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PREFACE
THESIS FORMAT
The North-West University rules allow PhD theses to be submitted in article format. In line with
the rules, this thesis, “Modelling primary healthcare workforce needs towards health professions
education and employment investment planning in Ghana”, is presented in the article format and
comprises four articles (each as a chapter), an introductory chapter, and a concluding chapter.
Three of the four articles have been accepted and published in scientific journals indexed in both
Web of Science and Scopus, and the fourth article is under peer-review in PLOS One. The thesis,
therefore, serves as the fulfilment of the requirements for the degree of Doctor of Philosophy in
Health Sciences with Health Professions Education at the Potchefstroom Campus of the NorthWest University.
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SUMMARY
The health workforce is a critical part of developing responsive health systems that address routine
population health needs and responding to health emergencies. However, defective planning has
resulted in underinvestment and a looming shortage of about 18 million health workers globally.
The empirical literature demonstrates substantial lacunae in existing health workforce planning
models. Most models focus on one side of either supply or number needed, and even where there
is an attempt to integrate them, the need component is often not linked to the population’s need
for health services. The need-based framework combines the population’s health status, planned
or otherwise necessary services, and professional standards of service delivery to estimate the
health workers needed for a given population. Despite its intuitive appeal, several methodological
gaps, and lack of open-access tools, have limited its use for planning in most countries, including
Ghana. To address this gap and to contribute to knowledge in the field of health professions
education, a need-based model for planning health professions education and employment in
Ghana’s primary healthcare context was developed and empirically applied. Leaning on the
pragmatic research paradigm, this study adopted a sequential multi-method approach. In the first
phase, this study conducted a systematic scoping review of empirical applications of the needbased health workforce planning approach to identify the key methodological gaps, from which
six critical methodological considerations were synthesised. The second phase involved model
development. Building on the synthesised evidence, a conceptual and empirical comprehensive
need-based health workforce model was developed with an accompanying open-access
Microsoft® Excel-based model. In the third phase, a cross-sectional survey was conducted
amongst a nationally representative sample of health professionals to establish professional
standards of service delivery (which is a proxy measure of productivity) that would be incorporated
into the need-based analysis. In the final phase, data was triangulated from multiple sources to
systematically apply the model to forecast the needs and supply of 11 health professionals in
Ghana’s primary health care context. The model application showed a significant gap between the
needs of the population and that of the supply of health care professionals in Ghana. The needbased shortage was 73,203 health professionals across 11 professions, which could reach 161,502
health professionals by 2035. Regarding education and employment of health professionals for
primary health care in Ghana, averting an existing 33% shortage would require, among others,
increasing the intake of pharmacy technicians by 7.5-fold, general practitioners by 100%, and
general nurses by 55%, whilst scaling down that of midwives by 15%. At least US$480.39 million
vi

investments from both the public and private sectors would be required in health professions
education while planning for US$1.762 billion per annum (up to US$2.374 billion in 2035) in
terms of the wage bill to maintain jobs and employ those to be trained. Linking the population’s
health needs to health professions education curricula and testing the economic feasibility of the
need-based health workforce estimates are areas that may warrant further research.

Keywords: Health professions education planning, need-based modelling, primary health care,
health workforce planning, human resources for health, health workforce investment, supply, need,
workforce gap analysis, population health need, modelling.
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OPERATIONAL DEFINITIONS OF TERMS USED
Several terms have been used throughout this thesis, for which this section provides definitions.
TERM

DEFINITION

Employment investment
planning

The process of deciding the number of workers that need to be employed to meet the
service delivery needs of an organisation and the resource implications of the employment
(Bossert et al., 2007). In the context of this thesis, it refers to the funding required to train
and employ the additional number of health professionals that are needed to deliver primary
health care.

Health professional

A health worker who has a minimum of post-secondary education and is trained to provide
direct health care treatment and advice to patients, families or communities (WHO, 2017a).

Health professions education

An approved and structured training given to people to qualify as health professionals
(WHO, 2017a).

Health worker

Health workers are people whose job is primarily intended to enhance health. Such workers
range from less-skilled professionals such as community health workers to highly skilled
and specialised medical professionals. It also includes non-clinicians working in the health
sector (WHO, 2006).

Health workforce

The aggregate health workers, in all their diversity of professions, skills and level of
education or training, make up the health workforce (WHO, 2017a).

Need-based requirement

The number and mix of health professionals that is optimal to meet the health needs of a
population irrespective of existing levels of access to health services or ability to pay
(Lopes et al., 2015).

Primary health care

A system of the universal provision of essential health care to individuals and families in
the community, including but not limited to vaccination; screenings; prevention, control
and management of non-communicable and communicable diseases; care and services that
promote, maintain and improve maternal, new-born, child and adolescent health; and
mental, sexual and reproductive health (WHO & UNICEF, 2018).

Standard time/activity
standard

The average amount of time it will take a well-trained health professional to accomplish a
given service delivery task to an acceptable professional level (WHO, 2016).

Supply

The total number of health workers (disaggregated by profession) who are qualified and
willing to find jobs in the health sector. It includes both the employed and the unemployed
if they are actively seeking employment (Scheffler et al., 2016).

Universal health coverage

All persons having access to and making use of people-centred, high quality and effective
promotive, preventive, curative, rehabilitative and palliative health services that they need,
without suffering the risk of catastrophic financial hardship (or being pushed to poverty)
(WHO, 2010).

General practitioner
(ISCO-08 code 2211)

This category of health professionals is defined in ISCO-08 as generalist medical
practitioners who apply the principles and procedures of modern medicine in the
prevention, diagnosis, care, and treatment of diseases, illnesses, and injuries in humans and
the maintenance of health in general. They can supervise the implementation of care and
treatment plans and conduct medical education and research activities (ILO, 2008).

Nurse
(ISCO-08 code 2221 and
3221)

This category of health professionals is defined in ISCO-08 as nursing professionals
(ISCO-code 2221). They manage, plan, anticipate, and evaluate nursing services for people
who require nursing care because of the effects of illness, injury, or other physical or
mental disability or potential health risks. They work independently or in teams with
physicians and other health care workers. They can oversee the implementation of nursing
plans and conduct nursing education activities. They often work with and are supported by
nursing associate professionals (ISCO-08 code 3221) in performing their tasks (ILO,
2008).

Midwife
(ISCO-08 code 2222)

Midwifery professionals plan, manage, provide, and evaluate midwifery care services
before, during, and after pregnancy and childbirth. They provide delivery care to help
reduce health risks to women and new-born babies according to the practice and standards
of modern midwifery and work autonomously or in teams with other health care providers.
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TERM

DEFINITION
They may conduct research on midwifery practices and procedures and implement
midwifery education activities in clinical and community settings (ILO, 2008).

Physician assistant (ISCO-08
code 2240)

This category of health professionals is defined in ISCO-08 as paramedical practitioners
and provide consultation, diagnosis, curative and preventive care services in a variety of
settings. They work independently or with little supervision from physicians and apply
clinical procedures for the treatment and prevention of diseases, injuries, and other physical
or mental disabilities common to specific communities (ILO, 2008).

Production

Production implies the preparation of health care professionals through education and
training to be ready for employment to contribute to health service delivery (AppiahDenkyira & Herbst, 2013).

Biomedical scientist
(ISCO-08 code 3212)

This category of health professional is defined in ISCO-08 2008 as medical and
pathological laboratory technicians. They conduct clinical trials on samples of body fluids
and tissues to obtain information about a patient’s health or cause of death. Occupations in
this category normally require training in biomedical sciences, medical technology, or a
related field (ILO, 2008).

Pharmacist & pharmacy
technician (ISCO-08 code
2262 and 3213)

Pharmacists store, preserve, compound, and dispense medicinal products. They counsel on
the proper use and adverse effects of drugs and medicines following prescriptions issued by
medical doctors and other health professionals. They contribute to researching, testing,
preparing, prescribing, and monitoring medicinal therapies for optimising human health.
Pharmacists are usually supported by pharmaceutical technicians (ISCO-08 code 3213) in
the performance of their functions (ILO, 2008).

Nutritionist/dietician
(ISCO-08 code 2265)

Defined in ISCO-08 as nutritionists and dieticians, these health professionals assess, plan,
and implement programmes to enhance the impact of food and nutrition on human health.
They may conduct research, assessments and education to improve nutritional levels among
individuals and communities (ILO, 2008).
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LIST OF ABBREVIATIONS
The following abbreviations and acronyms have been used in various parts of the thesis.
AWT

Available working time

CHIM

Centre for Health Information Management

CHN

Community health nurse

CHPS

Community-based health planning and services

GHS

Ghana Health Service

GSS

Ghana Statistical Service

HC

Health centre

HRIMS

Human resource information management system

MHA

Mental health authority

MOH

Ministry of Health

NHS

Needed health services

NWU

North-West University

ODK

Open data kit

PHC

Primary health care

PolyC

Polyclinic

PRISMA -ScR

Preferred Reporting Items for Systematic Reviews and Meta-Analysis – extension for Scoping
Reviews

RDHS

Regional Director of Health Services

SAR

Staff availability ratio

SDGs

Sustainable development goals

SME

Subject matter expert

TH

Teaching hospital

UHC

Universal health coverage

WHO

World Health Organization

WISN

Workload indicators of staffing need
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CHAPTER 1:
ORIENTATION AND INTRODUCTION
1.1

INTRODUCTION

In 2015, the United Nations Member States adopted a set of 17 Sustainable Development Goals
(SDGs) geared towards the realisation of a development agenda that leaves no one behind. Goal
three of the SDGs are aimed at ensuring a healthy life and well-being for all ages and driving
global health policy towards a progressive realisation of Universal Health Coverage (UHC)
(WHO, 2016). The World Health Organization (WHO) defines UHC as all persons having access
to and making the use of people-centred, high-quality and effective health services (promotive,
preventive, curative, rehabilitative, and palliative) that they need, without suffering the risk of
catastrophic financial hardship in using these services (WHO, 2010). Based on this definition,
UHC is underpinned by three core principles, that is, equity in access, quality of services, and
financial risk protection. Equity in access to health services can be attained by ensuring that
everyone who needs health services should receive them regardless of their background,
characteristics, or ability to pay (Morris et al., 2012). The health services must also be sufficient
to improve the health of those receiving the services, and the cost of using health services should
not be financially debilitating (WHO, 2015). Primary health care (PHC) is touted as the most
efficient and cost-effective approach to catalysing the attainment of UHC by 2030 (WHO, 2019).
Against this backdrop, the 2018 Astana Declaration on Primary Health Care calls on countries to
scale up efforts towards UHC through a renewed focus on PHC (WHO & UNICEF, 2018).
PHC, which is defined as making “essential health care universally accessible to individuals and
families in the community” (WHO, 1978, p. 2), forms an integral part both of a country’s health
system and the overall social and economic development. To this end, the scope of PHC is
generally intended to address the promotive, preventive, curative, and rehabilitative health needs
of communities. These needs may vary by country and community but include “…vaccination;
screenings; prevention, control and management of noncommunicable and communicable
diseases; care and services that promote, maintain and improve maternal, new-born, child and
adolescent health; mental health and sexual and reproductive health” (WHO & UNICEF, 2018,
para. V). Policymakers envision that UHC will be achieved when these services, which are of high
quality, safe, comprehensive, integrated and affordable for everyone, are delivered to communities
(WHO & UNICEF, 2018). Thus, the tenets of PHC are embodied in the cohesive definition of
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ensuring that people’s health problems are addressed, systematically addressing the broader
determinants of health, and empowering individuals, families, and communities to optimise their
health (WHO, 2019).
In any health system, attaining UHC requires an adequate number of well-trained, motivated and
committed multidisciplinary health professionals with an appropriate skills mix who are supported
to perform (WHO and UNICEF, 2018; WHO, 2016). Before the emergence of the ongoing
Coronavirus Disease 2019 (COVID-19) pandemic which strained health systems and health
professionals, it was estimated that the price tag for SDG 3 by 2030 was US$3.9 trillion, of which
more than 50% had to be invested in the education and employment of the health workforce
(Stenberg et al., 2017).
Despite the acknowledgement that the health workforce is the cornerstone of responsive health
systems, it is saddled with many challenges, especially in low- and middle-income countries. For
instance, before COVID-19, the WHO estimated a potential shortage of more than 18 million
health workers by 2030, which was likely to occur most in low- and middle-income countries
(WHO, 2016). Amongst the 47 countries that make up the WHO Africa region, an anticipated
shortfall of 6.1 million health workers was expected by 2030. Several reasons have been assigned
to this looming shortage, including inadequate capacity on the part of health professions education
institutions to produce sufficient and fit-for-purpose health workers, and high levels of voluntary
and involuntary attrition of highly trained health professionals (Aiken et al., 2004; Connell et al.,
2007; Dovlo, 2005; Scheffler et al., 2018a; WHO, 2016c). The aforesaid shortages are also within
the context of slow economic growth and cost containment measures in which African countries
are able to absorb just 2.4 million out of some 3.4 million health professionals who are likely to
be available for employment by 2030 (Liu et al., 2016). Thus, nearly a third (~29%) of trained
health professionals who will be ‘needed’ could be paradoxically unemployed across the Africa
region (Asamani et al., 2019). Weak planning capacity in countries (Afriyie et al., 2019) have
accentuated the aforesaid challenges whereby there is a substantial mismatch between the health
needs of the population and the number and categories of health professionals being trained
(Asamani et al., 2020; Birch et al., 2009). Although there are several tools for health workforce
planning, most have been criticised for being overly reliant on demand factors rather than focusing
on the population health needs and health system objectives (Murphy et al., 2016; Tomblin
Murphy et al., 2009). Therefore, there is an urgent need to explore the use of health workforce
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planning tools and approaches that directly align production from health professions education
institutions with the population’s health needs.
1.2
1.2.1

BACKGROUND
The general approach to analysing and planning for health professionals

It has often been argued that health workforce planning is a part of and must be done within a
broader context of health service and health system planning (Birch et al., 2007). From this
perspective, understanding the broader need and policy direction of health systems, which include
the set of institutional arrangements in and beyond the health sector, are critical for planning the
health workforce. Thus, this perspective acknowledges that planning or implementing the health
workforce may, in part, lie outside the remit of the health sector and thus require multi-sectoral
and multi-stakeholder collaboration and coordination (Dieleman et al., 2011; Dussault & Dubois,
2003; WHO, 2017b).
Health system experts have argued that the health workforce planning component of health system
planning involves a set of interrelated analyses that must be undertaken concurrently or
sequentially and then coherently triangulated (Cometto et al., 2020; Dussault et al., 2010). These
analyses include need-side analysis – determining the required health professionals; supply-side
analysis – ascertaining the supply of health professionals; and gap analysis – comparing the need
analysis with the supply analysis to determine gaps and resource implications for addressing the
gaps (Roberfroid et al., 2009).
The need for health professionals refers to the optimal number and skills mix of health
professionals required in a country (or geographical region) to address the health needs of a defined
population – taking into account the demography, disease burden, models of health care, and
productivity standards or norms (Kavya et al., 2014; MacKenzie et al., 2019). The supply-side
deals with the pool of qualified health professionals who are willing to find jobs in the health
sector. This depends on the inflow from domestic training pathways through immigration on the
one hand, and on the other hand, outflows through voluntary exits (losses to other sectors,
emigration) and involuntary exits such as retirement, ill health, and death (Lopes et al., 2015).
The gap analysis component involves a comparison of the need and the supply in both absolute
and relative terms (Asamani et al., 2021). It has been argued that at the health system level, the
aggregate absolute gaps are useful for determining the number of health professionals to train (and
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employ) while the relative gaps are useful for making prioritisation decisions based on the relative
degree of shortage or surplus across categories of health workers (Asamani et al., 2018). Figure 1
illustrates the relationship between this trilogy of health workforce planning. In the subsequent
sections, the components of Figure 1 on need and supply analyses are discussed in more detail.

Figure 1: General approach to analysing and planning for health professionals
Source: Author’s construction based on Roberfroid et al. (2009)
1.2.2

Estimating the required numbers of health professionals (need analysis)

One fundamental question policymakers and health systems scientists often face is: How many
health workers are optimally needed in a country? Addressing this question has proven to be
challenging, and no one answer fits all contexts across countries or even in the same country
(Dussault et al., 2010). Therefore, over the years, researchers, planners, and policy practitioners
have adopted different approaches to determining the number of health workers needed in a
country. These have often been based on observed levels of health service utilisation; health
services targets; number and size of health facilities (health facilities staffing norms); and health
worker-to-population ratios – however, population health needs (or epidemiological approach)
were seldom used. Table 1 provides a summary of the assumptions, strengths, and limitations of
some conceptual approaches identified in the theoretical literature for estimating the required
health professionals (Hall & Mejia, 1978; Kavya et al., 2014; Lopes et al., 2015; O’Brien-Pallas
et al., 2001). The empirical application of these conceptual models is saddled with less
standardisation, resulting in these models differing significantly in their levels of transparency, the
required data and expertise, as well as outputs or conclusions (Kavya et al., 2014). As is evident
from the summary provided in Table 1, the application of these approaches have limitations (Lopes
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et al., 2015; Van Greuningen et al., 2013) and needs to be tailored to country-specific needs and
health system configurations (Murphy et al., 2016).
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Table 1: Summary of approaches to modelling requirements for health professionals
Approach
Health
workforce per
population

Definition/Description

Main Strengths
§

The approach is straightforward, as it estimates future health workforce needs by
using an agreed staff-to-population ratio. It is founded on the assumptions that the
population to be served is nearly homogeneous in terms of their health problems and
needs, which will remain constant into the future (Lopes et al., 2015).

§

Facility-based
or staffing
norms

Health services
utilisation
(health services
demand)

The approach has minimal data
requirements; hence, it is the quickest for
computation and most easily understood,
especially for those with limited statistical
modelling skills.
It is often used for comparative analyses
across countries and over time (WHO,
2006; WHO, 2016).

§

Provides more detailed information on
health facility types, distribution and mix.
Different policy options can easily be
explored in terms of the health facilities
capacity and staffing norms than the health
workforce to population ratio while
remaining focused on the point of health
services delivery (Kolehmainen-Aitken,
1993).

§

This approach recognises that health workforce requirements must be matched with
the health infrastructure and technological capacity of the country; therefore, the
focus must be on improving individual health facility capacity, mix by type and
ownership (public, private), and their geographic distribution, taking into account
future population expansion (Kavya et al., 2014). An agreed staffing norm is then
applied to the number and mix of current and anticipated health facilities.

§

The approach is premised on observing current health service utilisation and making
assumptions to apply a similar pattern to future populations (Kavya et al., 2014).

It is thought to yield estimates that tend to be
economically realistic because it assumes no
significant changes in health service utilisation
rates in the future (O’Brien-Pallas et al., 2001).

§

6

Key Limitations

§

§

§

§

§

While it is the least data-demanding
approach, it is less rigorous and tends to
ignore other key variables of the population
and workforce characteristics apart from
only adjusting for population growth.
It is often difficult to arrive at a consensus
about the optimal ratio of health workers to
the population.
Obtaining reliable population data is a
challenge in some countries, while
preference for specific providers by the
populations leads to distortions in service
provision.
The method ignores population demography
and focuses on health facilities that may not
geographically be optimally distributed and
hence will inherently breed maldistribution
of health workers.
It does not accommodate information about
the quality of health services to be delivered
by health workers.

This approach is also relatively intensive in
the data requirements on future population
and current health service utilisation rates.
Without adjusting for existing levels of
underutilisation of health services, the
method may produce a replica of current
health needs for the future with very little or
no adjustments, a challenge termed as
producing "status quo" projections (Kavya et
al., 2014).

Approach

Health service
targets

Definition/Description

Main Strengths

This approach requires that the planner specifies targets for the productive utilisation
of various types of health services and the institutions providing them based on a set
of assumptions. The planner makes assumptions on how service utilisation will
evolve in the future. The targets can then be translated into staffing requirements by
using health workforce productivity norms and standards (Lopes et al., 2015;
Roberfroid et al., 2009).

§

§

§

§

Population
health needs

§

This approach, which is also known as the epidemiological approach, uses disease
burden and population demographic profiles to estimate current and future health
service needs (both met and unmet), which are then translated into staffing
requirements by applying the standard time required for delivering the health
services (Lopes et al., 2015).

§

§

§
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Key Limitations
§

Future population characteristics are
assumed to have similar health service
utilisation rates as the base year without
adjusting for current underutilisation.

Projections take into consideration realistic
expectations of what is achievable and may
complement other projection methods.
The approach helps to identify critical
health workforce skills needed and hence
could guide future training initiatives.
The approach tends to have a lower data
demand and can be undertaken by persons
with moderate planning capabilities.
It is useful for programmatic planning
where service coverage targets have been
set.

§

The approach may encourage extensively
detailed planning processes, especially for
components of health service demands which
are mostly controlled by other variables that
extend beyond health.
It could also lead to potentially unrealistic or
strong assumptions and targets made in the
planning process.
The approach has been viewed as mostly
applicable to countries in which a strong
public sector with tight control over
manpower and health service delivery policy
is held by the government (Kavya et al.,
2014).

The approach is consistent with the tenets
of UHC. It carries an instinctive appeal for
including the plausible health needs of the
entire population irrespective of their
current level of access or ability to pay
(Roberfroid et al., 2009).
The approach requires an in-depth study of
the productivity standards or the time
required for service delivery by each health
professional.
Allows health planners and policy actors to
gain insights into unmet population health
needs and on improving health workforce
efficiency in delivering health care
services.
It is very useful for the programmatic
planning of health services.

§

§

§

§

§

The concept of need is often defined
differently by different people or by the same
people from different perspectives (Culyer,
2006). Hence, defining what constitutes the
“need for health services” which must be
covered in the analysis often remains a
challenge.
Health workforce estimations based on the
health needs approach is often criticised for
being unrealistic (Basu & Pak, 2014) and
ignores disparities in the current utilisation
of health services.
The method requires extensive data on
disease burden, population structure, and
productivity standards (Birch et al., 2007).

1.2.3

Diverging approaches to modelling health workforce needs: what is fit-for-purpose?

The health workforce literature is replete with models addressing health workforce requirements
globally or for specific countries and/or sub-national levels. However, recent discourse in the field
has centred on methodological (and/or ideological) debates as to whether the supply of health
workforce should be aligned with need-based or utilisation-based (economic demand-based)
planning (Basu & Pak, 2014; Birch et al., 2017; Scheffler et al., 2016; Scheffler & Arnold, 2019).
It is argued that health workforce planning based on demand tends to reflect only the prevailing
levels of service utilisation and inequity, thereby ignoring the population’s health needs that are
currently not being covered by current service provision, which is counterintuitive to the tenets of
UHC (Birch et al., 2017). Therefore, advocates of need-based planning assert that estimating
workforce requirements ought to account for even the unmet or anticipated needs of the population
by paying attention to demography, health status, and disease epidemiology (Birch et al., 2017;
Kapiriri et al., 2003; Kavya et al., 2014).
Basu and Park (2014) have, however, maintained that need-based planning tends to yield
unrealistic and unaffordable estimates of health workforce requirements which, if used to inform
training, would lead to an over-supply of health workers because it is independent of the country’s
economic capacity to employ, thereby resulting in unemployment and/or supplier-induced demand
(Basu & Pak, 2014). Proponents of this notion believe that health workforce planning ought to be
intricately linked to the health system’s ability and willingness to absorb or employ to keep supply
and demand at equilibrium.
Notwithstanding these debates, to progressively attain UHC, the 69th World Health Assembly
(WHA) in 2016 adopted resolution WHA69.19, approving the global strategy on health workforce
(WHO, 2016a). The strategy profoundly urged countries to make a paradigm shift in health
workforce planning towards the use of population health needs as the basis for health workforce
planning rather than the use of currently observed levels of health service utilisation, service
targets, health facilities, or simple population ratios. In furtherance of this, the WHA called for
health workforce investments to be based on a matching of “…the supply of health workers to
population needs, now and in the future” (WHO, 2016 p.10). This paradigm shift has been deemed
necessary to uphold the tenets of UHC in ensuring that all persons have access to the health worker
they will require based on their health needs and not based on other characteristics. Thus, it has
become critical for countries to devise effective policies that respond to population needs and
effectively plan the future training of health professionals by quantifying the health workforce that
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is needed, based on the population health needs and their supply capacity from the evidence
(WHO, 2016).
Consequently, recent developments in the health workforce planning have adopted a
comprehensive approach to examining the dynamic interaction between the supply of health
professionals on the one hand and their needs on the other, within the context of the health system
capacity for training and employment (Scheffler et al., 2016; Sousa et al., 2013).
1.2.4

Challenges in population health need-based approach

Despite the intuitive support for population health needs-based workforce planning, there is a
paucity of literature and a lack of consensus on the best way for its empirical application. For
instance, reviews and syntheses mainly from high-income countries show that there has been no
methodological consensus on an ideal population health needs-based model for planning the health
workforce (Lopes et al., 2015; Murphy et al., 2016; Ono et al., 2013). Researchers are proposing
many more new and divergent approaches, which are usually not readily adaptable to settings with
weak planning and analytic capacity (Dreesch, 2005; Rees et al., 2018a, 2018b).
Only a few empirical studies, mostly from high-income countries, have explicitly explored the use
of the burden of disease as the basis for modelling health workforce requirements (Ahern et al.,
2019; Jansen et al., 2014; Murphy et al., 2017; Scheffler et al., 2018a). However, these did not
take into account how much time is required of a trained health professional to deliver the services
that address the various health needs of the population (Scheffler et al., 2018a). In contrast, one
conceptual work (Birch et al., 2009) proposed the inclusion of the professional productivity
standard or standard time it will take a health professional to deliver particular health services.
Ahern et al. (2019) explored this further by imputing an expert-assumed standard service time.
However, given that health professionals are at different levels in their career development and
that contextual factors (such as resource constraints and cultural elements of service delivery)
could influence the standard service time (Shipp, 1998), this inclusion proposed by Birch et al. and
Ahern et al. remains a compelling area for exploration to elicit the standard service time from
health professionals directly at their work settings. This inquiry may improve not only the validity
and precision of the estimated health professionals needed but also the likelihood of the results’
acceptability, its practical uptake in health workforce policies and plans, as well as the
development of professional standards.
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1.2.5

Health workforce supply-side modelling

On the supply side of health workforce planning, as shown in Figure 1, a review of physician
supply models conducted by Van Greuningen et al. (2013) found that the models for projecting
the anticipated supply tend to be straightforward. The researchers, however, found that the
accuracy of supply models remains a challenge, as the mean absolute percentage errors varied
between 2% and 15%. Models with a longer horizon tend to have more significant deviations –
the further the prediction extends into the future, the higher the deviation. O’Brien-Pallas et al.
(2007), therefore, contended that linear trend projections of health workforce supply rapidly lose
their value if the projection is looking into several decades. Given that health workforce planning
is inherently a long-term process, long-term projections are unavoidable, and a careful application
of the stock-and-flow approach has shown promise in some supply-side projections (Hooker &
Muchow, 2014).
1.2.6

Lingering gaps in health workforce planning

From the foregoing, the empirical literature shows significant gaps in health workforce planning
in which existing models do not adequately link the number of health professionals that need to be
produced from training institutions to the population health needs. Most models tend to focus on
one side of either anticipated supply or number required, and even where there is an attempt to
integrate them, the need component is not linked to the population need for health services
(Scheffler et al., 2016).
Additionally, there is very limited or no contemporaneous literature that attempts to quantify the
investments that are necessary for the education of health professionals to avert anticipated supply
shortfalls. The work of Stenberg et al. (2017) provided a gross estimate of the global training
investment needs within the context of UHC and SDG investment estimation. The model of
Stenberg et al. (2017) used publicly available data to estimate that an additional 40-50% of an
estimated US$3.9 trillion required to achieve SDG 3 must be invested in health workforce
education and employment. However, this was founded on an assumed global normative threshold
of 4.45 physicians, nurses and midwives per 1,000 population needed to achieve tracer indicators
of SDG 3 (Scheffler et al., 2018b). Thus, the approach ignores the valuable contribution of other
equally essential cadres of the health workforce addressing the population health service needs.
Also, such macro-level models are challenging to reproduce with country-level data, thereby
yielding a significant degree of deviations (McPake et al., 2014).
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This gap has also resulted in health workforce strategic plans that often lack a sound investment
case for health professions education and employment, hence attracting less than optimum
investments, which in turn exacerbate the health workforce shortages.
1.3

PROBLEM STATEMENT

Despite widely acclaimed investments in social health insurance, health workforce and health
system reforms over the years (Appiah-Denkyira & Herbst, 2013; Christmals & Aidam, 2020;
Saleh, 2013; Schieber et al., 2012), coverage of essential health services continue to be suboptimal
(Ministry of Health, 2016, 2018). For example, Ghana’s UHC index of 47% in 2019 was just
around the Africa region’s average (WHO, 2019). Despite slight progress by two percentage points
from the previous index of 45% in 2017, the 2019 score implies that up to 53% of Ghana’s
population health needs which are tracked by SDG tracer indicators are not being met by the
existing health services. These coverage deficits are within a context of a challenged and
deteriorating health financing mechanism (Akweongo et al., 2021), infrastructural deficits,
shortages and inefficiencies in staffing (Asamani et al., 2021).
While facing the aforesaid chronic systemic challenges, the country is at the same time grappling
with a double burden of communicable and non-communicable diseases (De Graft Aikins et al.,
2012; Kushitor & Boatemaa, 2018). For instance, one systematic review and meta-analysis found
that at least 43% of Ghanaians are either overweight or obese, which is a key risk factor for many
chronic non-communicable diseases (NCDs) (Ofori-Asenso et al., 2016). Also, 30% of Ghanaian
adults (19% of rural dwellers and 55% of urban dwellers) are estimated to have hypertension
(Abariga et al., 2020; Addo et al., 2012). In addition, an estimated 6.5% of Ghanaian adults have
diabetes (Asamoah-Boaheng et al., 2019) while an analysis of the nutritional status of Ghanaian
children showed that 27.5% are stunted, 17.5% underweight and 7.7% wasted (Atsu et al., 2017).
At the same time, the prevalence of communicable and vector-borne diseases remains high. For
example, the prevalence of malaria is conservatively estimated to be 14.1% in the population,
accounting for 17.6% of all health facility attendance and 13.7% of hospital admissions (Anabire
et al., 2019). Other important infectious diseases are HIV and tuberculosis, which affect 111 for
every 100,000 Ghanaians (Bonsu et al., 2020), and hepatitis B, with an estimated prevalence rate
of 12.3% (Ofori-Asenso & Agyeman, 2016). Despite a consistent decline over the years, the
maternal mortality rate remains concerning (310 deaths per 100,000 live births), while the
mortality rate of children below the age of five years is 52 deaths per 1,000 live births (Ghana
11

Statistical Service, 2018). Furthermore, the overall adult mortality rate is estimated to be 12 per
1,000 for the male population and eight per 1,000 for the female population (Ghana Statistical
Service, 2018). While it can be said that the aforesaid and many other population health needs
require investment across the different health system components, the critical alignment of the
health workforce production with these population health needs is just as imperative.
Ghana adopted the PHC approach to health services in the 1970s based on which health sector
reforms were undertaken, such as district health services that were enabled to focus on primary
health care (Agyepong, 1999), community-based health planning and services (CHPS) that were
introduced to bridge geographical barriers to PHC services (Ministry of Health, 2015a), and later,
the National Health Insurance Scheme (NHIS) that was introduced to address financial barriers to
health services (Nyonator et al., 2005). These initiatives expanded the coverage of health services
and created a higher need and demand for health workers, especially mid-level professionals for
community-based, close-to-client health interventions (Appiah-Denkyira & Herbst, 2013; Saleh,
2013).
To address severe health workforce shortages in the 1990s, Ghana expanded the public- and
private-sector production of its health workforce, which increased the public sector health
workforce by nearly three-folds between 2005 and 2019 (Appiah-Denkyira & Herbst, 2013; Ghana
Health Service, 2020; Saleh, 2013). Ghana has been cited as one of the leading producers of
physicians, nurses, and midwives in sub-Saharan Africa (Campbell et al., 2013). Nonetheless,
analysis using the nationally agreed-upon facility-based staffing norms and standards (Ministry of
Health, 2015b) revealed that Ghana still had at least a 42% shortage of health professionals to
deliver service optimally, especially at PHC level (Asamani et al., 2018). However, further
analysis indicated that on the one hand, the shortfall is more critical amongst highly trained health
professionals, while on the other hand, some mid-level health workers appear to have been
overproduced. This inequitable distribution has been further exasperated with health services
favouring health facilities in large cities or that are highly specialised (Appiah-Denkyira & Herbst,
2013; Saleh, 2013). This has left significant staffing gaps at the PHC level where the majority of
the population seek health care services, which has resulted in several persisting policy questions.
These questions, amongst others, are: How many health professionals are needed at the PHC level
based on the population health needs? and What level of investment in health professions training
and employment will be needed to avert the shortages?
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From a methodological perspective, Lopes et al. (2015) noted that although the literature on health
workforce planning is generally available, there is “no consensus established on a definite
methodology and technique, making it difficult for the analyst or policymaker to adopt the recent
developments or for the academic researcher to improve the field” (p. 1). This observation signifies
the critical conceptual and empirical gaps (and inconsistencies) in the existing knowledge and
models for health workforce planning, especially for low- and middle-income countries like
Ghana. Linking the time that it will take a health professional to accomplish different health service
tasks (as a proxy measure of productivity standard) to meet the population’s need for health
services with informing decision making regarding the health professionals needed in a country
remains a significant gap in the existing body of knowledge. These factors have concomitantly
affected health workforce planning in some countries, particularly in Ghana, resulting in
misalignments in the training of health professionals on the one hand and the health service needs
of the population on the other hand (Asamani et al., 2020).
1.4

PURPOSE OF THE STUDY

Identifying the need-based gaps for health professionals is a sine qua non for planning the capacity
and investment requirements for health professions education and employment (Birch et al., 2017,
2009; WHO, 2016). This study, therefore, sought to address the gaps discussed above by assessing
the standard time for services delivered by health professionals at the PHC level to inform the
development and application of an integrated planning model. This model incorporated population
demographics, disease burden, and the health service delivery package to inform the future number
of health professionals to be trained and the associated investments required for health professions
education and employment over time. This study, therefore, bridged significant gaps in the
empirical application of need-based planning models and have policy relevance for other low- and
middle-income countries with a similar context, especially those in sub-Saharan Africa.
1.5
1.5.1

OBJECTIVES, RESEARCH QUESTION AND SUB-QUESTIONS
Research aim and objectives

The study sought to develop and apply a planning model (that considers population health needs)
to assess the number of health professionals needed for primary health care in order to inform
policy in Ghana. Furthermore, the model sought to determine the associated investment required
in terms of health professions education and employment to fill anticipated gaps over 15 years.
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The following specific research objectives were formulated:
Objective 1: To explore the extent to which need-based models have been used in health
workforce planning in countries and synthesise the methodological considerations for need-based
health workforce modelling through a systematic scoping review.
Objective 2: To develop a need-based health workforce planning model, based on the scoping
review, that incorporates the population’s level of health (disease burden), demographics, service
package, and the standard time it takes health professionals to deliver the services.
Objective 3: To establish a standard time that health professionals spend in their main service
delivery activities in PHC settings in Ghana.
Objective 4: To apply the need-based planning model to forecast the need and supply of health
professionals to establish current and future gaps for primary health care in Ghana.
Objective 5: To estimate the health professions education investment required to fill the needbased gaps for PHC in Ghana.
Objective 6: To estimate the employment investment required to absorb the health professionals
needed to be trained for PHC in Ghana.
1.5.2

Research question and sub-questions

To reach these objectives of the study, the main research question posed for this study was: What
planning model can be developed and applied to assess the number of health professionals needed
for PHC in order to inform policy in Ghana?
To achieve the main research question, the following sub-questions were formulated:
Question 1: To what extent have need-based models been used in health workforce planning in
countries, and what are the main methodological considerations?
Question 2: Can a need-based health workforce planning model be developed to incorporate the
population’s level of health (disease burden), demographics, service package and the standard time
it takes health professionals to deliver the services?
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Question 3: How much time does it take health professionals to undertake their main service
delivery tasks in PHC settings in Ghana?
Question 4: How many PHC professionals need to be trained in Ghana to optimally meet the
population’s health needs over the next 15 years?
Question 5: How much investment will be required in health professions education to meet the
future need for PHC professionals in Ghana?
Question 6: What employment-related investments will be required to absorb the health
professionals needed to be trained for PHC?
1.6

META-THEORETICAL ASSUMPTIONS AND RESEARCH PARADIGM

A pragmatic research philosophy underpins this study. This philosophical stand asserts that there
are many ways of interpreting the world and undertaking research (Creswell, 2013). The
pragmatism philosophy does not pin the researcher to the extremes of positivism or interpretivism,
hence allowing for the integration of multiple research methods as appropriate to address the
research objectives (Collis & Hussey, 2013).
This paradigm for the study was adopted in recognition that health workforce planning issues
usually require a combination of methodological approaches, including desk reviews, surveys,
modelling, and qualitative inquiry where appropriate (McPake et al., 2014).
1.7

RESEARCH DESIGN AND METHODOLOGY

Leaning on pragmatism, this study adopted a mixed-model design (Cameron, 2009), which allows
for the use of various research methods in one study – each method based on a specific research
objective (Mertens, 2014). This design may be executed in two forms, namely parallel or
sequential. In the parallel form, different types of data are collected and analysed concurrently,
whereas in the sequential form the analysis of one type of data provides a basis for the next
(Cameron, 2009; Mertens, 2014). This study employed a sequential form of the mixed-model
design. In applying this design, research is formulated in phases in which the results of one phase
inform the type of data to collect for the next phase (Cameron, 2009; Creswell, 2014; McKim,
2015; Mertens, 2014). To meet the objectives of this study, a four-phase sequential design was
adopted. Firstly, a scoping review to consolidate evidence (see Chapter 2) in support of the
development of a needs-based planning model in the second phase (see Chapter 3). Following the
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model development, a desk review and a cross-sectional survey (see Chapter 4) were used to obtain
the needed data for application (see Chapter 4) and the model was successfully applied in the
context of PHC in Ghana (see Chapter 5). As indicated in Table 2, all research objectives were
answered using the pragmatic sequential mixed-model approach employed in this study.
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Table 2: Summary of the sequential multi-method approach employed in the study
Research method

Research objective addressed

Published/submitted article

Phase 1: Systematic scoping
review

Objective 1: To explore the extent to which need-based models have been
used in health workforce planning in countries and synthesise the
methodological considerations for need-based health workforce modelling
through a systematic scoping review.

