

[image: Cover]


OPS/JPHIA-17-2010-F1.jpg
Identification of studies via databases Identification of studies via other methods

Records identified from:
PubMed (1 = 40) Records removed before

Records identified from:
Websites (n = 31)
Organisations (n = 2)
Citation searching (n = 13)

EBSCO (1= 32) screening: (n = 2858)
Google Scholar (7 = 3010)

Identification

Records screened: Records excluded:
(n=224) (n=114)

Reports sought for Reports not retrieved:
retrieval: (n = 110) (n=35)

Reports sought for Reports not
retrieval: 6) [SUECHUES L)

Screening

Reports assessed for Reports excluded:
eligibility: (n = 75) (n=54)

Reports assessed for Reports excluded:
eligibility: (n = 31) Not relevant ( = 2)
Wrong context (1 = 2)
Not applicable

in HRH context (n=7)

Total records included
(n=41)

Source: Adapted from Page M, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ. 2021;372:n71. https://doi.org/10.1136/
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HRH, human resources for health.

FIGURE 1: Flow diagram depicting the selection of sources of evidence.
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BOX 1: Inclusion criteria.

Focus: Research; peer-reviewed articles and grey literature mentioning digital health, tools, models, guidelines, and frameworks within broader health system contexts and
demonstrating relevance to workforce development in LMICs in Africa.

Conceptual relevance: Articles and grey literature, including reports that included conceptual frameworks, maturity models, tools, guidelines or descriptive indicators related to
the design, development, implementation or evaluation of digital health or HRH information systems.

HRH linkages: Research that described systems or strategies for health workforce planning, management, education, deployment or tracking within digital or information system
environments.

System maturity assessment: Research, including country implementation reports, that contributed to identifying or evaluating key domains, sub-domains or indicators used to
assess the maturity of systems tracking health professions education.

Target population and stakeholders: Research that included perspectives from policymakers, researchers, implementers or institutions involved in digital health and HRH,
particularly within national or sub-national health systems.

Geographic and contextual scope: Research that primarily focused on LMICs in Africa; however, studies from high-income countries were also included if their findings or
frameworks, models, guidelines or tools demonstrated clear applicability to LMIC settings.
Language: Only studies published in English and with full-text availability were considered.

Time frame: No strict timeframe restriction was implemented, but peer-reviewed articles published between 2010 and 2025 were prioritised, while grey literature had no time
limit.

LMIC, low- and middle-income countries: HRH, human resources for health.
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TABLE 2 (Continues ...): Frameworks, models and tools synthesised from the scoping review.

S/N Framework, model Description Developer or source  Scope Application region Year Domains assessed Maturity or Relevance to HRH-IS Notes and adaptability
or tool name implemented scoring approach  maturity

7 MAPS Toolkit A toolkit designed to assess ~ WHO, UN Foundation, Global and Reference to 2018 1. Groundwork Uses guiding Provides a structured  Adaptable to HRH-IS
(MHealth readiness of mHealth Johns Hopkins adaptable to LMICs implementation in 2. Partnerships questions and lens to evaluate particularly the enablers
Assessment and interventions across multiple  University, and LMICs, including 3. Financial health maturity readiness and for scale-up and
Planning for enablers and preparedness partners Ghana and Senegal 4. Technology & progression stages scalability of digital sustainability planning, per
Scale)ts2 for scale-up and sustainability. architecture for scalability health solutions, LMIC settings.

5. Operations, and including workforce-
Monitoring & related systems.
evaluation

8 HIS Interoperability A toolkit developed for MEASURE Evaluation  LMICs LMIC with case 2019 1. Leadership & 5 stages of Directly relevant for Strong for governance and
Maturity (HISIM) governments and other studies in Uganda Governance maturity: HRH-IS integration HRH aspects, including
Toolkit?23031.32 stakeholders to determine and Ghana 2. Human Resources 1. Nascent and interoperability their sub-domains, which

domains for interoperability 3. Technology 2. Emerging with other systems,  can be adapted for HRH-IS
and the necessary levels of 3. Established including enablers such maturity assessments.
maturity, towards achieving 4. Institutionalize  as workforce and
national HIS goals. 5. Optimized governance. Can guide

in identification of

relevant indicators to

assessin the

development of the

HRH-IS maturity model.

