturity level.

No), are used to calculate a level of maturity:

and interoperability for HIS.

tionally or internationally recognized HIS curriculum.

cluding digital HIS and interoperability.

mized

Box 2: The Health Information Systems Interoperability Maturity Toolkit (HISIMT) categories and maturity descriptors
The HISIMT asks very specific “yes/no” questions about the various subdomains of leadership and governance, human

Within the subdomain “human resources capacity development,” the following statements, seeking a binary answer (Yes/

1. Nascent: The country has no training programs to build human resource capacity on digital HIS, including interoperability.
2. Emerging: There is a nationally-recognized preservice training curriculum outlining competencies for human resources for digital HIS

3. Established: A plan exists for in-service training of HIS staff to build their skills around digital HIS and interoperability, based on a na-
4. Institutionalized: The country has the capacity to train enough staff to support digital HIS and interoperability, through in-country, pre-

service, and in-service training institutions or partnerships with other training institutions.
5. Optimized: The government and its stakeholders provide sustainable resources for bealth ministry staff to receive training on HIS, in-

The Health Information System Stages of Continuous Improvement Toolkit (HISSCIT) categories and maturity descriptors:
The HISSCIT uses similar descriptors to label a maturity level as Emerging/Ad hoc, Repeatable, Defined, Managed, or Opti-

framework with 7 categories: leadership & governance, manage-
ment, ICT infrastructure, systems, data interoperability, data
quality, and data use.'®!”

There is significant overlap in the dimensions/categories/domains
used in these MATs. They may be described differently depending
on the purpose or whether it applies to a micro (health facility),
meso (health district) or macro (health system) organization.

Maturity is assessed for various elements within each dimension/
category/domain. The descriptors for each maturity level may be
prescriptive as in ticking 1 of 5 specific statements on maturity of
the categories in the GDHI (Box 1); or a “yes/no” answer to a num-
ber of specific statements to ascertain if the maturity was nascent,
emerging, established, institutionalized, or optimized in the HISIMT
(Box 2) or Emerging/Ad hoc, Repeatable, Defined, Managed or Op-
timized in the HISSCIT. The ICMM provides general descriptors
and examples for 5 levels of maturity through basic, controlled,
standardized, optimized, to innovative (Box 3).

The GDHI is too high-level to be useful operationally. On their
own, the more specific MATSs described do not provide all the infor-
mation required to assess the overall DH maturity at the required

level of granularity. Appropriate concepts from existing MATs, par-
ticularly the 4 analyzed, are incorporated into the DHPMAT frame-
work. Where gaps are identified, the DHPMAT can address them or
suggest specific validated MATSs to conduct the specific operational
or technical assessment. The DHPMAT can be viewed as an over-
arching framework to guide the evidence-based use of specific
MATs from the plethora found in the literature review.

Context, implementation, monitoring, and quality improvement
Digital health interventions complement and enhance health system
functions through accelerated access to and exchange of informa-
tion. They do not replace fundamental health systems components
such as the health workforce, financing, or governance. The WHO
guideline stressed that digital health investments must be evidence-
based and include an assessment of risks against comparative
options.'!

Digital health implementation is affected by background cascad-
ing challenges, comprehensively summarized by the non-adoption,
abandonment, scale-up, spread, and sustainability (NASSS) frame-
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Box 3: The Informatics Capability Maturity Model (ICMM) categories and maturity descriptors
The ICMM provides general descriptors for 5 levels of maturity with the neutral maturity being standardized and standards-

For each of the 5 ICMM dimensions, the level of maturity may be

Basic: Unproven, disjointed, and uncoordinated processes; Knowledge not shared; Unpredictable performance. Avoiding downtime
Controlled: Knowledge silos exist; Processes manageable and getting predictable; Reactive and problem driven

Standardized: Standards; Predictable performance; Knowledge sharing within organization; Proactive but essentially request driven
Optimized: Continuous improvement; Efficiency; Cross-organization knowledge sharing and collaboration; Proactive and account-

5. Imnovative: Catalyst for innovation; New dynamic processes, Industry level knowledge sharing and collaboration; Drives service inno-

work.'® The NASSS domains includes the condition/illness, technol-
ogy, value proposition, adopters, organizations, institutional and so-
cietal context, and interactive adaptation between all these domains
over time. The NASSS asserts that: simple (straightforward, predict-
able, few components) interventions are easy to implement while
complicated (multiple interacting components) or complex (dy-
namic, unpredictable, not easily disaggregated into constituent com-
ponents) ones are difficult to implement or sustain.