Asamani, J. A., Christmals, C. D., & Reitsma, G. M. (2021). The needsbased health workforce planning method: a systematic scoping review of
analytical applications. Health Policy and Planning.
https://doi.org/10.1093/heapol/czab022

Phase 2: Model development

Objective 2: To develop a need-based health workforce planning model,
based on the scoping review, that incorporates the population’s level of
health (disease burden), demographics, service package and the standard time
it takes health professionals to deliver the services.

Asamani, J. A., Christmals, C. D., & Reitsma, G. M. (2021). advancing the
population needs-based health workforce planning methodology: a
simulation tool for country application. Int. J. Environ. Res. Public Health,
18, 2113. https://doi.org/10.3390/ijerph18042113

Phase 3: Cross-sectional
survey

Objective 3: To establish a standard time that health professionals spend in
their main service delivery activities in PHC settings in Ghana.

Asamani, J. A., Christmals, C. D., & Reitsma, G. M. (2021). Health service
activity standards and standard workloads for primary healthcare in Ghana: a
cross-sectional survey of health professionals. Healthcare, 9, 332.
https://doi.org/10.3390/healthcare9030332

Phase 4: Model application

Objective 4: To apply the need-based planning model to forecast the need
and supply of health professionals to establish current and future gaps for
PHC in Ghana.

Asamani, J. A., Christmals, C. D. and Reitsma, G. M. (2021). Modelling the
supply and need for health professionals for primary health care in Ghana:
implications for health professions education and employment planning.
PLOS One (under review)

Objective 5: To estimate the health professions education investment
required to fill the need-based gaps for PHC in Ghana.
Objective 6: To estimate the employment investment required to absorb the
health professionals needed to be trained for PHC in Ghana.
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1.8

ETHICAL CONSIDERATIONS

Research studies are often confronted with moral and ethical issues such as the safety of
participants during and after the study (physical or psychological harm); participants being fully
informed about the aims, methods and benefits of the research; participants granting voluntary
consent of participation while maintaining the right of withdrawal; and ensuring anonymity and
confidentiality of participants’ information (Babbie, 2015; Khan, 2012; Polit & Beck, 2013). To
ensure conformance to ethical standards, the study was reviewed and approved by two research
ethics committees and was subsequently classified as a minimal-risk study. Following approval by
the Health Professions Education (HPEd) Scientific Committee, which is attached as Annexure A,
the NWU Health Research Ethics Committee (NWU-HREC) reviewed and approved the study
with number NWU-00416-20-A1, which is also attached as Annexure E. Additionally, the study
was reviewed and approved by the Ghana Health Service Ethics Committee (GHS-EC) with
number GHS-ERC017/07/20, which is attached as Annexure B. Following ethics approval from
both institutions, permission was granted to commence with data collection (Annexure C). The
Director-General of Ghana Health Service also sent an introductory letter to the Regional Directors
of Health Services (attached as Annexure D). The ethical issues related to Phase 3 of the study,
which involved a cross-sectional survey amongst health professionals working in PHC settings in
Ghana, are described in detail in article 3 (Chapter 4).
1.9

STRUCTURE OF THE THESIS

This thesis follows the North-West University’s ‘article format’. The article format of presenting
a thesis is different from the traditional format such that Chapters 2, 3, 4 and 5 are presented in the
form of related but independent peer-reviewed articles published in international scientific
journals. The articles were written to completely address the specific objectives of the PhD study,
flowing from one to another. However, some overlapping occurred because the information
presented was necessary to provide the readers of each article with complete information in terms
of concepts and methodology. Each of the articles has sections detailing methodology and
findings; hence, there are no separate chapters on methodology and findings included in the thesis.
In addition to Chapter 1 (orientation and introduction), this thesis integrated the findings from the
four standalone peer-reviewed articles (Chapters –2-5) in the final chapter (Chapter 6), where a
summary, conclusion, limitations, and recommendations were provided. The scientific journals in
which each of the four articles was published or submitted, were selected on the basis of the
journal’s scope, international impact, and readership. The formatting of each article has been
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aligned with the North-West University’s standard, but the referencing style, tables, and figures
have been preserved to be consistent with the requirements of the journals in which the papers
were published. Weblinks with digital object identifiers (DOIs) of each of the published articles
have been included in the relevant chapters along with “Information to authors”, which details the
requirements and style of each journal and which were also included as weblinks.
Chapter 1: Orientation and introduction: The chapter outlines the global health policy agenda
with emphasis on the health workforce, gives an overview of various approaches to health
workforce planning, and delineates the research problem addressed in the thesis as well as the
objectives and research paradigm. The referencing style used in the chapter is consistent with the
NWU 2020 guidelines for quoting sources. The reference list is presented at the end of the chapter.
Chapter 2: Article 1: The need-based health workforce planning method: a systematic scoping
review of analytical applications. This article was published in the Health Policy and Planning
journal, which has an impact factor of 3.344 based on the 2021 Journal Citation Report. The article
addresses research objective 1 of the study. The chapter’s formatting and referencing are according
to the style of the journal, but modifications were made for the prescribed margins, font sizes and
line-spacing to conform to the NWU guidelines and maintain uniformity with the rest of the thesis.
Chapter 3: Article 2: Advancing the population needs-based health workforce planning
methodology: a simulation tool for country application: This article was published in the Global
Health section of the International Journal of Environmental Research and Public Health
(IJERPH), which has an impact factor of 3.390 based on 2021 Journal Citation report. The article
addresses research objective 2 of the study. The chapter’s formatting and referencing are presented
according to the style of the journal, but modifications were made for the prescribed margins, font
sizes, and line-spacing to conform to the NWU guidelines and maintain uniformity with the rest
of the thesis.
Chapter 4: Article 3: Health service activity standards and standard workloads for primary health
care in Ghana: a cross-sectional survey of health professionals. The article was published in the
Health Policy section of Healthcare, a journal with an impact factor of 2.645 based on the 2021
Journals’ Citation Report. The article addresses research objective 3. The chapter’s formatting and
referencing are presented according to the style of the journal, but modifications were made for
the prescribed margins, font sizes, and line-spacing to conform to the NWU guidelines and
maintain uniformity with the rest of the thesis.
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Chapter 5: Article 4: Modelling the supply and need for health professionals for primary health
care in Ghana: implications for health professions education and employment planning. This
article was submitted to the PLOS ONE journal, which has an impact factor of 3.240 based on the
2021 Journals’ Citation Report. The article addressed objectives 4, 5 and 6 of the study. The
chapter’s formatting and referencing are presented according to the style of the journal, but
modifications were made for the prescribed margins, font sizes, and line-spacing to conform to the
NWU guidelines and maintain uniformity with the rest of the thesis.
Chapter 6: Summary, conclusions, recommendations, and limitations. This chapter provides
an overall summary and conclusions across all the chapters. Based on the conclusions drawn from
various chapters, it also highlights the theoretical, methodological, and policy-related contribution
of the study as well as recommendations for further research, policy, and planning. The referencing
style used in the chapter is consistent with the NWU 2020 guidelines for quoting sources. The
reference list is presented at the end of the chapter.
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2.1

ABSTRACT

Although the theoretical underpinnings and analytical framework for needs-based health
workforce planning are well developed and tested, its uptake in national planning processes is still
limited. Towards the development of an open-access needs-based planning model for national
workforce planning, we conducted a scoping review of analytical applications of needs-based
health workforce models. Guided by the Preferred Reporting Items for Systematic reviews and
Meta-Analyses - extension for Scoping Reviews (PRISMA-ScR) checklist, a systematic scoping
review was conducted. A systematic search of peer-reviewed literature published in English was
undertaken across several databases. Papers retrieved were assessed against predefined inclusion
criteria, critically appraised, extracted and narratively synthesised. Twenty-five papers were
included, which showed increased uptake of the needs-based health workforce modelling, with
84% of the studies published within the last decade (2010 – 2020). Three countries (Canada,
Australia, and England) accounted for 48% of the publications included whilst four studies (16%)
were based on low-and-middle-income countries. Only three of the studies were conducted in subSaharan Africa. Most of the studies (36%) reported analytical applications for specific disease
areas/programs at sub-national levels; 20% focused on the health system need for particular
categories of health workers, and only two (8%) reported the analytical application of the needsbased health workforce approach at the level of a national health system across several disease
areas/programs. Amongst the studies that conducted long-term projections, the time horizon of the
projection was an average of 17 years, ranging from 3 to 33 years. Most of these studies had a
minimum time horizon of ten years. Across the studies, we synthesised six typical methodological
considerations for advancing needs-based health workforce modelling.
Conclusion: As countries aspire to align health workforce investments with population health
needs, the need for some level of methodological harmonisation, open-access needs-based models
and guidelines for policy-oriented country-level use is not only imperative but urgent.

Key Messages
•

Needs-based health workforce planning framework is increasingly considered as the
conceptually appropriate framework for Universal Health Coverage and is increasingly (but
slowly) being tried for planning in countries.
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•

The uptake of the needs-based approach to health workforce planning has more than doubled
since 2010 but riddled with methodological diversity, lack of standardization and lack of openaccess model for use.

•

Across peer-reviewed analytical applications of the needs-based health workforce planning
framework, we synthesized six broad methodological and process considerations that were
typical, albeit variations in how they were implemented across individual models. Future
models should aim to incorporate all these methodological considerations as we strive towards
standardization of need-based modelling in health workforce planning.

•

Open-access models on the needs-based health workforce planning framework are needed now
than ever for policy-driven applications as countries (especially in low-and-middle-income
settings) push towards universal health coverage which must be underpinned by universal
access to the skilled and functional health workforce.

2.2

INTRODUCTION

Health workforce planning is an essential element of health service planning and in building
responsive and efficient health care systems. Notwithstanding its significance, health workforce
planning is often delinked from and remains one of the weakest links to health services planning
in many countries (Andalón and Fields, 2011; Araujo et al., 2016; Birch et al., 2020).
Unsurprisingly, a systematic review demonstrated that more than 50% of all workforce models
were applied in the health sectortrft6 (Safarishahrbijari, 2018), albeit a lack of methodological
consensus (Ono et al., 2013; Lopes et al., 2015; Tomblin Murphy et al., 2016), and amid new and
divergent approaches being proposed (Dreesch et al., 2005; Rees et al., 2018a, 2018b). These are
further being fuelled by growing concerns among researchers, health planners and development
practitioners that many health workforce challenges are rooted in poor planning which is
culminating in insufficient investments in health workforce education, employment and retention
(Cometto and Campbell, 2016; Asamani et al., 2020).
The health workforce planning literature is replete with estimates of shortages of health workers
in nearly all countries, a testament that countries have made estimates of the supply of health
workers on the one hand, and on the other hand, estimates of the ‘required’ calibre and number of
health workers to meet its health system objectives. The supply-side analysis has been relatively a
straightforward accounting process involving health worker headcounts and adjustments for future
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inflows, attrition and labour participation (Dal Poz et al., 2010; Kavya et al., 2014; Birch et al.,
2020).
However, the conceptual basis for the estimation of the required number of health workers has
been varied and evolving. Over the years, many estimates of health workforce requirements have
either been based on a simple ratio of health workers to population or some variants of demandbased approaches. The population-based ratios are founded on the assumptions that the population
to be served is nearly homogeneous in terms of their health status and needs, which will remain
constant into the future (Lopes et al., 2015) – hence the task of the planner is to determine a size
of the population that one health worker (of a particular type) will be capable of delivering services.
Besides the health worker-to-population ratio approach, others have used a demand-based
approach to estimate health workforce requirements. For example, applying currently observed or
target levels of health service utilisation (demand for services) to future population – by size,
gender and age cohorts to determine health workforce requirements (Stuckless et al., 2012; Kavya
et al., 2014; Lopes et al., 2015). Another variant of the demand-based approach is establishing a
statistical relationship between health worker density per unit of population (e.g., per 10,000
population) and the level of health expenditure or some measure of economic capacity (e.g., gross
domestic product, or gross national income). The observed relationship is then extrapolated into
the future to estimate the health workforce requirements that reflect a country’s ability and
willingness to employ health workers (Scheffler et al., 2008), an approach termed as economic
demand (Liu et al., 2017). It has been argued by Birch et al., (2013) that the service demand or
economic demand approach tends to reflect only the existing levels of service utilisation and could
perpetuate the existing inequities into the future. It ignores the population’s health needs that are
currently not being covered by current levels of service provision, which is counterintuitive to the
tenets of universal health coverage (UHC) (Murphy et al., 2016).
The demand for health services is not entirely independent of the level of supply of the health
workforce. On the one hand, a limited supply of health workers could lead to reduced service
utilisation but an excess supply of health workers on the other hand, as was seen in the United
States and the United Kingdom, can induce higher service utilisation perpetuated by the health
workers with the view of sustaining their income/employments, a phenomenon termed as supplierinduced demand (Birch, 1988; Birch et al., 2013). Therefore, Segal and Leach (2011) argued that
the health sector market conditions are inappropriate for using “demand as a basis for health
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workforce planning [which] is also inconsistent with the adoption of equity as a health system
objective” (p. 2).
Given the foregoing limitations, a needs-based approach that makes an “… explicit consideration
of population health needs, direct measures of levels of health that give rise to need for care – and
the planned number and type of services to be provided to address those needs” have been
proposed (Tomblin Murphy et al., 2012, p.193). In the needs-based framework, the required health
workforce becomes a function of four primary measures:
(a)

Demographic characteristics: The size, gender, and age distribution population in a defined
geographical area.

(b)

Level of health: Disease burden and health risk factors affecting the age and gender-specific
groups of the population (epidemiology).

(c)

Level of service: The types and frequency of health services to be delivered that are
necessary to address disease burden and risk factors of the population to promote healthy
growth and development.

(d)

Productivity or service delivery standard: The type of health worker(s) and the rate at
which the services can be provided to acceptable professional standards.

In 2016, the World Health Assembly (WHA) adopted resolution WHA69.19, approving the global
strategy on health workforce (World Health Organization, 2016) which profoundly urged countries
to make a paradigm shift in health workforce planning towards the use of population health needs
as the basis for health workforce planning, rather than the use of currently observed levels of health
service utilisation, service targets, health facilities or simple population ratios. In furtherance of
this, it called for health workforce investments to be based on a matching of “…the supply of
health workers to population needs, now and in the future” (World Health Organization, 2016).
This paradigm shift has been deemed necessary to uphold the tenets of UHC in ensuring that all
persons have access to the health worker they will require based on their health needs and not
based on other characteristics. Thus, it has become critical for countries to devise effective policies
that respond to population needs and to effectively plan the future training of health professionals
by quantifying the needed health workforce based on the population health needs and their supply
capacity based on the evidence (World Health Organization, 2016).

35

The theoretical underpinnings and analytical framework for needs-based health workforce
planning are reasonably well developed and tested in many contexts (O’Brien-Pallas et al., 2001;
Birch et al., 2007; O’Brien-Pallas et al, 2007; Murphy et al., 2013; Segal et al., 2013, 2018; Ahern
et al., 2019; MacKenzie et al., 2019). As the concept is intrinsically aligned with the tenets of
universal health coverage (UHC), its use for country-level health workforce planning is becoming
appealing, especially in low-and-middle-income countries (LMICs). Nevertheless, there have been
limited guidelines and tools to support the real-life application of the needs-based planning concept
to inform health workforce policies and strategies in countries, especially in contexts where there
are weak planning and analytical capacity. Even across developed countries, only 14% (18 out of
130) of national planning documents have been based on the needs-based approach (Murphy et
al., 2016). As part of efforts geared towards the development of guidelines and open-access needsbased planning tools for policy-driven application in countries, we conducted a scoping review of
analytical applications of needs-based health workforce modelling. This review sought to answer
the following questions: (1) to what extent have needs-based health workforce modelling been
analytically applied in countries? (2) what methodological and practical considerations have
informed the analytical applications of the needs-based health workforce planning approach?
2.3
2.3.1

METHODOLOGY
Study design and rationale

The conduct of the review was guided by the Arksey and O’Malley (2005) framework for
systematic scoping reviews which outlines five main steps of (1) identifying the research question;
(2) identifying relevant studies; (3) study selection; (4) charting the data; and (5) collating,
summarising and reporting the results. The reporting of this study was also guided by the
Systematic reviews and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) checklist
(Tricco et al., 2018) and methodological guide for publishing scoping reviews (Lockwood and
Tricco, 2020). According to Tricco et al. (2018), systematic scoping reviews are appropriate to
“examine the extent (that is, size), range (variety), and nature (characteristics) … summarise
findings from a body of knowledge that is heterogeneous in methods [to] … identify gaps [for
further work]” (p.267). The needs-based health workforce planning conceptual framework has
been well-grounded, but its analytical models are emerging with substantial methodological
heterogeneity. Thus, a systematic scoping review was deemed most appropriate to assess the
volume, variety, nature, methodological gaps, and considerations with the view of further
advancing the analytical models in needs-based modelling of health workforce requirements.
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2.3.2

Identifying the research question

An initial general search of the literature via Google Scholar and PubMed was conducted in
February 2020 which found a systematic review of general workforce models across different
sectors (Safarishahrbijari, 2018) and useful syntheses of health workforce planning methods
including needs-based approaches (Ono et al., 2013a; Lopes et al., 2015; Tomblin Murphy et al.,
2016). There was, however, no systematic synthesis of how the needs-based models have been
analytically applied in countries – a critical piece needed to understand their main strengths and
limitations. The papers found through this initial search were used to shape the review questions.
2.3.3

Identifying relevant studies: Strategy for systematic search

A systematic search strategy was developed, guided by the PRISMA-ScR Checklist (Tricco et al.,
2018; Peters et al., 2020). The databases searched were PubMed, Scopus, Web of Science,
EBSCOHost and Google scholar. A sample of the search strategy used for the PubMed database
is shown in box 1, which was modified as appropriate for other databases. To ensure that relevant
papers were not unduly excluded or missed, there was no restriction on year of publication or
country of origin, but there was a restriction to papers published in only the English language.
Also, forward, and backward citation search of highly cited papers were manually conducted. The
search was last updated on 22 August 2020.
Box 1: Example of search terms and strategy for PUBMED
1. ((((human resources for health) OR (health work*)) OR (health professional*)) OR
(doctors)) OR (physician*)) OR (nurs*) OR (midwi*) OR (pharmacist*) OR
(laboratory scientist) OR (nutritionist) OR (dietician)
2. (((((need*) OR (planning)) OR (projection)) OR (model*)) OR (forecast*)) OR
(prediction)
3. #1 AND #2
2.3.4

Screening and selection of studies

After removing duplicate items, the process of screening was conducted in two stages. In the first
stage, titles and abstracts of the paper were screened for relevance and suitability to be retained
considering the review objective. Papers with titles and abstracts that provided insufficient
information to decide at this stage were retained for the next stage. In the second stage, the full
texts of the retained papers from the first stage of screening were downloaded and evaluated
against the inclusion criteria. All selected articles from this stage were saved in a separate folder
for quality assessment and synthesis. Papers that were excluded based on the full-text assessment
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against the inclusion and exclusion criteria were justified with the reasons. The entire screening
and selection process was undertaken independently by two authors who later compared notes,
and where there were discrepancies, a third author’s independent view was used for an amicable
resolution.
2.3.5

Inclusion and exclusion criteria

Papers were included if they: a) reported the use of health workforce planning models that link
population health needs, disease burden and population demography to health workforce
requirements; b) employed methods and reported on findings of an analytical application of needsbased health workforce requirement; c) were published in the English language, and d) the full
article of the publication was accessible. Those that only described the conceptual approach to
needs-based health workforce modelling without analytical application were excluded.
2.3.6

Data extraction, charting and synthesis

Relevant data were extracted from each of the included studies using a data extraction matrix
adapted from the CHARMS checklist (Moons et al., 2014) and the Joana Briggs Institute
Reviewer’s Manual for Scoping Reviews (Peters et al., 2020) of which the results are presented in
Table 1. Descriptive analysis and narrative synthesis (Centre for Reviews and Dissemination,
2009) of the findings were conducted and presented, taking into account the volume and quality
of studies as well as the critical modelling considerations made in the analytical application of the
needs-based approach to health workforce planning. Particular attention was paid to the key
considerations in the model and analysis, their scope, main strengths, and weaknesses, as well as
the differences and similarities between modelling approaches.
2.3.7

Quality assessment of included studies

We could not find specific quality appraisal tools for assessing the quality of needs-based health
workforce planning models. Therefore, we adapted the Critical Appraisal and Data Extraction for
Systematic Reviews of Prediction Modelling Studies (CHARMS Checklist) (Moons et al., 2014a);
the Phillips checklist for health economic models (Philips et al., 2006); Segal’s key needs-based
health workforce questions (Segal et al., 2018); and criteria for fit-for-purpose health workforce
planning tools (Murphy et al., 2016) into a quality assessment checklist for the purpose of this
study. The checklist has 27 items which were assigned an unweighted point for each item (Table
2). The checklist was applied across all the included studies to appraise the quality,
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comprehensiveness, and transparency of the analytical applications of the needs-based health
workforce planning models. Studies that scored 80% or more were considered to be ‘very
comprehensive and of high quality’; between 70% and 79% were considered to be ‘quite
comprehensive and of good quality’ whilst those that scored between 50% and 69% were
considered to of moderate comprehensiveness and quality. Scores below 50% were considered not
comprehensive and of low quality.
2.4
2.4.1

FINDINGS
Characteristics of included studies

Out of four hundred and thirty-six (436) papers identified, only twenty-five (25), which reported
analytical applications of needs-based health workforce modelling, satisfied the inclusion criteria,
and were included. The 436 titles were screened, excluding 368. The full articles of 68 papers that
were retained after the initial screening were read after which 43 (63.2%) were excluded with
reasons: 38 (88.4%) were not needs-based models; 7 (16.3%) were only theoretical descriptions
of the needs-based approach whilst for five (11.6%), the full text of the publications could not be
obtained. The remaining 25 papers were included after a critical appraisal and reading of the full
articles. No study was excluded based on its quality. Figure 1 provides a flowchart of the search
and inclusion process.
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Figure 1: Flowchart of search and inclusion process
Adapted from: The PRISMA Statement. PLoS Med 6(6): e1000097.
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Table 1: Data extraction matrix
No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

Limitations

1

Ahern et
al., 2019
(Ireland)

2017 2050

Microsimulation

Program: Oral
health
Health workers:
Dentists

Demography: age
cohorts, gender,
population size
Health status:
number of natural
teeth, type of
dental problem
Level of Service:
level, frequency
and type of
service

Special
Eurobarometer
330 Oral Health
Survey dataset;
National
Statistics;
Professional
register

One-way
sensitivity
analysis by
changing the
treatment time
(standard time),
hours worked
and both. The
model results
showed it was
sensitives to
each of these
variables.

Not stated

Followed a typical
need-based HWF
framework and
used data from a
large survey to
estimate
population
variables for
dental care.

The standard time
used to provide oral
services was not
collected, so an
assumption of 20
minutes per case was
made. It was
assumed that the
dentist spends 90%
of the time providing
services but no
records review or
prior studies were
used to back the
assumption.

2

Ansah et
al., 2015
(Singapore)

2015 2040

Macrosimulation

Program: Eyecare
Health workers:
Ophthalmic
nurses and allied
health
professionals

Demography: age
cohorts, gender,
population size
Health status:
prevalence of
diseases

Singapore
Epidemiology
of Eye Diseases
study and
National
population
statistics.

Scenario
analysis based
on three policy
options and with
ranges of
projection
estimated from
the 95%
confidence
intervals of the
input variables.

Two critical
tests
(behaviour
and structure
validation
test) were
selected to
demonstrate
their fit and
quality.
Behaviour test
was done by
comparing the

Extensive use of
data and
stakeholder
engagement
during all stages
of the modelling.
The future
prevalence of
disease was
projected and then
translated into
demand.

The need for services
(as defined by
population variables)
is used
interchangeably as
demand for services.
No explicit
assumption of how
much time
ophthalmologists
spend in treating a
disease during each
patient visit - the
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No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

model output
for historical
years to
available data.
The structure
validation was
done by
presenting the
structural
assumptions
to
stakeholders
for validation.
3

Ansah et
al., 2019
(Singapore)

2015 2040

Macrosimulation

Program: Eyecare
Health workers:
Ophthalmologists

Demography: age
cohorts, gender,
population size
Health status:
prevalence of
diseases

Singapore
Epidemiology
of Eye Diseases
study and
National
population
statistics.
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Scenario
analysis based
on three policy
options and with
ranges of
projection
estimated from
the 95%
confidence
intervals of the
input variables.

Two critical
tests
(behaviour
and structure
validation
test) were
selected to
demonstrate
their fit and
quality.
Behaviour test
was done by
comparing the
model output
for historical
years to
available data.
The structure

Limitations

staff time was
proportionally
distributed to
clinical, research
other duties.

Extensive use of
data and
stakeholder
engagement
during all stages
of the modelling.
The future
prevalence of
disease was
projected and then
translated into
demand.

The need for services
(as defined by
population variables)
is used
interchangeably as
demand for services.
No explicit
assumption of how
much time
ophthalmologists
spend in treating a
disease during each
patient visit - the
staff time was
proportionally
distributed to

No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

validation was
done by
presenting the
structural
assumptions
to
stakeholders
for validation.

Limitations

clinical, research
other duties.

4

Birch et al.,
2020
(Multiple
(Europe))

Not
stated

Macrosimulation

Disease-specific
application (breast
cancer, acute
myocardial
infarction and
type 2 diabetes)
based on data
from the Czech
Republic,
England,
Germany, Italy,
Netherlands,
Norway, Poland,
Scotland and
Turkey
Health workers:
Doctors and
nurses

Demography: age
cohorts, gender,
population size
Health status:
prevalence of
diseases
Provider:
productivity,
practice
differences and
pay (3Ps)

project-based
survey and
routine data

The sensitivity
of the estimates
to different
levels of
exposure to
each profession
was tested by
separately
assuming that
physicians see
100% of
patients, while
advanced and
specialist nurses
see 60% of
patients in the
care pathway

The specific
process to
validate the
model is not
stated.

Provides an
explicit needbased framework
with transparent
formulae.
Estimated
provider
productivity
directly from the
health workers.

Empirical limitations
related to the use of a
self-reported survey
of health workers in
selected health
facilities which may
not be generalisable.
Data limitations
constrained
application to only
three disease areas

5

Birch et al.,
2013
(England)

Not
applicab
le

Macrosimulation

National

Demography: age
cohorts, gender,
population size
Health status:

General
Household
Survey for

Not conducted

The specific
process to
validate the

Arguing from the
angle of supplierinduced demand,
the paper

Albeit empirical
analysis to illustrate
the need-based
framework, the
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No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

Data sources

prevalence of
diseases
Provider:
productivity

England, 1985 2006

Sensitivity
analysis

Model
validation
process

Main strengths

Limitations

model is not
stated.

illustrates the
advantage of
need-based HWF
planning over
utilisation/demand
-based models
using data from
England

papers do not apply
the model to project
the needed HWF.

6

Bruckner et
al., 2011
(Multiple
(Low-andmiddle
income
countries))

One-off

Macrosimulation

Program: Mental
Health
Multi-country
Health
workers: psychiatr
ists, nurses and
psychosocial care
providers

Demography:
Population size
Health status:
Disease
prevalence
Provider:
productivity
(assumed)

Publicly
available data international
databases and
survey for
disease burden

Not conducted

Not stated

The paper used a
global instrument
for assessing
disease burden
and hence need

HWF productivity as
assumed (not
elicited) and applied
in a constant manner
for all professionals

7

Burke et
al., 2013
(United
States)

2010
(oneoff)

Macrosimulation

Program: mental
health
Health
workers: psychiatr
ists,
psychologists,
licensed clinical
social workers,
psychiatric social
workers,
psychiatric nurse
practitioners,
family therapists

Prevalence rates,
insurance
coverages

2010 National
Survey on Drug
Use and Health;
Insurance
coverage data

Not conducted

The specific
process to
validate the
model is not
stated.

Used
administrative
data and publicly
available data to
estimate ate need
for services which
was translated
into staffing
requirements.

The formula is not
described hence it is
difficult to assess it.
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No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

Limitations

8

Elisha et
al., 2004
(Israel)

2000
(oneoff)

Macrosimulation

Program: mental
health
Health
workers: Psychiat
rists, Nurses,
Psychologists and
Social Workers

demographic
variables,
workers’
productivity,
anticipated
demand, and
standards on
annual visits per
client distributed
among the core
mental health
professions.

Expert opinion
and
administrative
data

Not stated

The specific
process to
validate the
model is not
stated.

Clear linkage of
population-based
variables and
disease
prevalence to
need, translating
the need to
demand and then
staff
requirements.

Used standards based
on both expert
consensus and
existing staffing
patterns while they
note the need for
more rigorously
derived and
empirically-based
standards.

9

Gallagher
et al., 2010
(England )

2005 2028

Macrosimulation

Program: Oral
health
Health workers:
Dentists

combined
demography (6599 years), rates of
edentulousness,
patterns of dental
attendance and
treatment rates for
older people,
along with GDS
treatment times

Administrative
and survey
data: Dental
Practice Board
directly and via
their website
and from The
Information
Centre,
The
Government
Actuary’s
Department and
the most recent
UK Adult
Dental Health
Survey, together
with other

Monte-Calo
simulation using
plausible ranges
of input
parameters

Not stated

Clear linkage of
population-based
variables and
disease
prevalence to
need, translating
the need to
demand and then
staff
requirements.

Assumed only aged
population would be
in need. Used the
need to derive
demand for services
based on treatment
rates; hence the
estimated HWF
needs are in a
practical sense a
demand-based
requirement rather
than a need-based
requirement.

45

No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

Limitations

relevant data
such as
treatment times
from the BDA
and registrations
of dental
professionals
with the General
Dental Council.
10

Gallagher
et al., 2013
(England )

2013
(oneoff)

Microsimulation

Program: Oral
health at Regional
level
Health workers:
Dental therapist

population,
attendance, oral
health trends and
the proportion of
treatments in each
‘band of care’
received by the
different age
groups (0–19, 20–
64, 65+)

Dental
Workforce
Survey from a
locality with
similar context;
expert opinion.

Monte-Calo
simulation using
plausible ranges
of input
parameters

Not stated

Clear linkage of
population-based
variables and
disease
prevalence to
need, translating
the need to
demand and then
staff
requirements.

Assumed only aged
population would be
in need. Used the
need to derive
demand for services
based on treatment
rates; hence the
estimated HWF
needs are in a
practical sense a
demand-based
requirement rather
than a need-based
requirement.

11

Jansen et
al., 2014
(Guinea)

2018 2024

Macrosimulation

Program:
Maternal and
Newborn Health
Health workers:
Doctors, Nurses
and Midwives

Demographic
variables, a
national package
of MNH service
to address health
needs

Administrative,
surveys and
prior facility,
expert opinion,
an assessment
report

Not stated

The
methodology,
parameters,
and input data
for the
baseline
scenario were

One of the first
attempts to
explicitly link the
essential package
of services to
need-based HWF

The paper expressed
difficulties
encountered in
translating detailed
health service
package into needbased plans: The
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No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

Limitations

discussed and
determined
with a group
of
international
and national
experts,
including a
demographer,
public health
experts, HRH
experts, and
(para)medical
professionals.

planning
assumptions.

model presented for
the calculation of the
population HRH
needs departs from a
clearly defined
package of MNH
services that are to be
offered to a clearly
defined population
(pregnant women)
within a delineated
period (10 months)

Provided explicit
and transparent
steps in the

While the need submodel accounted for
differences in the

12

Konrad et
al., 2009
(United
States)

2006
(oneoff)

Macrosimulation

Program: National
Mental Health
Health workers:
Mental health
professionals

Demography:
Population size,
age, sex
Health need:
disease
prevalence,
functional
limitation
Level of service:
mental health
utilisation
Provider:
productivity

Administrative
data, data from
surveys and
publicly
available
information

Not stated

Not stated

13

Laurence et
al., 2016
(Australia)

2004 2011

Macrosimulation

Regional health
system
Health workers:

Population: Age
cohorts, gender,
population size

Administrative
data, burden of
disease data,

Scenario
analysis observed

Supply model
validated with
observed data
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No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

Limitations

General
practitioners

Health status:
prevalence of
diseases
Provider:
productivity

surveys and
expert opinion

utilisation and
need-based
approaches

but validation
measures for
the needbased model
not stated

application of the
need-based
model.

number and duration
of consultations, by
age and sex, it was
not possible to
determine different
consultation lengths
for different
conditions

14

Laurence et
al., 2018
(Australia)

2012 2033

Macrosimulation

Regional health
system
Health workers:
General
practitioners

Population: Age,
gender, rural,
urban
Health status: ageand sex-specific
prevalence and
incidence of
disease categories

Administrative
data; Bettering
Evaluation and
Care of Health
(BEACH)

Scenario
analysis based
on policy
options and
95% confidence
intervals of the
projections.

Not stated

Used constant
prevalence rates
but built in the
impact of policy
scenarios;
separated rural
model from an
urban model.

How the productivity
or activity standards
of GPs were
estimated to translate
health needs to
workforce
requirements not
stated.
Data quality is
acknowledged as a
critical challenge in
the modelling
process.

15

MacKenzie
et al., 2019
(Canada)

2018 2032

Macrosimulation

Regional Paediatric mental
health
Health workers:
General
Practitioners,
Nurse
Practitioners,
Paediatricians,

Population: Age
cohorts, gender,
population size
Health status:
prevalence of
diseases
Provider:
productivity, work

Administrative
and publicly
available data

Scenarios
analysis using
work divisions
amongst health
professionals;
and clinical
focus of the
health
professionals

Not stated

The provided
explicit and
transparent
methods,
including all
formulae and how
they were derived.
It also explicitly
allows for the

How the productivity
or activity standards
of GPs were
estimated to translate
health needs to
workforce
requirements not
stated. Supplemented
with estimates of
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No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

Psychiatrists,
Psychologists,
Registered Nurses
and Social
Workers

division and
clinical focus

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

Limitations

division of labour;
and clinical focus
amongst health
workers

clinician panels and
assumed estimates
for illustration

16

Murphy et
al., 2017
(Canada)

1918 vs
2009

Microsimulation

Regional Influenza
Health workers:
Doctors, nurses,
pharmacists,
others

Population - Age,
size
Health status:
Disease
prevalence
Provider:
productivity and
competence

Administrative,
publicly
available and
assumptions
made by a
clinical panel

Scenario
analysis from
the supply of
health workers.

Validated
through
stakeholder
consultation
which
included
members of a
steering
committee
made up of
clinicians

Provides explicit
and transparent
steps in the
application of the
need-based
model.

An attempt was
made to estimate the
final two parameters
of the analytical
framework –
competency
prevalence and
productivity – using
survey methods
similar to those
described in the pilot
study. Because of a
low (10%) response
rate, alternative
methods of
estimating these
parameters were
developed.

17

Murphy et
al., 2014
(Jamaica)

15 years
(specific
dates not
stated)

Macrosimulation

Regional health
system
Health workers:
Pharmacists

Population: size,
age, sex
Health need:
disease burden
Level of service
Provider:
productivity

Administrative
databases and
key informants

Scenario
analysis from
the supply of
health workers.

Findings were
validated with
the Steering
Committee.

Provides explicit
and transparent
steps in the
application of the
need-based model
and involved local

Data limitations.
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No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

Limitations

stakeholders for
ownership.
18

Roos et al.,
1999
(Canada)

1993/19
94

Macrosimulation

Regional health
system
Health workers:
General
practitioners

Population: size,
age, sex
Disease burden:
Premature
mortality rate
(death younger
than 75 years)
Level of service:
Population physician contact
rate
Provider:
Workload

Administrative
and publicly
available data

Not stated

Stakeholder
validation
(committee
and Medical
Association)

One of the
seminal works on
need-based
analysis.

The paper used the
observed workload
of physicians as a
benchmark for
translating ‘need for
utilisation’ into the
number of required
physicians - There
was a wide variation
on the observed
workload that was
not tested in a
sensitivity analysis.

19

Roos et al.,
1997
(Canada)

1993/19
94

Macrosimulation

Regional health
system
Health workers:
Physicians

Population: size,
age, sex
Disease burden:
Premature
mortality rate
Level of service:
Population physician contact
rate
Provider:
Workload

Administrative
and publicly
available data

Not stated

Stakeholder
validation
(committee
and Medical
Association)

One of the
seminal works on
need-based
analysis.

The paper used the
observed workload
of physicians as a
benchmark for
translating ‘need for
utilisation’ into the
number of required
physicians - There
was a wide variation
on the observed
workload that was
not tested in a
sensitivity analysis.
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No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

Limitations

20

Segal et al.,
2018
(Australia)

2016
(oneoff)

Microsimulation

Regional
program: mental
health care for
distressed infants,
children, and
adolescents
Health workers:
psychology,
nursing, social
work, counselling,
and teaching

Population: Age
cohorts (within 0 17 years), gender,
population size,
family
characteristics
Health status: risk
factors
(adversities) for
mental illness in
the defined
population.
Provider: time
needed (on
average per
patient) for each
of the defined
roles along a care
pathway

Administrative
data, data from
separate
longitudinal
surveys.