9 Stages of Toolkit for countries or MEASURE Evaluation ~ Global and = 2019 1. Governance & S maturity stages  Highlights enablers for ~ Useful to track incremental
Continuous organizations to assess, plan, adaptable to LMIC Leadership 1. Emerging/Ad  national level HIS, adoption and domains and
Improvement (SOCI) and prioritize interventions to 2. Management and Hoc including relatable sub-domains that align to
Toolkit?2333 strengthen an HIS. Workforce 2. Repeatable indicators across both  HRH-IS integration and

3. ICT Infrastructure 3. Defined the toolkit’s core sustainability with
4. Standards and 4. Managed domains and continuous improvement
Interoperability 5. Optimized sub-domains thatare  cycle.
5. Data Quality and Use relevant to the
institutionalization and
sustainability of an
HRH-IS.

10  Routine HIS Rapid A rapid assessment tool to WHO and MEASURE  LMICs N/A 2018 1. Management and Checklist & scoring  Highlights domains and Strong in localized
Assessment assist in identifying gaps and  Evaluation governance (binary and/or sub-domains relevant  indicators at service
Tool?2®:3¢ weaknesses at service 2. Data and decision qualitative to workforce planning  delivery level. It has

delivery points or facilities. support system indicators) and training, training  transferable domains that
3. Data collection and capacity and other can be adapted within the
processing areas. context of HPE and HRH
4. Data analysis development.
dissemination and use

11 Performance of Framework and series of tools MEASURE Evaluation  LMICs N/A 2019 Driven by 3 determinants: No formal Highlights data quality ~ Contains an organizational
Routine Information to diagnose strengths and technical, organisational ~ maturity or and use as core and behavioral assessment
System weaknesses of routine health and behavioural. proficiency scale  component of this tool, which relates to
Management information systems, focusing defined toolkit, which are also  health professionals and
(PRISM) Toolkit?>¥  on data quality and use. central to HRH-IS may have some

effectiveness. transferable indicators.

12 PEPFARHRIS A toolkit designed to assess  HRH2030 Program LMICs References 2017 This toolkit assessestwo  5-level proficiency ~Although the toolkitis  Although the toolkit was
Assessment HRIS functionality within HIV/ (USAID, Palladium, implementation in sets of domains: 8 HRIS scale adapted focused on a particular  developed for HIV/AIDS, it
toolkit®3* AIDS programmes, focusing consortium partners) Malawi and Zambia functions (Pre-service programme area, it includes relevant domains

on workforce data use for
programme delivery.

Education, Registration
and Licensure, Staffing
Gaps and Needs, Payroll
Information, Personnel
Actions, In-service
Training, Workforce Exit/
Attrition, Health Worker
Registry) and another 8
HRIS capacities
(Technology Infrastructure,
Decentralization, Use of
Standards, Data Quality,
Sustainable Financing,
Human Capacity,
Interoperability and
Data Use).

highlights domains
relevant for tracking
the lifespan of health
professionals.

that can be adapted and
expanded by drawing on
existing models and
knowledge from
HRH-specific records. This
ensures that the relevant
domains, which
incorporate the perspective
of health professionals
including their education,
are included.
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TABLE 2 (Continues

rameworks, models and tools synthesised from the scoping review.

S/N Framework, model Description Developer or source  Scope Application region Year Domains assessed Maturity or Relevance to HRH-IS  Notes and adaptability
or tool name implemented scoring approach  maturity

19  Humanresources  Although not a framework, it World Health LMICs Nigeria and 2022 Highlights multiple N/A This resource offersa  This resource provides the
for health is relevant to HRH-IS as it Organization (WHO) Zimbabwe domains and enablers new perspective localisation framing for an
information system: highlights data points National and/or relevant to the broader because it contains HRH-IS maturity
minimum data relevant to the life cycle of subnational HRH development context. context specific to HRH  framework. It is pivotal and
set for health a health professional Domains include development and can drive adaptability and
workforce governance, project implementation localisation to HPE, HRH
registry. 24344454647 coordination, intervention learning across LMICs.  and within LMIC settings.

mapping, interoperability
classification, scale-up
and monitoring.

Note: Please see the full reference list of the article Oaiya Al, Christmals CD, Kipruto HK. Digital health maturity models for Human Resources for Health Information Systems in low- and middle-income countries in Africa: A scoping review. J Public Health Africa.
2026;17(1), a2010. https://doi.org/10.4102/jphia.v17i1.2010, for more information.