The Normalization Process Theory (NPT) guides assessment of
readiness to adopt and use digital health interventions.'® The NPT
works well with the NASSS framework to enable managers, clini-
cians, and other users to understand the conceptual and contextual
factors in successful implementation and evaluation of new technol-
ogies and interventions in health care.'* They can inform the design
of a new technology, identify technological solutions that are diffi-
cult to scale up and sustain, plan the implementation and rollout,
and explain and learn from program failures or successes.

Finally, measurement and monitoring are essential because qual-
ity improvement is implicit in all maturity models. Maturity assess-
ments of systems and organizations become more accurate as they
move up the maturity continuum. A national network of digital
health profiles and maturity can highlight geographic and demo-
graphic variations over time, enabling targeted planning and equita-
ble resourcing of digital health services. With careful planning, a
comparative effectiveness research program can be embedded in the
national health strategy to relate digital health maturity to access,
equity, safety, and quality of care. The WHO Practical Guide®® and
mHealth Assessment and Planning for Scale toolkit?! guided the
quality improvement, monitoring, and evaluation components of
the DHPMAT.

Developing the DHPMAT

The maturity assessment conceptual framework, especially the
WPRO eHealth Regional Action Agenda® and the ICMM'* guided
the development of the DHPMAT. The WHO Collaborating Centre
on eHealth, WHO WPRO and key stakeholders including WHO
Department of Pacific Support, Pacific Health Information Network
(PHIN), Pacific Community, and key informants from WHO coun-
try offices adopted a systematic cocreation®” approach to:

1. Cocreate the Digital Health Profile (DHP)
2. Quantitative and qualitative country indicators, including those

from the International Telecommunication Union publica-

23,24

tions, were collected and checked with key informants to con-

firm the accuracy, relevance, importance, and uniqueness to the
PIC.

Cocreate the
(DHMAT):

Digital Health Maturity Assessment Tool

4. The DHP indicators were interpreted based on the maturity of the

4 essential digital health foundations as assessed by the DHMAT.
Key informants refined and verified the indicators and DHP itera-
tively. This included data interpretation (strengths and challenges)
and drafting the key maturity levels for individual PICs.
Codevelop local digital health maturity assessment criteria and
the DHPMAT

7. Multiple versions of DHPMAT were developed and discussed it-

eratively.

An initial version of the DHPMAT was tested with key inform-
ants before final testing at a PHIN workshop. A feedback ques-
tionnaire with focused and open questions and interviews
collected both quantitative and qualitative data.

The collective creativity was harnessed with digital technologies,
using discursive processes of sharing multidisciplinary and multifac-
eted data, information, and knowledge. Participants in this cocrea-
tion community played multiple roles in socializing and evolving the
nature and quantity of the content based on their perceptions and
contexts.>> The emerging social network defined and developed the
DHPMAT as a knowledge resource and social capital that can be
accessed and used for its intended purpose.

RESULTS

Output: Indicators for digital health profile and maturity
assessment

The following indicators were determined for the essential digital
health foundations (Table 2):

ICT infrastructure: electric power, mobile signal and internet cov-
erage, ICT conditions and user access to hardware in different set-
tings, prevailing use of digital technologies.?’