Not stated

Two expert
advisory
groups were
established to
provide
feedback and
test findings
across the
project.
Estimates of
time needed to
deliver
services were
critically
reviewed—via
a survey of
clinicians and
modified if a
discrepancy
emerged.

Strong theoretical
and clinical
foundation,
linking models of
care, clinical
competencies
with disease
burden.
Provides a stepby-step process of
need-based
analysis for the
HWF

Whereas the
theoretical and
clinical basis of the
analysis was clearly
stated, formalising
the analytical part
(formula) was not
clear. The model is,
however, in excel is
accompanied as an
appendix

21

Segal et al.,
2013
(Australia)

2011
(oneoff)

Microsimulation

Regional
program: mental
health care for
distressed infants,
children and
adolescents
Health workers:
Dietitian, District
nurse, Diabetes
educator, Practice

Population: size,
age,
socioeconomic
background
Health status:
diabetes
prevalence and
complications
Provider:
Competencies

Administrative
and publicly
available data;
international
literature on the
prevalence of
specific diabetes
attributes

Not stated

Three (3)
clinical panels
were
consulted to
validate the
process and
results at each
stage

In-depth analysis
of the clinical
pathways of the
different patient
attributes of
diabetes and
translating into
the evidencebased need for
consultations and

Whereas the
theoretical and
clinical basis of the
analysis was clearly
stated, formalising
the analytical part
(formula) was not
clear. The model is,
however, in excel is
accompanied as an
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No

22

Author
(country)

Sukeri et
al., 2015
(South
Africa)

The
horizon
of the
projecti
on

One-off
(Year
not
stated)

Type of
model/modelling
approach

Macrosimulation

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

nurse, Exercise
physiologist,
Psychologist,
General
practitioner,
Social worker,
Podiatrist,
Pharmacist,
Ethnic/migrant
health worker,
Optometrist,
Dentist,
Occupational
therapist,
Orthotist,
Aboriginal health
worker and
Community
midwife

required to
address needs for
different patient
attributes

Program: mental
health care in a
region
Health workers:
Psychiatrists,
Psychologist,
Medical Officer,
Nurses,
Occupational
therapists, social
workers,

Population: Size
of the adult
population (18
years and above)
Health Status:
Prevalence of the
three diseases and
desired service
coverage level of
80%
Provider:
professional

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

Limitations

then HWF
requirements.

appendix
An acknowledged
limitation is that the
model “reflects a
population and its
health status and
other attributes at a
particular point of
time (most inputs
were from 2006) and
best-practice care as
described in 2011 by
clinical experts, also
drawing on earlier
published
guidelines”.

Administrative,
publicly
available data
and scientific
publications for
prevalence rates
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Not stated

Not stated

Demonstrated the
analytical
framework
(formulae) for
analysis and
provided a stepby-step
explanation of the
analysis

No form of
validation was
indicated.
The use of norms
explicitly stated by
the norm itself is not
provided or
discussed.

No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

community health
workers

norms for
caseloads

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

Limitations

23

Tomblin et
al., 2012
(Canada)

2007–
2022.

Macrosimulation

National health
system
Health workers:
Nurses

Demography:
Population size,
age, sex
Health need:
disease burden
Level of service
Provider:
productivity

Administrative
and publicly
available data

Scenario
analysis based
on six policy
options:
increasing
productivity of
nurses,
increasing RN
retention,
reducing RN
absenteeism,
reducing inmigration,
reducing
training
attrition,
increasing
training
enrolments

Not stated

Explored the
impact of
different factors
affecting need and
supply in the
model.

Not clear how
productivity was
estimated.

24

Tomblin et
al., 2016
(Multiple
(OECD
countries))

2015 2030

Macrosimulation

Multi-country
Health workers:
midwives, nurses,
and physicians

Demography:
Population size,
age, sex
Health need:
disease burden
Level of service
Provider:
productivity,
participation

Publicly
available data international
databases and
national
websites

Scenario
analysis:
Multiple
scenarios were
used to
demonstrate the
sensitivity of the
simulations to
different

No
stakeholder or
statistical
validation is
described.

The first attempt
to apply the needbased framework
in a multi-country
context.

Used self-reported
measures of health as
a marker of health
status (no prevalence
or disease burden
data was used from
objective measures)
The productivity of
health workers was
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No

Author
(country)

The
horizon
of the
projecti
on

Type of
model/modelling
approach

Scope of
application (dx,
region, program,
national health
system)

Input
parameters and
data source

Data sources

Sensitivity
analysis

Model
validation
process

Main strengths

assumed future
values of model
parameters
25

Vedanthan
et al., 2019
(Kenya)

Three
years
(dates
not
stated)

Microsimulation

Disease: Hyperten
sion in a region
Health workers:
Physicians,
Clinical Officer,
Nurses,
Pharmacist and
Triage
Staff/Technicians

Demographics:
Assumed number
of patient
enrolments, 26
“patient states” or
attributes of
patients
Health status:
Degree of control
of hypertension
Level of service:
number of followups needed
provider: Activity
standards elicited
through timemotion study

Administrative
data, patient
records and
primary data
collection.
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Two scenarios
of need (rampup and steadystate) modelled
to explore their
impact on HWF
need

Limitations

assumed from
previous work. No
direct elicitation was
done.
Clinical teams
validation and
feedback

Used Focus
Group
Discussions and
Delphi technique
alongside clinical
protocols to
identify patient
treatment
pathways; used
the time-motion
study to estimate
the time required
to deliver services
(activity
standards)

The empirical model
made no direct
linkage with
population growth,
age cohorts, gender
and prevalence of the
disease in the
population.

2.4.1.1 Year of publication and country of origin
Twenty-one (84%) of the included studies were published within the last decade (2010–2020).
Only three (12%) of the included studies were published before 2005 (see Figure 2).
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0
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Figure 2: Year of publication of included studies
2.4.1.2 Country of origin of the included studies
As shown in Table 1, twenty-two of the included studies (88%) were from 11 countries (Australia,
Canada, England, Guinea, Ireland, Israel, Jamaica, Kenya, Singapore, South Africa, and the United
States). Three (12%) of the papers reported multi-country analysis (Bruckner et al., 2011; Tomblin
Murphy et al., 2016; Birch et al., 2020) whilst five (20%) were based on the context of Canada
(Roos et al., 1997, 1999; Tomblin Murphy et al., 2012b; Murphy et al., 2017; MacKenzie et al.,
2019b). Analysis based on Australia’s context was reported by four of the included papers which
represent 16% (Segal et al., 2013, 2018; Laurence and Karnon, 2016; Laurence et al., 2018). Also,
three of the publications originated from and were based on the context of England, which
represents 12% of the included papers (Gallagher et al., 2010, 2013; Birch et al., 2013). The
context of the United States and Singapore each contributed two publications to the included
studies, and the rest of the countries had one publication each. Three countries (Canada, Australia,
and England) accounted for 48% of the publications included. Only four of the included papers
(16%) were based on the context of low-and-middle-income countries (Jansen et al., 2014;
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Murphy et al., 2014; Sukeri et al., 2015; Vedanthan et al., 2019), of which three were from subSaharan Africa (Kenya, South Africa and Guinea).
2.4.2

Quality of the studies included

The overall scores of the assessment revealed substantial variations in the considerations made in
the model development and application (or at least how they were reported). The papers included
met between 57.7% and 88.5% of the adopted criteria with an average of 72% (95% CI: 69.5% 75.9%). Only five (20%) of the studies (Ansah et al., 2015, 2019; Laurence and Karnon, 2016;
Murphy et al., 2017; Segal et al., 2018) measured up to 80% or more of the adopted criteria which
were considered to be ‘very comprehensive and of high quality’. Another set of seven (28%) of
the studies (Roos et al., 1997; Gallagher et al., 2013; Segal et al., 2013; Murphy et al., 2014; Ahern
et al., 2019; MacKenzie et al., 2019; Birch et al., 2020) scored between 70% and 79% and were
considered to be ‘quite comprehensive and of good quality’. The rest (scores between 50% and
69%) were considered to be moderate in terms of comprehensiveness and quality. No included
study scored below 50% to be categorised as not comprehensive and of poor quality. Figure 3
provides a summary of the assessment scores, and Table 2 provides the detailed items of the
assessment criteria with the individual papers scores.
The main areas of weaknesses across the studies were that they did not: a) explicitly report some
key assumptions, b) undertake validation of the analysis, c) conduct sensitivity analysis and in
most instances, d) account for the cost implications of the estimated needs-based requirements.
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Elisha et al., 2004

57.7%

Laurence et al., 2018

61.5%

Jansen et al., 2014

63.0%

Birch et al., 2013

63.6%

Tomblin Murphy et al., 2012

65.4%

Burke et al., 2013

65.4%

Vedanthan et al., 2019

66.7%

Gallagher et al., 2010

66.7%

Sukeri et al., 2015

68.0%

Tomblin Murphy et al., 2016

69.2%

Roos et al., 1999

69.2%

Konrad et al., 2009

69.2%

Bruckner et al., 2011

69.2%

Gallagher et al., 2013

72.0%

Murphy et al., 2014

73.1%

Birch et al., 2020

73.1%

MacKenzie et al., 2019

74.1%

Segal et al., 2013

76.9%

Ahern et al., 2019

77.8%

Roos et al., 1997

79.2%

Ansah et al., 2019

81.5%

Ansah et al., 2015

81.5%

Segal et al., 2018

84.6%

Murphy et al., 2017

84.6%

Laurence et al., 2016

84.6%
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Figure 3: Summary of comprehensiveness and quality of studies included
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80.0%

90.0%

Elisha et al., 2004

Gallagher et al., 2010

Gallagher et al., 2013

Jansen et al., 2014

Konrad et al., 2009

Laurence et al., 2016

Laurence et al., 2018

MacKenzie et al., 2019

Murphy et al., 2017

Murphy et al., 2014

Roos et al., 1999

Roos et al., 1997

Segal et al., 2018

Segal et al., 2013

Sukeri et al., 2015

Tomblin Murphy et al.,
2012
Tomblin Murphy et al.,
2016
Vedanthan et al., 2019

4. Identificati
on of

Burke et al., 2013

3. Source of
data and
assumptions

Bruckner et al., 2011

2. Scope of
modelling

Birch et al., 2013

1. Is there a clear
statement of the
health policy
objective/problem?
2. Is the
geographical area or
jurisdiction defined?
3. Is/are the
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assumptions of the
model stated and
consistent with the
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to be served clearly
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Birch et al., 2020

1. Health
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Table 2: Quality assessment matrix
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2.4.3

Scope and Typology of Needs-Based Modelling Applications

2.4.3.1 The time horizon of modelling
Twelve (12) out of the 25 (48%) studies included in the review made projections of future health
workforce requirements (for the jurisdictions in which they were based) while 13 studies (52%)
focused on one-time point analysis of the health workforce requirements (Figure 4). Amongst the
studies that focused on long-term projections, the duration or time horizon of the projection ranged
from 3 to 33 years, with an average of 17 years. However, 75% (n = 9) of these studies made the
projections for a time horizon of ten years or more.

Studies with no future
projections 52%

Studies with future
projection
48%

Figure 4: One-time point analysis versus long-term projections
2.4.3.2 Scope of application of need-based health workforce planning models
Besides the three papers that employed multi-country applications of the need-based health
workforce modelling (Bruckner et al., 2011; Tomblin Murphy et al., 2016; Birch et al., 2020) –
two of which covered multiple disease areas, only other two papers (Tomblin Murphy et al.,
2012b; Birch et al., 2013b) reported the application of needs-based health workforce models at the
level of a national health system across several disease areas or programs. Most of the studies (n
= 9, 36%) reported applications in specific disease areas or programs within the scope of a defined
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sub-national level. In five (20%) of the studies, the focus was on the health system need for
particular categories of health workers within a sub-national or regional context (Roos et al., 1997,
1999; Murphy et al., 2014; Laurence and Karnon, 2016; Laurence et al., 2018). Also, the health
workforce categories covered in the applications ranged from single cadres such as nurses, general
practitioners, pharmacists to multiple health workers (Table 3).
Table 3: Distribution of studies by scope and area of population health needs focused
Jurisdictional scope

The focus of population health needs

No. of studies

Percent

Mental health

1

4%

Multiple diseases

1

4%

Non-communicable diseases (cancer, diabetes and
myocadiac infarction)

1

4%

3

12%

2

8%

2

8%

Eyecare

2

8%

Maternal and newborn health

1

4%

Mental health

4

16%

Oral health

2

8%

9

36%

Influenza

1

4%

Multiple diseases

5

20%

6

24%

Hypertension

1

4%

Mental health

3

12%

Oral health

1

4%

Sub-national program area
Total

5

20%

Overall

25

100%

Multi-country

Multi-country Total
National health system

Multiple diseases

National health system Total

National program area

National program area Total
Sub-national health system
Sub-national health system
Total

Sub-national program area

2.4.3.3 Typology of Needs-Based Model Applications
The nature of models developed and applied primarily depended on the practical feasibility given
the focus and scope of the analysis rather than the issue of methodological rigour. Some studies
employed micro-level simulation techniques whilst others adopted macro-model techniques. A
distinction is also noticeable in what seems to be needs-informed demand analysis versus complete
needs-based analysis.
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2.4.3.3.1 Needs-based macro-simulation models
Studies that adopted macro-level modelling techniques used aggregate population-based evidence
on the level of health which included prevalence rates, mortality rates and risk factors alongside
aggregate demographic data (population size, gender, age, etc.) to estimate the population need for
health services, and then translated into health workforce requirements. The vast majority (n = 19,
76%) of the papers included in the review adopted this technique (Roos et al., 1997, 1999; Elisha
et al., 2004; Konrad et al., 2009; Gallagher et al., 2010; Bruckner et al., 2011; Tomblin Murphy
et al., 2012, 2016; Burke et al., 2013; Jansen et al., 2014; Ansah et al., 2015; Sukeri et al., 2015;
Laurence and Karnon, 2016; Laurence et al., 2018; MacKenzie et al., 2019; Birch et al., 2020). In
these studies, no individual patient-level information or assumptions were made or required to
derive the population need for health services. The analytical applications were almost exclusively
broad in scope, being either multi-country in nature or covering a range of disease/program areas
in a national or sub-national health system. The main feature is the exclusive use of populationbased estimates of need variables, often obtainable from large surveys, routine administrative data,
or burden of disease reports.
2.4.3.3.2 Needs-based micro-simulation models
Studies that employed micro-simulation approaches to the modelling used best-practice clinical
guidelines and patient-level attributes – from routine data, treatment guidelines or expert opinion
to adjust population-based estimates of disease prevalence for deriving the health service needs
which were then translated into health workforce requirements. For example, Segal et al. (2013)
developed a need-based model for diabetes in which treatment protocols and practice guidelines
were used to identify 26 unique attributes of individual patient needs that were then translated
into clinician contact hours required to deliver the best-practice care. A similar approach was
replicated in the area of mental health care for distressed infants, children, and adolescents (Segal
et al., 2018). A recent study in Kenya also adopted a similar approach to identify the needs of
hypertensive patients (Vedanthan et al., 2019). In another application, Ahern et al. (2019) made
use of an international survey of self-reported health that elicited individual-level data on their
health status to estimate the need for dental services. Thus, the distinguishing feature of the
microsimulation models is the use of patient-level data (or the explicit assumptions of individuallevel variables) for the derivation of health service needs. Six (24%) of the included studies
adopted the microsimulation approach for modelling need-based requirement for the health
workforce, (Gallagher et al., 2013; Segal et al., 2013, 2018; Murphy et al., 2017; Ahern et al.,
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2019; Vedanthan et al., 2019). All but one of these studies did not extrapolate the need beyond a
one-time point (current situation) analysis. By the very nature of detailed information required at
the patient level to determine the needs, the microsimulation models were mostly applied to
specific (single) disease areas such as diabetes and hypertension, among others.
2.4.3.3.3 Needs-informed demand models versus complete needs-based models
Across the micro and macro simulations, the analytical application of the needs-based framework
also was either completely applied for the estimation of health workforce requirements (complete
needs-based models) or adjusted with the currently observed levels of demand for health services
(needs-informed demand models) (Murphy et al., 2016)). In the ‘needs-informed demand analysis’
or what Gallagher et al. (2013) considered as a ‘demand-weighted’ needs-based analysis, the need
for dental health services in England was estimated using a measure of health and demographic
variables. However, in translating into the health workforce requirements, the estimated need was
adjusted by the observed levels of service utilisation (Gallagher et al., 2010, 2013). In one such
study, the authors justify “that the change in the number of all new patients seeking care will be
proportional to the change in the prevalence of [disease] conditions among residents” (Ansah et
al., 2015). Two other earlier attempts at need-based health workforce planning made similar
assumptions based on regression analysis of observed service utilisation by age cohorts (Roos et
al., 1997, 1999). However, most of the included papers (n = 20, 80%) reported applying the needbased framework without adjusting the needs for the currently observed levels of service utilisation
or demand.
2.4.4

Synthesis of Needs-Based Health Workforce Modelling Considerations

At least five of the papers proposed explicit processes or steps for undertaking needs-based
analysis upon which their application was based (Segal et al., 2013, 2018; Jansen et al., 2014;
Laurence and Karnon, 2016; Tomblin Murphy et al., 2016). In particular, Segal et al. (2018)
proposed seven core questions of the needs-based workforce modelling while seven criteria guided
the work of other authors for identifying health workforce planning approaches appropriate to a
given country or jurisdiction (Tomblin Murphy et al., 2016). However, a synthesis of the reported
methods across the included studies revealed six broad methodological and process considerations
that were typical in the needs-based health workforce modelling, albeit with some variations in
how they were analytically operationalised or implemented.
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2.4.4.1 Defining the scope
The papers that provided a process blueprint identified defining the scope of the needs-based
analysis as a critical first step. The scope, which various authors contend that must be in alignment
with a health system objective (such as the attainment of UHC, addressing demographic changes
etc.); and being explicit with the jurisdictional coverage of the planning (e.g. country, region etc.)
(Segal et al., 2013; Tomblin Murphy et al., 2016). Additionally, specifying the planning horizon
or timeframe (e.g. consistent with funding), the population (or the section of it) that is being
planned for as well as the health workers being prioritised (Segal et al., 2013; Jansen et al., 2014;
Laurence and Karnon, 2016; Vedanthan et al., 2019) were considered the initial basics. In this
process, some of the papers highlighted the importance of stakeholder engagement which
eventually strengthened ownership of both the modelling process and the findings (Jansen et al.,
2014; Murphy et al., 2014; Ansah et al., 2015).
2.4.4.2 Analysing the Population’s Need for Health Services
One of the critical components and distinguishing features of needs-based models is the explicit
quantification of the population’s need for health services from which health workforce
requirements can be derived. Across the studies, the population and demographic variables,
measures of the population’s level of health (or health deficit) and level of service (or frequency
of service) were the key components used to identify and quantify the health service needs of a
given population.
2.4.4.2.1 Population size and demography
All the studies included in the review considered the size of the population within the defined
jurisdiction in estimating the need for services. In addition to the population size, twenty (80%) of
the studies also conducted the analysis by the age cohorts of the population with seventeen studies
(68%) incorporating the gender dimension of the population. Only a few studies further
disaggregated the population by rural versus urban (Laurence et al., 2018), family characteristics
(Segal et al., 2018) and other socioeconomic considerations (Segal et al., 2013).
2.4.4.2.2 Measures of population’s level of health
The studies mainly used prevalence rates of diseases, health risk factors, self-reported state of
health, rates of disease complications and premature mortality rates as the main measures of
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population health or its deficit. In most of the studies (60%), population-based prevalence rates of
priority diseases and risk factors in the population (or epidemiology) were used as the measures of
population-level of health (Konrad et al., 2009; Gallagher et al., 2010; Bruckner et al., 2011;
Tomblin Murphy et al., 2012, 2016; Birch et al., 2013, 2020; Burke et al., 2013; Murphy et al.,
2014; Ansah et al., 2015, 2019; Sukeri et al., 2015; Laurence and Karnon, 2016; Laurence et al.,
2018; MacKenzie et al., 2019). In these studies, the size of the population faced with diseases or
risk factors (measured by prevalence rates) represented the areas and magnitude of health service
needs. In another study, self-reported health problems were also used as a marker of needs areas
(Ahern et al., 2019). In disease-specific microsimulation models, rate of complications (e.g. in a
diabetes model) and level of control (e.g. in a hypertension model) and risk factors (e.g. in mental
health) were used as markers of need (Segal et al., 2013, 2018a; Vedanthan et al., 2019). Two
earlier studies also used premature mortality rates (defined as death younger than 75 years) as a
marker of the population’s level of health (Roos et al., 1997, 1999). Explicitly defining the areas
of population’s health need through a strategic review of documents (desk review) and discussions
with experts or stakeholders was highlighted as a central part, if not the ideal way, of identifying
the area and magnitude of need in the modelling process (Jansen et al., 2014; Murphy et al., 2014;
Segal et al., 2018).
2.4.4.2.3 Level of service
Identifying the ‘basket of interventions’ or ‘services tasks’ that a health care system plans, or ought
to plan, to deliver that will address deficits in the level of health were reported in many of the
studies as a critical part of what constitutes the population’s service needs. It also involves the
frequency or number of times a particular service(s) should be received within a period (say one
year) by each member of the population that is in need of the service(s). There was, however, no
uniformity across studies on how this was incorporated in the analytical work. For example,
various works by Segal made use of best practice clinical guidelines for identifying the services or
interventions for different attributes of patients (Segal et al., 2013, 2018). In some studies, clinical
expert panels were used to decide the basket of services and frequency (Murphy et al., 2017;
Vedanthan et al., 2019) while in some the currently observed patterns of service delivery and
frequency of use or the observed contact rates were used (Roos et al., 1997, 1999; Elisha et al.,
2004; Konrad et al., 2009; Gallagher et al., 2010). Jansen and colleagues also used a nationally
defined essential package of health services as the basis (Jansen et al., 2014). Irrespective of the
approach, what seems to be clear across the studies is that the required service tasks identified,
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must be consistent with local clinical practices, policy direction or experts’ opinion or a
combination of all.
2.4.4.2.4 Estimating the evidence-based service requirements
Across eighteen (72%) of the included studies, a statistical procedure, or formulae for deriving the
need for services was clearly stated or referenced. Most of the analytical framework or formulae
reflected ‘the evidence-based service requirements by the patient group’ as a sum of the product
of the population size, the level of health (proportion of the population with disease or risk factors)
and the level of service needed (service task/interventions and frequency in a given year) (Sukeri
et al., 2015; MacKenzie et al., 2019; Vedanthan et al., 2019; Birch et al., 2020). However, only
three studies provided explicit assumptions of how the current estimates of needs were
extrapolated into the future for long-term projections (Ansah et al., 2015, 2019; Vedanthan et al.,
2019). Most of the studies that included long-term projections tended to make implicit assumptions
of a constant level of health (such as disease prevalence) and level of service for estimating the
future requirements, with only the population size being the changing variable into the future.
2.4.4.3 Translating the Evidence-Based Service Requirements into Health Workforce
Requirements
To translate the evidence-based or needs-based service requirements into health workforce
requirements, in the analytic models, some authors reported dividing the estimated evidence-based
service requirements by a measure of the rate of working or productivity standard of the concerned
health worker (Segal et al., 2018; Ahern et al., 2019; MacKenzie et al., 2019; Birch et al., 2020).
The main considerations the authors took into account were matching the competencies of health
workers to the service delivery tasks and eliciting (or making assumptions about) the standard
workload or productivity of the health workers.
2.4.4.3.1 Matching skills and competencies with identified interventions to address needs
In some studies, the authors reported matching the skills and competencies health workers needed
to have to undertake service delivery tasks for the identified health services requirements (Segal
et al., 2013, 2018; Murphy et al., 2017; Birch et al., 2020). This approach answers a critical
question posed by Segal et al., “what broad roles, skill sets, and competencies are required by
clinicians to deliver appropriate care [when the population health need is established]?” (Segal et
al., 2018, P.e298). Eliciting the skills and competencies was either done through the views of
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clinician expert (Segal et al., 2018), a self-reported survey from clinicians or time-motion analysis
or scope of professional practice by professional licensing authorities (Vedanthan et al., 2019;
Birch et al., 2020). In some studies where different health professionals could competently
undertake the same service delivery tasks, assumptions of proportions for work division between
the cadres were made (Elisha et al., 2004; MacKenzie et al., 2019; Birch et al., 2020), and in some
instances, professional staffing ratios were used (Bruckner et al., 2011). However, in such studies,
the conclusions made from model results in respect of a particular cadre were highly sensitive to
the assumptions made about the proportion of workload assigned to the health worker (work
division) (Birch et al., 2020) or the staffing ratios (Bruckner et al., 2011; Sukeri et al., 2015).
2.4.4.3.2 Eliciting standard workload or productivity measures
The vast majority of studies (n = 21, 84%) explicitly considered some measure of workforce
productivity – either the rate of work (units of service per hour of work) or a standard service
delivery time (amount of time it will take a health professional to deliver one unit of service). Four
studies (16%) reported directly eliciting productivity standards from health professionals either
through a survey (Segal et al., 2018; Birch et al., 2020) or clinician expert panels (Murphy et al.,
2017; MacKenzie et al., 2019) or a combination of both. One microsimulation study employed
time-motion observation to determine the average time it took health professionals to deliver a
given task (Vedanthan et al., 2019) while earlier works used observed levels of workload for
benchmarking (Roos et al., 1997, 1999). Another study assumed ‘equal length’ of physician
consultation time (service standard) for all conditions (Laurence and Karnon, 2016). Elisha et al.
(2004) also introduced a concept of the ‘Basic Unit of Care’ (BUC), defined as “the shortest time
required on average” for a standard intervention or service task to be undertaken. The activity
standard for all services can then be set as a multiple (or fraction) of the BUC. Productivity is then
defined as the available working time for a health professional (in hours) multiplied by the BUCs
per hour. In some studies that explored the impact of productivity assumptions, the conclusions of
either a needs-based shortage, surplus or a balance were significantly impacted by even small
changes in the standard service delivery time, or productivity measure assumed (Tomblin Murphy
et al., 2012, 2016).
2.4.4.4 Exploring the Resource Implications
The majority (n = 13, 52%) of the studies compared the estimated needs-based health workforce
requirements with the existing or anticipated supply of the health workforce. Although exploring
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the cost implications of both the supply and requirements has been acknowledged as an essential
aspect of planning (Segal et al., 2013; Murphy et al., 2016), only six of the studies (24%) included
considerations of cost or wage bill implications of the estimated health workforce requirements
(Roos et al., 1997; Gallagher et al., 2013; Segal et al., 2013, 2018; Sukeri et al., 2015; Birch et al.,
2020) and only one compared it with an available budget (Segal et al., 2018) while none of the
studies examined the estimated cost in the context of the future anticipated budget or economic
capacity of the jurisdiction.
2.4.4.5 Conducting Sensitivity Analyses
Across studies, two types of sensitivity analysis or modes of analysing uncertainties were
undertaken – parameter uncertainty analysis and policy scenarios (or structural uncertainty
analysis).
2.4.4.5.1 Parameter uncertainty
A few studies explored the sensitivity of input parameters on service requirements using univariate
or multivariate sensitivity analysis and provided confidence, or predictive intervals around the base
estimated needs and health workforce requirements (Ansah et al., 2015, 2019; Laurence et al.,
2018). The most commonly varied input parameters to explore its impact on health workforce
requirements were measures of productivity and work divisions (Ahern et al., 2019; MacKenzie
et al., 2019; Birch et al., 2020). In all studies that included parameter uncertainty analysis, they
generally showed that the projections regarding the future health workforce situation were highly
sensitive to even small changes in these parameters. However, only a few of the studies reported
workforce requirements with predictive intervals accounting for the level of uncertainty in the
parameter values used (Ansah et al., 2015, 2019; Laurence et al., 2018). Instead, most studies
conducted policy scenario analysis as a way of exploring uncertainty.
2.4.4.5.2 Structural uncertainty or policy scenarios
Most studies (n = 13, 52%) explored the impact of different policy scenarios on the conclusions
drawn – either shortage or surplus (Gallagher et al., 2010, 2013; Tomblin Murphy et al., 2012,
2016; Murphy et al., 2017; Jansen et al., 2014; Murphy et al., 2014; Ansah et al., 2015, 2019;
Laurence and Karnon, 2016; Laurence et al., 2018; Ahern et al., 2019; MacKenzie et al., 2019).
The policy scenarios were mostly on the factors that influence the supply side of the health
workforce rather than the needs-based requirements, which is the thrust of this review.
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Nevertheless, some conducted multivariate sensitivity analysis (Tomblin Murphy et al., 2012)
whereby all the policy scenarios were concurrently varied from the best to worst-case scenarios
which provided a plausible range of results that are expected to contain the true situation in the
future even if the input values and assumptions used were imprecise.
2.4.4.6 Conducting Model Validation
Two levels of model validation were used in some of the studies. A few studies used formal
statistical approaches to establish the validity of the model (Ansah et al., 2015, 2019; Laurence
and Karnon, 2016). On the other hand, many of the studies (n = 10, 40%) used clinical experts
and/or stakeholders to validate the assumptions or findings of the modelling (Roos et al., 1997,
1999; Segal et al., 2013, 2018; Jansen et al., 2014; Murphy et al., 2014, 2017; Ansah et al., 2015,
2019; Laurence and Karnon, 2016). Others used a ‘group modelling’ approach in which the clinical
committees, expert panels, policy actors or other interest groups were part of the discussions and
decision making throughout the modelling process, or at critical checkpoints in the process
(Murphy et al., 2014; Laurence and Karnon, 2016; Segal et al., 2018; Ansah et al., 2019).
2.5

DISCUSSION

This review finds that there has been an increased uptake of the needs-based framework for
modelling health workforce requirements since 2010. However, there were more illustrative
analytical applications with very few analyses intended to inform policy or strategy in countries.
This finding corroborates with a review of planning documents at the country-level from 32 highincome countries of the Organisation for Economic Co-operation and Development (OECD) by
Murphy et al. (2016) which showed that only 14% (18 out of 130) of country planning models
were rooted on the needs-based approach. The increasing popularity but limited policy-oriented
applications could be attributable to the lack of comprehensive guidelines and open-access tools
to guide new users especially in low-and-middle-income countries where only 16% of the studies
included in the current review originated. Also, the review found that most of the empirical
analysis focused on specific disease areas, programs or sub-national levels with limited or no
comprehensive national analysis involving multiple health professionals and covering most of the
diseases and health priorities of a country. Indeed, the seemingly laborious and data-intensive
nature of the needs-based approach coupled with limited expertise in the area has been cited as a
drawback to its widespread use in countries, especially in resource-constrained settings where data
and analytical capacity challenges abound (Lopes et al., 2015). Murphy et al. (2016) have,
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however, argued that: “it is better to base plans on appropriate [needs-based] concepts imperfectly
measured than on inappropriate concepts that can be easily measured” (p.13). Thus, the need for
open-access needs-based models and guidelines for policy-oriented country-level use is not only
imperative but urgent if countries are to align their health workforce planning and investments
with the aspiration for UHC and the SDGs.
Our review found enormous innovations that attempt to model service needs and workforce
requirements in a very nuanced way – incorporating local (or best practice) treatment protocols
(for example Segal et al., 2013, 2018); health workforce professional competence and pay (for
example, Birch et al., 2020) and disaggregation of need by rural versus urban population as well
as other socio-demographic variables (Laurence et al., 2018). The use of sophisticated techniques
such as system dynamics modelling has been employed to apply the needs-based approach to
health workforce modelling (Ansah et al., 2015, 2019). However, less standardisation of health
workforce modelling in general, and the emerging needs-based approach in particular, have
culminated in significant methodological diversity, less rigour and transparency in the modelling
process. Initial attempts to define key questions to guide needs-based health workforce modelling
and criteria for fit-for-purpose health workforce planning tools (Segal et al., 2013; Murphy et al.,
2016) may provide a starting point for a discourse towards standardisation and harmonisation of
analytical modelling of needs-based health workforce requirements, but it appears that no
consensus has yet been reached. Based on the methodological characteristics of the studies
reviewed and ‘good practice’ guidelines for modelling in health (Philips et al., 2006; Moons et al.,
2014), we consolidated the proposals by Segal et al. (2013, 2018) and Murphy et al. (2016) which
we used to assess the various studies included in this review. We believe future work for
consensus-based validation of our adapted checklist and scoring approach will be one further step
towards more comprehensive ‘good practice’ guidelines in needs-based health workforce
modelling. Overall, the studies were moderate in the level of comprehensiveness and quality (or
at least how they were reported) which widely varied ranging from 56.7% to 88.5% with less than
half (48%) considered as either of good (28%) or high (20%) quality.
One of the main weaknesses we observed in many of the studies is that the models used a constant
rate of disease prevalence from the baseline values to extrapolate into the future with only the
population size being the changing variable. However, it is intuitively anticipated that disease
burden will change over time where some diseases may be declining and others increasing. Thus,
assuming a constant rate of disease burden is akin to implicitly assuming a monotonous population
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change that influences future workforce requirements – a central point of departure between the
needs-based and population ratio approaches to health workforce planning (Murphy, 2001;
Tomblin Murphy et al., 2009). This finding is not different from the work by Murphy et al. (2016)
who reported finding “…no documents that modelled the impacts of changes in needs and potential
associated changes in skill mix or care models in terms of their impacts on HRH requirements”
(p.6). Understandably, there are rarely routine projections of the future trajectory of all diseases or
risk factors in most countries, hence attempting to undertake such epidemiological modelling for
all diseases of interest becomes an overly burdensome enterprise for the health workforce planner
or modeller.
Nevertheless, overcoming the limitation of using monotonous population change for needs-based
projection is critical. Under the circumstance, it may be useful to examine the differentials in the
disease burden in previous years (e.g., the difference in prevalence between the baseline year and
the previous ten years) – or any duration commensurate with the time horizon (or timeframe) of
the intended projection. The observed change can then be assumed to be a trend that is likely to be
observed over the projection period, all things being equal. In so doing, undertaking sensitivity
analysis is critical to quantify the level of uncertainty in the resulting estimates and if feasible,
characterising it in terms of a range (predictive interval) of the projected needs and workforce
requirements.
2.6

LIMITATIONS OF THE STUDY

Despite the systematic approach used for the literature search, the search was limited to only peerreviewed papers and those published in the English language. It is possible that some analytical
applications of the needs-based approach were missed if they were in grey literature or policy
documents and not in the English language, particularly from countries where English is not an
official language. The review focused on the methodological considerations of needs-based health
workforce modelling rather than comparing or synthesising the results of the analytical
applications. Thus, the review is unable to make a judgement on the impact of the methodological
diversity within the needs-based approach on the resulting health workforce plan.
2.7

CONCLUSIONS

There is increasing uptake of the needs-based approach of health workforce planning since 2010,
but holistic country-level applications are still limited. There have been several innovations in
advancing the analytical application of the needs-based modelling approach, but less
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methodological standardisation characterised by diversity, less rigour and transparency in the
modelling process. Six broad methodological and process considerations were, nonetheless,
typical and should be taken into account in future analytical applications of needs-based health
workforce planning models. These are:
(1)

Defining the scope (including jurisdictional coverage; alignment with the health system
objective; and specifying the planning horizon or timeframe)

(2)

Analysis of the population health service needs (population demography; measures of
population-level of health; the level of service; and estimating the evidence-based service
requirements)

(3)

Translating the evidence-based service requirements into health workforce requirements
(which included matching skills and competencies with identified interventions to address
needs; and eliciting standard workload or measures of productivity)

(4)

Exploring the resource implications (comparing the needs-based requirements with supply;
exploring cost implications viz-a-viz available and anticipated budget).

(5)

Conducting sensitivity analyses (including parameter uncertainty; and structural uncertainty
or policy scenarios)

(6)

Conducting model validation using statistical procedures and stakeholder consultation.

As countries aspire to align health workforce investments with population health needs, the need
for some level of methodological harmonisation, availability of open-access needs-based models
and guidelines for policy-oriented country-level use is not only imperative but urgent.
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3.1

ABSTRACT

Although the conceptual underpinnings of needs-based health workforce planning have developed
over the last two decades, lingering gaps in empirical models and lack of open access tools have
partly constrained its uptake in health workforce planning processes in countries. This paper
presents an advanced empirical framework for the needs-based approach to health workforce
planning with an open-access simulation tool in Microsoft® Excel to facilitate real-life health
workforce planning in countries. Two fundamental mathematical models are used to quantify the
supply of, and need for, health professionals, respectively. The supply-side model is based on a
stock-and-flow process, and the need-side model extends a previously published analytical
framework using the population health needs-based approach. We integrate the supply and need
analyses by comparing them to establish the gaps in both absolute and relative terms, and then
explore their cost implications for health workforce policy and strategy. To illustrate its use, the
model was used to simulate a real-life example using midwives and obstetricians/gynaecologists
in the context of maternal and new-born care in Ghana. Sensitivity analysis showed that if a
constant level of health was assumed (as in previous works), the need for health professionals
could have been underestimated in the long-term. Towards universal health coverage, the findings
reveal a need to adopt the needs-based approach for health workforce planning and to adjust health
workforce supply in line with population health needs.