ART, antiretroviral therapy; BHCPF, Basic Health Care Provision Fund; CMMI, capability maturity model integration; DHPMAT-MM, Digital Health Profile and Maturity Assessment Toolkit Maturity Model; DPPA, digital pandemic preparedness assessment;
FTE, full-time equivalent; GDHI, global digital health index; HIS, health information system; HISIM, health information system interoperability maturity; HOT4ART, HRH optimization tool for antiretroviral therapy; HOT4FP, HRH optimization tool for family planning;
HOT4PHC, HRH optimization tool for primary health care; HRH, human resources for health; HRH-IS, human resources for health information system; HRIS, human resources information system; HWR, health workforce registry; ICT, information and communication
technology; IS4H, information systems for health; ISHO, Informatics-Savvy Health Department Toolkit; ITU, International Telecommunication Union; LMICs, low- and middle-income countries; M&E, monitoring and evaluation; MAPS, MHealth assessment and
planning for scale; MDS, minimum data set; MoH, Ministry of Health; PAHO, Pan American Health Organization; PEPFAR, President’s Emergency Plan for AIDS Relief; PHC, primary health care; PHI, Public Health Informatics Institute; PRISM, performance of routine
information system management; SEI, Software Engineering Institute; SOCI, stages of continuous improvement; SSA, sub-Saharan Africa; UHC, Universal Health Coverage; USAID, United States Agency for International Development; WHO, World Health

Organization; S/N, serial number; HIV, human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome; UN, United Nations; HR, human resource; US, United States; HPE, health professions education; ISACA, Information Systems Audit and Control
Association.
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TABLE 2: Frameworks, models and tools synthesised from the scoping review.

S/N Framework, model Description Developer or source ~ Scope Application region Year Domains assessed Maturity or Relevance to HRH-IS  Notes and adaptability
or tool name implemented scoring approach  maturity

1 Capability Maturity A process and performance  Developed by the Organizational Model has been 1990s 1. Project management 5 maturity levels:  Highly relevant as a Though not health-specific,
Model Integration  improvement framework that Software Engineering  processes, systems adapted and applied 2. Engineering 1. Initial conceptual backbone ~ CMMI’s staged approach has
(cMMmI) was originally developed for  Institute (SEI) at engineering, across different 3. Process management 2. Managed for HRH-IS maturity.  influenced many maturity

software engineering. Now, it Carnegie Mellon project industries globally, 4. Service deliver 3. Defined (Gl 6 G T models (including WHO,
is widely applied across University; maintained management, including health. It LBt v 4. Quantitatively o SO TEreS PAHO, DHPMAT-MM).
industries, guiding by CMMI Institute quality assurance, ~ served as a guiding 5. Quality assurance Managed SLagEcima . e

R q 5 6. Risk management Ao investigating, localizing, Adaptable to HRH-IS in
organizations in developing  (now part of ISACA).  and service framework for the nanag 5. Optimizing . TEdy B
and optimizi?_g processes to delivery. der\‘/elopmder;t of 7. Supplier management improvingg . s
e ibiael S governance, data a maturity or scoring
and risk management. management, and approach.

system optimization.

2 WHO-ITU National A toolkit developed to WHO &ITU Global scope and Framework has 2012 1. Leadership and Strategy Provides the Widely used reference;
eHealth Strategy ~ support governments and adaptable to LMICs guided the governance development foundation for a contains domains that are
Toolkit!9202122 other stakeholders in and others. development of 2. Strategy and roadmap (not national digital health  relatable and can be

developing a national eHealth other models and Investment numeric scoring)  ecosystem, which is adapted to national HRH-IS
vision and strategy, action tools. 3. Legislation, policy relevant for HRH-IS contexts as part of broader
plan, and evaluation and compliance planning and digital health planning and
mechanism. 4. Workforce integration to maximize integration.
5. Standards and service delivery and
interoperability attain UHC.
6. Infrastructure
7. Services and
applications

3 Digital Health A model developed by WHO ~ WHO & ITU Global scope and Referenced 2019 1. ICT infrastructure 5-level proficiency Highly relevant to Model reinforces the
Profile and Maturity and ITU that stems from the adaptable to LMICs  implementation and 2. Digital tools scale adapted HRH-IS maturity. Model adaptability of CMMI,
Assessment Toolkit CMMI model. It serves as a and others. piloting in pacific.'® 3. Interoperability and from CMMI evaluates digital including the maturing or
Maturity Model metamodel to unify various readiness for 1. Basic backbone, governance, - scoring approach. Model
(DHPMAT-MM)*2 digital health maturity information sharing 2. Controlled workforce capabilities, also has domains that have

frameworks and guide digital 4. Enablers of trustand 3. Standardized interoperability, and relatable enablers within
health system assessment adoption (Governance, 4. Optimised continuous quality the context of HRH
over time. funding, strategy, 5. Innovative improvement, which development.
It combines a digital health workforce capacity, are key to HRH
profile and a digital health literacy, stakeholder information system
maturity assessment. engagement) development and
5. Quality Improvement, maturity.