Essential digital health tools to collect, record, store, and use per-
sonal health information accurately and securely, including the
use of patient registries, EHRs/EMRs, electronic decision support
and mobile and telehealth. A unique identifier for individual and
health service is essential to underpin the smooth functioning of
digital health.
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Table 2. Digital Health Profile (DHP) Indicators used to assess Digital Health Maturity (DHM)

Element of DHPMAT

DHP Indicators used to assess digital health maturity

Country context
ICT infrastructure

Essential digital health tools

Readiness for information sharing

Health system adoption

Quality Improvement, Measurement,
Monitoring, and Evaluation (QIMME)

17 indicators to describe the country’s demographics, politics, socioeconomics, and general rule of law

21 indicators to assess the overall ICT development (ICT development index rank and WEF Network
readiness index)) with focus on ICT coverage, ICT access, ICT affordability, and ICT resilience. How
distributed is the national digital health program?

39 indicators to assess the current establishment and use of essential digital health tools including unique
identifier, health information system (EMR/EHR), clinical decision support, telemedicine & mHealth,
social media, eLearning, and big data analytics. How has the national health data asset (eg, registers
and EMRs/EHRs) been developed and maintained?

27 indicators to assess the readiness in terms of an interoperability framework, architecture, standards,
data quality, and legal frameworks. How are health and other information collected and managed to
a standard?

31 indicators to assess leadership & governance; funding, current strategy, and investment in digital
health; digital and health literacy; capacity building for digital health development and deployment;
services and applications available. How and where have digital health literacy projects been
deployed? Assessment of the complexity and complicatedness of digital health intervention and proj-
ect.

Describe QIMME programs which can range from single-site, ad hoc, and descriptive evaluation to mul-
tisite implementations with logical comparative effectiveness research across various sites to evaluate
large-scale implementations with assessment of financial and economic value and measurements of
impacts (processes and outcomes).

Indicators to assess and monitor the improved sharing of interoperable and fit-for-purpose data (data
quality), quality of care, equity, and access to care.

Indicators to assess and monitor the RE-AIM elements of implementation: Reach, Effectiveness, Adop-
tion, Implementation, Maintenance (individual, community, and organization).

Readiness for information sharing: Enterprise architecture, stand-
ards, interoperability, privacy and security are important to en-
able information exchange and preventing harm from errors and
misuse of information. Privacy regulations, guidelines and train-
ing on data curation and quality management, and continued in-
vestment in cyber defense are important enablers.

Health system adoption: Policies and strategies to support broader
health system adoption including national digital health policies
and strategies, suitable governance arrangements, workforce capac-

The Digital Health Profile (DHP) to be used as the information
source for maturity assessment. An example of a DHP is shown as
Supplementary File 1.

The Digital Health Maturity Assessment Tool (DHMAT) to
guide an objective self-assessment of the strengths and weaknesses
of the essential digital health foundations—ICT infrastructure, es-
sential digital tools, digital health adoption and information shar-
ing (Figure 2a and 2b). The DHMAT uses generic descriptors of
the maturity levels:

ity, and partnerships and engagement with key stakeholders.

The concepts and indicators from existing MATs, particularly
the tools shown in Table 1, are incorporated into the DHPMAT
framework under the relevant essential digital health foundation.
Which indicator gets emphasized in the DHPMAT is a result of the

Basic — controlled — standardized — optimized — innovative

Descriptors and examples based on information distilled from
various DHPs are included as guidance for allocating the level of
maturity for each essential foundation.

cocreation and dialogue with key informants and country WHO

staff. More than that, the cocreation enabled a more relevant and
accurate country digital health profile and indicators.

Output: Quality improvement, measurement,

monitoring, and evaluation (QIMME)
The publication Monitoring and Evaluating Digital Health Inter-
ventions*® emphasizes a common quality improvement framework
for evaluation to generate evidence required for decisions on
investments in digital health. Selected digital tools should have
good evidence of effectiveness derived from local, national, or in-
ternational studies. QIMME is considered mature when it is em-
bedded in programs, and there is a coordinated measurement, 5.
monitoring, and quality improvement program, along with evalua-

1. The Quality Improvement, Monitoring, Measurement, and Eval-
uation (QIMME) scale (Figure 2b).

2. A template to align relevant key information about the country
context—health priorities, strengths, and challenges—with digital
health maturity to facilitate informed discussion on digital health
tools to adopt, adapt, or develop in context (Figure 3). The objec-
tive is realistic implementation plans with embedded quality im-
provement and evaluation. Important principles are:

3. evidence-based and implementable interventions,

4. simple, measurable, achievable, realistic, and time-bound

(SMART) objectives, and

an implementation and evaluation plan with a relevant program

logic model.

tion of the implementation for process efficiencies and impacts.

