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Abstract

Healthcare workforce planning continues to face entrenched challenges arising from the
complex adaptive nature of health systems and the ongoing misalignment between work-
force capabilities and system purpose. This paper introduces a conceptual meta-system
framework grounded in systems and complexity thinking, positioning patient-centred care
as the core system purpose and the guiding principle for workforce design. Drawing on
the vortex model to visualise the nested layers of a health system—from individual care to
national policy—the framework integrates interdependent domains, including system-level
workforce needs. By synthesising global examples and varied planning strategies, the paper
critiques the limitations of traditional linear forecasting and advocates for whole-system,
needs-based approaches that embed dynamic feedback and stakeholder collaboration. It
underscores the importance of strong partnerships between education and practice and
highlights the role of adaptive leadership in aligning workforce planning with organi-
sational purpose. Rather than offering prescriptive solutions, the framework serves as
a catalyst for critical reflection, encouraging policymakers and healthcare leaders to tailor
workforce strategies to their specific contexts. Ultimately, this conceptual approach seeks
to enhance system resilience, improve health outcomes, and reduce future care demands
through genuine alignment between workforce planning and the evolving needs of patients
and health systems.

Keywords: organisational change management; workforce planning; complex adaptive
systems; health system policy

1. Introduction

Yogi Berra famously said, “If you don’t know where you are going, you'll end up
somewhere else.” This statement perfectly captures the challenges of managing complex
problems, those that arise within organisations and simultaneously are influenced by
external stakeholders. In Russell Ackoft’s words: “Managers are not confronted with
problems that are independent of each other, but with dynamic situations that consist of
complex systems of changing problems that interact with each other” [1].

Healthcare systems function as complex adaptive systems (CAS) [2,3]—dynamic
networks of diverse, interdependent agents (patients, professionals, organisations, and
policies) whose interactions are nonlinear, unpredictable, and constantly adapting to inter-
nal and external influences. In CAS, collective behaviour emerges from the interactions
of its parts rather than the behaviour of any single part. Outcomes—such as care quality,
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efficiency, or workforce well-being—cannot be traced simply to linear interventions, rather,
they arise through feedback, self-organisation, and adaptation inherent in the system’s
dynamic interactions.

Effectiveness depends on clarity of purpose, defining: Why are we here? and What do
we want to achieve? [4-7]. Recent health systems research findings showed that ambiguity
in the system’s purpose invariably leads to fragmentation and policy misalignment [7,8].

Workforce planning failures often arise from the disconnect between system pur-
pose and workforce capability, compounded by insufficient attention to the distinctive
characteristics of local operating environments [9-12]. Applying systems and complex-
ity thinking—an approach that examines a system’s structure, boundaries, and dynamic
interactions—enables policymakers and leaders to recognise nonlinearity, feedback, and
contextual variability that conventional planning frameworks frequently overlook [13-16].

Organisational research emphasises that a shared understanding of purpose and
strategic alignment are key drivers of an organisation’s design and effectiveness [5-7].
Poor system function results from poor design; hence, meaningful improvement invariably
requires system redesign [7].

This paper examines the complexities of healthcare workforce planning, a multifaceted
challenge shaped by interdependencies both within and beyond the boundaries of the
healthcare system [9-12].

2. Systems and Complexity Thinking to Guide Multi-Stakeholder Design

The paper approaches workforce planning through a complex adaptive systems lens.
It posits that the healthcare system is a dynamic, interconnected organisation whose
effectiveness depends fundamentally on its core purpose—to deliver care that meets
patients’ needs [7,17,18].

It further posits that the vortex metaphor offers a useful visualisation of a “nested
system”, centered on the patient and expanding upwards through functional layers from
primary care, to secondary and tertiary care, community care, regional care, and finally
national care policy (Figure 1 top) [3].

And lastly, it posits that designing an efficient, resilient health system depends on
multi-stakeholder participatory model building [19], which brings together patients, clini-
cians and allied health professionals, administrators, community representatives, industry,
and policymakers. Such collaboration forms the foundation for co-creating context-sensitive
effective, efficient and resilient health system models [19-22].
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Figure 1. The vortex model of the healthcare system as the starting point for systemic

workforce planning.