Monitoring,

Measurement &

Evaluation (QIME)

4 ISHO Toolkit ISHO toolkit was designed to  Public Health Global and LMIC References indicate 2024 and 2025 1. Vision, Policy, and 6-level proficiency Although focused Offers structured
(Informatics-Savvy  assess the informatics Informatics Institute  scope adaptability and Governance scale adapted within the HIV/AIDS self-assessment whose
Health Department  readiness at both national (PHIN) application in 2. Skilled workforce from CMML. domain, the toolkit domains are adaptable to
Toolkit)?4?>%* and site or organisational Nigeria and 3. Effective information 1. Absent emphasizes the HRH-IS contexts. In

and/or facility levels, towards Zimbabwe. systems 2. Initial strategic, governance,  addition, it reinforces the
developing HIS strategies and 3. Managed and workforce use of the CMMI maturity
a roadmap to strengthen 4. Defined dimensions of or scoring approach.
informatics capabilities. 5. Measured informatics readiness,
6. Optimized which are transferrable
to an HRH-IS adoption
and institutionalization.

5 Conceptual A conceptual, strategic OjoAetal. Sub-Saharan Africa; N/A 2021 1. Governance & Conceptual (no Highlights HRH and Regionally contextualized
Framework for framework developed for LMICs in Africa Leadership numeric scoring); ~ workforce information  framework: complements
Strengthening leveraging eHealth to support 2. Strategy & Investment  structured as a as key enablers within  WHO-ITU toolkit with
eHealth Systems for  universal health coverage. 3. Infrastructure & strategic roadmap  eHealth for UHC. Thisis adaptations from the
UHC? (Adapted Services relatable to HRH-IS informatics-savvy health
from informatics- 4. Health Workforce & maturity whilst department framework and
savvy health Capacity Building considering other tailored to Sub-Saharan
department enablers such African (SSA) challenges -
framework) governance, capacity  low resources, fragmented

and workforce data. HIS, capacity gaps).

6 Modified European A structured framework European Commission; Adaptable to LMICs North-West Ethiopia 2020 1. Information/Data 8-level proficiency Focuses on digital Useful for integrating
Commission’s Digital designed to assess digital adapted by Shiferaw literacy scale skills of healthcare capacity-building and
Competency competence and modified for et al. (2020) 2. Content creation professionals, which  workforce readiness aspects
Framework?” healthcare settings to evaluate 3. Communication is a critical HRH into HRH-IS maturity

digital readiness of health 4. Problem solving, Safety dimension of models.

professionals.

HRH-IS maturity.
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TABLE 2 (Continue:!

Frameworks, models and tools synthesised from the scoping review.

S/N Framework, model Description Developer or source  Scope Application region Year Domains assessed Maturity or Relevance to HRH-IS Notes and adaptability
or tool name implemented scoring approach  maturity

13 HRH Optimization These tools were designed to  HRH2030 Program LMICs References were 2021 Toolkits assessed the FTE calculations Highlights HRH Although primarily focused
Tool for Family assess HRH availability and (USAID, Palladium, made to imbalances in HRH comparing existing professionals’ gaps for  on HRH in family planning,
Planning (HOT4FP),  functionality, including consortium partners) implementations in professionals and required integrating specific ART, and primary health
for ART (HOT4ART)  recommending distribution Malawi and required for the staffing disease into PHC. care, they also offer
and for Primary strategies through task Zimbabwe; however, scale-up of disease additional dimensions for
Health Care shifting and sharing to these resources and areas and integration HRH-IS assessment.
(HOT4PHC)®* support a particular adapted tools were into the PHC. Specific

programme area such as unavailable due to domains include
family planning, HIV/AIDS and recent workforce numbers
selected Primary Health Care reprioritization with and HRH allocations,
(PHC) services. US donor funds. skill mix, task-
sharing, service
delivery workload.

14  Digital Pandemic This toolkit was developed to  Digital Square (USAID,  LMICs LMICPiloted and 2021-2022 1. Human capacity Qualitative and Relevant to HRH-IS Provides contexts or
Preparedness assess and map gaps in Gates Foundations and tested in Cote 2. Infrastructure Quantitative maturity as the domains from different
Assessment (DPPA)  countries’ digital health partners) d’Ivoire, Ghana, 3. Investments & funding  scoring guided toolkit assesses countries that can
Tool® ecosystems for pandemic Nigeria, Sierra 4. Standards & through digital health contribute to articulating

preparedness and response, Leone, and Togo interoperability instructions and system readiness, relevant domains and
including vaccination roll-out 5. Data capture & use interpretation including integration sub-domains for HRH-IS
and integration with existing 6. Governance and policy of health information ~ maturity.
systems. systems, data

interoperability,

and governance

capacity for pandemic

contexts.