Output: the digital health profile & maturity assessment

toolkit (DHPMAT)
The DHPMAT includes:

Figure 4 is a visual of the journey of a DHPMAT user from
cocreating the DHP to using the DHPMAT to guide the develop-
ment of an implementable and sustainable digital health pro-
gram.
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(a)

Essential digital
health foundations

Digital Health Maturity Levels (with descriptors and examples)

Level 1: BASIC
v Focus on AVOIDING DOWNTIME
v Ad-hoc and chaotic
¥' Unstable environment
v Unproven, disjointed and
uncoordinated processes
v" Knowledge not shared
v Unpredictable performance

Level 2: CONTROLLED

Level 3: STANDARDISED

Level 4: OPTIMISED

Level 5: INNOVATIVE

¥ Focus on getting control v Standards and best practice v Continuous improvement ¥ Catalyst for innovation
v/ Coordinated but i i v Ce i i v icil v Pioneers new dynamic processes
processes v Organisation level collaboration |v'  Consolidated ‘lean’ processes v Industry level
v Processes manageable & and knowledge sharing v Cross isation knowl sharing &
getting predictable v Proactive sharing & collaboration collaboration
v Knowledge silos exist v Predictable performance v' Proactive & accountable v Drives service
v REACTIVE & PROBLEM DRIVEN v REQUEST DRIVEN v SERVICE DRIVEN innovation
v VALUE DRIVEN

ICT infrastructure
e.g. ICT penetration,
affordability, reliability, ICT
supply chain

Descriptors:

) Unreliable Internet

) Unreliable 2G, 3G, 4G

[1 Very low percentage of the
population have access to the
Internet

[ Negligible broadband service
subscriptions

[l Unreliable supply chain

Descriptors:

[ Somewhat reliable Internet
[l Somewhat reliable 2G, 3G,
4G

[] Less than half of the
population have access to the
Internet

[ Low broadband service
subscriptions

Ul Parts/services available in
weeks

Descriptors:

[] Reliable Internet

[J Reliable 2G, 3G, 4G

['1 Approximately half of the
population have access to the
Internet

I Moderate broadband service
subscriptions

Ul Parts/services available in-
house

Descriptors:

[l Approximately all of the
population have access to the
Internet

[l High broadband service
subscriptions

[l Reliable for critical apps for
patient care

[l Parts/services available with
Quality Improvement in place

Descriptors:

[ Sufficiently reliable to enable
innovations

[l Parts/services available and
services innovating

Examples:
Accessible (available &
affordable) but unreliable

Examples:
Accessible & somewhat reliable

Examples:

Support services and ICT
hardware (supply chain) mostly
accessible

Examples:

Fully accessible & timely
support services and ICT
hardware

Examples:
Infrastructure & support
services facilitate innovations

Essential digital tools
e.g. unique ID, social media,
HIS/eHR/eMR, mHealth,
teleHealth

Descriptors:

[1 Ad-hoc non-unique ID

[l Local procurement &
implementation of HIS/eHR
[ Use of social media

[l Telephone consultation

Descriptors:

[l Unique ID in Dept only

[ Regional procurement &
implementation of HIS/eHR

[1 Social media for information
[l Asynchronous image sharing

Descriptors:

[l Unique ID in all of facility
[l National benchmarks &
standards for HIS/eHR

[1 Social media for wellbeing
[ Synchronous video consult

Descriptors:

[ National unique ID

Ul Data driven QI of HIS/eHR &
Data Quality assessment

L1 Social media for personalised
health information

[l Video consult + eHR

Descriptors:

[ Linked Data R&D driving
policy and practice

[] Ethical use of health data
[1 Social media for interactive
personalised care

[ Video consult + EDS

Examples:

Local ad hoc adoption & use of
digital tools;

Telephone = teleHealth

Examples:

Regional coordination of
adoption &use of digital tools;
Asynchronous info sharing

Examples:

National benchmarks &
standards for digital tools;
Synchronous info sharing

Examples:

Data analytics & Quality of
real-world data;

teleHealth integrated with eHR

Examples:

Innovations with decision
support systems with integrated
teleHealth and eHR systems

Information sharing
e.g. standards-based,
interoperable, hardware,
software & protocols to
support security & privacy

Descriptors:
[l Ad-hoc sharing of patient
registry info with HIS/eHR

Descriptors:
[ Patient info shared routinely
but not integrated with HIS/eHR)|

Descriptors:
[ Patient info integrated in
HIS/eHR and shared in facility

Descriptors:
[ Patient info integrated and
shared with other facilities

Descriptors:
[l National standardized data
asset driving policy and

[ No terminology standards [ Ad-hoc terminology standards| [ National standard I National standard practice
teri logy r led but |ter 1 impl land |1 N [ Common Data
not embedded embedded Model

Examples: Examples: Examples: Examples: Examples:

Standalone clinical &
managerial datasets;
No terminology standards

Ad-hoc sharing of standalone
datasets;
Local terminology

Data sets shared and integrated
with HIS/eHR;
National terminology

Data shared & interoperable
across facilities;

National datasets driving policy
and practice

National Common Data Model
driving ethical use of linked
health data for innovative policy|
& practice

Health system adoption
e.g. regulations, policy,
strategy, governance, capacity|
building, funding

Descriptors:

[ No digital health regulations
[ No existing national strategy
for digital health or eHealth or
health information systems

[ No training programs

[ No governance structures

Descriptors:

[] Privacy legislation present

[ National strategy for digital
health/eHealth/health
information system is drafted or
in process

[l Ad-hoc training programs

[l Ad-hoc governance structures:

Descriptors:

[1ICT legislation present

[ National digital health
strategy and/or plan(s) with
identified priorities is endorsed
and in implementation

[ Accredited training programs
LV ICT committee within

Descriptors:

[l Big data & Artificial
Intelligence legislation present
[l National digital health
monitoring and evaluation
framework present

[ National multi-professional
training programs

Descriptors:

[ Artificial Intelligence
(Al)legislation present

] Exporting training programs
[1 Digital health ministry

or, on 0N [ digital health
agency
Examples: Examples: Examples: Examples: Examples:
No legislations for digital health| Digital health privacy/security | Other digital health legislations;| Big data & Artificial Legislations facilitating
services; legislations; Accredited programs; Intelligence legislations; innovations;

No training programs;
No governance structures

Ad-hoc training programs;
Ad-hoc governance

Relevant digital health
committees

National training programs;
National digital health agency

Multisectoral programs;
Digital health ministry

(b)

Quality improvement,
measurement,
monitoring &

evaluation (QIMME)

Descriptors:
1) Ad-hoc QIMME
arrangements if at all

1 QIMME incorporated but
uncoordinated

Descriptors:
[ Coordinated QIMME for
Comparative Effectiveness

Descriptors:
[l Digital Health program
scaled up & normalised with

Descriptors:
[l Innovating with digital health
program, including QIMME of

Research (CER) by regions CER ongoing nationally new models of care
Examples: Examples: Examples: Example Examples:
Local ad hoc QIMME QIMME routinely embedded in | QIMME coordinated for CER | National digital health program | Innovating with novel QIMME
arrangements digital health programs across programs and regions with embedded QIMME methods for new models of care

enabling CER

Figure 2. (a) Digital Health Maturity Assessment Tool (DHMAT) with descriptors
Monitoring, and Evaluation (QIMME) maturity scale.