Keywords: population health needs; needs-based health workforce; health workforce planning;
health service planning; human resources for health; workforce modelling; needs-based modelling.
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3.2

INTRODUCTION

The attainment of health objectives, including universal health coverage (UHC), requires a
responsive health system underpinned by an adequate number of multidisciplinary health
professionals with an appropriate skills mix, trained, motivated, committed, and supported to
perform [1,2]. However, a looming global health workforce (HWF) shortage of 18 million by
2030, predominantly in low- and middle-income countries [1] is a serious threat. The deficit is
traced to inadequate production capacity on the part of health professions education institutions,
coupled with budgetary restrictions for employment and rapid attrition of existing health workers
through migration and retirements [3–6]. It is thus estimated that more than half of some US$3.9
trillion needed in health investments by 2030 must be in HWF education and employment [7].
Although this demonstrates the centrality of the HWF in global health goals, chronic
underinvestment continues to be a drawback, and it is linked to defective and ad-hoc HWF
planning [1,8,9], which is a part of and cannot be delinked from, the overall health service planning
[10].
The HWF component of health service planning is a complex, multi-sectoral and multifaceted
process aimed at achieving an optimal balance between the supply of the different categories of
health professionals (in the right mix) and the optimal need and demand for such professionals in
both the short and long-term [11]. Roberfroid et al. [12] outlined three aspects of analyses that
inform HWF policy and plans: supply analysis, needs (and demand) analysis, and gap analysis
[12]. Besides, understanding the resource implications (in terms of cost) of the HWF supply and
need viz-a-viz the available and anticipated budget (or fiscal space) is critical for policy and
strategic decisions within the broader context of health service planning.
The supply-side analysis of the HWF planning involves taking stock of the available health
professionals and determining (or forecasting) the future inflows and outflows [13,14]. A careful
application of the stock-and-flow approach has shown promise in modelling the supply of health
workers [15,16] but will mostly be dependent on the assumptions, accuracy, and relevance of the
input data.
The second part of health workforce planning involves analysing the required calibre and number
of health professionals in a specific jurisdiction necessary to meet its health system objectives
[14,17]. There are several approaches with varied conceptual underpinnings for this analysis.
Some are based on the observed levels of health service utilisation (service demand); health
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services targets; number and size of health facilities (health facilities staffing norms); simple
population ratios; and population health needs (or epidemiological approach). Several texts
examine each of these approaches in depth [see, for example, [14,18–24]]. Although each method
has its merits and downsides, and none has been explicitly shown to be superior in all contexts,
the needs-based approach to health workforce planning has a strong instinctive appeal in line with
the UHC efforts. For instance, the World Health Assembly (WHA) adopted resolution WHA69.19
in 2016 which profoundly urged countries to make a paradigm shift in health workforce planning
toward matching ‘…the supply of health workers to population needs, now and in the future’ [1].
The needs-based approach makes ‘… explicit consideration of population health needs [using]
direct measures of levels of health [or health status] that give rise to need for care—and the planned
[or otherwise needed] number and type of services to be provided to address those needs’ [25]. To
apply this approach, one has to ‘combine information on the health status of the population with
disease prevalence, demographics and appropriate standards of care [within the jurisdiction]’ [12].
Even though the theoretical foundations of the needs-based approach have been well advanced and
empirically tested in different settings [26–31], its applications for policy and planning in countries
are still limited [32] even in high-income countries [17]. This is not only blamed on the intensity
of data requirements [33] but also the lack of ready-for-use, open-access models or software for
use by health planners and human resource practitioners.
This paper presents an open-access, ready-to-use needs-based HWF planning model that integrates
supply analysis with needs-based requirements to address methodological gaps and enhance the
uptake of the needs-based approach planning in countries and their cost implications for training
and employment viz-a-viz available budgets. To illustrate its value, we applied the model for
midwives and obstetricians/gynaecologists in the context of maternal and new-born care in Ghana.
The rest of the paper is divided into a conceptual framework, an empirical framework, results of
an applied example, discussion and conclusion.
3.3

CONCEPTUAL FRAMEWORK

The need for health professionals is derived from the ‘need for health services’, not for its sake but
as a means to remain healthy [14,34]. Thus, it can be assumed that the population in any
jurisdiction has a specific need for health services whether or not they have demanded it and can
afford it [14]. Therefore, to estimate the optimal need for health professionals, one would first have
to model the population’s need for health services [28]. Building on the conceptual framework
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proposed by Birch and colleagues [35], the population’s need for health services is a function of
three main drivers: (a) The size of the population and its demographic characteristics; (b) the state
of health or level of health of the population; and (c) the level of services (type and frequency) that
is planned or otherwise necessary to attain and maintain optimal health by the population. The
interaction between these variables determines the population’s ‘Need for Health Services’.
The model presented in this paper differs from other models on several levels. Whereas previous
models implicitly used a constant rate of disease prevalence (level of health) from the baseline to
extrapolate into the future, this model makes adjustments for the expected rate of change over time
in the population’s level of health. In one review, Murphy et al. [17] noted that there were ‘…no
documents [health workforce plans] that modelled the impacts of changes in [population] needs
and potential associated changes … in terms of their impacts on HRH requirements’ (p. 6). This
represents a significant limitation in previous works which this model attempts to address in
determining the future need for health services and ultimately the needs-based health workforce
requirements. The need for health services can then be translated into the health workforce
requirements if the category of health professionals competent to deliver the service is identified
[30] with clear work division [29], and a measure of their productivity is established [27,28].
Where previous needs-based models incorporated productivity [26,29–31,33,36], this model
defines the productivity measure in terms of a ‘standard workload’ which is the amount of work
within one health service activity that a health professional (of a particular type who is competent
and well-trained relative to the job specifications) may be able to perform within a given year [37].
The standard workload is, in turn, a function of the available working time of the health
professional and the service standard (the amount of time necessary to deliver the given service
task within professionally acceptable standards in the jurisdiction or based on service delivery
protocols). When the need for health services (the evidence-based health service requirement) is
compared with (divided by) the standard workload, the needs-based health workforce requirements
are established but only for services that can be counted or measured per person. To account for
the support or catalytic activities that are undertaken by health workers to enhance the delivery of
direct patient/person care, the estimated requirement has to be adjusted for these activities.
On the supply side, for any type of health worker, the model starts by taking into account the
annual enrolments of students into health professions training institutions. The total annual
enrolment is then adjusted for the average rate of dropouts from each cohort of in-take. The
aggregate output from the education pipeline (the number of those who pass successfully through
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the health professions training institutions) together with those who may migrate into the
jurisdiction is adjusted by the average pass rate of any mandatory licensing examination that they
may have to sit to make them eligible to practice. This represents the anticipated annual inflow
into the existing stock of health professionals (the active workforce stock). The model recognises
that not all the active stock (those qualified and with a valid license to practice) will find or take
up jobs at frontline service delivery areas. Hence, the active stock is further adjusted by a rate of
participation (the proportion of the active health workforce that are practising) to derive the
effective supply (practicing stock) of the health workforce.
The model then compares the needs-based requirement for health professionals with the
anticipated supply establishing current and future health workforce gaps [12] in both absolute and
relative terms. The cost implications of the supply and the needs-based requirements are computed,
which can then be compared with the current and anticipated budgets or other economic indicators.
Depending on the resource implications, policymakers can then make adjustments to policies on
student enrolment and recruitment, including wages, to improve the supply situation or consider
amending service delivery models to adjust the needs-based requirements or a combination of
both. Figure 1 illustrates the conceptual framework.
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Figure 1: A conceptual framework for comprehensive needs-based health workforce planning.
Source: Author’s adaptation from Tomblin Murphy et al. [25]; Birch et al. [35]; Roberfroid et al. [12]; and MacKenzie et al. [29].
Notes: There are different ways people have used the needs-based framework—either needs-based demand weighted analysis or full (unweighted)
needs-based analysis. Asamani et al. [32] have distinguished these. The present model is for complete (unweighted) needs-based analysis, hence do
not make assumptions of weighting needs with demand/utilisation.
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3.4
3.4.1

MATERIALS AND METHODS
The Empirical Framework

In operationalising the conceptual framework, we present an analytical framework in which we
identify four interrelated estimations of the supply of health workers; the need for health workers;
gap analysis; and cost implications. Two distinct, fundamental mathematical models have been
defined to quantify the supply of, and need for, health professionals, respectively. These are then
compared to establish the gaps in both absolute and relative terms as well as the cost to be
compared with available (and anticipated) budget or fiscal space—the main driver of how needs
are translated into actual demand for health workers.
3.4.1.1 Modelling the Supply of Health Workforce
The supply of health professionals refers to the pool of qualified health professionals who are
willing to find appropriate jobs to offer health services. Thus, the supply (S) depends on the ‘stock’
(T) and ‘flows’ of the health workforce. The stock refers to the current number of the active health
workforce, while the flows have two components: inflow and outflow. The inflow represents new
entrants to the labour market from domestic training pathways and through immigration, whereas
the outflow represents both voluntary exits (loss to other sectors, emigration) and involuntary exits
such as retirement, ill health and death [14].
As defined in the National Health Workforce Account (NHWA) [38] adopted by the World Health
Assembly in 2017, the stock of any group of health professionals can be categorised into three
groups: registered/overall stock; professionally active stock; and the practicing stock. The
registered/overall stock comprises all those who have registered with the relevant professional
regulatory body or authority within a jurisdiction to practice a health profession, irrespective of
whether they are within the jurisdiction and practicing or not. Within the overall stock (registered),
those that maintain good standing with the professional regulatory body by renewing their licenses,
are considered the professionally active stock—some of whom may be engaged in other career
interests (such as teaching, research and policy) rather than direct health service delivery. Out of
the professionally active stock, those that are engaged in (or are willing to find jobs to be engaged
in) direct health service delivery are considered the practicing stock of health workers. The interest
in health service planning is to estimate as close as possible, the current and future stock of the
practicing health workforce. We modelled the supply using a stock and flow process [29,39] as
represented in Figure 1 and illustrated in the following equation:
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(1)

•

Sn,t is the effective supply of health professional of category n, at time t.

•

Tn,t is the overall stock of health professionals (number registered) category n at time t.

•

an is the rate of attrition (the proportion of the stock, Tn,t-1 that died, retired, could not work
due to ill-health or migrated out) which adjusts the overall stock to get the professionally active
health professional of category n.

•

In is the inflows of the health professional of category n from both domestic and foreign
sources.

•

P is the rate of labour participation which reflects the proportion of the professionally active
health professionals that are engaged in direct health service delivery.

Formulae for attrition rate and inflows as defined in equation one is contained in Supplementary
Material 2 (provided at the end of this chapter).
3.4.1.2 Modelling Population’s Health Need for Health Professionals
Before the model development, we undertook a scoping review of analytical applications of the
needs-based approach of health workforce planning [32] in which we synthesised the main
considerations towards methodological harmonisation and increased transparency in needs-based
health workforce modelling which mostly informed this empirical framework (see box 1 for a
summary of the critical considerations for needs-based health workforce planning synthesised
from the scoping review).
Box 1. Key considerations for comprehensive needs-based health workforce planning.
1) Defining the scope:
o

Jurisdictional coverage

o

The objective of analysis (aligned with health system objective)

o

Planning horizon or timeframe

2) Analysis of the population health service needs:
o

Population size and demography

o

Measures of the population’s level of health (disease burden and health priorities)
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o

Level of service (identified interventions and their frequencies necessary to address

needs)
o

Estimating the evidence-based service requirements

3) Translating the evidence-based service requirements into health workforce requirement
o

Matching skills and competencies with identified interventions to address needs

o

Eliciting standard workload or measures of productivity

4) Exploring resource implications:
o

Comparing the needs-based requirements with anticipated supply

o

Estimate cost implications viz-a-viz available and anticipated budget

5) Conducting sensitivity analyses:
o

Parameter uncertainty (varying input values across their plausible range to explore the

impact on the results)
o

Structural uncertainty or policy scenarios (varying key assumptions and course of

actions to explore the impact on the results)
6) Conducting model validation:
o

Statistical comparison with previous estimates (if available)

o

Stakeholder consultation and feedback

Source: Asamani et al. [32].
2.2.1.1.1

Analysing the Population’s Need for Health Services (Estimating the Evidence-based
Service Requirements)

The need for health services is a function of three broad parameters, namely, demographic
characteristics of the population (size, gender, age distribution and geographical location); their
level of health or health status (disease prevalence and risk factors); and the services planned to
address the health deficits or otherwise necessary to maintain optimal health. Building on the
works of Birch and colleagues [35] which was further developed by Mackenzie and colleagues
[29], we introduce an explicit adjustment for the instantaneous rate of change of the health status
or level of health of the population. The relationship between parameters determining the need for
health services could then be mathematically expressed as:
012& = ∑ 4',(,),& × [ 1*,',(,&$+ × (1 + 7* )] × 9,,*,',(,&
where:
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(2)

•

NHSt represents the ‘Needed Health Services’ by a given population under a given service
model, 9',(,& over a period of time t.

•

Pi,j,g,t represents the size of the given population of age cohort i, gender j in location (rural or
urban) g at time t in a given jurisdiction (this represents the population and its demographic
characteristics).

•

Hh,i,j,g,t represents the proportion of the given population with health status h, of age cohort i,
gender j in location g at time t (this represents the level of health of the population).

•

Ly,h,i,j,g,t represents the frequency of health services of type y planned or otherwise required,
under a specified service model, to address the needs of individuals of health status h among
age cohort i, gender j in location g over time t (this represents the level of service required by
the population).

•

7* is the instantaneous rate of change of the health status, h (supplementary material 2 for
formula).

Equation (2) represents the evidence-based need for services that address the fundamental equation
of how many of the population by age cohort, gender, in a particular location will need a specific
type of services. This is vital for any aspect of health service planning - health workforce, essential
medicines, infrastructure, or equipment, among others.
2.2.1.1.2

Translating the Evidence-Based Health Service Requirements into Health Workforce
Requirements

Translating the need for health services or evidence-based service requirements generated from
Equation (2) into health workforce requirements is only feasible by making explicit assumptions
about some measure(s) of the productivity of health professionals for the specific services that are
planned or otherwise required by the population. We define the measure of the productivity of
health professionals borrowing the concept of Standard Workload (SW), which underpins the
widely used and well-documented Workload Indicators of Staffing Need (WISN) tool developed
by the World Health Organisation [37,40,41]. The standard workload is defined as the amount of
work of a particular service delivery task that one health professional who is well trained could
perform in a year if the health professional dedicated all his/her working to delivering that service
[37]. It is a function of two components: (a) The service standard (SS) for the activity to be
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performed - the average time that a well-trained and motivated health professional will spend to
perform the service delivery activity to acceptable professional standards in the context of the
jurisdiction; and (b) the available working time (AWT) - the time a health worker was available in
one year to do his/her work, taking into account all absences. Equation (3) illustrates the concept
of standard workload and Supplementary Material 2 contains a formula for calculating the
available working time.
2:-,, =

;:<22,,-

(3)

where:
•

SWn,y is the standard workload for health professional of category n when performing health
service activity y.

•

AWTn is the available working time of the health professional of category n

•

SSy,n is the service standard or the time it takes a well-trained health professional of category n
to deliver the service activity, y.

When more than one type of health professional category performs a service delivery task,
MacKenzie and colleagues defined a variable for work division [29]. To account for this variable,
the estimated need for health services derived in Equation (2) is adjusted for the proportion of
work division (which can be represented by W) to get the number of service activity, y to be
performed by a health professional of category n for individuals of health status h, age group i,
gender j at location g over time t. The workload division adjusted need for health services can then
be divided by the standard workload (defined in Equation (3)), as illustrated in Equation (4).
0-,& = =
,

•

∑(4',(,),& × [ 1*,',(,&$+ × (1 + 7* ) ] × 9,,',(,& ) × :,,-,*,',(,&
2:-,,

(4)

Nn,t is the number of health professionals of category n required to deliver a given service
model Ly,i,j, to a given population over a period of time t.

•

Wy,n,h,i,j,t is the proportion of services of type y to be performed by a health professional of
category n for individuals of health status h, age cohort i, and gender j at time t.
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It is worth noting that the standard workload is a measure of productivity relating only to direct
patient/client service delivery activities that can be counted per person (or patient). Therefore, the
needs-based health workforce requirements estimated using Equation (4) relates mainly to direct
person services and excludes indirect patient care or catalytic activities of the health professional.
2.2.1.1.3

Adjusting the Health Workforce Requirements for Indirect Patient Care Activities of
Health Workers

As demonstrated by Birch et al. [27] and MacKenzie et al. [29], needs-based models recognise
that health workers spend some time performing the activities that are essential for supporting the
delivery of direct patient/person services, but such activities are not linked to individual
patients/clients. While the previous needs-based models accounted for the phenomenon from a
supply perspective by defining and adjusting health workforce supply by activity rates (the
proportion of health worker’s time spent on direct care) [29], we take the view that for planning,
it is appropriate to estimate the number of health professionals needed to cover such support
activities that are catalytic for the direct patient care. For example, the process of handing over
from one group of nurses in a shift to another group is a crucial component for continuity of care,
but because the activity may not necessarily be counted per patient, it could be ignored in needsbased models. Leveraging on the WISN methodology [37], we define a support allowance standard
(SAS) as the proportion of a health worker’s time that is spent on support (or indirect patient care)
activities. When the total SAS (in a proportion) is subtracted from the whole, the difference
represents a proportion of the health worker’s AWT that is devoted to direct patient/person services
[37]. To incorporate the SAS into Equation (4), an adjustment factor known as the support
activities adjustment factor (SAAF) is defined - mathematically expressed as the inverse of the
proportion of a health professional time left for direct per person care activities [37]. Thus, the
overall needs-based requirement with both direct and indirect services can be expressed as:
0-,& = (=
,

∑(4',(,.,& × [ 1*,',(,&$+ × (1 + 7* ) ] × 9,,',(,& ) × :,,-,*,',(,&
) × 2;;>
2:-,,

where:
+

•

SAAF = (+$0121)

•

SAS = proportion of health professional time spent on support activities.
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(5)

3.4.1.3 Needs Versus Supply Gap Analysis
The two main quantities estimated in Equations (1) and (5) above (supply and needs-based
requirements) can be analytically integrated to compare the current and anticipated gaps in the
health workforce in absolute and relative terms.
3.4.1.4 Establishing the Absolute Gaps
The difference between the projected supply levels and the projected need for a particular health
worker category is considered the absolute gap whereby a negative gap is indicative of a supply
shortfall, which will be deemed as the number ‘needed to be trained’ by the health professions
education institutions [42]. In contrast, a positive gap is indicative of an over-supply from the
health professions education institutions in comparison with the need.
;?@ABCDE FGH-,& = 2-,& − 0-,&

(6)

where:
•

Absolute Gapn,t is the absolute gap for health professional of type n at time t.

•

Sn,t is the supply of health professional of category n at time t.

•

Nn,t is the needs-based requirements of a health professional of category n at time t.

2.2.1.1.4

Relative Health Workforce Gaps (Staff Availability Ratio, SAR)

This is the ratio of the needs-based health workforce requirement that will be met by the anticipated
supply
2;7-,& =

2-,&
0-,&

(7)

The SAR shows the anticipated amount of needs-based workload pressure that will be on the
current and future health workforce or the proportion of professional standards that can be
maintained if interventions are not put in place to influence the supply (and employment) of health
professionals. For interpretation, SAR of 1 indicates that the anticipated supply will optimally meet
the needs-based requirements, whilst a SAR of less than one shows that the anticipated supply is
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failing to meet the needs-based requirements. On the other hand, when the SAR is greater than 1,
it is indicative of supply outstripping the projected need for health professionals.
3.4.2

Cost Implications for the Estimated Supply and Needs-Based Requirements

To understand the cost implications and investments requirements for employing health workers,
the following is conservatively specified:
<I2-,& = å (2-,& × J-,& )

(8)

where:
•

TCSn,t is the total wage bill cost of the anticipated supply of health professional category n at
time point t.

•

Sn,t is the anticipated supply of health worker category n at time point t.

•

Kn,t is the average income (made up of salaries, allowances and monetary benefits and adjusted
for inflation) for health professional of category n at time point t.

Similarly, assuming there is sufficient supply, the cost implications for filling the needs-based
health workforce requirements is conservatively specified as:
<I0-,& = å (0-,& × J-,& )
•

(9)

TCNn,t is the total wage bill cost of needs-based requirements of a health professional of
category n at time point t.

•

Nn,t is the needs-based requirements of a health professional of category n at time point t.

•

Kn,t is the average income (made up of salaries, allowances and monetary benefits and adjusted
for inflation) for health professional of category n at time point t.

3.4.3

An Applied Example for Maternal and New-Born Care

To demonstrate its application and added value, we applied the comprehensive simulation model
to estimate the health workforce supply and the requirement for maternal and new-born care in
Ghana. The model is designed to allow for disaggregated analysis by sub-national levels (such as
regions, states, counties) and differentiation by rural and urban residence. However, for this
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example, we focused on a composite analysis of the requirements for Ghana. The categories of
health workers considered are midwives and obstetricians and gynaecologists because these are
the categories of health worker primarily mandated to provide maternal and new-born care in
Ghana.
In estimating the needs-based requirements, data on the size and demographic characteristics of
the population were obtained from Ghana Statistical Service projections [43]. The maternal and
new-born levels of health (health status and coverage of essential services) were taken from the
2007 and 2017 Ghana Maternal Health Surveys [44,45] which were compared to establish the
instantaneous rate of change. The available working time for the health professionals, the required
services to address the gaps in the level of health and the corresponding activity standards, were
obtained from the WISN report [46] and Ghana Maternal Health Policy respectively.
For the supply side, the number of students enrolled at health training institutions and pass rates
was extracted from the database of the Health Training Institutions Secretariat of the MOH and
the professional regulatory bodies (Medical and Dental Council, Nursing and Midwifery Council).
Data on the current stock of the health professionals and attrition rate were obtained and
triangulated from administrative data of the Ghana Health Service (GHS) [47–49], the holistic
assessment report of the Ministry of Health [50–53] as well as the websites of the professional
regulatory bodies [54]. See the simulation tool in Microsoft® Excel in Supplementary Material 1
for the detailed dataset.
3.5

RESULTS

This section briefly describes the excel-based simulation tool based on the model (see
supplementary material 1) and the results of the applied example in terms of (1) estimated needsbased requirements, (2) estimated supply, (3) gap analyses, (4) cost implications and (5) some
sensitivity analyses.
3.5.1

Description of the Simulation Tool in Microsoft Excel

As argued previously by Tomblin Murphy and colleagues [25,55] and recently echoed by
MacKenzie et al. [29], needs-based simulation models are not necessarily intended to predict the
future but ‘…to integrate the knowledge of different types of HRH (human resources for health)
and other aspects of the health care system, such as planned service levels, into a single planning
and communication tool to promote understanding of how various factors affect the supply of and
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requirements for HRH and identify policy levers for influencing these’ (p. 4). The empirical
framework was implemented in several linked spreadsheets in a Microsoft® Excel workbook as a
deterministic simulation tool (see version 1.2 of the tool as supplementary material 1). The tool is
organised into four modules, each with several worksheets that are linked. Modules 1–3 contain
the inputs to be entered, while Module 4 contains the outputs or results.
3.5.2

Estimated Needs-Based Requirements and Anticipated Supply

The simulation shows that the needs-based requirement for midwives was about 16,462 in 2020
which will, on average, increase steadily by 3.5% (range: 3.2–4.0%) annually to 23,161 by 2030.
By 2025, the needs-based requirement for midwives would increase to 19,409 which represents a
17.9% increase over the estimated requirement in 2020; and a further increase of 19.3% is
estimated from the 2025 requirement to reach the 23,161 by 2030. Similarly, the model estimates
that 723 obstetricians/gynaecologists are the needs-based requirement in 2020 which will increase
at an average rate of 3.4% annually (range: 3.3–3.7%) to about 854 by 2025, an 18% increase from
the base requirement in 2020. A further increase of 18.7% from the 2025 estimates is projected for
2030, which brings the total needs-based requirement for obstetricians/gynaecologists to 1013 by
2030.
At the supply side, the simulation reveals that the existing stock of midwives using a labour
participation rate of 93% is about 11,930 in 2020 which could reach about 19,919 (or 67% increase
from the baseline) by 2025 and a further 18.5% increase from the 2025 supply levels to 23,602 by
2030. For obstetricians/gynaecologists, they are usually practicing general practitioners who
undergo specialist training while keeping their jobs; hence they are all placed back to their
institutions of employment upon completion. In this context, a 100% labour participation rate was
assumed which was the baseline supply of 189 in 2020. It is anticipated that the supply would
increase by some 65.7% to 313 in 2025 and a further increase of 32.5% to 415 by 2030. Tables 1
and 2 show the annual estimates of the needs-based requirement and the anticipated supply,
respectively. These estimates are also presented graphically in Figures 2 and 3 as the needs-based
requirements versus the anticipated supply for midwives and obstetrician/gynaecologist
respectively for the period 2020–2030.

100

Table 1: Needs-based requirements for midwives, and obstetricians and gynaecologists
No.

Health Professionals

Needs-Based Requirements
2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

1

Midwife

16,462

16,997

17,556

18,139

18,749

19,409

20,076

20,774

21,504

22,268

23,161

2

Obstetrician/Gynaecologist

723

747

772

798

825

854

883

913

945

977

1013

17,186

17,745

18,328

18,937

19,574

20,263

20,959

21,687

22,448

23,245

24,174

Total

Table 2: Estimated supply of midwives, obstetricians and gynaecologists
No.

Health Professionals

Estimated Aggregate Supply
2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

1

Midwife

11,930

14,057

15,878

17,438

18,775

19,919

20,900

21,739

22,459

23,075

23,602

2

Obstetrician/Gynaecologist

189

216

242

266

290

313

335

356

377

396

415

12,119

14,272

16,120

17,705

19,065

20,232

21,235

22,096

22,835

23,471

24,017

Total
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Needs-based Requirement and Anticipated Supply for Midwife, 2020-2030
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Figure 2: Needs-based requirements and anticipated supply of midwives
Notes: Figure 2 illustrates the projected trend of the needs-based requirement for midwives (the
green line) as compared to the anticipated trend of supply in the blue line.
Needs-based Requirement and Anticipated Supply for Obstetrician and Gynaecologist, 2020-2030
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Figure 3: Needs-based requirements and anticipated supply of obstetricians/gynaecologists
Notes: Figure 3 illustrates the projected trend of the needs-based requirement for
obstetricians/gynaecologists (the green line) as compared to the anticipated trend of supply in the
blue line.
102

3.5.3

Absolute and Relative Gaps Analyses—Comparing the Needs-Based Requirements
and Anticipated Supply

The results of the applied example reveal that initially, the needs-based requirements for midwives
outstrip that of the anticipated supply, resulting in a needs-based shortage of 4532 midwives.
Comparing the needs-based requirement to the anticipated supply in relative terms, the staff
availability ratio, SAR (the proportion of needs-based requirements that is met by the level of
supply) for midwives is about 72.5% which implies a shortfall of 27.5% at baseline in 2020.
However, an equilibrium is likely to be reached between the supply and needs-based requirement
by 2024 if the current trend of production and attrition of midwives continues without further
intervention. From 2025, the anticipated supply would then appear to exceed the needs-based
requirement marginally, almost at the brink of needs-based oversupply—with SAR of 102.6% by
2025 and a marginal reduction to 101.9% by 2030 (see Table 3).
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Table 3: Gap analysis between needs-based requirements and anticipated supply
No.

Health
Professionals

2020
Need
(a)

Supply (b)

2025
Gap
(b-a)

2030

SAR (b/a)

Need (a)

Supply (b)

Gap
(b-a)

SAR (b/a)

Need
(a)

Supply (b)

Gap
(b-a)

SAR (b/a)

1

Midwife

16,462

11,930

(4532)

72.5%

19,409

19,919

510

102.6%

23,161

23,602

442

101.9%

2

Obstetrician/
Gynaecologist

723

189

(534)

26.1%

854

313

(541)

36.7%

1013

415

(599)

40.9%

SAR: staff availability ratio.
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For obstetricians/gynaecologists, the simulation shows that the needs-based requirement far
exceeds that of the anticipated supply throughout the horizon of the projection. As shown in Table
3, the needs-based shortage of obstetrician/gynaecologist specialists is about 534 in 2020, which
could reach 599 by 2030 if there is no new intervention to increase the rate of supply or decrease
the need or both. The SAR for obstetrician/gynaecologists is a paltry 26.1% in 2020, which is
expected to improve to 36.7% by 2025 and 40.9% by 2030. Therefore, under the assumption of
maintaining the current rate of production, the model suggests a needs-based shortage of
obstetricians/gynaecologists by 74% in 2020 which may only reduce by 15 percentage points to
59% by 2030 (see Table 3).
3.5.4

Implications for Health Professions Education

Assuming that the applied example was a comprehensive analysis, it signals that
production/supply of midwives will reach equilibrium with the needs-based by 2024 and after that
exceed the needs by roughly 3% by 2025 and then 2% by 2030. Thus, from the health profession
education perspective, scaling up the training of midwives may not be warranted beyond the
current rate of production. Efforts in the production of midwives could, therefore, be focused on
improving the quality rather than further quantitative expansion. On the other hand, the massive
needs-based shortage of obstetrician/gynaecologist signals the need to ramp up training by some
599 within the next ten years in addition to the current rate of production. Thus, roughly 60
obstetricians/gynaecologists must be produced per year in addition to the current rate of
production.

Given

that

enrolments

into

specialist

medical

education

such

as

obstetrician/gynaecologist are drawn from the existing stock of general medical practitioners, it
will have a knock-on effect on the need to scale up the training of general practitioners too.
3.5.5

The Cost Implications of the Estimated Needs-Based Requirements and Anticipated
Supply

The simulation shows that filling the needs-based requirement for midwives is estimated to cost
US$177 million in terms of wage bill which will increase nearly 2.5-folds to US$433.5 million by
2030, due to the expanding needs and adjustments for inflation. The wage bill cost of the
anticipated supply of midwives is estimated to be US$118.8 million in 2020 and rising steadily to
US$441.7 million by 2030, with the assumption that the rate of labour participation for midwives
would remain at 93%. However, if a 100% participation rate is assumed, the wage bill cost of the
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anticipated supply of midwives could be US$127.7 million in 2020 and gallop to US$653.8 million
by 2030.
The needs-based requirement for obstetricians/gynaecologists is estimated to cost about US$14.3
million in terms of salaries, which will gradually increase to US$34.8 million, taking into account
both the inflation and expansion in need for obstetricians/gynaecologists. The wage bill cost of the
current supply of obstetricians/gynaecologists is estimated to be US$3.5 million in 2020, which
may increase by nearly six-folds to US$20.9 million.
The overall needs-based requirement for both midwives and obstetrician/gynaecologist is about
US$191.3 million in 2020, which may increase to US$309 million by 2025 and US$468.3 million
by 2030. By contrast, the aggregate supply of these categories of health workers (midwives and
obstetrician/gynaecologist) is estimated to cost US$122.2 million in 2020; US$304.7 million by
2025; and US$462.6 million by 2030 (see Table 4 for details).
Table 4: Cost implications of the needs-based requirements and anticipated supply
No.

Health
Professional

The Estimated Wage Bill in United States Dollars (US$)
2020

2025

2030

Need

Supply

Need

Supply

Need

Supply

1

Midwife

176,988,192.56

118,759,613

285,949,683.80

293,467,630

433,445,908.15

441,711,580

3

Obstetrician/

14,278,392.77

3,454,061

23,090,373.91

11,214,559

34,820,936.99

20,921,755

191,266,585.33

122,213,674.52

309,040,058

304,682,188

468,266,845

462,633,335

Gynaecologist
Total

3.5.6

Sensitivity Analyses

To explore the impact of the main assumptions made in this model, we varied a number of the
variables to document their impact on the output of the model.
Instantaneous rate of change in the level of health (health status) based on past trends: The
effect of not including the instantaneous rate of change in the health status indicators (eliminating
Equation (5) in the empirical framework) reduced the overall requirements up to 17.4% (n = 3438)
for midwives and 23% (n = 189) for obstetricians/gynaecologists by 2030. The SAR for
obstetrician/gynaecologist then becomes 28.4% in 2020 (versus 26.1% with the assumption kept)
which increases to 50.1% in 2030 (versus 40.9% with the assumption kept). Similarly, the SAR
for midwives without the assumption in 2020 is 75.1%, compared with 72.5% when the
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assumption is kept. Without the assumption, SAR for midwives by 2030 is estimated to be 119.7%
as compared to 101.9% when the assumption is kept. From the foregoing, therefore, the further
into the future the needs-based projection is made, the more sensitive the results become to the
assumption of applying an instantaneous rate of change in the health status of the population.
Support activities adjustment factor: Using available data from previous work in Ghana [56], it
was estimated in the applied example that two support activities of midwives together consume
about 17.5% of their available working time. Similarly, the obstetrician/gynaecologist spends
about 6 h per week on clinical meetings and capacity building seminars which represents 15% of
the available working time. These translate into support activities adjustment of 21.2% and 17.6%
of the needs-based requirements for midwives and obstetrician/gynaecologist, respectively (see
Table 5).
Table 5: Exploring the effect of incorporating support activities in the needs-based
estimation
No

Health
Professional

Intervention

Measurement

Support
Allowance
Standard
(SAS)

Support
Allowance
Factor
(SAAF)

% Adjustment
Required to Cater for
Support Activities

1.

Midwife

Handing over

1 h per day

12.5%

1.212

21.2%

Clinical/unit meetings

2 h per week

5.0%

Clinical/unit meetings

6 h per week

15.0%

1.212

17.6%

2.