15  Information Systems Toolkit developed to guide PAHO/WHO (Pan LMICs North and South 2021-2022 1. Governance No numeric Supports HRH-IS Toolkit is modular and is
for Health (IS4H) countries and other American Health America 2. Data policy scoring; structured maturity with widely adaptable,
Toolkit*® stakeholders in strengthening  Organization / World 3. Monitoring & templates and relatable domains especially the M&E and

their HIS towards achieving Health Organization) Evaluation (M&E) qualitative such as governance, interoperability domains.
UHC. 4. Interoperability guidance policy, strategic roles,
5. Digital transformation M&E frameworks, and
strategy data system
interoperability.

16  Digital Health A conceptual model, partly Phiona Vumbugwa Global and Appliedin 10 2024 1. Leadership and Qualitative Highlights real-world Empirically grounded, with
Systems Maturity adapted from WHO ITUand  etal. adaptable in LMICs  African countries Governance insights barriers and country experiences, and
Assessments ISHO, and used to identify 2. Health Financing (no numeric scale) strategic priorities for ~ can serve as lessons learnt
(DHSMA)* barriers and facilitators of 3. Health information maturity of national from LMICs, which can
Not a formal maturity assessments, 4. Health workforce digital health systems, optimise the development
framework focusing on enabling 5. Service delivery which are valuable and  and adaptation of an

conditions and stakeholder 6. Medical supplies can be tailored to HRH-IS maturity tool in
alignment. HRH-IS maturity LMIC contexts
approaches.

Other inter-related models

17  Global Digital Health Index for tracking, monitoring, World Health - B 2016 1. Leadership & 5 phased maturity Highlights real-world  Can contribute to
Index(GDHI) and and evaluating progress in Organization (WHO) governance, scoring, but across approaches to identifying comparable
MaturityModel?2#*  digital health technology at 2. Strategy & investment 23 indicators with  establishing domains and sub-domains

the country level, across the 3. Legislation, policy and  amix of benchmarking relevant to an HRH-IS
7 components of the compliance qualitative and capabilities across maturity framework in
WHO-ITU eHealth strategy 4. Workforce quantitative countries. LMICs.
framework. 5. Standards & measures and
interoperability country
6. Infrastructure benchmarking
7. Services and capabilities.
applications
18  WHO Digital Health A global, open-source World Health N/A N/A 2018 N/A N/A This resource can serve -
Atlasis?? registry platform designed Organization (WHO) as a complementary

to catalogue, visualize,

and coordinate digital health
projects, serving as a
technology investment registry.

source of existing
digital health
implementation in
LMICs.
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TABLE 1: Summary of records included in the review.

Category Number  Percentage Scope and implementation region Income classification
of records of total
Peer reviewed records 20 488  Global scope: 4 records LMIC: 12 records

Sub-Saharan Africa: 4 records (including one covering LI and LMIC combined: 1 record
46 of 54 countries and another covering 8 countries)

Nigeria-specific: 3 records

Upper middle-income (UMI): 1 record

High-income countries (HIC): 2 records

Nigeria and Liberia: 1 record T R

Ghana: 1 record non-specific): 4 records
South Africa: 1 record

Other LMI and/or LMICs: 4 records (with one record
a multi-country study on Kenya, Oman, Mozambique,
Philippines, Indonesia, and another across 10
countries)

Australia and Canada: 1 record
US, UK, Canada, EU (Multinational): 1 record

Global frameworks, guidelines, strategic roadmaps 6 146  Global scope: 6 records Global scope: 6 records
and other related resources such as digital
taxonomy and classification

Global digital health benchmarking framework or 2 4.9 Global scope: 2 records Global scope: 2 records
assessment tools and related resources

Tools, maturity models, toolkits in health and 13 317 Global scope: 5 records Global scope: 5 records
applicable within the context of HRH development

including technical reports of their application. LMIC: 5 records, Uganda: 2 records and Ghana: 1 LMIC scope: 8 records

record

EU, European Union; HIC, high-income countries; HRH, human resources for health; LI, low-income countries; LMIC, low- and middle-income countries; LM, low- and middle-income
(used interchangeably with LMIC where applicable); UMI, upper middle-income; UK, United Kingdom: US, United States.