Results of user testing of the DHPMAT

Digital health profiles and maturity assessments were cocreated for
13 PICs—Cook Islands, Fiji, Federated States of Micronesia, Kiri-
bati, Marshall Islands, Nauru, Palau, PNG, Samoa, Solomon
Islands, Tonga, Tuvalu, and Vanuatu. This iterative process pro-
duced a version of the DHPMAT for testing with country stakehold-

and examples for each maturity level. (b) A Quality Improvement, Measurement,

ers at a PHIN workshop in Noumea in July 2019. Participants
(n=11) were provided with the DHPMAT and user guide a week
before the workshop, which they used and, subsequently, provided
feedback.

The participants reported the DHPMAT as useful, relevant for
their country, had easy-to-understand-and-follow instructions, and
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This guide is to assist you to set a practical goal based on your current digital health maturity level and determine activities/resources required to achieve the goal. The choice on the digital

health interventions to develop, adopt or adapt will depend on your strengths and weaknesses and/or health priorities you need to achieve.

Country context

Harnessing digital health interventions to benefit
health priorities in delivering integrated person-
centred services & universal health coverage?

Health priorities: e.g. universal health coverage through universal health insurance

Objectives for digital health development: /mprove digital health maturity by one level
Opportunities: e.g. current strengths; Entry points (individual, facility or population); Donor Agencies
Challenges: e.g. rurality; low digital health literacy; proprietary systems; sustainability

Mission of digital health development
Co-created user-centred digital health interventions
to meet the country’s health priorities

sustainable.

Practical goal: e.g. Develop a strategy with simple, measurable, achievable, realistic and time limited (SMART)
objectives that are aligned with the digital health maturity to ensure that interventions are implementable and

DH foundations

Example: practical goal based on maturity level

Examples: activities (resources) to achieve identified practical goal

ICT infrastructure

(Current maturity level: Basic)

A mobile phone network that is fit-for-purpose and
affordable for all citizens in all settings e.g. urban-rural,
rich-poor, young-old, male-female, etc.

Desired Maturity level: Standardised
e Identify evidence-based, reliable, cost-effective and sustainable options;
e Apply for national ICT infrastructure and strategic funding (global aid agencies).

Essential digital tools

(Current maturity level: Controlled)
Up to date & well-maintained digital health assets with
affordable, usable & useful evidence-based digital tools.

Desired Maturity level: Standardised

e Establish/ensure compliance to reasonably-priced digital health tools;

e Identify systems for a national unique person (patient/clinician) and facility
identifier.

Information sharing

(Current maturity level: Controlled)
Data/information fit to be shared in terms of data
quality and interoperability.

Desired Maturity level: Standardised

e Identify relevant national/international standards for data, data models,
architecture, and data analytics software;

e Establish data and information governance and stewardship structures.

(Current maturity level: Controlled)

Desired Maturity level: Standardised

the digital health intervention and relate to outputs and
impacts.

I-fiealttl.l system Training programs for a digital health workforce to e Pre- & in-service training of workforce in digital health tools, e-learning, etc;
adoption achieve the above. e Digital literacy programs in schools, colleges and work places.

(Current matu.rtty level: Controlled) v Desired Maturity level: Standardised

A program logic model to measure reach, effectiveness, . . .
QIMME adoption, impl ration & mai e (RE-AIM) of e Develop and obtain support for a QIMME program for a regional digital health

intervention, emphasizing measurable process, outputs and impact indicators
along with realistic deliverables and milestones.

Figure 3. An activity planning guide to achieve the desired Digital Health Maturity to support the relevant health priority.

USER:

5

Country X (~100 K population) wants to improve the access to health services using digital health solutions/interventions. A
working group (WG) has been formed to analyze the current state and develop a strategic direction and recommended way

forward to the Ministry of Health. The WG suggests using the DHPMAT as an ongoing assessment and planning tool to
facilitate its work.

—

[A] Review the DHPMAT

“what is the current state of digital health

in the country?”

“where are we at? compared to our PIC

peers?

oOUTPUTS

Validated the information in DHPMAT and supplemented missing

information

Discussed, adjusted and confirmed the maturity levels identified in

the DHPMAT

The analysis and rationale have been documented, through which

VALIDATION | |

[B] Review Existing
Experience
“how might we improve current

digital health programs?* health interventions?*

“complexity of the proposed

intervention?”