Obstetrician/Gyn
aecologist

Exploring the impact of practice variations and standard workloads: The WISN activity
standards in Ghana which was adopted for the applied example had a different set of standard
times for accomplishing similar tasks between midwives in primary care health facilities (district
hospitals, polyclinics, health centres and CHPS) and secondary/tertiary health facilities. These
differences stem from variations in clinical protocols between primary care and tertiary health
facilities; and differences in available technology and resources. In the base analysis, the activity
standards in the primary care facilities were used since that represents more than 95% of health
facilities in Ghana [57]. We explored the potential impact on the model output if the tertiary health
facilities' standard time (activity standards) were used. As illustrated in Figure 4, the results show
that the effect of using the tertiary facilities’ standard time is about 20.3% increase in the needsbased requirements for midwives but weans marginally to 19.3% by 2030. Under this scenario,
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there was a needs-based shortage of midwives of 7875 (compared to 4532 in the base case) in
2020. Under this alternative analysis, the staff availability ratio for midwives will be 60.2% in
2020 (versus 72.5% in the base estimation) and 85.4% in 2030 (compared with 101.9% in the base
estimation). As shown in previous needs-based models, this finding tends to validate the
suggestion that needs-based analysis is highly sensitive to the measures of productivity chosen
[25,58], the setting and that of practice variations [27] as well as changing health technology are
essential factors to consider in long-term health workforce planning.
Needs-based Requirement and Anticipated Supply for Midwife, 2020-2030
30,000

25,000

Number of Health Professionals

20,000

15,000

10,000

5,000

2020

2021

2022
Anticipated Supply

2023

2024
Needs-based requirement

2025

2026

2027

2028

2029

2030

Needs-based requirement (adjusting for practice variation)

Figure 4: Exploring the effect of variations in activity standards on the needs-based
requirements for midwives
Notes: Figure 4 illustrates the impact of practice variation on the projected trend of the needsbased requirement of midwives (yellow line) as compared to the original trend (green line) and the
anticipated trend of supply (blue line).
3.6

DISCUSSION

The needs-based framework for health workforce planning has been developed and tested by
pioneering scholars for the last two decades and continues to evolve [25–27,29–31,35,59,60].
Recent advances in the methodology [27,29] have improved its clarity and appeal. Nonetheless,
previous long-range projections (dynamic models) made an implicit assumption of monotonously
applying baseline levels of health (health status) to future population demographics. Also, previous
models did not take into account the support activities undertaken by health workers which are not
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direct patient care activities but are imperative to facilitate direct patient care. The present model
adapted mathematical equations that have been tested over the last two decades for needs-based
modelling by incorporating assumptions that were not explicit in previous works to address the
aforementioned gaps. In addition, different from previous ones, a measure of productivity was
incorporated using the concept of standard workload, which can be directly elicited from health
professionals based on the average time they spend in delivering various health service activities.
Thus, the model presented in this paper represents a critical and much-needed improvement in the
empirical framework for the application of the needs-based approach. The World Health
Organisation has provided a wealth of description and guidance on the conditions necessary, and
how to apply the different HWF modelling approaches [19,24]. However, to the best of our
knowledge, there are no dynamic open-access, ready-to-use tools for health planners and human
resource practitioners to easily apply the needs-based framework in real-life health workforce
planning, especially in the context of low-and-middle-income countries, where the analytical
capacity to develop sophisticated models locally is often limited. To bridge this gap and facilitate
policy-driven uptake of the needs-based approach to health workforce planning, an easy-to-use,
open-access simulation tool developed in Microsoft® Excel has been made available as
Supplementary Material 1.
One fundamental difference between the present model and previous ones is the explicit
assumption in the present model that the level of health of the population will likely change, based
on previous trends. To account for this assumption, we incorporated an instantaneous rate of
change in the population's need for health services. Murphy et al. [17] lamented that the needsbased models reviewed failed to take this into account, which represented a significant limitation.
Our applied simulation shows that the impact of this assumption on the outcome of needs-based
projection is more pronounced, and further into the future, the projection is extended. For example,
when this assumption was relaxed in our applied example, and a fixed level of health was applied
throughout the horizon of the projection (as used in previous models), the needs-based
requirements for midwives decreased by up to 17.4%, and that of obstetricians/gynaecologists
decreased by up to 23% over the ten years. However, in the base year, the difference was only
3.5% for midwives and 8.8% for obstetricians/gynaecologists. Therefore, not explicitly
incorporating the assumption in the empirical framework could result in a substantial
underestimation of the actual need for health professionals if longer-term planning is desired. For
a one-time point (or static) analysis, the underestimation seems to be minimal and could be within
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reasonable planning limits, but for dynamic or longer-term analysis, it becomes imperative to take
this assumption into account.
Also, the support activities undertaken by health workers were previously not being considered in
the estimated needs-based requirements in the earlier models. Instead, some models defined a
clinical focus term in the supply side of the analysis to adjust the anticipated supply to take into
consideration only the proportion of time health professionals spent on direct clinical activities. It
is our considered view that the support activities of health professionals are not a supply-side issue,
for which reason it ought to be accounted for in the needs-based requirements to enable planning
for the numbers needed to cover such support activities. For example, our applied simulation
shows

that

21%

of

the

estimated

requirement

for

midwives,

and

18%

for

obstetrician/gynaecologist were needed to cover support activities. Incorporating these
assumptions in the needs-based estimates is necessary to inform planning for health professions'
education and employment to cover for both direct patient/person care and the support activities
that catalyse direct care.
To roughly gauge the validity of the model output, we compared the results of the applied example
with previous health workforce projections in Ghana [61,62]. Based on health facilities and
staffing norms approach [61], it was estimated that Ghana needed 13,554 midwives by 2020 and
18,832 by 2025. Compared to the current estimate of 16,462 midwives needed in 2020 and 19,409
in 2025, the current model estimated 21.45% higher needs in 2020, but the two estimates converge
towards 2025 with a variance of only 3.06%. Thus, despite the conceptual differences between the
staffing norms and the needs-based approach, the medium-to-longer-term estimates seem to draw
a similar conclusion from both approaches in this case of the midwives in Ghana. Furthermore, an
administrative analysis of the Ghana Health Service suggested that the production of midwives is
at the brink of exceeding the demand [62], whose direction of evidence tends to corroborate with
our applied simulation for midwives.
Regarding the scenario for obstetrician/gynaecologists, the applied simulation did not consider
other women's health issues typically handled in the context of gynaecology, but focused on
obstetrics which relates to maternal and new-born care. Thus, the estimates in the applied
simulation

are

by

no

means

the

comprehensive

needs-based

requirements

for

obstetrician/gynaecologists. Nevertheless, it was previously estimated that Ghana required 750
obstetricians/gynaecologists in 2020 (compared with 723 in the current estimation) and 1044 by
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2025 (compared with 854 in the current estimation). Thus, the current estimation is about 3.6%
lower in 2020 and 18.2% lower by 2025.
The wage bill in Ghana is centrally managed within the overall personnel emoluments budget of
the Ministry of Health. Hence, there is no separate health workforce budget for maternal and newborn health. This made it unfeasible to compare the estimated wage bill cost of the needs-based
requirements and supply with the available budget that is specific for these categories of health
professionals. As part of the application of this model, a comprehensive needs-based health
workforce analysis is being undertaken in the context of primary health care in Ghana.
3.7

LIMITATIONS

The well-acknowledged limitation of the needs-based workforce planning approach is its relatively
intense data requirements [21,29] and lack of end-user tools [32], especially for settings where
there is limited analytic capability. The present model partly addresses the latter but also requires
extensive data on population size, demographic characteristics, the range of disease burden, health
workforce absences and service delivery standards as well as data on the existing stock of health
professionals, attrition rates, annual enrolments, pass rates and labour participation rates. Some of
these data needs may not be routinely available in many low- and middle-income countries.
However, as repeatedly put forward by Tomblin Murphy, Birch and colleagues [17,29,63], an
imprecise estimation of health workforce requirements, based on appropriate conceptual
underpinnings with the view of progressive improvement in the data adequacy and quality, is more
useful than using conceptually invalid models. Cometto and colleagues [64] admonish that health
workforce planning is an inexact science; hence the potential impact of data imprecision and
uncertainty should always be taken into account. The present simulation model provides an
opportunity to explore the impact of data uncertainty on the model needs-based estimates in the
form of best and worst cases scenarios. With many countries striving to improve their health
workforce data availability and quality through the implementation of the national health
workforce account [38,65], the use of needs-based models could become less burdensome and
easy to use than first thought.
Also, HWF requirements and supply may not always follow a linear process as (implicitly) implied
in the mathematical equations, since needs depend on disease patterns, health-seeking behaviour
of individuals, technological changes/evolution etc., which tend to be non-linear in character.
Similarly, the supply side tends to respond to market-related forces, e.g., incentives, levels of pay,
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working conditions etc., and may not always follow a linear process. Hence, long-range projection
with the model should be followed with intermittent revisions based on emerging information and
data. In addition, uncertainties such as health emergencies as in the case of COVID-19 pandemic
are extremely difficult to be foreseen in models like this. However, as demonstrated by Murphy et
al. [33], needs-based models could be adapted for planning in times of health system disruption or
emergencies.
Moreover, in the current simulation model, data on indicators for the populations’ health status are
required for at least two different time points to enable a calculation of their instantaneous rate of
change to operationalise the assumption that the populations’ health needs will be changing in the
future based on past trends. This requires the use of consistent sources of data that measure the
same indicators periodically, which may become a limitation where such data sources do not exist.
In such circumstances, using targets set by local policymakers can be a viable option. Finally, the
simulation model is designed on the back of some functions of Microsoft® Excel that were released
in October 2020. Hence, those with lower versions may experience compatibility issues.
3.8

CONCLUSIONS

The paper builds on the decades of conceptual and empirical work by needs-based pioneering
scholars to further advance the needs-based framework for health workforce planning by
considering the changing patterns of the population’s level of health (or health status) and support
activities performed by health professionals. An open-access simulation tool in Microsoft® Excel
has been included with the view of facilitating the use of the needs-based approach for health
workforce planning. A real-life example using maternal and new-born care in Ghana is included
to demonstrate the value and how the model works. A sensitivity analysis based on the applied
example demonstrated that without explicitly incorporating the assumption of a changing future
population health status (and need) in the empirical framework could have resulted in a substantial
underestimation of the actual need for health professionals in the longer term by up to 17.4% for
midwives and 23% for obstetrician/gynaecologists. Also, the simulation results were sensitive to
practice variations between primary care facilities and tertiary health facilities by up to 20.3% for
midwives. When support activities were considered, the need for midwives and
obstetrician/gynaecologists was 21% and 18% respectively higher than if the support activities
were not taken into consideration.
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Supplementary material 2: Additional formulae
1. ATTRITION
The attrition, a of health professionals of category n, in the analytical model (in equation 1) is
defined as:

… supp. equation 1
Where:
•

d is the number of deaths in health professional of category n in time t-1

•

r is the number of retirements amongst health worker type n in time t-1

•

i is the number of health professionals of category n that permanently went out of the labour
market due to ill-health in time t-1

•

e is the number of out-migration from the jurisdiction amongst health worker category n in
time t-1

2. HWF INFLOWS
The inflows, I for a health professional of category n, in the analytical model (in equation 1) is
also defined as:
… supp. equation 2

Where:
•

In is the inflows of health professionals of category n

•

En is the number of enrolments in the health professions education institutions for health
professionals of category n.
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•

Un is the program dropout rate (proportion of a year’s cohort that does not complete the course
of training).

•

Imn is the number of health professionals of category n that migrates into the jurisdiction per
year.

•

prn is the pass rate of trained health professionals of category n from the licensing examination.

3. RATE OF CHANGE IN LEVEL OF HEALTH
We adopted the standard formulae for instantaneous rate of change [36] which is mathematically
expressed as follows:
!! =

"[$% ((")! )]
,

… supp. equation 3

Where:
•

Ln is the natural log

•

Ph is the proportional change of health status h over the duration between two timepoint d.

•

d is the duration in years within which the proportional change in health status h occurred. `

4. AVAILABLE WORKING TIME
… supp. equation 4
•

AWTn is the total available working time in a year for a health professional of category n

•

A is the number of possible working days in a year

•

B is the number of public holidays in a year

•

C is the number of annual leave days in a year

•

D is the number to sick leave days entitled by the health professional in a year
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•

E is the number of days off due to other leave, such as training in a year.

•

F is the number of working hours in one day.
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4.1

ABSTRACT

The attainment of health system goals is largely hinged on the health workforce availability and
performance; hence, health workforce planning is central to the health policy agenda. This study
sought to estimate health service activity standards and standard workloads at the primary health
care level in Ghana and explore any differences across health facility types. A nationally
representative cross-sectional survey was conducted amongst 503 health professionals across eight
health professions who provided estimates of health service activity standards in Ghana’s PHC
settings. Outpatient consultation time was 16 min, translating into an annual standard workload of
6030 consultations per year for General Practitioners. Routine nursing care activities take an
average of 40 min (95% CI: 38–42 min) for low acuity patients; and 135 min (95% CI: 127–144
min) for high dependency patients per inpatient day. Availability of tools/equipment correlated
with reduced time on clinical procedure. Physician Assistants in health centres spend more time
with patients than in district hospitals. Midwives spend 78 min more during vaginal delivery in
health centres/polyclinics than in district/primary hospital settings. We identified 18.9% (12 out
of 67) of health service activities performed across eight health professional groups to differ
between health centres/polyclinics and district/primary hospitals settings. The workload in the
health facilities was rated 78.2%, but as the workload increased, and without a commensurate
increase in staffing, health professionals reduced the time spent on individual patient care, which
could have consequences for the quality of care and patient safety. Availability of tools and
equipment at PHC was rated 56.6%, which suggests the need to retool these health facilities. The
estimated standard workloads lay a foundation for evidence-based planning for the optimal number
of health professionals needed in Ghana’s PHC system and the consequent adjustments necessary
in both health professions education and the budgetary allocation for their employment. Finally,
given the similarity in results with Workload Indicators of Staffing Need (WISN) methodology
used in Ghana, this study demonstrates that cross-sectional surveys can estimate health service
activity standards that are suitable for health workforce planning just as the consensus-based
estimates advocated in WISN.

Keywords: health service standards; standard workload; activity standards; primary health care;
health workforce planning; human resources for health; workload indicators of staffing need
(WISN)
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4.2

INTRODUCTION

The extent of health service coverage and its quality anywhere is primarily hinged on the health
workforce’s availability and quality [1,2]. Therefore, as countries continue to push for Universal
Health Coverage (UHC) and the Sustainable Development Goals (SDGs), planning for the health
workforce has become a central part of the health policy agenda. One component of the health
workforce planning process involves determining the optimal number and mix of health workers
required to serve a given population. Three broad approaches, population ratios, service
demand/utilisation-based, and population needs-based approaches, have been used in planning the
health workforce. Underlying each of these approaches is an explicit (as in needs-based and
utilisation-based approaches) or implicit (as in population ratios) assumption about some measures
of health worker productivity [3,4]. The Workload Indicators of Staffing Needs (WISN) tool,
which is part of the service demand/utilisation-based approaches, is developed by the World
Health Organisation (WHO) and is widely used [5–7]. In the WISN manual, WHO defined
standard workload as the amount of work of a particular service delivery activity that one health
professional who is well trained and reasonably motivated could perform in a year if the health
professional dedicated all his/her working time to delivering that service [5–7]. This depends on
how much time a health professional has available in a year, and the professional standard time
required to deliver one unit of his/her health service tasks (see equations 2 and 3). In the WISN
methodology, staffing requirements to cover a health service activity are derived by dividing the
observed workload (or count of service utilisation) for that activity by its standard workload [8–
10]. Similarly, in the population needs-based methodology for health workforce requirements,
estimates of anticipated workload (based on population size, demographics, health status
indicators and planned or otherwise required type of services) are divided by the health worker
productivity standard to derive the staffing requirement. Thus, both the service demand/utilisationbased approach and the needs-based approach have a similarity in the denominator; they use some
measure of productivity or standard workload but only differ in whether anticipated workload
(needs) or observed workload levels (service utilisation) should be used as the numerator.
Additionally, there is an emerging approach in predicting health professionals’ workload using
health expenditure and budgets [11]. With the standard workloads for health professionals
established, it would also be feasible to estimate the required health professionals using the
predicted workloads from this emerging approach.
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Proponents of the needs-based approach have not had consensus on the best proxy measure of
health worker productivity; hence different measures have been used in previous estimates, mostly
with validity concerns [12–14]. Asamani et al. [15] have argued that the concept of standard
workload used in the WISN methodology appears to be a reasonably valid measure of a
productivity standard that could be applied in a needs-based framework for health workforce
planning. This will also allow for a concurrent application and comparability of results between
the two approaches since the only divergent variable will be the measure of workload (i.e.,
observed workload versus predicted/anticipated workload).
Although all WISN studies have inherently elicited service (activity) standards and determined the
standard workloads, most papers have focused on reporting the staffing estimates and gaps, which
tend to be the WISN study outcome of policy interest. Thus, it has become necessary to
systematically elicit and document the service standards and standard workloads of various health
workers, which becomes an important reference standard for health workforce planning and
management.
Ghana operates a multi-tier gatekeeper health system where community-based health planning and
service (CHPS) compounds/zones serve as the first contact of the health system. CHPS are mainly
manned by nurses who live within the communities to serve a population of 5000 or 750
households in sparsely populated areas [16]. At this level, the main services provided are
preventive, treatment of minor illnesses and maternal care, including deliveries where there is a
midwife available. The next level of the health system is health centres that serve as the first
referral level health facility at the sub-district level for populations up to 200,000 but can be
enhanced in urban areas to serve larger populations, in which case they are designated as
polyclinics [17]. At these levels, a wide range of services are provided on an outpatient basis and
with facilities for short-term admission for observation (not more than 24–48 h). Most health
centres are headed by physician assistants, while polyclinics usually have a medical officer
(general practitioner). District (primary) hospitals are established in administrative district capitals
or for populations between 100,000 and 200,000, where they provide a range of outpatient and
inpatient services. Administrative regions have regional hospitals that are equipped with specialist
facilities for the secondary level of care. However, in large regions and metropolis, secondary
hospitals may be designated for populations of at least 1.2 million. At the health system’s apex are
tertiary hospitals (usually teaching hospitals affiliated with universities) that provide superspecialised health services and have a mandate for teaching and cutting-edge research [17].
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Over the years, Ghana’s health workforce situation dramatically improved from 1.07 doctors,
nurses, and midwives per 1000 population in 2005 to 2.56 per 1000 population in 2018 [18], and
with a capacity to produce more than 25,000 health professionals of various categories per year.
However, various reports have shown that Ghana’s health workforce situation is still sub-optimal
and plagued with inequitable geographical distribution, sub-optimal productivity, and
inefficiencies [19,20]. Determining the optimal need for health professionals and using the same
to plan health service delivery, the production, recruitment, and distribution of health professionals
has been a delicate issue with vested interests recently [21,22].
Ghana completed a WISN study in 2018 in which the activity standards were elicited using an
open-ended questionnaire in which conveniently selected health professionals across health
facilities provided information on their main activities and the corresponding time for
accomplishing each of them [23]. Aimed to achieve a technical consensus, an initial group of
health professionals provided a list of health service activities they perform, and the corresponding
time spent on each patient. These were then collected and sent to the next health facility, where
the completed tool was given to another batch of health professionals (in the same category) to
indicate if they agreed with the previous batch of health professionals’ proposal. The process
continued until a near consensus was achieved where no new issues were raised by the subsequent
batches of health professionals [24]. Although some of the established standards were crossvalidated with time-motion observations, the approach arguably inhibited divergent views in the
setting of standards. With the consensus-based approach adopted then, it was not possible to
measure the level of uncertainty or practice variations that may be inherent across rural and urban
areas, and the different types of health facilities. To address this concern, we undertook a crosssectional study to elicit the activity standards of eight categories of health professionals at primary
health care settings in Ghana. This study was, therefore, aimed at (a) systematically estimating
service standards (the mean estimates of time spent on health service activities) alongside the level
of uncertainties or practice variation (at 95% confidence interval); (b) the resulting standard
workload per year and examined any differences across health facility types and other
characteristics; and (c) explore the relationship between health service activity standards, and
workload levels and availability of tools/equipment.
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4.3
4.3.1

METHODS
Study Design

A cross-sectional survey design was adopted for this study to obtain information on the prevailing
practice of health professionals under the given circumstances of their health facilities.
4.3.2

Population

The target population in this study included health professionals (general practitioners, nurses,
midwives, physician assistants, biomedical scientists, pharmacists, pharmacy technicians and
nutritionists/dieticians) working in Primary Health Care (PHC) settings (primary hospitals, health
centres and CHPS compounds/zones) in Ghana.
The inclusion criteria were full-time health professionals of the GHS with the requisite practicing
license from the relevant professional regulatory council who were working in either a
primary/district hospital, or a health centre/polyclinic or a CHPS zone/compound and with a
minimum of one-year post-qualification working experience in their duty post at the time of the
study. Professionals with less than one year post-qualification working experience were assumed
to be less proficient in the performance of key tasks [25] and could bias the standard time
estimation if they were included. Health professionals who were on internship or relief duty (not
their permanent post) were excluded, same for health professionals who were performing
managerial or other duties different from their core professional training for more than 50% of
their time.
4.3.3

Sample Size and Sampling Technique

4.3.3.1 Sample Size
Available data from the GHS [26] showed that in April 2020, the three (3) sampled regions had
about 58,984 of the health professionals of interest in this study (general practitioners, nurses,
midwives, physician assistants, biomedical scientists, pharmacists, and nutritionists/dieticians)
working at the PHC level. Using this total number as the accessible population and an alpha level
of 0.05, the minimum sample size was estimated to be 397 using the simplified Yamane’s sample
size formula [27]. To account for anticipated non-response, an assumed rate of 15% was added
based on previous experiences with surveys involving health professionals in Ghana [28]. The
adjusted sample size was a minimum of 456 health professionals to have sufficient representation
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of each health professional category to allow for inference [29]. An all-inclusive sample was used
for the health professional categories with a total staff of thirty (30) or less in any of the three
regions. Thus, the overall nationally representative sample was estimated to be at least 612 health
professionals across the three (3) regions.
Box 1. Sample size determination.
$=

%
& + %())-

(1)

where: n = required sample size
N= Accessible population
e = alpha level or significance level
Thus,
./0/1

+ = (2./0/1(3.3.)" ≈ 397
Adjusted sample size = 612
Source: Yamane (1967) [27].
4.3.3.2 Sampling Technique
A multistage stratified sampling approach was used to recruit a nationally representative sample
[30]. First, the sixteen (16) regions of Ghana were geographically divided into three (3) main
clusters: southern, middle, and northern zones. One region from each of these clusters was
randomly selected through balloting in which the Greater Accra region in the southern zone, Bono
East region in the middle zone, and Upper East region in the northern zone were selected for the
study.
Each geographical stratum (represented by the regions) was allocated a sample proportional to its
share of the national stock of the respective occupational groups of health professionals of interest
(see Table 1). Similarly, in each stratum (region), the allocated sample was further proportionally
allocated to the health facility types (primary/district hospital, health centre and CHPS zone). The
health facilities were then randomly selected using Microsoft® Excel random numbers. In each
health facility, the proportionally allocated sample size was further divided proportionally for the
various health professional categories of interest in that health facility. For the health professionals,
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a simple random sampling using Microsoft® Excel was used to select those to contact from the
facility’s staff list (nominal roll). Whenever a health professional who has been randomly selected
was contacted and he/she declined to participate in the study, others of similar health professional
category in the facility (if available) were randomly sampled as a replacement until the required
sample from that facility was exhausted.
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Table 1: Sample size and sample allocation
Category of Staff

Greater Accra Region
PH
HC/
CHPS
PolyC
24
12
0

Regional
Sample
36

Bono East Region
PH
HC/
PolyC
9
1

0

Regional
Sample
10

Upper East Region
PH
HC/
CHPS
PolyC
14
1
0

Regional
Sample
15

Professional nurses

30

29

1

60

7

3

10

20

13

12

4

29

109

Enrolled nurses

20

31

3

54

5

9

4

18

10

14

9

33

105

Community health nurses

9

26

18

53

10

6

8

24

1

11

20

32

109

Midwives

15

23

1

39

2

3

1

6

4

5

4

13

58

Pharmacists and pharmacy

15

6

0

21

5

1

0

6

7

1

0

8

35

Dieticians and Nutritionists

10

11

0

21

1

0

0

1

0

1

0

1

23

Physician assistants

2

4

1

7

15

20

1

36

14

1

7

22

65

Laboratory scientists and

20

5

0

25

4

2

0

6

16

0

0

16

47

92

127

25

316

54

44

25

127

63

46

44

169

612

Medical officers (general

CHPS

Overall
Sample
61

practitioners)

technicians

technicians
Total

PH = Primary hospital; HC = Health centre; PolyC = Polyclinic; CHPS = Community-Based Health Planning and Services.
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4.3.4

Recruitment of Participants

Following ethical approval from the ethics review committees, permission was sought from the
Director-General of GHS, which was granted, and an introductory letter was written from the
office of the Director-General to the respective Regional Directors of Health Services (RDHS) to
allow the study to proceed and serve as regional gatekeepers. The RDHS, in turn, informed the
selected health facilities of the study to grant access to the participants.
In each hospital, the facility quality assurance or research coordinator served as mediators to
facilitate the identification and access to potential participants. A research information sheet was
handed out to prospective participants individually at their various units or wards by the research
coordinator or the facility’s quality assurance coordinator. However, in health centres and CHPS
compounds, the staff are usually very few and with no quality assurance or research coordinators.
In these settings, the researchers approached the team leader in the facility to identify one of the
staff who was not within the study’s inclusion criteria and had no power relationship with the other
staff to serve as a mediator. The mediator supported the researchers to contact the rest of the staff
to hand out the information sheet. Health professionals who met the inclusion criteria and
voluntarily agreed to participate in the study were given a voluntary consent form to carefully
study, ask the necessary questions and sign if they were willing to take part in the study.
Upon signing informed consent, willing participants were given the questionnaire and guided as
needed to complete it via Data Analytics®, an online data collection platform with end-to-end
encryption widely used for survey data collection. The geographical coordinates of the location
where the participant completed the data collection tool were automatically recorded and linked
to the data to enable audit. The data collection was conducted from 21 September 2020 to 21
December 2020.
4.3.5

Data Collection Tool

The data collection tool was adapted from the job components tool used for data collection in the
Workload Indicators of Staffing Needs (WISN) study in Ghana [31,32]. The tool collected
background information on the health facilities in which the health professionals work and that of
the health professionals themselves, and the average time it takes health professionals to perform
their main health service delivery activities. As the data collection tool was intended to measure
the amount of time health workers spend in undertaking different health service delivery tasks, the
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data collection tool was designed to reflect the job description of the various health professionals
and was scrutinised by peers and subject matter experts (SME) in the health professions whose
feedback was used to make adjustments to address the objectives of the study better and ensure
content validity.
4.3.6

Ethical Considerations

The study was reviewed and approved by the North-West University’s Health Research Ethics
Committee (NWU-00416-20-A1) and the GHS Ethics Review Committee (GHS-ER17/07/20)
before the commencement of the study. Following ethical approval from both institutions,
permission and introductory letters were obtained from the Director-General of GHS to the
Regional Directors of Health Services (RDHS) and heads of health facilities to access participants.
Participation was entirely voluntary, and the informed consent was obtained by an independent
person who had no power relation with the participants. No individual information of health
professionals or the facility they work in has been reported; instead, aggregate data is analysed and
reported.
4.3.7

Data Processing and Analysis

The raw data was downloaded from the online Survey Analytics® Software to Microsoft Excel®
for cleaning, after which it was imported into SPSS® version 26 for analysis. Descriptive analysis
with estimates of uncertainty was undertaken mainly to estimate the average time taken by various
health professionals to perform their service delivery activities and the 95% confidence interval
around the point estimates. Inferential analysis in the form of an independent t-test [29,33] was
conducted to examine if there were significant differences between district/primary hospitals’
activity standards and those of the health centres/polyclinics. Pearson’s correlation analysis
[29,33] was also conducted to examine any association between self-reported workload levels and
the estimated activity standards. The independent variables were measured at interval level using
a scale of 0-5 while the dependent variable was measured at ratio level (unit of time in minutes).
4.3.8

Computing Standard Workload from Service Standards and Available Working
Time

As defined in the WISN manual [7], the standard workload is a function of two components: (a)
the Service Standard (SS) for the activity to be performed, which is defined as the average time
that it will take a well-trained and motivated health professional to complete the health service
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activity to acceptable professional standards within the context of the jurisdiction and (b) the
Available Working Time (AWT)—the time a health worker has available in one year to do his/her
work, taking into account all absences (Equation (2)).
AWT = A − (B + C + D + E + F)

(2)

where:
•

AWT is the total available working time

•

A is the number of days in a year = 365

•

B is the number of days off for public holidays in a year

•

C is the number of days off for annual leave in a year

•

D is the number of days off due to sick leave in a year

•

E is the number of days off due to other leave, such as training, etc., in a year.

•

F is the number of weekend days or off-duty days
!"!,# =

$"%!
!!#,!

(3)

where:
•

SWn,y is the standard workload for health professional category n when performing health
service activity y.

•

AWTn is the available working time of the health professional category n.

•

SSy,n is the Service Standard or the time it takes a well-trained health professional of type n to
deliver the service activity, y.
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4.4

FINDINGS

4.4.1

Demographic Characteristics of the Participants and Health Facilities in Which
They Work

A total of 503 valid questionnaires were received from participants out of the estimated sample
size of 612, representing a response rate of 82.2%. The participants’ ages ranged from 20–60 years,
with an average of 33 years (±7.02 years). The majority of the health professionals (n = 267, 53%)
were between the ages of 30–39 years, followed by those in the 20–29 years’ age group (n = 166,
33%). About 86% of the health professionals were below 40 years which signifies the youthful
nature of the health professionals. Only 4.2% (n = 21) were 50 years or older (Table 2).
Table 2: Age and gender distribution of health professionals
Age Bracket

Frequency

Percentage

20–29 Years

166

33.0%

30–39 Years

267

53.1%

40–49 years

49

9.7%

50–59 Years

20

4.0%

60 Years or more

1

0.2%

Total

503

100.0%

Male

185

36.8%

Female

318

63.2%

Total

503

100.0%

Gender

Most participants were clinical nurses—Registered General Nurses and Enrolled Nurses (n = 219,
43.5%) followed by Community Health Nurses (n = 65, 12.9%) and Laboratory
Scientist/Technicians (n = 56, 11.1%) while Nutritionist/Dietician were the least (n = 6, 1.2%).
Almost one (1) in three (3) of the health professionals (n = 158, 31.4%) had post-secondary school
certificate qualification in their respective professions, a similar proportion (n = 158, 31.4%) had
either a university degree or post-graduate qualification. About 26% (n = 133) had diploma
qualifications and nearly 5% (n = 24) indicated having other qualifications which included
fellowship with medical colleges, higher national diplomas, and doctorate degrees.
The health professionals had diverse working experience ranging from one (1) to forty-four (44)
years, with the average being about 7 years (mean = 6.8 years, SD = 3.41 years). Additionally, at
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the time of the study, the health professionals, on average, had been working in their health
facilities for nearly 4 years (mean = 3.6 years, 95% CI: 3.4–4.0 years (Table 3).
Table 3: The professional background of participants
Variable
Type of Health Professional

Dimension

Frequency

General Practitioner (Generalist Doctor)

30

6.0%

Physician Assistant

47

9.3%

Midwife

47

9.3%

Clinical Nurse (General Nurse/Enrolled Nurse)

219

43.5%

Preventive Nurse (Community Health Nurse)

65

12.9%

Nutritionist/ Dietician

6

1.2%

Laboratory Scientist/Technician

56

11.1%

Pharmacist/Pharmacy Technician

33

6.6%

503

100.0%

Certificate

158

31.4%

Diploma

133

26.4%

Post-Basic (Advanced) Diploma

30

6.0%

First Degree

132

26.2%

Masters/post-graduate specialisation

26

5.2%

Other

24

4.8%

503

100.0%

Total
Highest qualification of the
Health Professional

Total
Variable

Percent

Min.

Max.

Mean
(Years)

Std.
Error

SD

95% CI
Lower

Upper

Years of experience in the
profession

1.0

44.0

6.8

0.29

6.57

6.3

7.4

Years of experience in the
current health facility

1.0

23.0

3.7

0.15

3.41

3.4

4.0

Consistent with the distribution of the health workers in the country, most of the participants were
from the Greater Accra region (n = 235, 46.7%), followed by the Upper East region (n = 170,
33.8%) and the rest from Bono East region (n = 98, 19.5%). Additionally, more than half were
based in primary/district hospitals (which are usually in the urban parts of the districts), whereas
the health centres/polyclinics and CHPS had 37% (n = 186) and 10.1% (n = 51), respectively. The
vast majority (61.2%, n = 308) considered the location of their health facilities to be urban areas,
while 38.7% thought they were either working in a rural (12.3%) or semi-urban (26.4%) area.

136

4.4.2

Estimated Health Service Activity Standards

We summarised the average time spent by the different health professionals on their respective
health service activities and reported the level of uncertainty in the estimated time using standard
deviation, standard errors, and the 95% confidence interval (CI) around the mean. The activity
standards are presented in more detail in Table 4.
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Table 4: Health service activity standards estimated by health professionals in primary health care settings.
Category of Health
Professional
General Practitioner (Generalist
Doctor)

Physician Assistant (Medical)

Descriptive Statistics

Unit of
Measurement

Service Standard
Time (Mean)

Std. Error of
the Mean

Std. Deviation

95% Confidence Interval

Lower

Upper

Assessment, diagnosis and treatment of
a new out-patient case

Minutes per patient

16

1.63

8.75

13

19

Review of a follow-up out-patient case
(old cases)

Minutes per patient
per visit

9

0.93

5.00

7

11

Review of inpatient per patient day
(daily ward rounds)

Minutes per patient
per inpatient day

15

1.55

8.19

12

18

Referral of a patient

Minutes per patient

14

1.84

9.58

10

17

Minor surgical procedures (e.g., suturing
lacerations, incision and drainage)

Minutes per case

19

1.74

9.02

16

23

Major surgical procedures

Minutes per case

64

10.13

49.61

44

84

Patient education and counselling

Minutes per patient

14

1.54

8.29

11

17

Interventions for minor (simple) medical
emergencies

Minutes per case

12

1.37

7.23

10

15

Interventions for moderate-to-severe
medical emergencies

Minutes per case

25

3.17

17.09

19

31

Interventions for critically ill medical
emergencies

Minutes per case

35

3.74

19.81

28

42

Clinical meetings

Hours per week

3

0.31

1.59

2

3

Assessment, diagnosis and treatment of
a new out-patient case

Minutes per patient

16

1.28

8.59

13

18

Review of a follow-up out-patient case
(old cases)

Minutes per patient
per visit

10

0.83

5.59

8

11

Review of inpatient per patient day
(daily ward rounds)

Minutes per patient
per inpatient day

14

1.27

7.39

12

16

Referral of a patient

Minutes per patient

13

1.15

7.72

10

15
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Category of Health
Professional

Midwife

Descriptive Statistics

Unit of
Measurement

Service Standard
Time (Mean)

Std. Error of
the Mean

Std. Deviation

95% Confidence Interval

Lower

Upper

Minor surgical procedures (e.g., suturing
lacerations, incision and drainage)

Minutes per case

25

1.48

9.94

22

28

Patient education and counselling

Minutes per patient

11

0.99

6.64

9

12

Interventions for minor (simple) medical
emergencies

Minutes per case

17

1.68

11.24

14

20

Interventions for moderate-to-severe
medical emergencies

Minutes per case

25

2.71

18.18

20

31

Interventions for critically ill medical
emergencies

Minutes per case

27

2.76

17.02

21

32

Clinical meetings

Hours per week

3

0.28

1.75

2

3

Antenatal care (ANC) consultation

Minutes per patient
per visit

22

2.03

13.63

18

26

Postnatal care (PNC) consultation

Minutes per patient
per visit

19

1.24

8.20

17

22

Family planning service (non-invasive
procedure)

Minutes per patient
per visit

16

2.31

12.67

12

21

Family planning service (invasive
procedure)

Minutes per patient
per visit

39

2.95

13.21

33

45

Prevention of Mother-To-Child (PMTC)
transmission of HIV during antenatal
care visit

Minutes per patient
per visit

17

1.30

8.52

14

19

Vaginal delivery

Minutes per patient

131

15.18

97.23

101

160

Inpatient care per patient day (routine
care for mother)

Minutes per patient
per inpatient day

30

2.83

16.51

24

36

Inpatient care per patient day (routine
care for new-born)

Minutes per patient
per inpatient day

30

3.29

18.62

24

36

Admission processes per patient

Minutes per patient

22

1.45

8.34

19

24

Discharge processes per patient

Minutes per patient

21

1.54

8.83

18

24

Preparing a patient for caesarean section

Minutes per case

32

3.23

14.06

26

38
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Category of Health
Professional

Clinical Nurse (Registered
General Nurse & Enrolled Nurse)

Descriptive Statistics

Unit of
Measurement

Service Standard
Time (Mean)

Std. Error of
the Mean

Std. Deviation

95% Confidence Interval

Lower

Upper

Patient education and counselling

Minutes per patient

23

1.00

6.45

21

25

In-patient management of complications
of pregnancy

Minutes per patient
per inpatient day

44

2.24

12.86

40

49

Daily report writing

Minutes per day

40

3.47

21.42

33

46

Monthly reports

Hours per month

7

0.99

6.57

5

9

Taking-over and handing-over

Minutes per day

31

2.94

17.42

25

36

Clinical meetings

Hours per week

3

0.36

2.10

2

4

Out-patient care (triaging, vital signs and
history taking)

Minutes per patient
per visit

10

0.26

3.85

9

10

Out-patient consultation (where
applicable)

Minutes per patient
per visit

13

0.53

5.24

12

14

Admission processes per patient

Minutes per patient

19

0.55

6.98

18

20

Discharge processes per patient

Minutes per patient

16

0.75

9.37

14

17

Pre-Operative preparation of patients

Minutes per case

26

1.50

16.65

23

28

Post-operative management which is
different from routine care

Minutes per case

42

2.11

23.35

38

46

Inpatient care per patient day (routine
care) for low dependent cases or mildly
ill patients

Minutes per patient
per inpatient day

40

1.06

14.82

38

42

Inpatient care per patient day (routine
care) for moderately dependent cases or
patients with severe illness

Minutes per patient
per inpatient day

43

1.54

21.29

40

46

Inpatient care per patient day (routine
care) for highly dependent cases or
critically ill patients

Minutes per patient
per inpatient day

135

4.27

55.64

127

144

Discharge patient education and
counselling

Minutes per patient

18

0.56

8.07

17

19
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Category of Health
Professional

Preventive Nurse (Community
Health Nurse)

Nutritionist and Dietician

Descriptive Statistics

Unit of
Measurement

Service Standard
Time (Mean)

Std. Error of
the Mean

Std. Deviation

95% Confidence Interval

Lower

Upper

Minor surgical procedures (suturing
lacerations, incision and drainage,
wound dressings)

Minutes per patient

27

1.20

16.74

24

29

Daily report writing

Minutes per day

32

1.98

25.32

29

36

Monthly reports

Hours per month

5

0.31

3.63

4

6

Taking-over and handing-over

Minutes per day

25

1.15

16.20

23

28

Clinical meetings

Hours per week

3

0.13

1.64

3

3

Family planning

Minutes per patient
per visit

14

1.18

8.93

12

17

Out-patient consultation to manage
minor ailments

Minutes per patient
per visit

12

1.16

6.54

10

14

Referral of patients

Minutes per patient

9

0.92

6.40

8

11

Patient education and counselling

Minutes per patient

14

1.37

10.82

11

17

Home visiting

Minutes per home
visit

23

1.49

11.92

20

26

School health

Minutes per patient

12

1.01

7.88

10

14

Immunisation

Minutes per patient

6

0.44

3.56

5

7

Growth monitoring

Minutes per patient

6

0.37

2.95

6

7

Monthly reports

Hours per month

4

0.28

2.15

4

5

Cold chain management

Minutes per day

17

1.47

11.20

14

19

Clinical meetings

Hours per week

2

0.10

0.66

2

2

Nutritional Status Assessment

Minutes per patient

13

4.60

11.26

4

22

Patient education and counselling

Minutes per patient

22

2.79

6.83

16

27

Referral of patients

Minutes per patient

8

2.18

4.88

3

12

Intervention including diet planning for
patients

Minutes per patient
per visit

27

7.84

17.54

12

42
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Category of Health
Professional

Laboratory Scientist and
Laboratory Technician

Pharmacist & Pharmacy
Technician

Descriptive Statistics

Unit of
Measurement

Service Standard
Time (Mean)

Std. Error of
the Mean

Std. Deviation

95% Confidence Interval

Lower

Upper

School health

Minutes per patient

20

5.77

10.00

9

31

Follow-ups/home visits

Minutes per patient

23

10.93

18.93

2

45

Monthly reports

Hours per month

47

28.01

68.62

−8

102

Clinical meetings

Hours per week

3

0.88

1.53

1

4

Sample taking and processing

Minutes per sample

9

0.67

4.75

8

11

Full blood count (using an automated
machine)

Minutes per sample

6

0.41

3.06

5

7

Rapid diagnostic tests (Malaria, HIV,
etc.)