Systems 2025, 13, 1024

40f13

Visualisation—-Deepening System Understanding

Mapping structural relationships across a system’s organisational layers is fundamen-
tal to system and complexity thinking. By “seeing” the system, stakeholders can gain
a nuanced understanding of the structural relationships and dynamic interactions amongst
its components. This approach is crucial for recognising nonlinear behaviours driven
by feedback loops that give rise to emergent outcomes, i.e., the rise in novel patterns,
properties, or behaviours that cannot be predicted by analysing individual components
in isolation.

Dissolving dysfunctions perpetuated by feedback requires systems and complexity
thinking—solutions must eliminate the immediate issue of concern and simultaneously
improve the function of contributing domains [23].

3. Workforce Planning “Beyond Bumps on Seats”

Although current workforce planning strategies often claim to be “adaptive”, most
remain constrained by an internal organisational focus, with scenario planning being
a notable exception (Table 1). This inward orientation could be characterised as “bumps on
seats” over purpose—counting bodies rather than aligning workforce planning with an
organisation’s core purpose. In healthcare, that purpose lies foremost in understanding
patients’ care needs within their contextual operating/living environments.

Table 1. What Organisations Are Doing Now (as outlined by various workforce management

organisations).
Strategies Focus Potential Outcomes
Leveraging Advanced Analytics and AI  Demand forecasting, skills mapping Improved predictive capacity
Continuous Workforce Monitoring Turnover, absenteeism, skill inventories Farly warning of supply-demand

imbalances

Flexible Staffing Models

Remote, hybrid, gig work, demand Cost efficiency and responsiveness

response
Upskilling and Talent Development Employee skill enhancement Workforce adaptability
Workforce Well-being and Inclusion Mental health, equity, leadership training Improved retention and morale
Auto.n? ated Talent Acquisition and Screening, onboarding automation Enhanced recruitment efficiency
Mobility
Partnerships for Talent Pipelines Collaboration with education providers  Strengthened workforce supply
Scer}arlo Planning and Resilience Econ.omlc shocks, regulatory change Reduced vulnerability to disruption
Testing readiness

A whole-of-system perspective transcends previous workforce research which has
typically focused narrowly on issues arising at subsystem levels. Examples include ex-
panding services at a maternity care clinic on additional time demands [24] (Figure 2),
specific workplace settings like general practice [25] (Figure 3), or national health system
reform [26] (Figure 4).

Focusing on patients’ care needs demands a nuanced approach that addresses com-
plexities amongst provider roles, skills, and the inherent dynamics at every organisational
level. While a systems-based perspective entails strong partnerships between education
and practice [10], it also necessitates an adaptive leadership style [27,28] to create conditions
that attract, develop, and retain skilled providers committed to maintain their focus on
realising the system’s purpose.
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Figure 2. Integrating HIV, syphilis, malaria and anaemia point-of-care testing (POCT) for antenatal
care at dispensaries in western Kenya: discrete-event simulation modelling of operational impact
(modified from [24] under Creative Commons Attribution 4.0 licence).

The study asked: How does providing four point-of-care tests for ANC affect nurse utilisation and
wait times for women seeking maternal and child health services in western Kenya?

Integrating POCT had minimal pragmatic effects on patients or staff—waiting time increased by
a mean of 2 min, or 9 min when associated with an adequate length of ante-natal consultation.
Increase in mean length of stay at the clinic was 2 min, or 16 min when associated with an adequate
length of ante-natal consultation. Overall, introducing POCT had minimal impact on the nurses’
overall workload.
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Figure 3. General practice work and workforce. Interdependencies between demand, supply and
quality [25].

The study asked: How does the nature of general practice work affect people and their health outcomes
and experiences?

The interdependencies of general practice work arise from three areas: “patient demands”, “provider
supply” and “quality-of-care outcomes”—the thick central loop describes general practice care: ser-
vice delivery influences patient care need perceptions and generates patient demand and expectations.
The level of actual demand determines the average workload,; workload has an impact on practitioners’
attitudes and expectations (burn-out), which affect—contingent on local circumstances—the length
of consultations, which in turn has an impact on service delivery.

A related loop shows the impact of service delivery on the quality-of-care and patient-related outcomes,
which in turn has an additional impact on patient care needs and perceptions.