@

national level)

[C] Put in Context

“what are the potential digital

“what are cur opportunities, and
resource | funding avallablliies?

Potential digital health interventions (at the national or sub-

FACILITATION DECISION

0

[D] Discuss & Prioritize

-

“what are the achievable and measurable
objectives? in what time frame?"

[E] Get Real

“example of low-hanging fruit: draw on the
high mobile coverage to develop health

services on mobile platformitelehealth.” . . )

“what is the implementation plan / road
“example of mid-term Intervention: invest in map?”
tha foundations of health information

t “what is the governance mechanism for
sharing.”

implementation? cperations?"

“invest in the country’s large young population
in preparing the technical talent for the long

) term.” (o]
O

Implementation plan for the
digital health intervention(s)

Documented pricritization analysis of the interventions which

should include considerations about 1. relevant sociocultural,

economic and political factors; 2. mechanisms, oppertunities and
resources available; 3. complexity and complicatedness of the

501

the strengths, challenges/opportunity are summarized.

Figure 4. An example of a user journey with the DHPMAT.

had a logical rationale underpinning its use (Table 3). The link to
the WPRO eHealth Regional Strategy, particularly the “thought-
provoking” questions and discussion points, was scored highly.
The content of the DHPs were considered relevant and important
but could be improved in accuracy and completeness. Participants
reported a need to better understand the rationale for the indica-
tors and levels of maturity, suggesting training and advocacy for

proposed digital health intervention; 4. funding approaches.

the use of DHPMAT. The higher than average scores for the de-
sign, structure, and usefulness of the DHPMAT is encouraging,
reinforcing the adoption of “cocreation” to ensure accuracy and
relevance of the digital health profile and emphasizing the need
for a “hands-on” sociotechnical and capacity-building approach
to maturity assessment to guide digital health strategy develop-
ment.
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Table 3. Perceptions of the DHPMAT (5-point Likert scale)

Element of the DHPMAT assessed Average

score

1. Rationale & Methods

i. The content is easy to understand

ii. I know the reasons why the DHPMAT was developed
iii. I know how the DHPMAT was developed

iv. The rationale also addressed my country’s priorities

v. The link to the WPRO Regional Strategy is important
2. User Guide

i. The instructions are easy to follow

ii. The recommended way to use the DHPMAT is logical
3. Country Digital Health Profile

i. The content is accurate

ii. The content is relevant and important

iii. The content is complete

4. Digital Health Maturity Assessment Tool

1. The maturity assessment tool is easy to use

ii. The 4 essential digital health foundations are logical
iii. The attributes allocated to each foundation are correct
iv. The 5 digital health maturity levels are logical

v. The descriptors for each maturity level are logical

vi. The ‘thought-provoking’ questions are useful

vii. The ‘discussion’ points are useful

viii. The ‘examples’ are appropriate

5. General Perceptions

i. The overall framework covers all aspects of digital health
ii. The DHPMAT was easy to use

iii. The DHPMAT is useful and will meet its objectives
iv. I am already familiar with the recommended resources

AW DR W W W WD B WWWWWWWDRRWWRWDREDRIEPDAWRDWLRAW

v. This is relevant and useful for country

Qualitative feedback was generally constructive and pragmatic.
Examples include the following:

* It’s good for a baseline information to compare with the reality
on the ground—Respondent 2

* An insightful comment concerned the “cognitive overload” re-
lated to the many digital health toolkits distributed by agencies
in the PICs.

*  Considering the number of toolkits used in the country for the
same space, we will park it for now until further consultation—
Respondent 5

Based on this user feedback, the DHMAT User Guide and ratio-
nale was revised to be more explicit and understandable, including
how the DHPMAT may rationalize the choice and use of existing
digital health toolkits.