Minutes per sample

17

0.53

3.89

16

18

Malaria test using microscopy

Minutes per sample

27

1.53

11.15

24

30

Urine routine examination

Minutes per sample

18

0.99

7.30

16

20

Stool Urine routine examination

Minutes per sample

23

1.83

13.41

20

27

Blood sugar test

Minutes per sample

14

1.39

10.30

11

16

Blood donor bleeding

Minutes per patient

31

1.24

8.59

29

34

Preparing blood for transfusion

Minutes per unit of
blood

35

1.34

9.06

32

37

Blood chemistry

Minutes per batch
of samples

17

0.65

4.33

16

18

Culture and sensitivity analysis

Minutes per sample

74

3.43

15.36

67

81

Report writing

Minutes per day

11

0.74

4.98

10

13

Blood donation campaign

Hours per month

6

0.84

4.26

5

8

Clinical meetings

Hours per week

3

0.77

4.70

2

5

Prescription auditing and dispensing for
out-patient cases

Minutes per patient
per visit

7

0.71

4.05

6

9

Prescription auditing and dispensing for
in-patient cases

Minutes per patient
per inpatient day

7

0.52

2.96

6

8
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Category of Health
Professional

Descriptive Statistics

Unit of
Measurement

Service Standard
Time (Mean)

Std. Error of
the Mean

Std. Deviation

95% Confidence Interval

Lower

Upper

Prescription refilling for chronic
conditions

Minutes per patient
per visit

7

1.04

5.50

5

9

Pharmaceutical interventions to correct
prescription errors

Minutes per case

7

0.73

4.12

6

9

Patient adherence counselling and
education

Minutes per patient

13

0.90

5.19

11

15

Report writing

Minutes per day

24

1.32

6.20

21

26

Reconstitution of powdered preparations

Hours per week

3

0.40

1.77

2

4

Clinical meetings

Hours per week

4

1.24

5.95

1

6

Management of stocks

Hours per week

7

1.05

5.74

5

9

Procurement activities

Hours per quarter

16

3.69

15.64

8

23

Quality Assurance (QA), Drug and
Therapeutics Committee (DTC)
activities

Hours per quarter

4

1.04

3.90

2

6
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4.4.2.1 General Practitioners (Generalist Doctors)
Across the primary health care (PHC) settings, General Practitioners spent an average of 16 min
(95% CI: 13–19 min) on the assessment, diagnosis and treatment of new patients in the outpatient
clinic but 9 min (95% CI: 8–11 min) for outpatients on follow-up visits. Reviewing patients who
are on admission (i.e., daily ward rounds) took an average of 15 min (95% CI: 12 −18 min), while
minor surgeries, including repair of lacerations, incisions and drainage, etc., took 19 min (95% CI:
16–23 min). Major surgeries within the PHC context, including caesarean section, laparotomy,
herniorrhaphy, etc., took an average of 64 min. However, given wide variations in these
procedures’ complexity, there was also considerable uncertainty in the estimated time spent.
Therefore, when the 95% confidence interval is considered, major surgeries at the PHC level could
be done within 44 min or take as long as 84 min.
4.4.2.2 Physician Assistants (Medical)
The direct patient care activities performed by Physician Assistants (PAs) at the PHC settings
closely mirrored those of the General Practitioners, except major surgeries, which they are, by law
and job description, not mandated to undertake. PAs spent an average of 16 min (95% CI: 13–18
min) on the consultation of new outpatient but an average of 10 min (95% CI: 8–11 min) for
follow-up/review of old outpatient cases. However, unlike the General Practitioners who spend
about 19 min on minor surgical procedures, the PAs spent about 25 min (95% CI: 22–28 min).
When the 95% confidence intervals are taken into consideration, there is no significant difference
between them (as the confidence intervals overlap).
4.4.2.3 Midwives
For midwives, antenatal care consultation took an average of 22 min (95% CI: 18–26 min). For
postnatal consultations, an average time of 19 min was spent on each patient by midwives (95%
CI: 17–27 min); 16 min (95% CI: 12–21 min) for non-invasive family planning services; and 39
min (95% CI: 33–45 min) for invasive family planning procedures. Additionally, for each
supervised vaginal delivery, midwives spend an average of 131 min which could be as short as
101 min or as long as 160 min, when the uncertainty in the estimate (95% confidence interval) is
taken into account. For each day that a patient stays on admission after delivery, midwives spend
about 30 min on each of the mother and the newborn for routine care but as much as 45 min if
there is a pregnancy complication. Also, patients received roughly 23 min (95% CI: 21–25 min)
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of patient education and counselling from midwives. In addition to the direct patient care activities,
midwives spent about 31 min (95% CI: 25–36 min) per day on handing over (and taking over)
from one shift to another—this represents 6.5% of the daily working time of midwives.
4.4.2.4 Clinical Nurse (Registered General Nurse and Enrolled Nurse)
The survey revealed that clinical nurses spend up to 10 min on history taking and checking vital
signs in out-patient clinics, but where they were conducting a full out-patient consultation, an
average of 13 min (95% CI: 12–14 min) is spent on each outpatient. Patients requiring admission
into inpatient wards consumed about 19 min (95% CI: 18–20 min) of nurses’ time for the
admission process while the process of discharging them also took about 16 min (95% CI: 14–17
min), in addition to an average of 18 min nurses spend on patient education and counselling.
Preparing a patient for surgical procedures (which is considered not part of routine inpatient care)
took an average of 26 min (95% CI: 23–28 min) of nurses’ time, whereas the post-operative
management of surgical patients (excluding routine nursing care) was estimated to be an average
of 42 min (95% CI: 38–46 min) per patient per inpatient day.
Depending on the patient’s acuity level, there is a substantial variation in the time nurses spend in
routine nursing care activities, including monitoring vital signs, administering prescribed
medications, and supporting patients in their daily living activities. Low dependent patients
received an average of 40 min per inpatient day (95% CI: 38–42 min), while patients with moderate
dependency required some 43 min (95% CI: 40–46 min) per inpatient day. Expectedly, high
dependency patients required an average of 135 min per inpatient day at the primary care level,
but the true estimate could be between 127 min and 144 min when the 95% confidence interval is
taken into consideration. In addition to the various direct patient care activities, clinical nurses, on
average, spend some 25 min each day on handing/taking over and another 32 min on writing daily
reports. Thus, nearly 12% of nurses’ daily working time could be spent on handing/taking over
and report writing (not including the recording of nursing actions that are part of each nursing
procedure).
4.4.2.5 Preventive Nurse (Community Health Nurse)
The average time to provide family planning services by Community Health Nurses (CHNs) at the
PHC level was about 14 min (95% CI: 12–17 min). In line with national policy, CHNs at the CHPS
compounds undertake consultation and treatment of minor ailments, which takes about 12 min
145

(95% CI: 10–14 min) per patient. A similar amount of time (an average of 12 min, 95% CI: 10–
14 min) is spent per school child anytime when school health activities are conducted. Both
immunisation and growth monitoring each took an average of 6 min, whilst home visits took about
23 min (95% CI: 20–26 min) per household visited (excluding travel time for the home visiting).
Additionally, CHNs spend 17 min per day to check and report on the maintenance of the cold
chain for their vaccines.
4.4.2.6 Nutritionists and Dieticians
With a limited sample, it is estimated that Nutritionists and Dieticians spend about 13 min per
patient on nutritional status assessment, and patients requiring nutritional interventions receive
about 27 min (95% CI: 12–42 min) per visit or inpatient day while an additional 22 min is spent
on each patient for education and counselling. It is worth emphasising that due to the limited subsample of only 6 nutritionists/dieticians in the study, these estimates must be interpreted with
caution.
4.4.2.7 Laboratory Scientist/Technicians
On average, obtaining and processing specimens (samples) for laboratory examination took 9 min
(95% CI: 8–11 min) per patient. On actual tests, undertaking a full blood count using an automated
analyser machine took about 6 min (95% CI: 5–7 min). Performing a rapid diagnostic test for
malaria, HIV, and similar ones took an average of 17 min (95% CI: 16–18 min), the same for
performing a batch of blood chemistry test using automated machines. Culture and sensitivity
analysis, a procedure seldom performed at the PHC level, was estimated to take about 74 min but
spread over a period of 2–4 days. When the uncertainty in the estimate is taken into account, culture
and sensitivity analysis could take only 67 min or as much as 81 min. Besides the direct patient
care activities performed on patients/samples, laboratory scientists/technicians spend roughly 10–
13 min per day writing some summary reports and up to 8 h per month (upper confidence limit)
on blood donation campaigns.
4.4.2.8 Pharmacists/Pharmacy Technicians
The time spent by Pharmacists/Pharmacy Technicians in auditing and dispensing prescribed
medicines for outpatients (mean = 7, minutes 95% CI: 6–9 min) and inpatients (mean = 7 min,
95% CI: 6–8 min) were similar; same for the refilling of medications for patients with chronic
illnesses. However, patient education and medication adherence counselling took 13 min (95% CI:
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11–15 min). In addition to the direct individual patient care activities, Pharmacists/Pharmacy
Technicians spend roughly 14 h per week or 35% of their working time reconstituting powdered
preparations (3 h per week), managing pharmaceutical stock (7 h per week), and attending clinical
meetings (4 h per week).
4.4.3

Estimated Standard Workload Per Year for the Health Service Activities

Using equation 2, we computed the available working time (AWT) for each health professional
(supplementary material), which show that General Practitioners and PAs have 198 working days
in a year (equivalent to 95,040 min) while the other categories have approximately 200 available
working days per year which is equivalent to 96,000 min per year. Using the AWT in minutes as
the numerator, we derived the standard workloads for each of the activity standards (see Equation
(3)), which are crucial inputs for not only workforce planning but also productivity and efficiency
management and analysis.
As shown in Table 5, if a General Practitioner is dedicated to only outpatient consultations, he/she
could be reasonably expected to attend to 6030 new patients per year (or 10,444 follow-up cases
per year). Given a marginal difference in the activity standard, PAs could see about 6108 new
outpatients per year. The average number of deliveries that could be undertaken by a midwife in
the PHC context of Ghana is estimated to be about 735, but the true value may lie somewhere
between 598 and 951 per year. For patients with low-to-moderate dependency (as usually seen in
PHC settings), a Clinical Nurse can be expected to nurse between 2078 and 2549 per year, which
translates into a nurse-patient ratio of one nurse to 5–7 inpatients. A well-trained CHN could also
provide roughly 16,000 (between 13,793 and 18,714) routine immunisations per year. A
Laboratory Scientist/Technician could also perform some 5511 (or between 5199 and 5863) rapid
diagnostic tests for Malaria, HIV or similar ones per year. Finally, a Pharmacist/Pharmacy
Technician can audit and dispense 13,205 (or between 11,096 and 16,304) prescriptions in a year,
while a Nutritionist/Dietician could undertake 7202 nutritional status assessments per year. Table
5 provides the details on the mean standard workloads with confidence intervals for all the health
service activities included in the study.
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Table 5: Estimated standard workload per year for health service activities.
Category of Health Professional

General Practitioner (Generalist
Doctor)

Physician Assistant (Medical)

Descriptive Statistics

Standard Workload Per
Year

95% Confidence Interval
Best Case Scenario (Using
Lower Bound of the Service
Standard)

Worst Case Scenario (Using
the Upper Bound of the
Service Standard)

Assessment, diagnosis and treatment of a new out-patient case

6030

7558

5017

Review of a follow-up out-patient case (old cases)

10,444

13,053

8704

Review of inpatient per patient day (daily ward rounds)

6319

7915

5259

Referral of a patient

6973

9489

5511

Minor surgical procedures (e.g., suturing lacerations, incision
and drainage)

4953

6020

4207

Major surgical procedures

1488

2159

1135

Patient education and counselling

6823

8708

5608

Interventions for minor (simple) medical emergencies

7689

9817

6319

Interventions for moderate-to-severe medical emergencies

3838

5126

3068

Interventions for critically ill medical emergencies

2721

3444

2249

Assessment, diagnosis and treatment of a new out-patient case

6108

7283

5259

Review of a follow-up out-patient case (old cases)

9921

11,962

8475

Review of inpatient per patient day (daily ward rounds)

6789

8254

5765

Referral of a patient

7567

9224

6415

Minor surgical procedures (e.g., suturing lacerations, incision
and drainage)

3802

4301

3406

Patient education and counselling

9043

11,088

7635

Interventions for minor (simple) medical emergencies

5627

6985

4711

Interventions for moderate-to-severe medical emergencies

3739

4726

3093

Interventions for critically ill medical emergencies

3541

4435

2947
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Category of Health Professional

Midwife

Clinical Nurse (Registered General
Nurse & Enrolled Nurse)

Descriptive Statistics

Standard Workload Per
Year

95% Confidence Interval
Best Case Scenario (Using
Lower Bound of the Service
Standard)

Worst Case Scenario (Using
the Upper Bound of the
Service Standard)

Antenatal care (ANC) consultation

4449

5455

3755

Postnatal care (PNC) consultation

5010

5735

4448

Family planning service (non-invasive procedure)

5952

8280

4645

Family planning service (invasive procedure)

2446

2869

2132

Prevention of Mother-To-Child (PMTC) transmission of HIV
during antenatal care visit

5694

6708

4946

Vaginal delivery

735

951

598

Inpatient care per patient day (routine care for mother)

3200

3926

2700

Inpatient care per patient day (routine care for new-born)

3200

4077

2634

Admission processes per patient

4436

5108

3921

Discharge processes per patient

4533

5284

3968

Preparing a patient for caesarean section

3015

3762

2515

Patient education and counselling

6892

8796

5665

In-patient management of complications of pregnancy

2163

2400

1968

Out-patient care (triaging, vital signs and history taking)

9786

10,326

9299

Out-patient consultation (where applicable)

7373

8009

6831

Admission processes per patient

4436

5108

3921

Discharge processes per patient

4533

5284

3968

Pre-Operative preparation of patients

3763

4254

3374

Post-operative management which is different from routine
care

2285

2535

2080

Inpatient care per patient day (routine care) for low dependent
cases or mildly ill patients

2416

2549

2296
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Category of Health Professional

Preventive Nurse (Community
Health Nurse)

Nutritionist and Dietician

Laboratory Scientist and Laboratory
Technician

Descriptive Statistics

Standard Workload Per
Year

95% Confidence Interval
Best Case Scenario (Using
Lower Bound of the Service
Standard)

Worst Case Scenario (Using
the Upper Bound of the
Service Standard)

Inpatient care per patient day (routine care) for moderately
dependent cases or patients with severe illness

2224

2391

2078

Inpatient care per patient day (routine care) for highly
dependent cases or critically ill patients

709

756

668

Discharge patient education and counselling

5324

5672

5017

Minor surgical procedures (suturing lacerations, incision and
drainage, wound dressings)

3586

3932

3296

Family planning

6713

8012

5777

Out-patient consultation to manage minor ailments

7895

9703

6655

Referral of patients

10,289

12,768

8617

Patient education and counselling

6892

8796

5665

Home visiting

4237

4863

3753

School health (assessment of pupil)

7799

9291

6719

Immunisation

16,000

18,714

13,973

Growth monitoring

15,335

17,320

13,759

Nutritional Status Assessment

7202

22,203

4298

Patient education and counselling

6892

8796

5665

Referral of patients

10,289

12,768

8617

Intervention including diet planning for patients

3556

8255

2266

School health

4800

11,056

3065

Follow-ups/home visits

4115

50,284

2145

Sample taking and processing

10,116

11,726

8894

Full blood count (using an automated machine)

16,667

19,392

14,613
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Category of Health Professional

Pharmacist & Pharmacy Technician

Descriptive Statistics

Standard Workload Per
Year

95% Confidence Interval
Best Case Scenario (Using
Lower Bound of the Service
Standard)

Worst Case Scenario (Using
the Upper Bound of the
Service Standard)

Rapid diagnostic tests (Malaria, HIV, etc.)

5511

5863

5199

Malaria test using microscopy)

3539

3979

3186

Urine routine examination

5206

5820

4709

Stool routine examination

4124

4872

3574

Blood sugar test

7012

8753

5849

Blood donor bleeding

3057

3314

2838

Preparing blood for transfusion

2777

3004

2582

Blood chemistry

5707

6171

5309

Culture and sensitivity analysis

1297

1427

1189

Prescription auditing and dispensing for out-patient cases

13,205

16,304

11,096

Prescription auditing and dispensing for in-patient cases

13,953

16,396

12,144

Prescription refilling for chronic conditions

13,994

19,910

10,788

Pharmaceutical interventions to correct prescription errors

13,187

16,407

11,023

Patient adherence counselling and education

7541

8761

6620

Note: The calculation for standard workload assumes that the health professional dedicates all his/her available working time to only a particular
activity throughout the year.
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4.4.4

Differences in Activity Standards between Health Centres/Polyclinics and
District/Primary Hospitals

The services rendered at CHPS compounds are usually basic and performed by CHNs and some
clinical nurses. However, all the cadres included in the study were available in the health
centres/polyclinics and primary hospital/district hospitals. Hence, it was deemed appropriate to
compare the activity standards between health centres/polyclinics and primary hospitals/district
hospitals using an independent t-test (Table 6).
The analysis showed that out of 67 health service activities examined across eight health
professional groups, there were statistically significant differences in 12 of the activity standards
between health centres/polyclinics and district/primary hospitals. This represents significant
practice variation across 18.9% of health service activities. The practice variations were much
more pronounced amongst activities performed by PAs (7 out of 10 activities). PAs spend a
significantly lower amount of time on patients at the district/primary hospitals compared to health
centres for assessment, diagnosis and treatment of new cases (MD = −9, p < 0.001); review of
follow-up patients (MD = −5, P = 0.002), minor surgical procedures (MD = −7, P = 0.003) as
well as interventions for moderate-to-severe medical emergencies (MD = −8, P = 0.035). For
General Practitioners, there was no statistically significant difference between the time spent on
the various health service activities in health centres/polyclinics compared to the district/primary
hospitals.
Similarly, no statistically significant difference was seen for activities performed by midwives
except for time spent on supervised vaginal delivery. In health centres/polyclinics, midwives spend
an average of 147 min on women during vaginal delivery as compared to an average of 70 min
spent in the district/primary hospital settings. The mean difference of 78 min between health
centres/polyclinics and district hospitals/primary hospitals is statistically significant (t = −2.64, p
= 0.013). With regard to clinical nurses, the time spent on consultation (where they were permitted
to do) varied between district hospitals and health centres/polyclinics (15 min vs. 12 min, p =
0.011). For CHNs, only the time spent on growth monitoring significantly varied between district
hospitals and health centres (8 min vs. 5 min, p = 0.009). In the case of Laboratory
Scientist/Technicians, the t-test shows a significant difference between the time taken to conduct
blood sugar tests in the district/primary hospitals versus those of the health centres/polyclinics (16
min vs. 9 min, p = 0.031) as well as culture and sensitivity (81 min vs. 64 min, P = 0.010). Whereas
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no t-test was conducted in respect of activities performed by Nutritionists/Dieticians due to sample
size limitation, those of the Pharmacist/Pharmacy Technician was not statistically significant.
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Table 6: Test of differences in activity standards between health centres/polyclinics and primary/district hospitals.
Health
Professional

General
Practitioner
(Generalist
Doctor)

Physician
Assistant
(Medical)

Health Service Activities

Mean Time (Activity Standard)
Unit of Measurement

Primary/
District
Hospital
(a)

t-Test for Equality of Means
Health
Centre/
Polyclinic
(b)

Mean
Difference
(a-b)

Std. Error
Difference

95% Confidence
Interval of the
Difference
Lower

Upper

tStatistic

p-Value
(2-tailed)

Assessment, diagnosis and
treatment of a new outpatient case

Minutes per patient

16

10

6

5.29

−4

17

1.21

0.235

Review of a follow-up outpatient case (old cases)

Minutes per patient per
visit

9

8

1

3.10

−5

7

0.28

0.784

Review of inpatient per
patient day (daily ward
rounds)

Minutes per patient per
inpatient day

15

15

0

6.12

−13

13

0.01

0.995

Referral of a patient

Minutes per patient

13

18

−4

7.13

−19

11

−0.59

0.563

Minor surgical procedures
(e.g., suturing lacerations,
incision and drainage)

Minutes per case

20

13

7

6.61

−6

21

1.09

0.285

Major surgical procedures

Minutes per case

67

33

34

36.75

−42

110

0.93

0.362

Patient education and
counselling

Minutes per patient

14

12

3

5.12

−8

13

0.49

0.626

Interventions for minor
(simple) medical
emergencies

Minutes per case

13

10

3

5.39

−9

14

0.47

0.641

Interventions for moderateto-severe medical
emergencies

Minutes per case

27

8

18

10.01

−2

39

1.83

0.078

Interventions for critically
ill medical emergencies

Minutes per case

37

13

24

14.03

−5

53

1.72

0.097

Assessment, diagnosis and
treatment of a new outpatient case

Minutes per patient

11

19

−9

2.25

−13

−4

−3.85

0.000
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Health
Professional

Midwife

Health Service Activities

Mean Time (Activity Standard)
Unit of Measurement

Primary/
District
Hospital
(a)

t-Test for Equality of Means
Health
Centre/
Polyclinic
(b)

Mean
Difference
(a-b)

Std. Error
Difference

95% Confidence
Interval of the
Difference
Lower

Upper

tStatistic

p-Value
(2-tailed)

Review of a follow-up outpatient case (old cases)

Minutes per patient per
visit

7

12

−5

1.52

−8

−2

−3.30

0.002

Review of inpatient per
patient day (daily ward
rounds)

Minutes per patient per
inpatient day

10

17

−7

2.28

−12

−3

−3.20

0.003

Referral of a patient

Minutes per patient

11

14

−4

2.28

−8

1

−1.63

0.111

Minor surgical procedures
(e.g., suturing lacerations,
incision and drainage)

Minutes per case

21

28

−7

2.84

−12

−1

−2.38

0.022

Patient education and
counselling

Minutes per patient

8

12

−4

1.92

−8

0

−2.02

0.049

Interventions for minor
(simple) medical
emergencies

Minutes per case

12

21

−8

3.17

−15

−2

−2.61

0.013

Interventions for moderateto-severe medical
emergencies

Minutes per case

19

30

−11

5.24

−22

−1

−2.17

0.035

Interventions for critically
ill medical emergencies

Minutes per case

26

28

−2

5.59

−13

9

−0.38

0.709

Antenatal care (ANC)
consultation

Minutes per patient per
visit

26

21

5

5.09

−5

15

0.95

0.347

Postnatal care (PNC)
consultation

Minutes per patient per
visit

21

19

2

3.09

−4

8

0.59

0.556

Family planning service
(non-invasive procedure)

Minutes per patient per
visit

23

15

8

6.04

−4

21

1.40

0.178

Family planning service
(invasive procedure)

Minutes per patient per
visit

42

37

5

5.97

−8

17

0.75

0.461

Prevention of Mother-ToChild (PMTC) transmission

Minutes per patient per
visit

20

16

4

3.02

−2

10

1.29

0.205
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Health
Professional

Health Service Activities

Mean Time (Activity Standard)
Unit of Measurement

Primary/
District
Hospital
(a)

t-Test for Equality of Means
Health
Centre/
Polyclinic
(b)

Mean
Difference
(a-b)

Std. Error
Difference

95% Confidence
Interval of the
Difference
Lower

Upper

tStatistic

p-Value
(2-tailed)

of HIV during antenatal
care visit

Clinical Nurse
(Registered
General Nurse
& Enrolled
Nurse)

Vaginal delivery

Minutes per patient

70

147

−78

29.35

−137

−18

−2.64

0.013

Inpatient care per patient
day (routine care for
mother)

Minutes per patient per
inpatient day

28

31

−3

5.82

−15

9

−0.52

0.605

Inpatient care per patient
day (routine care for newborn)

Minutes per patient per
inpatient day

34

27

8

6.60

−6

21

1.15

0.257

Admission processes per
patient

Minutes per patient

21

22

0

2.99

−6

6

−0.12

0.905

Discharge processes per
patient

Minutes per patient

22

20

2

3.15

−5

8

0.53

0.599

Preparing a patient for
caesarean section

Minutes per case

30

37

−7

7.35

−22

8

−0.95

0.354

Patient education and
counselling

Minutes per patient

24

23

1

2.43

−4

6

0.32

0.753

In-patient management of
complications of pregnancy

Minutes per patient per
inpatient day

45

47

−3

5.09

−13

8

−0.49

0.627

Out-patient care (triaging,
vital signs and history
taking)

Minutes per patient per
visit

10

9

1

0.58

0

2

1.35

0.177

Out-patient consultation
(where applicable)

Minutes per patient per
visit

15

12

3

1.29

1

6

2.61

0.011

Admission processes per
patient

Minutes per patient

19

19

0

1.29

−3

2

−0.24

0.812

Discharge processes per
patient

Minutes per patient

15

18

−3

1.75

−7

0

−1.75

0.082
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Health
Professional

Community
Health Nurse

Health Service Activities

Mean Time (Activity Standard)
Unit of Measurement

Primary/
District
Hospital
(a)

t-Test for Equality of Means
Health
Centre/
Polyclinic
(b)

Mean
Difference
(a-b)

Std. Error
Difference

95% Confidence
Interval of the
Difference
Lower

Upper

tStatistic

p-Value
(2-tailed)

Pre-Operative preparation
of patients

Minutes per case

25

28

−2

3.86

−10

5

−0.64

0.523

Post-operative management
which is different from
routine care

Minutes per case

41

49

−8

5.47

−19

3

−1.49

0.140

Inpatient care per patient
day (routine care) for low
dependent cases or mildly
ill patients

Minutes per patient per
inpatient day

40

40

−1

2.19

−5

4

−0.28

0.782

Inpatient care per patient
day (routine care) for
moderately dependent cases
or patients with severe
illness

Minutes per patient per
inpatient day

43

43

1

3.19

−6

7

0.17

0.866

Inpatient care per patient
day (routine care) for highly
dependent cases or critically
ill patients

Minutes per patient per
inpatient day

141

123

18

9.23

0

36

1.96

0.051

Discharge patient education
and counselling

Minutes per patient

19

17

2

1.20

−1

4

1.25

0.212

Minor surgical procedures
(suturing lacerations,
incision and drainage,
wound dressings)

Minutes per patient

29

25

4

2.53

−1

9

1.64

0.104

Family planning

Minutes per patient per
visit

13

15

−1

3.30

−8

5

−0.41

0.686

Out-patient consultation to
manage minor ailments

Minutes per patient per
visit

14

12

2

3.86

−6

11

0.58

0.571

Referral of patients

Minutes per patient

8

9

−1

2.78

−7

5

−0.33

0.745

Patient education and
counselling

Minutes per patient

13

17

−4

4.42

−13

5

−0.96

0.345
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Health
Professional

Laboratory
Scientist/Techn
ician

Pharmacist/
Pharmacy
Technician

Health Service Activities

Mean Time (Activity Standard)
Unit of Measurement

Primary/
District
Hospital
(a)

t-Test for Equality of Means
Health
Centre/
Polyclinic
(b)

Mean
Difference
(a-b)

Std. Error
Difference

95% Confidence
Interval of the
Difference
Lower

Upper

tStatistic

p-Value
(2-tailed)

Home visiting

Minutes per home visit

25

21

4

4.01

−4

12

0.97

0.337

School health

Minutes per patient

14

13

1

2.78

−5

6

0.28

0.784

Immunisation

Minutes per patient

7

6

1

1.16

−1

3

0.90

0.375

Growth monitoring

Minutes per patient

8

5

3

0.93

1

4

2.74

0.009

Sample taking and
processing

Minutes per sample

10

9

1

1.47

−2

4

0.41

0.685

Full blood count (using an
automated machine)

Minutes per sample

6

5

0

0.90

−1

2

0.47

0.639

Rapid diagnostic tests
(Malaria, HIV, etc.)

Minutes per sample

17

18

−1

1.16

−4

1

−1.27

0.211

Malaria test using
microscopy)

Minutes per sample

29

24

5

3.30

−2

11

1.47

0.148

Urine routine examination

Minutes per sample

18

20

−2

2.14

−6

2

−0.86

0.394

Stool Urine routine
examination

Minutes per sample

24

21

3

3.94

−4

11

0.89

0.379

Blood sugar test

Minutes per sample

16

9

7

2.95

1

12

2.21

0.031

Blood donor bleeding

Minutes per patient

32

29

3

2.77

−2

9

1.26

0.213

Preparing blood for
transfusion

Minutes per unit of blood

35

35

0

3.17

−6

6

0.01

0.993

Blood chemistry

Minutes per batch of
samples

17

18

−1

1.62

−4

2

−0.65

0.519

Culture and sensitivity
analysis

Minutes per sample

81

64

17

5.97

5

30

2.86

0.010

Prescription auditing and
dispensing for out-patient
cases

Minutes per patient per
visit

8

6

2

1.44

−1

5

1.11

0.276
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Health
Professional

Health Service Activities

Mean Time (Activity Standard)
Unit of Measurement

Primary/
District
Hospital
(a)

t-Test for Equality of Means
Health
Centre/
Polyclinic
(b)

Mean
Difference
(a-b)

Std. Error
Difference

95% Confidence
Interval of the
Difference
Lower

Upper

tStatistic

p-Value
(2-tailed)

Prescription auditing and
dispensing for in-patient
cases Inpatient

Minutes per patient per
inpatient day

7

7

0

1.10

−2

3

0.30

0.763

Prescription refilling for
chronic conditions

Minutes per patient per
visit

8

5

4

2.10

−1

8

1.67

0.107

Pharmaceutical
interventions to correct
prescription errors

Minutes per case

7

8

−1

1.52

−4

2

−0.67

0.508

Patient adherence
counselling and education

Minutes per patient

14

11

2

1.84

−2

6

1.21

0.237
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4.4.5

Relationship between Health Service Activity Standards and Workload Levels and
Availability of Tools/Equipment

Using a five-point Likert scale, health professionals were asked to self-rate the degree of workload
in their health facility, workload level in their unit, and the availability of tools/equipment for
work. The results show health facilities’ workload was 3.91 out of 5, which represents 78.2% (95%
CI: 76.8–79.6%); and 4.01 out of 5 at the unit level (80.2%, 95% CI: 78.7–81.7%). Also, the
availability of equipment was self-rated as 2.83 out of 5, which represents only 56.6% (95% CI:
54.8–58.4%) availability of the requisite tools and equipment.
Using Pearson’s correlation, we explored the relationship between the main health service activity
standards on the one hand and self-rated health facility workload level, unit workload level and
availability of tools/equipment on the other hand (Table 7). The analysis showed that for General
Practitioners, none of the variables (i.e., self-rated health facility workload level, unit workload
level and availability of tools/equipment) had a statistically significant association with the activity
standards. However, health facilities’ workload level had a moderate negative relationship with
the time PAs spend on patient education/counselling (r = −0.314, P < 0.05). Similar moderate but
statistically significant negative association are observed between workload at the unit level and
PAs consultations for new outpatients (r = −0.303, P < 0.05); consultation for old outpatient cases
(r = −0.319, p < 0.05) and review of inpatients (r = −0.351, P <0.05). Additionally, PAs time
spent on minor surgical procedures significantly reduced with increasing workload level at the unit
(r = −0.348, P < 0.05). Similarly, increasing availability of tools/equipment significantly reduced
the time spent on minor surgical procedures (r = −0.355, P < 0.05) and referrals (r = −0.444, P
< 0.001). On the other hand, the time PAs spent on interventions for critically ill medical
emergencies rather increased with increasing levels of overall workload in the health facility (r =
0.414, P < 0.05).
For midwives, workload at the health facility moderately and positively correlated with the time
spent on postnatal care consultations (r = 0.313, p < 0.05), family planning (r = 0.434, p < 0.05);
inpatient care for the newborn (r = 0.354, p < 0.05); patient education/counselling (r = 0.454, p
< 0.05) and management of complication of pregnancy (r = 0.422, p < 0.05). Availability of
tools/equipment also had a moderate but statistically significant negative association with the time
Clinical Nurses spend on the routine care of inpatients with moderate dependency (r = −0.333, p
< 0.001). Noteworthy is also the Laboratory Scientists/Technicians spending more time on routine
stool examination if there are tools/equipment and vice versa (r = 0.288, p < 0.05) but the time
160

spent on full blood count being positively correlated with higher workload in the unit (r = 0.289,
p < 0.05); same for blood sugar test (r = 0.327, p < 0.05) and blood chemistry analysis (r = 0.294,
p < 0.05). Surprisingly, none of the health service activities performed by Pharmacists/Pharmacy
Technicians had a statistically significant correlation with either self-rated workload levels or
availability of the tools and equipment.
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Table 7: Factors influencing the average time taken to accomplish health service activities.
Health Professional

Health Service Activities

Facility
Workload
Level

Unit
Workload
Level

Availability of
Tools and
Equipment

General Practitioner
(Generalist Doctor)

Assessment, diagnosis and treatment of a new out-patient case

0.006

0.04

0.07

Review of a follow-up out-patient case (old cases)

−0.192

−0.14

−0.15

Review of inpatient per patient day (daily ward rounds)

0.043

0.33

−0.01

Referral of a patient

0.068

0.14

−0.21

Minor surgical procedures (e.g., suturing lacerations, incision and drainage)

0.349

0.33

−0.16

Major surgical procedures

0.171

0.33

−0.12

Patient education and counselling

0.095

0.14

0.10

Interventions for minor (simple) medical emergencies

−0.069

−0.02

−0.03

Interventions for moderate-to-severe medical emergencies

−0.065

−0.02

0.13

Interventions for critically ill medical emergencies

0.165

0.24

0.18

Assessment, diagnosis and treatment of a new out-patient case

−0.099

−0.303 *

−0.25

Review of a follow-up out-patient case (old cases)

−0.129

−0.319 *

−0.17

Review of inpatient per patient day (daily ward rounds)

−0.042

−0.351 *

−0.339 *

Referral of a patient

−0.044

−0.14

−0.444 **

Minor surgical procedures (e.g., suturing lacerations, incision and drainage)

−0.283

−0.0348 *

−0.355 *

Patient education and counselling

−0.314*

−0.04

0.27

Interventions for minor (simple) medical emergencies

0.072

−0.07

−0.13

Interventions for moderate-to-severe medical emergencies

0.107

−0.04

−0.07

Interventions for critically ill medical emergencies

0.414 **

0.25

−0.01

Antenatal care (ANC) consultation

0.254

0.11

0.22

Postnatal care (PNC) consultation

0.313 *

0.21

0.10

Family planning service (non-invasive procedure)

0.434 *

0.29

−0.12

Family planning service (invasive procedure)

0.549 *

0.37

−0.08

Prevention of Mother-To-Child (PMTC) transmission of HIV during antenatal care visit

0.192

−0.16

−0.15

Physician Assistant
(Medical)

Midwife
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Health Professional

Clinical Nurse
(Registered General
Nurse & Enrolled Nurse)

Community Health Nurse

Health Service Activities

Facility
Workload
Level

Unit
Workload
Level

Availability of
Tools and
Equipment

Vaginal delivery

−0.043

−0.19

−0.15

Inpatient care per patient day (routine care for mother)

0.012

−0.21

−0.20

Inpatient care per patient day (routine care for new-born)

0.354 *

0.07

−0.20

Admission processes per patient

0.267

0.23

0.09

Discharge processes per patient

0.319

0.33

0.02

Preparing a patient for caesarean section

0.495 *

0.23

−0.09

Patient education and counselling

0.454 **

0.06

0.14

In-patient management of complications of pregnancy

0.422 *

0.22

0.26

Out-patient care (triaging, vital signs and history taking)

0.056

−0.04

0.12

Out-patient consultation

0.051

0.00

0.07

Admission processes per patient

0.156 *

0.167*

0.00

Discharge processes per patient

0.013

−0.02

0.05

Pre-Operative preparation of patients

0.240 **

0.03

0.04

Post-operative management which is different from routine care

0.169

0.268 **

−0.04

Inpatient care per patient day (routine care) for low dependent cases or mildly ill patients

0.062

0.04

−0.02

Inpatient care per patient day (routine care) for moderately dependent cases

−0.134

−0.03

−0.333 **

Inpatient care per patient day (routine care) for highly dependent cases or critically ill
patients

0.028

0.04

0.152 *

Discharge patient education and counselling

−0.004

−0.01

−0.02

Minor surgical procedures (suturing lacerations, incision and drainage, wound dressings)

0.181 *

0.10

0.03

Family planning

0.227

0.24

0.16

Out-patient consultation to manage minor ailments

−0.079

0.02

−0.14

Referral of patients

−0.248

−0.26

0.09

Patient education and counselling

0.157

0.19

−0.01

Home visiting (minutes per each home visit)

−0.162

0.05

−0.03

School health (minutes per each pupil)

0.175

0.04

0.18
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Health Professional

Laboratory
Scientist/Technician

Pharmacist/Pharmacy
Technician

Health Service Activities

Facility
Workload
Level

Unit
Workload
Level

Availability of
Tools and
Equipment

Immunisation (minutes per child immunised)

0.073

0.24

0.19

Growth monitoring (minutes per child)

−0.045

0.21

0.17

Sample taking and processing

−0.189

−0.03

0.26

Full blood count (using an automated machine)

0.214

0.289 *

0.06

Rapid diagnostic tests (Malaria, HIV, etc.)