Note: Agents contributing to the key variables are in grey ovals, e.g., the “total general practice
workforce” depends on policies of “student intake”, “interest in general practice training” and the
“status and relative remuneration differential” with specialist medical practitioners, while patient
factors like “health conditions”, “SES status” and “cultural background” shape patients” health
experiences, which in turn are modified by the “quality-of-care” outcomes. Changes to such variables
have a significant impact on the demand for care and the work demand of practitioners.
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Figure 4. System dynamics modelling of health workforce planning to address future challenges of
Thailand’s Universal Health Coverage (modified from [26] under Creative Commons Attribution

4.0 licence).

The study asked: What are the potential consequences of three policy changes on “unmet health
needs”, “population health”, “quality of life” and “health expenditure”?
The Major Reform of Care Delivery Models—uwith a major focus on increasing non-hospital work-
force, has the greatest impact on reducing “unmet health needs”, increasing “population health”
and “quality of life”, at a modest but constantly rising “health expenditure”.
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Systems-based workforce planning must therefore focus on the following key intercon-

nected and interdependent domains:

1.  Understanding System Levels and Workforce Needs

Each level of the health system must be analysed for its unique structure and
function, identifying both the types of providers needed and the specific skill
sets required.

Determining optimal workforce size involves assessing not only the time required
to deliver care but also the dynamic interactions among providers within and
across system levels.

Effective care delivery hinges on access to essential resources, which must be
incorporated into workforce planning.

2. Influences on Workforce Recruitment and Retention

Attracting and retaining the necessary workforce is shaped by factors such as
remuneration and career opportunities, which influence whether individuals
choose to pursue and remain in specific health professions.

The appeal of a health career is closely tied to the perceived value of the
work, available career pathways, and the support provided during education
and training.

3. The Role of Education and Training

Most health professional education occurs outside the direct purview of the
health system, yet producing graduates with the right skills requires close collab-
oration between educational institutions and healthcare professionals.

Effective curriculum co-design and guaranteed access to work experience place-
ments are essential. The availability and quality of these placements depend on
the practicing workforce’s capacity to teach and serve as positive role models,
which in turn reinforces the attractiveness of the profession.

4. Leadership and System Alignment

Adaptive leadership is crucial for navigating the complexities of workforce
planning and “optimal” care delivery. Leaders must ensure planning aligns with
the overarching purpose of the health system.

Responsibilities include ensuring necessary resources, fostering desirable work-
place conditions, collaborating with education providers, and empowering staff
to coordinate care, especially regarding the social determinants of health, to
achieve “best possible” patient outcomes.

The bottom section of Figure 1 illustrates the interdependencies inherent in a systemic

health workforce planning approach that embodies these core principles—patient needs

inform workforce skills and numbers, which in turn guide health education strategies,

including the integration of workplace exposure and experiences. Context-responsive

education nurtures the development of a skilled and motivated workforce capable of

adapting to emerging clinical challenges. This systems-based planning approach relies

equally on adaptive leadership and adequate resourcing.

This approach represents a meta-cognitive process, that is more likely “to get it right” in

Ackoff’s sense, seeking to dissolve rather than merely solve a problem [1]—addressing the

workforce crisis while simultaneously enhancing the performance across related domains.

Masnik and McDonnell [29] first outlined a systemic approach to workforce modelling

(Figure 5) that captured many dimensions articulated in the health vortex model.
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Figure 5. A model linking clinical workforce skill mix planning to health and healthcare dynamics

(reproduced from [29] under Creative Commons Attribution 2.0 licence).

The study asked: How to best manage the appropriate skills mix of personnel in the clinical workforce

given the dynamic complexities between health and healthcare?

Dynamic modelling can provide leadership the ability for informed and co-ordinated planning in a

real-world context.

Despite the clear advantages of a whole-of-system framework, practical challenges remain. Data

fragmentation and siloed information systems often hinder the development of a comprehensive view

of workforce needs and trends. Power imbalances among stakeholders can marginalise important

perspectives, leading to solutions that may not fully address the needs of the entire system. Fur-

thermore, the diversity of local contexts means that strategies succeeding in one context may not be

transferable to another, or put differently, there is seldom a “one size fits all” answer.