DISCUSSION

A collaborative and systematic maturity-based approach to making
decisions to invest, develop, implement, evaluate, and maintain digi-
tal health programs for identified priorities and tailored to local con-
texts and opportunities is a logical one. This is particularly true of
small PICs, where limited service capacity, unreliable basic and ICT
infrastructure, and poor access/affordability limit the range of digi-
tal tools that can be used successfully. These limitations along with
the reported “cognitive overload” from the plethora of largely une-
valuated digital health toolkits distributed as part of various aid pro-
grams may explain why the participants were tentative in their

perceptions. As a tool to focus and base a country’s digital health
strategy on its maturity level, the DHPMAT can facilitate the in-
formed choice and use of specific tools for the assessment of specific
digital health foundations. It is not a “one-size-fits-all” but a logic-
based approach to the choice of tools. The tentativeness also indi-
cated a need for a well-tested DHPMAT that is easy to understand
and supported by well-trained facilitators and change agents.

Cocreation recognizes the fact that the content of the DHPMAT
will evolve with time and improved digital health maturity. Coun-
tries need to own and proactively keep the DHP up-to-date to enable
regular and accurate maturity assessment. Engagement with the
DHPMAT cocreation network is important to ensure that maturity
indicators selected are the most appropriate for planning, develop-
ing, implementing, and evaluating digital health programs—not just
for reporting. The DHPMAT should therefore be informed by suffi-
ciently granular data to support program implementation and evalu-
ation, even down to the facility level. Cocreation also improved
perception of the DHPMAT as a tool to facilitate ongoing discus-
sions on digital health programs.

Participants in the cocreation increased their awareness of the
link between the DHPMAT and WPRO eHealth Regional Strategy.>
There was an explicit congruence between the S DHPMAT maturity
levels and the 3 stages of development (initial, developing, and ad-
vanced) described in the WPRO strategy. The strategies proposed by
WPRO for each stage also made sense at the relevant maturity level.
Countries with basic or controlled maturity levels are at the initial
stages of development. They could identify “leapfrog” opportunities
to leverage the wireless telephone infrastructure into SMS-based tel-
ehealth services. They could also digitize and standardize existing
databases (eg, disease registers) or implement a Universal Health
Identifier system. Countries with controlled or standardized matu-
rity levels could focus on improving coverage and quality of health
services through mHealth/telehealth; update enterprise architecture
and interoperability standards; conduct QIMME; and systematically
phase in more complex digital health interventions such as EHRs by
module or site. Countries with optimized or innovative maturity lev-
els could foster innovative eHealth apps to improve services; im-
prove interoperability and data quality; strengthen privacy
legislation, regulation and enforcement; and mentor countries with
lower digital health maturity and share technical expertise and
resources across sectors to achieve economies of scale.

Grounding the cocreation of the DHPMAT in the context of the
eHealth Regional Strategy ensures relevance and facilitates the
scale-up, testing, and further refinement of the DHPMAT to facili-
tate the in-country dialogue on harnessing digital tools to strengthen
health systems and achieve universal health coverage and sustain-
able development goals.

Limitations

There are deficiencies in the availability and quality of data on the
essential digital health foundations, current digital health and qual-
ity improvement programs, and funding for digital health in the
PICs. However, the tools and protocols for data collection, valida-
tion, and quality assurance are improving, especially in PICs actively
participating in the cocreation process.

CONCLUSION

Quality improvement is implicit in maturity assessment, emphasiz-
ing the need to embed measurement, monitoring, and evaluation



Journal of the American Medical Informatics Association, 2021, Vol. 28, No. 3

503

into the digital health program. The cocreation approach to devel-
oping and testing the DHPMAT ensured currency and appropriate-
ness of information collected and understanding and use of the
DHPMAT to facilitate informed discussion by PICs on their digital
health maturity. Reducing the cognitive overload from the multitude
of disparate tools made available to various development agencies is
an important consideration. User testing and post-workshop discus-
sions within the social network developed from the cocreation ap-
proach indicated the need for sociotechnical change management
strategies, including advocacy and trained DHPMAT facilitators to
systematically implement and evaluate digital health strategies in the
PICs. The DHPMAT cocreation approach and the certainty of
changing technology and country contexts means that the
DHPMAT will certainly be evolving through an ongoing adaptation
process as it begins to be used in other countries and settings.
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