−0.128

−0.04

−0.15

Malaria test using microscopy

−0.014

0.02

0.12

Urine routine examination

0.032

0.07

−0.15

Stool routine examination

0.116

0.24

0.288 *

Blood sugar test

0.308 *

0.327 *

0.23

Blood donor bleeding

−0.017

−0.05

−0.01

Preparing blood for transfusion

0.036

0.05

−0.21

Blood chemistry (minutes per sample)

0.304 *

0.294 *

0.28

Culture and sensitivity analysis (minutes per sample)

0.093

0.16

0.22

Prescription auditing and dispensing for out-patient cases

−0.064

0.06

0.16

Prescription auditing and dispensing for in-patient cases

−0.272

−0.25

0.05

Prescription refilling for chronic conditions

0.072

0.11

−0.06

Pharmaceutical interventions to correct prescription errors

−0.064

0.28

0.10

Patient adherence counselling and education

−0.301

−0.15

0.02

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed). Facility workload level was measured
on a scale of 0 to 5 (where 0 is no workload and 5 is the heaviest workload possible in any health facility); Unit workload level was measured on a
scale of 0 to 5 (where 0 is no workload and 5 is the greatest workload possible in any Unit in the facility); Availability to tools and equipment was
measured on a scale of 0 to 5 (where 0 is a situation all the tools/equipment are not available, and 5 is a situation that all tools/equipment are available
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4.5

DISCUSSION

To the best of our knowledge, this study is the first attempt to use a cross-sectional survey to
estimate activity standards of health service activities across multiple health professions. Previous
studies [5,9,10,34–36] have either been focused on only a few cadres and activities or based on
expert group consensus to determine the standard time which the statistical uncertainty in the
estimates could not be ascertained. The findings of the study demonstrate that using a crosssectional survey could yield fairly reliable activity standards suitable for health workforce
planning, just as the consensus-based estimates advocated in the WISN methodology. The added
advantage of using a more rigorous survey approach which allows for sensitivity analysis in the
planning process using the estimates of uncertainty, cannot be overemphasised.
The study revealed that at the PHC settings, General Practitioners and Physician Assistants spent
an average of 16 min, with the true estimate between 13 and 19 min for the assessment, diagnosis,
and treatment of new patients in the outpatient clinic but 10 min (95% CI: 8–11 min) for patients
on follow-up visits. The WISN study conducted in Ghana in 2015 [31] set a standard of 15 min
for new outpatient cases at the primary hospitals and 8 min at the health centres/polyclinics for
Physician Assistants, while that of the General Practitioners was 10 min in primary hospitals and
8 min in health centres/polyclinics. Comparing the result of the present study with the WISN
results, there is no significant difference given that the WISN estimates fall within the confidence
limits of the currents estimates. These do not only demonstrate the consistency of the results but
also suggest that using a cross-sectional survey could (as in the case of the present study) be as
reliable for health workforce planning as the consensus-based estimates advocated in the WISN
methodology. Some studies have also found consultation time for doctors to be 18.21 min [37]
which is also within the confidence limits of the present estimates. Patients have indicated in other
studies that a minimum consultation time of 6.3 min (or 9 min depending on the complexity) is
necessary to keep them satisfied [38]. However, while the 2015 Ghana WISN results suggested an
average of 105 min for major surgical procedures at the PHC levels, the current study estimates
64 min (95% CI: 44–84 min). The lack of convergence between the two studies in this instance is
attributable to the wide diversity in the complexity of major surgeries. This is also reflected in the
wide confidence interval in the current estimate, in which the confidence width is about 62.5% of
the mean estimate.
Although PAs spent about 6 min more on minor surgical procedures than General Practitioners,
the difference between them is not statistically significant. When interpreted alongside the
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similarity in outpatient service time between these categories of health professionals, it appears
that there may not be substantial variations in the quality of their services. Although previous
studies [39,40] demonstrated that they do not necessarily differ in terms of the patient outcomes
from their services, issues of subjective quality have not received much intellectual examination,
and these findings may be one step towards that discourse. Furthermore, the analysis revealed a
pronounced practice variation amongst PAs such that they spend more time on patients in health
centres/polyclinics than district/primary hospitals. In health centres/polyclinics, PAs are at the
helm of most clinical decision making where they need to spend more time for thorough
assessment and procedures that they would otherwise easily refer (or pass on) to a physician in
district/primary hospitals. The correlation analysis also revealed that improving the availability of
tools/equipment significantly reduced the PAs time spent on minor surgical procedures by 35.5%
(p < 0.05) and clinical nurses' time spent on moderate dependency patients by 33.3% (p < 0.05).
This finding points to the potential benefit of improving the availability of tools/equipment, which
was rated to be only 57% by the health professionals.
The present study found that midwives’ antenatal care consultation took an average of 22 min
(95% CI: 18–26 min) which is not significantly different from 25 min estimated from the previous
WISN study in Ghana and 20–30 min estimated in a Namibian WISN study [35]. Additionally,
whereas the current study shows that midwives spend 131 min (95% CI: 101–160 min) per
supervised vaginal delivery, the WISN study in Ghana, which employed a time-motion
observation for this activity, also estimated 152 min, which falls within the confidence limits of
the present study. In the absence of well-conducted time-motion observations, the Namibian WISN
study assumed 240 min per supervised vaginal delivery, but that is without considering the need
to count only the direct patient care (or contact) time, not necessarily the entire length of the
process of labour and delivery. In health centres/polyclinics, midwives spent an average of 78 min
more on women during vaginal delivery as compared to district/primary hospital settings (p =
0.013). In the context of Ghana, there are very few women who deliver in health centres where
they usually record one or two per day. As a result, midwives at health centres who usually reside
within walking distance of the health centre seem to pay greater attention to the monitoring and
psychosocial support to the pregnant in labour.
We found that routine nursing care activities (made up of patient monitoring, administration of
prescribed medications and support for patients’ activities of daily living) was an average of 40
min per inpatient day (95% CI: 38–42 min) for low acuity patients; 43 min (95% CI: 40–46 min)
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per inpatient day for moderate acuity patients and 135 min (95% CI: 127–144 min) per inpatient
day for high dependency patients. These were, however, negatively correlated with the availability
of tools/equipment, which suggests that clinical nurses would spend more time on direct routine
care to inpatients if they had sufficient tools and equipment. Indeed, the resource constraints in the
PHC setting, especially in health facilities and their effects on inpatient care, is well documented
[17]. WISN studies in Kenya, Nigeria and Namibia [9,10,35] found lower estimates of time spent
on routine nursing care, but the Ghana WISN study made similar or slightly higher estimates. The
aforesaid further reinforces the point that health service activity standards cannot be universal but
context-specific, taking into account models of care and mix of patient acuity levels [7].
Performing a full blood count analysis using an automated analyser machine is estimated to take
6 min (95% CI: 5–7 min), while it takes an average of 17 min (95% CI: 16–18 min) to conduct a
rapid diagnostic test for malaria, HIV and similar ones routinely carried out in PHC settings. These
estimates are not only consistent with the results of the Ghana WISN study but also similar to
estimates from a Kenyan study [9], a similarity that may be a reflection of the highly standardised
nature of laboratory processes and machines.
The correlation analysis revealed that a unit increase in perceived or actual workload was
associated with a 31–44% reduction in the time PAs spend on the various health service activities;
a similar finding was found for some activities undertaken by clinical nurses. These suggest that
when workload increases, health professionals with the moral duty not to turn patients away rather
reduces the time spent on patients to be able to attend to all the patients. This, however, have huge
implications for quality of care and patient safety.
The analysis shows that General Practitioners (who are not heads of health facilities) spend at least
3 hours per week or 7.5% of their working time on clinical meetings, while nurses and midwives
spend up to 14% on both clinical meetings and handing over (or taking over) from one shift to
another. When blood donation campaigns are taken into account, laboratory scientist spends up to
22.5% of their time on catalytic or support activities while Pharmacist spends at least 35% of their
time on activities that are essential but not measurable per patient. These underscore the need to
factor support activities into all health workforce planning models, especially needs-based
planning tools that are regarded as the most conceptually appropriate and intuitively consistent
planning framework for the tenets of UHC [41–43].
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4.6

LIMITATIONS

Although the study used a cross-sectional study design with a carefully selected nationally
representative sample, only six nutritionists/dieticians (out of an all-inclusive target of 23)
responded to the survey, which requires the exercise of caution when interpreting or using the
results of that category of health professionals. Linked to the sampling, the study was based on
public health facilities and hence, excluded the private sector, some of which is known for low
standards of care in Ghana [17,44]. Besides, the study adopted a self-reported approach which
undoubtedly, could have benefited from a follow-up time-motion observation to validate the
estimated time provided by health professionals. However, as time-motion studies are quite
expensive, its use in this study was constrained by logistical challenges coupled with restrictions
occasioned by the COVID−19 pandemic.
4.7

CONCLUSIONS

The study systematically estimated the service standards (the mean estimates of time spent on
health service activities), identifying statistically significant differences between health
centres/polyclinics and district/primary hospitals in 18.9% (12 out of 67) of health service
activities performed across eight health professional groups. For example, the standard workload
for General Practitioners in PHC settings is 6030 new patients per year (or 10,444 follow-up cases
per year); 6108 new outpatients per year for Physician Assistants, while midwives can conduct
735 spontaneous vaginal deliveries per year. In patients with low-to-moderate dependency,
Clinical Nurses’ standard workload is between 2078 and 2549 per year, or a nurse-patient ratio of
one is to 5–7 inpatients; and a CHN could give roughly 16,000 immunisations per year.
The intensity of workload in health facilities was rated to be 3.91 out of 5 (78.2%) but as workload
increases, and without a commensurate increase in staffing, health professionals reduced the time
spent on individual patient care so as to be able to attend to all patients—a practice that could have
adverse implications for quality of care and patient safety. Availability of tools and equipment at
PHC was rated 2.83 out of 5 (56.6%) which a unit improvement is associated with a significant
reduction in the time PAs spend on minor surgical procedures by 35.5% (p < 0.05) and clinical
nurses time spent on moderate dependency patients by 33.3% (p < 0.05).
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4.8

IMPLICATIONS FOR POLICIES, PLANNING AND FURTHER RESEARCH

With the estimated standard workloads, it would be imperative to use them for evidence-based
planning by estimating the optimal number of health professionals needed in Ghana’s PHC system
and the consequent adjustments necessary in health professions educations to fill any gaps, and
the budgetary requirements for their employment. The evidence also suggests that increasing
workload levels were associated with reduced health professionals’ contact time with patients in
many health service activities, which may be an indicator of the quality of healthcare provided. It
will be important to further explore the potential relationship between workload and both objective
and subjective measures of primary healthcare quality.
The study partly demonstrates that improving the availability of tools and equipment could
substantially improve staff efficiency, which ultimately lessens the need for additional staff. This
provides some justification that can be used alongside other evidence for retooling the PHC system
in Ghana. From a planning methodology perspective, the study revealed that health professionals
spent between 7.5% and 35% of their time performing support activities that catalases the
performance of direct patient care activities. These must be considered in all health workforce
planning models, especially those that are founded on the needs-based framework - which has
hitherto not taken support activities into account.
Based on the findings and the limitations identified, it is recommended that a similar study is
executed in the private sector to establish homogeneity or otherwise in the service standards (and
standard workloads) across the public and private sectors. Finally, a form of observation
(preferably time-motion in nature) can be included as part of future data gathering process should
the COVID-19 situation allow for direct observation, which was not feasible in this study due to
COVID-19 restrictions and logistical challenges.
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5.1

ABSTRACT

Background: The health workforce is critical in developing responsive health systems to address
population health needs and respond to health emergencies, but defective planning have arguably
resulted in underinvestment in health professions education and decent employment. Primary
Health Care (PHC) has been the anchor of Ghana's health system since 1980s . As Ghana's
population increase and the disease burden doubles, it is imperative to estimate the potential supply
and need for health professionals; and the level of investment in health professions education and
employment that will be necessary to address population health needs and respond to health
emergencies.
Methods: Using a need-based health workforce planning framework, we triangulated data from
multiple sources and systematically applied a previously published Microsoft® Excel-based model
to conduct a fifteen-year projection of the health workforce supply, needs, gaps and training
requirements in the context of PHC in Ghana.
Results: The projections show that based on the population (size and demographics), disease
burden, package of health services and the professional standards for delivering those services,
Ghana needed about 221,593 health professionals across eleven categories in PHC in 2020. At a
rate of change between 3.2% and 10.7% (average: 5.5%) per annum, the aggregate need for health
professionals is likely to reach 495,273 by 2035. By comparison, the current (2020) stock is
estimated to grow from 148,390 to about 333,770 by 2035 at an average growth rate of 5.6%. The
health professional's stock is projected to meet 67% of the need but with huge supply imbalances.
Specifically, the supply of six out of the 11 health professionals (~54.5%) cannot meet even 50%
of the needs by 2035, but Midwives could potentially be overproduced by 32% in 2030.
Conclusion: Future health workforce strategy should endeavour to increase the intake of
Pharmacy Technicians by more than seven-folds; General Practitioners by 110%; Registered
General Nurses by 55% whilst Midwives scaled down by 15%. The role of Enrolled Nurses needs
to be revaluated and their production adjusted accordingly. About US$ 480.39 million investment
is required in health professions education to correct the need versus supply mismatches. Annually,
US$1.762 billion (and up to US$ 2.374 billion in 2035) must be planned for the employment of
those that would have to be trained to fill the needs-based shortages and for sustaining the
employment of those currently available.
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5.2

INTRODUCTION

Over the years, most health workforce (HWF) planning has been based on either population ratio
approaches or currently observed health service utilisation [1,2]. However, in a context where the
population still faces an unmet need for health services or large disparities in the need for health
services, these approaches have been found to be of limited value [3–5]. Consequently, in 2016,
the World Health Assembly (WHA) adopted resolution WHA69.19 (The Global Strategy on
Health Workforce), urging countries to make a paradigm shift towards the use of population health
needs as the basis for health workforce planning rather than the use of currently observed levels
of health service utilisation, service targets, health facilities or simple population ratios. In
furtherance of this, it called for health workforce investments to be based on matching "…the
supply of health workers to population needs, now and in the future" [6]. This paradigm shift has
been deemed necessary to uphold the tenets of UHC in ensuring that all persons have access to the
health workers they will require based on their health needs and not their location, ability to pay,
gender, race or other characteristics. Thus, it has become critical for countries to devise effective
policies that respond to population needs and effectively plan the future training of health
professionals by quantifying the needed health workforce based on the population health needs
and their supply capacity [6].
Ghana faces a double burden of disease whereby non-communicable diseases and their risk factors
are at alarming levels, whilst communicable diseases are still a public health threat [7,8]. With a
universal health coverage (UHC) score estimated at 47% in 2019, Ghana does not only suboptimally compares with Africa's average of 48% [9] but also has up to 53% of its population
health needs (which are tracked by UHC tracer indicators) likely not to be met by the existing
coverage of health services. Addressing the aforesaid and ever-changing pattern of the population's
health needs requires investments across the different health system components, but critically
aligning the health workforce production to the population health needs is imperative. Like many
other low-and middle-income countries, Ghana faces a critical shortage of health workers,
undermining health service coverage [10–13].
To address the severe health workforce shortages in the late 1990s, Ghana expanded its public and
private-sector production of the health workforce, resulting in increasing the public sector health
workforce by nearly three-folds between 2005 and 2019 [14], following which the country is being
cited as one of the leading producers of physicians, nurses and midwives in sub-Saharan Africa
[15]. Nonetheless, based on the national health facility staffing norms [16], Ghana is estimated to
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have at least a 42% shortfall of the health professionals needed [17]. On the one hand, the shortfall
is more critical amongst highly trained health professionals, while on the other hand, some midlevel health workers appear to have been overproduced [17]. It is also worth noting that these
challenges co-exist with several trained but unemployed health workers in the country, mainly due
to inadequate investments in health sector employment [18]. Recent estimates show that there is a
need for a public sector health workforce budgetary increase of 57% (~US$295.4 million) to meet
minimum staffing requirements for primary and secondary level health services [19]. Such
demands are becoming difficult to justify as some 22% (range: 14% – 50%) of prevailing wage
bill have been spent on the inequitably distributed health workforce [19] in favour of specialised
health facilities in large cities [12,20]. This has, thus, left significant staffing gaps at the PHC level,
which provides about 95% of all outpatient services in Ghana [21]. Therefore, several policy
questions continue to persist. These questions, amongst others, include: how many health
professionals are needed at the PHC level based on the population health needs viz-a-viz potential
supply and what level of investment in health professions education and employment will be
required to avert any shortages?
To address these critical policy questions, we employed a population needs-based approach to
model the requirements of eleven categories of health professionals at PHC level in Ghana,
alongside their supply projections based on stock-and-flow approach. Together, these health
professionals' categories constitute more than 80% of the total wage bill and are the main anchor
of PHC interventions.
The Primary Health Care context in Ghana
Ghana is politically and administratively divided into sixteen (16) regions, further divided into 260
districts. Each district is also divided into health sub-districts and communities. The delivery of
health services is operationally and administratively aligned with these structures. By a legislative
Act (Act 525 of 1996), the public health service delivery is entrusted in semi-autonomous
establishments, namely the Ghana Health Service (GHS) and Teachings Hospitals (THs). There
are also several faith-based, private-for-profit and quasi-governmental institutions and mental
health facilities. The Ministry of Health (MOH) supervises all these institutions regarding policy
formulation, resource mobilisation and allocation, and monitoring and evaluation.
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Figure 1: The health care system structure in Ghana [Source: Authors' construction]
As indicated in Figure 1, a pluralistic gatekeeper health service delivery system is established. At
the bottom of the PHC hierarchy are community-based health planning and services (CHPS), the
first point of contact of the health system, each serving a defined population of 5,000 people or
750 households, sometimes coterminous with electoral areas [22]. These are mandated to deliver
preventive health services and to treat minor illnesses with over-the-counter medicines at the
community level.
Health centres (HCs) serve people in the catchment area of a sub-district and are expected to
provide basic curative and preventive health services. They are the first level of referral from the
communities and CHPS. Although health centres are mandated to serve catchment populations of
about 20,000 or less, in urban areas, they could be expanded (in size and staffing) and designated
as polyclinics to serve larger populations. One report revealed that some urban polyclinics were
even operating at the level of hospitals, beyond their designation, due to increased service demand
from the population [19]. At the top of the PHC hierarchy are the district/primary hospitals
intended to serve as district-level referral centres and provide preventive, curative, and emergency
health care to populations between 100,000 and 200,000 people. However, it is estimated that at
least half of the districts were without these primary/district hospitals, resulting in extra workload
in other facilities, which operate beyond their capacity [12,19].
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5.3
5.3.1

METHODOLOGY
Overview of Population Needs-based Simulation Model for Health Workforce
Planning

Based on a scoping review of various analytical applications of needs-based health workforce
planning approach [23], and building upon previous works [24–29], we developed a needs-based
analytical health workforce planning model, built in Microsoft® Excel and suitable for health
sector-wide application in any country [30]. The paper reports on how the model was applied to
conduct health workforce projection in PHC in Ghana. As illustrated in Figure 2, the underpinning
conceptual framework of the model consists of need analysis, supply analysis, gap analysis, and
resource implications.
The need analysis assumes that the required calibre and quantity of health professionals are derived
from the population's need for health services [31–34]; as the population in any jurisdiction at any
given time have some need for health services, regardless of whether or not they have demanded
such service or if it can even be afforded [33]. Therefore, forecasting the optimal requirement for
health professionals in a health system must directly flow from an estimate of the population's
need for health services which can be modelled as a function of (a) the size of the population and
its demographic characteristics, (b) the state of health or level of health of the population and (c)
the level of services (type and frequency) necessary to attain and maintain optimal health of the
population. The aggregate need for health services can then be translated into the health workforce
requirements if the category of health professional competent to deliver the service was identified
[35] with clear work division [36], and an established measure of their standard workload (or
productivity) [37,38]. Box 1 summarises the empirical formulae for estimating the need for health
services and translating the same into health workforce requirements.
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Box 1: Summary of formulae for estimating needs-based health workforce requirements
!"#! = ∑ %",$,%,! × [ "ℎ,",$,!−1 × (1 + ,ℎ )] × /),ℎ,",$,!

… equation 1

Where:
§ NHSt represents the 'Needed Health Services' by a given population under a given service model,
0*,+,, over a period of time t.
§ Pi,j,g,t represents the size of the given population of age cohort i, gender j in location (rural or
urban) g at time t in a given jurisdiction (this represents the population and its demographic
characteristics).
§ Hh,i,j,g,t represents the proportion of the given population with health status h, of age cohort i,
gender j in location g at time t (this represents the level of health of the population).
§ Ly,h,i,j,g,t represents the frequency of health services of type y planned or otherwise required, under a
specified service model, to address the needs of individuals of health status h among age cohort i,
gender j in location g over time t (this represents the level of service required by the population).
§ 1- is the instantaneous rate of change of the health status, h.
#2.,) =

/01!

… equation 2

22",!

Where:
§ SWn,y is the standard workload for health professional of category n when performing health
service activity y.
§ AWTn is the annual available working time of the health professional of category n
§ SSy,n is the Service Standard or the time it takes a well-trained health professional of category n to
deliver the service activity, y.
!.,! = S

342!,",$
20!,"

… equation 3

Where:
§ Nn,t is the needs-based requirements of a health professional of category n at time point t
§ NHSt represents the number of needed health service activity y, delivered by a health professional
of category n at time t.
§ SWn,y is the standard workload for health professional of category n when performing health
service activity y.

Sources: [30,39]
Building on existing stock and distribution of the health workforce, the model uses the stock and
flow approach to estimate health professionals' future supply. It comprises determining the inflow
or entry in the current workforce and the outflow or attrition from the current workforce. While
the inflow depends on the training capacity and immigration, the outflow/attrition is influenced by
natural and unnatural disengagements such as retirements, emigration, deaths, resignations and
dismissals. Box 2 presents the supply projection formula, explained in detail in a prior publication
[30].
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Box 2: Stock and flow formulae for health professionals' supply estimation
35,, ="45,,−6 × (5 − 75 ) + 85 # × 9 … equation 4
Where:
§ Sn,t is the effective supply of health professional of category n, at time t.
§ Tn,t is the overall stock of health professionals (number registered) category n at time t.
§ an is the rate of attrition (the proportion of the stock, Tn,t-1 that died, retired, could not work due to illhealth or migrated out) which adjusts the overall stock to get the professionally active health
professional of category n.
§ In is the inflows of the health professional of category n from both domestic and foreign sources.
§ P is the rate of labour participation that reflects the proportion of the professionally active health
professionals engaged in direct health service delivery.

Sources: [30,39]
The gap analysis compares the need analysis and the supply analysis to determine if there were a
potential shortage or oversupply of health professionals [40]. Absolute gaps are presented in the
form of the actual deficit or surplus of health professionals, whilst relative gaps were presented in
the form of the proportion of the needs-based requirements that the anticipated levels of supply
could potentially meet. While absolute gaps are essential for planning the number of additional
health professionals to train, relative gaps are significant in prioritising the health professional
group that required immediate attention. It also has implications for quality of care as it could be
interpreted to mean the degree to which professionals standards will be met [41]. Finally, the
resource implications are computed in terms of the investment required to sustain jobs for the
anticipated supply can be compared with the investment needed to employ to fill the needs-based
requirement, assuming there were no supply-side barriers (see box 3 for formulae). Where there
are needs-based shortages, the required investment in health professions education to fill the gaps
are estimated. All these cost implications are then compared with budgetary allocations or potential
financial space to examine their feasibility.
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Box 3: Formulae for gap analysis and cost implications
:;<=>?@A B7C5,, = 35,, − D5,,
3:15,, =
§
§
§
4E35,,

7%,&
8%,&

… equation 5
… equation 6

Absolute Gapn,t is the absolute gap for health professional of type n at time t.
Sn,t is the supply of health professional of category n at time t.
Nn,t is the needs-based requirements of a health professional of category n at time t.
= å (35,, × F5,, )
… equation 7

Where:
§
§
§

TCSn,t is the total wage bill cost of the anticipated supply of health professional category n at time point
t.
Sn,t is the anticipated supply of health worker category n at time point t.
Kn,t is the average income (made up of salaries, allowances and monetary benefits and adjusted for
inflation) for health professional of category n at time point t.

4ED5,, = å (D5,, × F5,, )
§
§
§

… equation 8

TCNn,t is the total wage bill cost of needs-based requirements of a health professional of category n at
time point t.
Nn,t is the needs-based requirements of a health professional of category n at time point t.
Kn,t is the average income (made up of salaries, allowances and monetary benefits and adjusted for
inflation) for health professional of category n at time point t.

Source: [30]
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Figure 2: A conceptual framework for the Population Needs-based Simulation Model for Health Workforce Planning Source: [30]
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5.3.2

The empirical application of the model: data sources and assumptions

Input data for the model application (equations 1 – 8) were triangulated from multiple sources.
This section highlights the nature and process of data acquisition and data validation procedure
and limitations.
5.3.3

Data sources for the need analysis

Population size and characteristics: The population size, gender, age composition (age cohorts)
and distribution by geographical regions and rural and urban distribution were taken from the
Ghana Statistical Service projections [42].
Level of health (disease burden): The list of diseases and risk factors that accounted for 98% of
the burden of mortalities, outpatient attendance and hospital admissions were profiled from the
Global Burden of Disease Study [43] and the Facts and Figures report of the Health Sector in
Ghana [44,45]. We then conducted a desk review of survey reports, analytical reports and peerreviewed publications to map the prevalence or incidence (as appropriate) of the diseases and risk
factors identified and the coverage rates of essential public health interventions. The notable
sources of the data included the Ghana Demographic and Health Surveys [46,47], Ghana Maternal
Health Surveys [48,49], the Facts and Figures report of the health sector in Ghana [44,45], Ministry
of Health annual holistic assessment report of the health sector [21,50,51], and several peerreviewed publications (see supplementary material 1 for the details of diseases and risk factors
with their prevalence or incidence rate as well as the data sources).
Level of service: The main health services that were being provided or were otherwise necessary
at the PHC level to address the diseases and risk factors identified above were extracted from
various sources, including the Ghana Standard Treatment Guidelines 2017 [52]; CHPS Policy
[22]; National Reproductive Health Service Policy and Standards [53]; the Non-Communicable
Disease Strategy [54]; Ghana National HIV and AIDS Strategic Plan [55]; and Clinical
Management Guidelines for TB and HIV Infection [56]. The health service activities were matched
to the job description of the health professionals being studied.
Activity standards and standard workloads: The list of tasks performed by health professionals
(matched with the services required to address the disease burden identified above) was extracted
from the job descriptions of the respective health professionals and those of a previous WISN
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study [57]. The standard time it would take the individual health professionals to perform these
health service tasks were elicited through a nationally representative cross-sectional survey
completed by 503 health professionals. The detailed methodology and results of the survey have
been reported in a separate piece [58].
Workload division: We adopted a workload division established by the Technical Working Group
(TWG) on Staffing Norms of the Ministry of Health in 2014 [16,57]. The TWG adopted a
workload division of 25% of medical laboratory workload for the Biomedical Scientist and 75%
for Laboratory Technicians, noting that most laboratory examinations, especially at PHC level,
were not complex and hence the role of the Biomedical Scientist was for quality assurance
undertaking the 25% of the workload which may require a higher level of technical knowledge or
skill. Based on similar logic, pharmacy-related workload division of 20% for Pharmacists and 80%
for Pharmacy Technicians was also adopted by the TWG. Based on observed data, the TWG also
concluded that Physician Assistants covered 20% of the workload in terms of outpatient
consultations in primary/district hospitals and polyclinics, leaving 80% for General Practitioners.
However, the Physician Assistant covered 80% of outpatient consultations at health centres, with
the remaining 20% taken care of by nurses. We also adopted the workload ratio of 70% for
professional nurses (Registered General Nurses) and 30% for auxiliary nurses (Enrolled Nurses)
for clinical nursing care. For Midwives, Community Health Nurses, Nutritionists and Dieticians,
their functions at the PHC level are usually not shared with other professionals; hence, we made
no workload division assumptions.
Data from the health sector holistic assessment by the MOH show that between 2014 and 2017,
on average, about 20% of outpatient consultations were provided by health professionals at CHPS
compounds/zones; 26% at health centres/polyclinics; 49% at primary (and district) hospitals while
the rest of 5% was provided in either secondary or tertiary health facilities [21]. We applied the
above-mentioned observed trends to the modelled need for health services for the division of
service delivery at the various levels of PHC.
5.3.4

Data sources for the supply analysis and costing

The existing stock of health professionals, the rate of labour flow (attrition), the education pipeline
(number of admissions into health professions education institutions and pass rates) were obtained
from the respective professional regulatory bodies of the health professions (as indicated in Table
1). The health professionals' average income level was taken from the public sector Single Spine
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Salary (SSS) scale obtained from the Ghana Health Service. In the absence of comprehensive data
on the cost of training of health professionals, we used the average of annual fees paid by feepaying students as published by two public universities (the University of Ghana's College of
Health Sciences and the University of Health and Allied Sciences) and one private university (the
Central University). Since fee-paying students in public and private universities do not benefit
from government subsidies and are usually charged at least for full cost recovery for tuition and
other costs of training, we assumed that it better reflected the 'true cost' of training as compared
with the regular student fees which the government substantially subsides. However, the estimated
cost of training per student per year excluded boarding and lodging, which enormously varies
depending on the cities and lifestyles of individual students.
5.3.5

Data validation and quality assurance

Data extracted from official reports and websites of MoH, GHS and the respective health
professions regulatory bodies were sent to focal persons in the respective institutions to confirm
the validity of the data and an explanation was provided for any inconsistencies observed. They
also indicated whether or not any subsequent update to the data or report was made and available.
Where there was unexplained data inconsistency, a comparison was made with international
datasets (if available) such as the World Development Indicators of the World Bank, WHO's
Global Health Observatory (GHO), and the National Health Workforce Account (NHWA)
database. Data obtained from peer-reviewed publications were also compared with papers of
similar methodology to ensure consistency of estimates. Whenever there was wide variation in
estimation between two publications, additional papers were sought for further comparison, and
closest of the estimates was used. Two of the authors systematically and consistently scrutinised
the data before analysis.
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Table 1: Baseline stock, labour flows, training outputs, average income levels and cost of training
No.

List of cadres

Active
Baseline
Stock

Rate of
Annual
Retirements/
Death (%)

Rate of
other
forms of
attrition

Overall
Annual
Attrition
Rate (%)

Duration
of
training
(Years)

Average
Number of
Annual
Enrolments

Averag
e Pass
Rate
(%)

Average
Annual
Income
(GH¢)

Cost of
Training Per
Year (GH¢)

Sources of Data

1

General Practitioner
(Generalist Doctor)

6,173

1.9%

5.2%

7.1%

6

1,566

70.0%

68,182.3

8,242.0

MDC; GHS; MoH; UG; UHAS

2

Physician Assistant
(Medical)

3,118

1.9%

0.0%

1.9%

3

638

80.5%

35,821.4

10,712.5

MDC; GHS; MoH; UG; CU

3

Midwife

12,786

7.6%

0.3%

7.9%

3

4,827

79.0%

28,290.1

8,910.5

NMC; GHS; MoH; UHAS; UG

4

Registered General
Nurse

60,530

2.8%

0.4%

3.2%

3

7,353

73.0%

28,290.1

8,910.5

NMC; GHS; MoH; UHAS; UG;
CU

5

Enrolled Nurse

40,000

1.6%

3.9%

5.5%

2

8,379

86.0%

18,260.4

8,910.5

NMC; GHS; MoH; UHAS

6

Community Health
Nurse

24,494

0.8%

3.9%

4.7%

2

4,184

92.0%

18,260.4

8,910.5

NMC; GHS; MoH; UHAS

7

Nutritionist and
Dietician

334

2.1%

0.0%

2.1%

3

429

92.8%

35,821.4

8,089.0

AHPC; GHS; MoH; UHAS; UG

8

Biomedical Scientist*

1,355

2%

0.0%

2%

4

396

92.8%

35,821.4

8,089.0

AHPC; GHS; MoH; UHAS; UG

9

Laboratory
Technician

855

2.1%

0.0%

2.1%

3

682

92.8%

28,290.1

8,089.0

AHPC; GHS; MoH; UHAS; UG

10

Pharmacist**

1,052

0.8%

0.1%

0.9%

4

343

81.6%

38,317.4

7,594.0

PCG; GHS; MoH; UHAS; UG

11

Pharmacy Technician

1,055

2.1%

0.0%

2.1%

3

173

81.6%

26,007.8

7,594.0

PCG; GHS; MoH; UHAS; UG

*a six-year Doctor of Medical Laboratory programme has been introduced by some universities
**a six-year Doctor of Pharmacy programme is being introduced by universities, but the 4-year Bachelor of Pharmacy degree is still the basic requirement to be a Pharmacist in the country.
AHPC – Allied Health Professions Council; CU – Central University; GHS – Ghana health Service; MDC – Medical and Dental Council; MoH – Ministry of Health; NMC – Nursing and Midwifery Council; PCG – Pharmacy
Council of Ghana; UG – University of Ghana; UHAS – the University of Health and Allied Sciences
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5.4
5.4.1

FINDINGS
Projected supply of health professionals, 2020 - 2035

In aggregate, the current stock of 11 health professionals considered in this analysis was estimated
to be 148,390 across public and private sectors, with the projection showing a progressive increase
over the next 15 years. Overall, the average net annual growth rate is estimated to be 5.6% resulting
in a rise of 51.9% from the current stock to 225,454 by 2025 and a further 26.8% increase to
285,900 by 2030, which could reach 333,770 by 2035. Thus, by 2035, holding the current rate of
production and attrition constant, the size of the 11 categories of health professionals considered
in this analysis is likely to be two and a half folds that of the bassline stock in 2020.
General Practitioners' stock is expected to increase by 46.2% from 6,173 in 2020 to 9,027 by 2025,
with a further increase of 12.19% by 2030 and capping at about 12,369 by 2035 (an increase of
12.4% from the stock expected in 2030). Similarly, the supply of Physician Assistants is
anticipated to increase by almost 70% from 3,118 in 2020 to 5,305 in 2025 and 37.5% and 24.8%
by 2030 and 2035, respectively. Also, with the double streams of producing Midwives via direct
entry and post-basic training, the stock of Midwives is likely to almost double (93.6% increase)
from 12,786 in 2020 to 24,756 in 2025, and a further expansion of 53.3% could be reached by
2030 if the prevailing rate of production and attrition were held constant.
Registered General Nurses' active stock is projected to increase by 27% from 59,986 in 2020 to
76,158 by 2025, with a further 18% increase to 89,903 by 2030. If the production rate continued
unabated, the stock of Registered General Nurses could reach 101,585 by 2035. Besides, the
baseline stock of 24,494 Community Health Nurses is projected to reach 54,108 (120.9% increase)
by 2035 as were Enrolled Nurses to increase from 37,182 in 2020 to 77,816 by 2030 (109%
increase) and 90,998 by 2035 or 16.9% further boost from the stock anticipated in 2030. Finally,
the expected output of Laboratory Technicians showed a ramp-up in recent years whereby the
baseline stock of 855 is likely to increase by three and a half folds to 3,810 by 2025 and nearly ten
folds to 8,857 by 2035. Table 2 provides details of the annual projections of health professionals'
supply if the current trend continued without interventions to either abate or accelerate the
production.
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Table 2: Projected supply of health professionals, 2020 – 2035
No.

Health
Professionals

Projected Supply, 2020 - 2035
2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

1

General Practitioner
(Generalist Doctor)

6,173

6,831

7,442

8,010

8,537

9,027

9,483

9,906

10,299

10,664

11,003

11,318

11,610

11,882

12,135

12,369

2

Physician Assistant
(Medical)

3,118

3,572

4,018

4,455

4,884

5,305

5,718

6,123

6,520

6,910

7,292

7,667

8,035

8,396

8,750

9,097

3

Midwife

12,786

15,589

18,171

20,549

22,739

24,756

26,613

28,324

29,900

31,351

32,688

33,919

35,053

36,097

37,058

37,944

4

Registered General
Nurse

59,986

63,434

66,772

70,003

73,131

76,158

79,089

81,926

84,672

87,330

89,903

92,394

94,805

97,139

99,398

101,585

5

Enrolled Nurse

37,182

42,350

47,236

51,853

56,217

60,343

64,242

67,927

71,411

74,703

77,816

80,757

83,538

86,166

88,650

90,998

6

Community Health
Nurse

24,494

27,197

29,773

32,229

34,570

36,802

38,929

40,956

42,889

44,731

46,487

48,160

49,756

51,276

52,726

54,108

7

Nutritionist and
Dietician

334

735

1,127

1,511

1,886

2,254

2,615

2,967

3,312

3,650

3,981

4,305

4,622

4,933

5,237

5,534

8

Biomedical Scientist

1,355

1,696

2,029

2,356

2,677

2,991

3,299

3,600

3,896

4,186

4,470

4,748

5,021

5,288

5,550

5,806

9

Laboratory
Technician

855

1,471

2,075

2,665

3,244

3,810

4,364

4,907

5,438

5,958

6,467

6,966

7,454

7,931

8,399

8,857

10

Pharmacist

1,052

1,322

1,590

1,856

2,119

2,380

2,638

2,895

3,148

3,400

3,649

3,896

4,141

4,384

4,624

4,862

11

Pharmacy
Technician

1,055

1,175

1,292

1,407

1,519

1,629

1,737

1,842

1,945

2,046

2,145

2,242

2,337

2,429

2,520

2,609

Total

148,390

165,372

181,525

196,894

211,524

225,454

238,725

251,372

263,429

274,929

285,900

296,372

306,370

315,921

325,047

333,770

Net Annual Increase

16,982

16,153

15,369

14,629

13,931

13,271

12,647

12,057

11,499

10,971

10,472

9,999

9,551

9,126

8,724

Annual % net
increase

11.4%

9.8%

8.5%

7.4%

6.6%

5.9%

5.3%

4.8%

4.4%

4.0%

3.7%

3.4%

3.1%

2.9%

2.7%

Note: Supply values for 2020 are not projections but the baseline data
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5.4.2

Projected needs-based requirements for health professionals, 2020 - 2035

The projections show that based on the population (size and demographics), disease burden, the
package of health services and the professional standards for delivering those services, Ghana
needed 221,593 health professionals across the 11 categories included in the analysis for primary
health services. At the rate of change of 5.5% (range: 3.2% - 10.7%) per annum, the aggregate
requirement is likely to reach 407,897 by 2030 (84.1% increase) and a further 21.4% increase to
495,273 by 2035.
Specifically, General Practitioners' needs-based requirement is estimated to be roughly 14,049 in
2020, which is anticipated to averagely increase at an annual rate of 5.7% (range is 2.7% to 11.2%).
With this trajectory, the need for General Practitioners could increase by 89% to 26,560 by 2030
and then reach 32,199 by 2035, an additional needs-based increase of 21.2% between 2030 and
2035.
Physician Assistants' baseline requirement is estimated to be 8,590 in 2020 and expected to double
to 17,633 (an increase of 105%) by 2030 and almost 21,487 by 2035, about two and half times that
of the baseline requirement in 2020. Also, about 14,002 Midwives are estimated to be needed in
2020, increasing progressively at an annual average rate of 4.9% (range: 4.5% -5.5%) to 17,586
by 2025 and 28,805 by 2035 (about 106% increase between 2020 and 2035).
At an annual rate of increase averaging 5.5% (range: 3.1% - 12.5%), the need for Registered
General Nurses could increase from 66,948 at baseline in 2020 to 148,983 by 2035, which
represents a cumulative change of ~123% increase between 2020 and 2035. For Enrolled Nurses,
the needed number in 2020 is estimated to be 45,354 and is anticipated to grow at an annual rate
of 5% (range: 3.1% to 9.6%) to reach 94,381 by 2035.
Similarly, the need for Community Health Nurses is estimated to be 41,787 at baseline in 2020
and is likely to increase at an average annual rate of 5.7% (range is 3.3% to 12%) to 77,071 by
2030 and 96,233 by 2035; as the need for 5,937 Nutritionists and Dietitians is also likely to increase
by 19.5% to 7,094 in 2035. The need for Biomedical scientists could also increase by 3.3 folds
from 4,581 in 2020 to 14,933 by 2035, similar to Laboratory Technicians whose estimated need is
8,585 in 2020 but projected to increase dramatically to 21,663 in 2035. Finally, the need for
Pharmacist is estimated to grow at an annual average of 6.6% (range is 3.4% to 12.4%) from 3,993
in 2020 to 10,340 by 2035, similar to the Pharmacy Technicians whose needs-based requirement
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is projected to escalate by 147% from 7,766 in 2020 to 19,154 by 2035 (an annual average growth
rate of 6.3%, range: 3.1% - 11.7%). Table 3 provides the projected annual need for various health
professionals.
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Table 3: Projected needs-based requirements of health professionals, 2020 - 2035
No.