By embracing a systems-thinking approach—focused on feedback, adaptability, and context-specific

solutions—healthcare organisations can strengthen workforce planning, bolster resilience, and

ultimately advance patient care.
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4. Discussion

Siloed, linear approaches to workforce planning continue to be promoted [30], yet have
come under increasing scrutiny, e.g., Rees et. al. call for a shift from linear forecasting to
anormative backcasting approach [31]. Sutten et al., based on an extensive literature review,
conclude that workforce planning would greatly benefit from adopting a whole-system,
needs-based approach that accounts for demographic trends, epidemiology, and evolv-
ing service requirements [32], Table 2 contrasts various workforce planning approaches,
highlighting their respective focuses, strengths and limitations.

Table 2. Comparing Different Workforce Planning Approaches.

Approach

Focus Strengths Limitations

Linear Forecasting

Workforce headcount Straightforward, data-driven Ignores 1nterdepenc}enc1es
& demand and system dynamics

Scenario Planning

Often lacks integration across

External scenarios & flexibility =~ Incorporates uncertainty system levels

Needs-Based Planning

Systems and Complexity
Thinking

Patient & population needs Aligns workforce to Data-mtenswe, complex to

care demands implement
Interdependencies Addresses complexity, Esq:ii:;iﬂzgi;aklzimder
& feedback loops fosters adaptation 548 § P

modelling

While linear forecasting methods rely on historical trends and straightforward pro-
jections, applying systems and complexity thinking to healthcare workforce planning—
centered on patients’ care needs—offers significant advantages for “getting it right” [33].
By mapping the structure and dynamics of the healthcare system, systems and complexity
thinking approaches reduce uncertainty and foster a shared understanding amongst all
stakeholders of how their actions and decisions interact. Such alignment is essential for
building resilience (an emerging system property) within the system enabling coordinated
efforts and a unified direction among clinicians, administrators, educators, and policy-
makers. Systems thinking promotes holistic problem-solving [14-16], encourages adaptive
leadership [27], and supports designing workforce strategies that are flexible, context-
sensitive, and aligned with the evolving needs of patients and the broader system [34-38].

A defining feature of systems thinking is its focus on feedback mechanisms. Organ-
isations that recognise both stabilising and reinforcing feedback loops can adapt their
strategies to evolving circumstances. This context-sensitive adaptation is crucial for main-
taining resilience—being an emergent system property—as it enables the system to respond
flexibly to new challenges, prevent stagnation, and avoid the escalation of problems. In
doing so, systems thinking nurtures a culture of continuous improvement and informed
decision-making [39].

The framework outlined here is not intended as a prescriptive solution, but rather as
a conceptual catalyst for debate and reflection “amongst people with a problem” [40]. Its
purpose is to encourage stakeholders to critically examine their current workforce planning
practices within the complex realities they face, recognising that lasting solutions in health-
care workforce planning are rarely universal and must instead be adapted thoughtfully to
the specific needs and context of each setting.

This paper offers the first meta-system perspective on workforce planning, viewing
the healthcare system as an integrated whole that acknowledges the interconnectedness
of its multiple layers, domains, and dynamics. This approach aims to facilitate the design
of policies and strategies capable of addressing these complex, interdependent elements
simultaneously. The outcomes of such a systemic workforce planning framework are emer-
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gent, arising from a top-down and bottom-up purpose-driven perspective on the health
system centred on meeting patients’ needs that simultaneously enables the achievement of
best possible health outcomes. Effectively meeting patient needs not only enhances quality
of care and improves health experiences but also reduces future care demands [41-43].

5. Conclusions

Effective healthcare workforce planning requires a shift from the widely adopted linear
forecasting approach to embracing a systems and complexity thinking framework. The
nested vortex model provides a clear visualisation of the multi-layered system structures
and dynamic interactions within health systems, which is vital for workforce design that
aligns with these complexities. Achieving meaningful and sustainable outcomes depends
on inclusive stakeholder engagement, acknowledging feedback loops, and fostering adap-
tive leadership. Together, these elements enable strategic interventions that build system
resilience and deliver adaptive high-quality, patient-centered care in constantly evolving
environments. As this conceptual meta-system framework has not yet been practically im-
plemented, its real-world effectiveness and adaptability present a valuable opportunity for
healthcare leaders and policymakers to pilot, refine, and rigorously evaluate its application
across diverse community settings.

Funding: This research received no external funding.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The author declares no conflicts of interest.
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