Health Professionals

Needs-based Requirements, 2020 - 2035
2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

1

General Practitioner
(Generalist Doctor)

14,049

15,366

16,875

18,765

20,169

21,923

22,692

23,520

24,414

25,383

26,560

27,712

28,973

30,358

31,352

32,199

2

Physician Assistant
(Medical)

8,590

9,775

10,929

12,157

13,171

14,511

15,023

15,578

16,180

16,837

17,633

18,422

19,290

20,247

20,921

21,487

3

Midwife

14,002

14,639

15,312

16,023

16,775

17,586

18,429

19,321

20,265

21,264

22,440

23,569

24,766

26,035

27,379

28,805

4

Registered General
Nurse

66,948

73,001

80,527

90,625

97,194

105,290

108,627

112,155

115,892

119,861

125,129

129,711

134,615

139,879

144,507

148,983

5

Enrolled Nurse

45,354

48,317

52,048

57,064

61,078

66,649

68,746

70,950

73,271

75,718

79,246

82,048

85,021

88,180

91,252

94,381

6

Community Health
Nurse

41,787

46,816

51,499

56,121

59,159

62,267

64,712

67,368

70,259

73,411

77,071

80,873

85,046

89,637

93,125

96,233

7

Nutritionist and
Dietician

5,937

5,931

5,932

5,941

5,959

6,038

6,080

6,132

6,194

6,266

6,445

6,548

6,664

6,793

6,936

7,094

8

Laboratory Scientist

4,581

5,043

5,680

6,592

7,298

8,151

8,613

9,131

9,713

10,369

11,125

11,966

12,921

14,009

14,577

14,933

9

Pharmacist

3,993

4,488

5,004

5,592

6,104

6,790

7,054

7,337

7,642

7,970

8,372

8,759

9,179

9,637

10,004

10,340

10

Pharmacy Technician

7,766

8,673

9,616

10,693

11,626

12,906

13,372

13,871

14,406

14,983

15,726

16,406

17,146

17,952

18,583

19,154

11

Laboratory Technician

8,585

9,486

10,835

12,894

14,039

15,282

15,763

16,282

16,844

17,456

18,150

18,882

19,687

20,574

21,175

21,663

Total

221,593

241,534

264,257

292,467

312,573

337,392

349,111

361,645

375,081

389,518

407,897

424,898

443,309

463,300

479,812

495,273

Net Annual Increase

19,942

22,722

28,210

20,106

24,819

11,719

12,534

13,436

14,437

18,379

17,001

18,411

19,992

16,512

15,461

Annual % net increase

9.0%

9.4%

10.7%

6.9%

7.9%

3.5%

3.6%

3.7%

3.8%

4.7%

4.2%

4.3%

4.5%

3.6%

3.2%

Note: 2020 values are the needs-based baseline requirements
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5.4.3

Health professionals' supply versus need gap analysis, 2020 - 2035

We compared the projected supply of the health professionals with that of the projected needs,
which showed that at baseline, the stock of the health professionals included in the analysis met
about 67% of their aggregate needs-based requirements in 2020, leaving a gap of 33%, translating
into a needs-based shortage of 73,203 health professionals across 11 cadres. Without any
intervention to increase the production of these health professionals, the ratio of future supply to
the need (staff availability ratio) is likely to remain fairly constant (with marginal fluctuations)
until 2030, when it is likely to be roughly 70%%. However, the absolute gaps are likely to increase
by 66.7% from 73,203 in 2020 to 121,997 by 2030 and then to 161,502 by 2035.
However, beneath the aggregate estimates are huge imbalances whereby there is a seemingly
adequate production of Enrolled Nurses and an anticipated overproduction of Midwives. At the
same time, for six out of 11 health professionals considered in this analysis (namely, General
Practitioner, Laboratory Scientist, Laboratory Technician, Pharmacist, Pharmacy Technician and
Physician Assistant), the projected supply will likely fail to meet even 50% of the needs-based
requirement by 2035 if no corrective intervention(s) is undertaken to enhance health professions
education.
At baseline in 2020, Midwives and Registered General Nurses appear to have marginal needsbased shortages of 8.7% and 10.4%, respectively. However, over 15 years, the supply of
Registered General Nurses is likely to meet only 68.2% of the need if the trajectory of need and
supply remains unchanged. On the other hand, the supply of Midwives is likely to exceed that of
the need by 41% in 2025, 46% by 2030 and then 32% by 2035 if the levers of production (and
supply) viz-a-viz the need remain constant. Additionally, the projected supply of Enrolled Nurses
met about 82% of the needs-based requirement and is anticipated to incrementally improve to
between 96.4% and 98.2% from 2030 to 2035 – reaching a near-equilibrium between need and
supply. The needs-based shortage of Community Health Nurses is estimated to be 17,293, which
represents a 41.4% needs-based shortfall in 2020 which, given a high rate of internal attrition to
other professions like midwifery and general nursing, the needs-based shortage is likely to worsen
to 44% by 2035; leaving a need for additional 42,125 Community Health Nurses in 2035.
Similarly, General Practitioners' baseline stock represents only 43.9% of the needs-based
requirement, and the rate of supply seems to be outpaced by the rate of increasing need, leaving a
needs-based shortfall increasing from 7,876 in 2020 to 19,830 by 2035. Under the current trend,
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the needs-based shortage of General Practitioners could worsen from 56.1% to 55.7% by 2030 and
further escalate to a shortage of 61.3% of General Practitioners by 2035. Additionally, the baseline
stock of Physician Assistants in 2020 covers only 36.3% of the need, with the shortage estimated
to be 5,472, which is likely to increase steadily to 12,390 by 2035. During this time, the projected
supply will represent only 42.3% of the needs-based requirements.
Furthermore, Nutritionists and Dieticians are projected to have the most severe shortage at
baseline, which the stock meets just 5.6% of the need; leaving a needs-based shortage of 94.4%,
but owing to an already started massive expansion in intake in the last few years, will likely reduce
the needs-based shortage to 38.2% by 2030 and 22% by 2035. This will translate into reducing the
absolute shortage of Nutritionists and Dieticians from 5,603 in 2020 to only 1,560 by 2035.
Similarly, the baseline supply of Pharmacy Technicians represents only 13.6% of the needs-based
requirement (which is expected to remain similar for the 15-year horizon of the projection), leaving
an absolute needs-based shortage of 6,711 in 2020, which is projected to increase dramatically to
16,545 by 2035. In the same vein, the baseline stock of Laboratory Technicians is estimated to
represent only 10% of the need in 2020, leaving a needs-based shortage of 7,730, which under the
prevailing trends the needs-based shortage for Laboratory Technicians could reach 12,806 by
2035. However, in relative terms, the supply to need ratio is likely to improve gradually to 35.6%
by 2030 and 40.9% by 2035.
Biomedical Scientists' baseline stock represents only 29.6% of the needs-based requirement at the
PHC level, which is expected to improve marginally to 40.2% by 2030 and decline to 38.9% by
2035 if there are no interventions to influence the elements affecting production (and supply) and
the need for Biomedical Scientists. The additional need of 3,226 Biomedical Scientists represents
a 70.4% needs-based shortfall in 2020, but the absolute shortage could escalate by 106.3% to 6,655
by 2030 if corrective interventions are not taken, and this shortage could reach even 9,126 by 2035.
Similarly, Pharmacists' needs-based shortage is estimated to be 2,941 at baseline in 2020,
representing a 73.7% shortage of Pharmacists. Under the prevailing production and attrition rates,
the absolute shortage could reach 5,478 by 2035, but relative to the needs-based requirement, it
will represent a 53% shortfall in 2035. Table 4 shows the projected supply versus need gap analysis
in absolute and relative terms for all the health professionals considered in the analysis.
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Table 4: Supply versus needs-based gaps, 2020 - 2035

No.
1
2
3
4
5
6
7
8
9
10
11

Health
professionals
Community Health
Nurse
Enrolled Nurse
General Practitioner
(Generalist Doctor)
Laboratory Scientist
Laboratory
Technician
Midwife
Nutritionist and
Dietician
Pharmacist
Pharmacy
Technician
Physician Assistant
(Medical)
Registered General
Nurse
Ghana

Need
(a)

2020
Supply
Gap
(b)
(b-a)

2025

2030
Need
(a)

2035
Supply
Gap
(b)
(b-a)

SAR
(b/a)

Need
(a)

Supply
(b)

Gap
(b-a)

SAR
(b/a)

Need
(a)

Supply
(b)

Gap
(b-a)

SAR
(b/a)

SAR
(b/a)

41,787

24,494

(17,293)

58.6%

62,267

36,802

(25,465)

59.1%

77,071

46,487

(30,585)

60.3%

96,233

54,108

(42,125)

56.2%

45,354

37,182

(8,172)

82.0%

66,649

60,343

(6,306)

90.5%

79,246

77,816

(1,430)

98.2%

94,381

90,998

(3,383)

96.4%

14,049

6,173

(7,876)

43.9%

21,923

9,027

(12,895)

41.2%

26,560

4,581

1,355

(3,226)

29.6%

8,151

2,991

(5,160)

36.7%

11,125

11,003

(15,557)

41.4%

32,199

12,369

(19,830)

38.4%

4,470

(6,655)

40.2%

14,933

5,806

(9,126)

38.9%

8,585

855

(7,730)

10.0%

15,282

3,810

(11,472)

24.9%

18,150

6,467

(11,683)

35.6%

21,663

8,857

(12,806)

40.9%

14,002

12,786

(1,216)

91.3%

17,586

24,756

7,170

140.8%

22,440

32,688

10,248

145.7%

28,805

37,944

9,139

131.7%

5,937

334

(5,603)

5.6%

6,038

2,254

(3,784)

37.3%

6,445

3,981

(2,464)

61.8%

7,094

5,534

(1,560)

78.0%

3,993

1,052

(2,941)

26.3%

6,790

2,380

(4,410)

35.0%

8,372

3,649

(4,722)

43.6%

10,340

4,862

(5,478)

47.0%

7,766

1,055

(6,711)

13.6%

12,906

1,629

(11,278)

12.6%

15,726

2,145

(13,580)

13.6%

19,154

2,609

(16,545)

13.6%

8,590

3,118

(5,472)

36.3%

14,511

5,305

(9,206)

36.6%

17,633

7,292

(10,341)

41.4%

21,487

9,097

(12,390)

42.3%

66,948

59,986

(6,962)

89.6%

105,290

76,158

(29,132)

72.3%

125,129

89,903

(35,227)

71.8%

148,983

101,585

(47,399)

68.2%

221,593

148,390

(73,203)

67.0%

337,392

225,454

(111,938)

66.8%

407,897

285,900

(121,997)

70.1%

495,273

333,770

(161,502)

67.4%

Note: Supply values for 2020 are not projections but the baseline data; 2020 values are the needs-based baseline requirements
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5.4.4

Implications for planning the annual intake into health professions education
institutions

Table 5 summarises the gaps and the recommended number of admissions per year for each
category of health professionals to fill the projected needs-based shortages effectively. Notably,
the analysis shows a need to ramp-up most health professionals' training while also maintaining or
even reducing a few others, assuming the prevailing pass rates and attrition rates (as shown in
Table 1) were held constant. For instance, 173 Pharmacy Technicians' annual intake per year needs
to be tremendously escalated by almost seven and a half folds to about 1,475 annually. Also, the
average annual intake of 4,180 for Community Health Nurses is projected to culminate in a future
supply that will fail to offset the anticipated needs-based shortage of 42,125 by 2035; hence there
might be the need to increase their intake by some 72% to 7,217 per year. Similarly, General
Practitioners' annual enrolments need to be increased by 110% from 1,556 (inclusive of local and
foreign training) to 3,285 annually.
In comparison, Biomedical Scientists and Physician Assistants may also need to be escalated by
165% and 155%, respectively. Thus, Biomedical Scientists' intake might need to increase from
396 to 1,048, and that of Physician Assistants might need to increase from 638 to 1,625 annually
to address the anticipated needs-based shortage by 2035. The annual intake of Pharmacists may
also have to be expanded by 126% from 343 to about 775 per annum. The annual intake of
Midwives could be scaled down by 15% from 4,827 (from direct and post-basic streams) to 4,090.
On the other hand, Registered General Nurses may have to be ramped up by 55% from an annual
average intake of 7,353 to 11,366 to meet the needs-based shortage by 2035, which are occasioned
by expanding population health needs and attrition from general nursing to specialists and other
careers as well as escalating out-migration.
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Table 5: Needs-based health professions training requirements
No.

Health Workforce Category

Health Professionals Needed To Train
Needs-based
gap at baseline
(2020)

Total additional
Training to fill
needs-based gaps
by 2035

Average
changes in
admissions
required

Current
annual
admissions

Needs-based
optimal
admissions per
year

Needs-based
% change
from current
annual
admissions

Suggested
decision

1

Community Health Nurse

17,293

42,125

3,033

4,184

7,217

72%

Increase

2

Enrolled Nurse

8,172

3,383

257

8,379

8,636

3%

Increase

3

General Practitioner (Generalist
Doctor)

7,876

19,830

1,719

1,566

3,285

110%

Increase

4

Laboratory Scientist

3,226

9,126

652

396

1,048

165%

Increase

5

Laboratory Technician

7,730

12,806

913

682

1,595

134%

Increase

6

Midwife

1,216

(9,139)

(737)

4,827

4,090

-15%

Decrease

7

Nutritionist and Dietician

5,603

1,560

109

429

538

25%

Increase

8

Pharmacist

2,941

5,478

432

343

775

126%

Increase

9

Pharmacy Technician

6,711

16,545

1,302

173

1,475

752%

Increase

10

Physician Assistant (Medical)

5,472

12,390

987

638

1,625

155%

Increase

11

Registered General Nurse

6,962

47,399

4,013

7,353

11,366

55%

Increase

Overall

73,203

161,502

12,680

28,970

41,650
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5.4.5

Cost implications for investing in health professions education

Using the average annual fee-paying rates and the estimated number of admissions required to fill
the needs-based gaps by 2035 while adjusting for inflation (at a rate of 10% per annum), the cost
of training to fill the aggregate gap of 170,529 health professionals across the 11 categories
included in this analysis is estimated to be US$ 480.39 million. Of this amount, 28.8% (US$ 138.59
million) will be required for the training of Registered General Nurses up to 2035. Also, 15.4%
(US$ 74.10 million) will be required for the training of General Practitioners. In comparison,
Pharmacy Technicians who are expected to experience the most severe degree of shortage by 2035
will require US$ 15.33 million investments in their training (~3.2% of the aggregate estimated
cost of training). Figure 3 shows the estimated cost of training for filling the anticipated needsbased gaps by 2035.

Registered General Nurse

$138.59

General Practitioner (Generalist Doctor)

$74.10

Enrolled Nurse

$70.20

Community Health Nurse

$58.67

Midwife

$49.87

Physician Assistant (Medical)
Laboratory Technician

$23.82
$17.66

Pharmacy Technician

$15.33

Laboratory Scientist

$15.47

Pharmacist
Nutritionist and Dietician
$0.00

$10.74
$5.96
$20.00

$40.00

$60.00

$80.00 $100.00 $120.00 $140.00 $160.00

Cost of trainin by 2035 in Million United States Dollars

Figure 3: Estimated Cost for Training Health Professionals Needed to Fill Needs-based
Shortages by 2035 (Million USD)
5.4.6

Cost implications for employment planning for health professionals

Using the average income level of health professionals in the public sector (Table 1) and the
projected supply and needs (Tables 2 and 3, respectively), we conservatively estimated the annual
cost of employment with 10% annual salary upward adjustments or increases in response to
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inflation and based on historical patterns of annual wage adjustments. It is estimated that the cost
of wages for the current stock of the eleven groups of health professionals (using public sector
salary levels) was about US$667.24 million in 2020 which Registered General Nurses accounted
for 44% of the aggregate cost (US$295.59 million) followed by Enrolled Nurses which accounted
for 18% or US$117.06 million; General Practitioners and Community Health Nurses also
accounting for 11% and 12% respectively. In contrast, the cost of employment to fill all the
estimated needs-based requirements in 2020 (assuming the supply was readily available to fill the
need) was projected to be US$1.180 billion, of which 30% would have been for Registered General
Nurses; 15% for General Practitioners; 12% for Community Health Nurses and 13% for Enrolled
Nurses.
Holding all the aforesaid assumptions, by 2035, the projected cost of employment of the supply of
these health professionals (i.e., sustaining the jobs of those already employed and recruitment of
those being trained) would likely be around US$1.496 billion as compared to US$ 2.374 billion if
the employment were to be based on need. Thus, meeting the needs-based requirements by 2035
would require an additional investment of US$ 878.37 million for employment compared with the
cost of employment for the baseline supply in 2020. This implies that by 2035, US$ 2.374 billion
must be planned for the employment of those that would have to be trained to fill the needs-based
shortages and for sustaining the employment of those currently available.
Without supply-side corrective measures to reflect the needs-based gaps on the intake or number
of admissions into health professions education institutions to correct the projected mismatches,
the annual cost of inappropriate skill mix from the supply pipeline could be up to US$ 44.58
million or 7% of the baseline cost of employing the available stock. Some of the mismatches could
manifest in the form of unemployment and/or employment of skills that are not needed thereby
bloating the wage budget (especially in the public sector) and reducing the fiscal space for the
employment of other equally essential health professionals. For instance, by 2035, the employment
cost of the needs-based requirement of Enrolled Nurses would be roughly 13% of the aggregate
estimate (for the occupational groups considered in this projection), which would translate into
US$297.14 million. However, the current supply trend would likely yield US$ 286.49 million,
which represents 19% of the aggregate estimate if no corrective measures are taken in line with
the needs-based requirements. Similarly, whereas the cost of employing the needs-based
requirement of midwives would be US$140.50 million (6% of the aggregate) by 2035, the cost of
employment based on the prevailing trend of supply would likely be US$185.08 million or 12%
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of the aggregate estimate. Thus, failing to adjust the production of Midwives in line with the needs
could cost US$44.58 million by 2030. In contrast, if no corrective measures are taken in increasing
intake, the employment cost of the supply of General Practitioners in 2035 would be around
$145.41 million while the need require US$378.52 - which will be US$233.11 million (or 62%)
short of the cost of investment necessary to cover needs-based employment of General
Practitioners. Table 6 provides details of the projected cost of employment, comparing the
prevailing supply trends and the needs-based requirements for eleven health professionals.
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Table 6: Investments required for employment: anticipated supply versus needs-based requirement of health professionals, 2020-2035
NO.

HEALTH
PROFESSIONAL

ESTIMATED EMPLOYMENT COST IN MILLION UNITED STATES DOLLARS (US$)
2020
Needsbased

2025
Supplybased

Needsbased

2030

Supplybased

Needsbased

Supplybased

PROPORTIONAL SHARE (%) OF THE
ESTIMATED COST

2035
Needsbased

Supplybased

2020
Needsbased

2035
Supplybased

Needsbased

Supplybased

1

Community Health Nurse

144.72

77.12

196.04

115.86

242.65

146.36

302.97

170.35

12%

12%

13%

11%

2

Enrolled Nurse

157.07

117.06

209.83

189.98

249.49

244.99

297.14

286.49

13%

18%

12%

19%

3

General Practitioner
(Generalist Doctor)

181.67

72.57

257.72

106.12

312.22

129.34

378.52

145.41

15%

11%

16%

10%

4

Laboratory Scientist

31.12

8.37

50.34

18.47

68.71

27.61

92.23

35.86

3%

1%

4%

2%

5

Laboratory Technician

65.23

4.17

105.75

18.58

125.47

31.54

149.67

43.20

6%

1%

6%

3%

6

Midwife

75.15

62.37

85.80

120.75

109.47

159.44

140.52

185.08

6%

9%

6%

12%

7

Nutritionist and Dietician

40.34

2.06

37.29

13.92

39.81

24.59

43.81

34.18

3%

0%

2%

2%

8

Pharmacist

29.02

6.95

44.86

15.72

55.31

24.11

68.31

32.12

2%

1%

3%

2%

9

Pharmacy Technician

38.30

4.73

57.87

7.30

70.51

9.62

85.89

11.70

3%

1%

4%

1%

10

Physician Assistant
(Medical)

58.36

19.26

89.62

32.76

108.90

45.04

132.71

56.19

5%

3%

5%

4%

11

Registered General Nurse

359.20

292.59

513.56

371.47

610.33

438.51

726.68

495.49

30%

44%

30%

33%

1,160.99

667.24

1,617.45

1,010.95

1,955.92

1,281.14

2,374.44

1,496.07

100%

100%

100%

100%

Overall

Notes: Exchange rate used: 1 United States dollar = 5.8 Ghana Cedis; Estimates adjusted for wage increases which are usually benchmarked to
the annual inflation rate, assumed to be about 10%.
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5.4.7

Sensitivity Analysis: Testing the impact of the different assumptions on the
projections

To examine the impact of key assumptions on the projection results, we conducted a one-way
sensitivity analysis. We varied some of the assumptions one after the other, each time holding all
others constant.
From our cross-sectional survey [58], the average practice variation in how much time health
professionals perform the various task was ±18%. Altering all the professional standards by ±18%,
the staffing requirements increased by 25% when the upper limits are assumed but reduced by
15% when the lower limits are assumed. This shows that the total variability in the staffing
requirements attributed to practice variations is roughly 40%, which is substantial. It largely
underscored that monitoring practice variations, especially those that could be influenced by
evolving technologies, are imperative for adjusting the staffing projections and, subsequently, the
policies and strategies thereof.
One main distinction between this model and others is that the present model assumes that future
rate of change in disease patterns will mirror past trends, which may not necessarily be exact but
somewhat overcomes a limitation where the previous models assumed that present prevalence
rates would remain constant into the future. When our assumption was relaxed, health
professionals' projected requirements were reduced by an average of 27%. In other words, in
Ghana's context, future changes in disease patterns (if they mirror the previously observed trends)
require about 27% more health workers within the next 15 years. Also, if the anticipated evolution
in the disease burden was not taken into account, the health workforce requirements for the future
would have been underestimated by some 27%. Figure 4 shows the trajectory of the projected
aggregate needs-based requirements of eleven health professionals' categories under various
alternative assumptions.
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Figure 4: Sensitivity Analysis by varying need-related assumptions and variables
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From the supply side, if the pass rate of the various professional licensing examinations is
increased to 100%, it would improve the overall supply of the eleven health professionals by 12%
by 2035, which will, in turn, improve the overall supply to need adequacy ratio from 67% to 79%
by 2030. A similar result was found if the overall attrition rates were reduced by 50%.
Interventions to concurrently improve the pass rate to 100% and reduce the attrition rate by up to
50% could lead to a 25% improvement in the supply of health professionals by 2035, yielding a
supply versus need adequacy ratio of 96%. Figure 5 shows the trajectory of eleven categories of
health professionals under various alternative assumptions.
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Figure 5: One-way sensitivity analysis of supply-side variable
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5.5

DISCUSSION

The analysis demonstrates the feasibility and value of using the needs-based framework for health
system-level planning for the health workforce, especially linking population health needs to
quantifying the required intake into health professions education institutions. To the best of our
knowledge, this study is the first attempt to undertake a multi-professional needs-based health
workforce projection in Ghana, which accounts for diseases and risk factors that constitutes 98%
of the burden of morbidity and mortalities; taking a comprehensive approach (across public and
private sectors) and for the level of health care that caters for 95% of health service utilisation.
Previous works have either been based on health facility staffing norms linked to current
workloads [59] or normative ratios focused on only Physicians, Nurses and Midwives [13] and/or
limited the scope to only the public sector.
The projection shows that the health professionals' aggregate supply could meet 67% of the needsbased requirements, which is expected to remain somewhat similar, improving to 70% by 2030
and then declining back to 67.4% by 2035. Previous estimates [59], which were based on a
utilisation-oriented health facility staffing norms (health service development and analysis,
HeSDA), suggested that, in aggregate, the public health sector had 68% of its requirements in
2016. A similar analysis also conducted by the Ghana Health Service (the institution mandated to
provide primary and secondary health services in Ghana) in using its health facility staffing norms
versus those employed by 2018 concluded that it had 68.7% of the staff required for service
delivery. However, when clinical staff alone was considered, it had only 49% of its requirements,
which substantially differed compared to the 67% estimated in the present study. The present study
also projects anticipated oversupply of midwives by roughly 32% by 2035 if interventions are not
undertaken to ensure a balance.
The supply of Enrolled Nurses and Registered General Nurses seem to be near equilibrium with
the need at baseline. For Registered General Nurses a widening shortage looms quickly the further
into the future the projection is extended. These should, however, be interpreted and compared
with the previous works with caution as the present analysis took a comprehensive sector view,
including public and private health services for PHC. In contrast, the previous works were based
on only publicly funded health facilities. Also, one comparative study found that needs-based
models (as in the case of the present study) tended to produce about 53.5% (44% - 57%) higher
staffing requirements as compared to utilisation or demand-based models [60] because the needs209

based model usually accounted for unexpressed or unmet health needs of the population which are
missed out in utilisation or demand-based models. In line with this evidence, the current needsbased projection has estimated HWF requirements for 2020 that are on average 42% (range: 26%
- 63%) higher than that of the previous facility-based modelling study [59].
Nonetheless, the overarching findings of the present study are largely consistent with various
reports and studies. For example, the annual holistic assessment reports of the Ministry of Health
have since 2014 warned of over-supply of midwives, noting "… the productivity of midwives had
significantly deteriorated by 51.3% … [resulting in] in a surplus of about 2,766 midwives
[representing 28.9%] during the period under review [for 2017]" [21]. Although the Midwives'
productivity analysis methodology used in the holistic assessments has been debated, a separate
analysis also suggested that GHS in 2018 was 13% overstaffed with midwives albeit inequitably
distributed [19], which could lend further credence to the potential midwives' over-production
hypothesis. Similarly, the State of the World's Nursing in 2020 report also suggested a potential
overproduction of nurses (professionals and auxiliaries combined) [61] while the State of the
World’s Midwifery Report 2021 estimated that Ghana had between 74% and 91% of its need for
midwives. Whereas the aforementioned analyses adopted different methodologies from the present
study and also used global assumptions (instead of the country-specific data used in the present
study), the similarities in conclusions tend to validate this study.
It is also important to note that since the present analysis took a comprehensive approach, the
estimated needs and gaps comprise both public and private sectors. However, translating the
needs-based requirements into actual demand or job creation to employ the health professionals,
as well as adjusting the training outputs to respond to the needs, can take some time and depend
on a web of multi-sectoral and multi-stakeholder actions – many of which may fall outside the
remit of the health sector. From the employment perspective, there are bound to be a dynamic
surplus of health professionals in which some health facilities may experience shortages and high
vacancy rates for some health professionals even though they are available in the market for
employment but rigidities in employment and budget allocation processes [14]. However, with the
Government of Ghana's pledge to expand health infrastructure by establishing (and expanding)
111 district and regional hospitals, as well as infectious diseases and mental health hospitals, a
programme that is known as ‘Agenda 111’ [62], the demand for health professionals, could move
a bit closer to the needs-based projections herein.
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Also, from the supply side, although the analysis revealed a need for significant expansion in the
intake of various health professionals while scaling down others, these have significant
implications on infrastructure, equipment and faculty, which may take a longer time to address.
For instance, Biomedical Scientists and Pharmacists' training institutions are rapidly introducing
more extended periods of training (changing from 4 to 6 years), leading to doctoral qualifications,
which could exacerbate infrastructural challenges as the students would have to spend two more
years in school, thereby limiting the capacity for increased admissions. These may result in
rigidities in adjusting intake into health professions education which could lead to dynamic
shortage where the demand (jobs) may become available, but it takes several years to produce the
needed calibre of health professionals. On the other hand, a dynamic surplus could be looming
where the health professionals who are not in high demand would continue to be produced by the
health professions education institutions either due to time lag in adjusting production downwards
in response to the decreased demand or the health professions education institutions merely
focusing on the income generation side especially in the profit-driven private-sector production.
These institutions' focus may be to produce health professionals' categories requiring less input
cost and with rapid turnarounds, such as the training of enrolled nurses and top-up programmes.
As some of these programmes have lower entry requirements, the market for health professional's
education (applicants) abounds, but soon after employment, the graduates seek career
advancements through top-up courses to become Midwives or Registered General Nurses [14].
The analysis shows that without corrective interventions to reflect the projected needs-based gaps
on the intake (number of annual admissions) into health professions education institutions, the cost
of inappropriate skill mix by 2035 could reach US$44.58 million or 7% of the cost of employing
the baseline supply of the health professionals, mainly from the potential oversupply of midwives
by 2035. This will likely manifest in the form of unemployment and/or employment of skills not
needed, which will balloon the wage budget (especially in the public sector), reducing the fiscal
space for the other equally essential health professionals with high vacancy rates. A recent analysis
that supports this finding revealed that about 28% (range:16-38%) of public health sector wage
was already being lost to inefficiency due to maldistribution and inappropriate skill mix, which
costs the government some US$295.4 million annually [63].
Finally, as the estimates of needs-based requirements reported in this paper are aggregates, they
do not guarantee geographical distributional equity but may be best suited for sector-wide policies
and planning regarding targets for training and employment while other evidence-based
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management tools such as flexible staffing norms or WISN analysis is used to ensure equitable
distribution of the health professionals produced. The disaggregation of how much of the needsbased requirements could be absorbed by the public or private sectors are not included in the
analysis. This study was focused on needs and gaps for training rather than a demand-based labour
market analysis which a separate study is imperative.
5.6

LIMITATIONS OF THE STUDY

The study has a number of limitations relating to the scope, data quality and methodological
assumptions that should be taken into account when interpreting the findings and/or using them
for decision making.
First of all, whereas the model could be applied for the entire health service need for health
professionals in Ghana (from primary to tertiary and quaternary settings of health care), the present
analysis focused on PHC, which is accessed by more than 95% of the population during outpatient
care. The PHC level currently accounts for at least 62.5% of health workers employed in the public
sector [64]. Hence, when interpreting the findings, it must be borne in mind that it may not
represent the complete picture of needs-based requirements of some of the health professionals
that may also be needed at the more sophisticated secondary, tertiary and quaternary levels of care
(these levels combine to roughly provide advanced services for 5% of the population's health
needs).
Secondly, the data used as inputs into the model were triangulated from various sources with
varying quality and completeness levels. For instance, although it would have been preferable to
rely solely on periodic national surveys for disease prevalence (and incidence) data, there was no
STEPS survey done in Ghana to reliably obtain the prevalence of most non-communicable
diseases and their risk factors. Under the circumstance, peer-reviewed papers were used in which
we prioritised systematic reviews, single large-scale surveys and other well-conducted analytical
pieces. Similarly, we relied on health professional regulatory bodies' registers for data on health
professionals' stocks. However, due to weak regulatory enforcement, it is possible that some health
professionals may not be up-to-date in renewing their practice licenses and hence may have been
missed, thereby underestimating the stock of health professionals; or on the other hand, those that
have migrated abroad or not practising their professions may remain in good standing with the
regulatory bodies and thereby inflating the estimated stock. Also, we used data from the public
sector (which employs about 80% of the health professionals) relating to average income and
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attrition rates, but the income and attrition in the public sector could vary from that of the private
sector. Future studies to estimate and compare income and attrition rates between public and
private sectors would help refine the projections.
Thirdly, methodologically, the model makes an explicit assumption that the current prevalence
rates of diseases and their risk factors or even coverage rates will not remain constant throughout
the horizon of the projection, but data on what to expect in the future is often not available for all
diseases and risk factors. Hence, the model assumes that the future rate of change in disease (and
risk factors) pattern will mirror past trends. Although this may seem a hard assumption, we believe
that its benefit in the approximation outweighs the limitation where previous models assumed that
present prevalence rates would remain constant into the future. Nonetheless, the absence of
independent projections of the future trajectories of the prevalence of various diseases and risk
factors for the country do expose the projections herein to potential deviations. However, in the
sensitivity analysis, we demonstrate that relaxing the aforesaid methodological assumption
(assuming the constant level of health as done in previous models) could underestimate the
aggregate staffing needs by 27%. We thus, lean on the argument of leading needs-based theorists
that "problems with data are not avoided by adopting or reverting to the conceptually invalid
models most commonly used by HRH planners … [but]… the continual refinement of the
application of a conceptually valid approach is superior to adopting conceptually invalid
approaches based on the availability of data" [36].
Finally, although health emergencies, such as the COVID-19 pandemic, have a significant
implication on health professionals' requirements and hence should be taken into account in needsbased projections, there was limited information at the time of modelling if the COVID-19 will
become endemic like other infectious diseases or will be eliminated within the very near future.
Added to that, there was no population-based prevalence data in Ghana; hence, it was not feasible
to include it in future projections. There are appropriate tools for estimating health workforce
requirements in situations of health emergencies and disrupted health systems.
5.7

CONCLUSION

The study demonstrates the feasibility of using the needs-based framework for national-level
planning. It shows potential value in linking population health needs to the required intake of
students into health professions education institutions. It reveals that for the eleven categories of
health professionals, Ghana's supply in 2020 satisfies about 67% of the aggregate needs-based
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requirements for primary healthcare, but a gap of 33% (or roughly 73,203) remains. Without any
corrective intervention, the aggregate needs-based shortage in supply will likely be 161,502 by
2035, with the supply of 6 out of the 11 health professionals (~54.5%) failing to match 50% of the
needs by 2035, but that of Midwives will likely be oversupplied by 32% in 2035. Priority areas for
health professions education include scaling-up the production of Pharmacy Technicians by 7.5fold; General Practitioners by 110% whilst scaling down Midwives production by 15%. About
US$ 480.39 million investment is required in health professions education to fill the needs-based
gaps and correct the mismatches by 2035, without which there will be a 33% shortage of essential
health professionals and coupled with at least US$44.58 million losses to inappropriate skill mix
by 2035. The adverse technical impact on interprofessional team compositions and, eventually,
the quality of health care cannot be overemphasised.
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SUPPLEMENTARY MATERIAL
Supplementary material 1: Summary table on level of health evidence (prevalence of diseases and risk factors)
Disease, Risk Factor,
Public Health
Intervention

Type of
indicator

Value
(Recent
Estimate)

Lower
Bound

Upper
Bound

Year of
the
recent
estimate

Value
(Previous
estimate)

Year of the
previous
estimate

Reference

1.

Influenza and
Pneumonia (general
population)

Prevalence

4.0%

4.0%

4.0%

2016

4.0%

2014

(GSS et al., 2015: 113)

2.

Coronary Heart Disease

Prevalence

17.0%

7.2%

17.0%

2017

7.2%

2005

(Appiah et al., 2017)

3.

Stroke (50+ years)

Prevalence

4.6%

2.6%

4.6%

2016

2.6%

2007

(Sanuade et al., 2019)

4.

HIV/AIDS (15- 49
years)

Prevalence

1.7%

1.7%

2.0%

2019

1.7%

2014

(Ghana AIDS
Commission, 2019; GSS
et al., 2015)

5.

Malaria (all ages)

Prevalence

36.0%

36.0%

47.0%

2014

36.0%

2011

(GSS et al., 2015)

6.

Tuberculosis (All ages)

Prevalence

1.7%

2017

1.7%

2013

(Addo et al., 2019)

7.

Low Birth Weight (% of
live births)

Incidence

10.0%

2015

10.0%

2014

(Abubakari et al., 2015;
GSS et al., 2015)

8.

Road Traffic Accidents
(% of motorists)

Incidence

4.0%

9.

Birth Trauma (% of
women who gave birth)

Incidence

4.4%

4.4%

10.

Diarrhoeal diseases
(general population)

Prevalence

12.0%

4.0%

11.

Diabetes Mellitus

Prevalence

6.5%

6.3%

No

10.0%

29.6%

(Konlan et al., 2020;
Kudebong et al., 2011)

2011
2018

4.4%

12.0%

2014

4.0%

2012

(GSS et al., 2015)

6.5%

2020

6.3%

1998

(Asamoah-Boaheng et
al., 2019)
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(Valdes et al., 2018)

Web-link 1
https://dhsprogram.com/pu
blications/publicationFR307-DHS-FinalReports.cfm
https://onlinelibrary.wiley.
com/doi/full/10.1002/clc.2
2753
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC6415
815/
https://www.ghanaids.gov.
gh/pages/fact-sheetsreports
https://dhsprogram.com/pu
blications/publicationFR307-DHS-FinalReports.cfm
https://www.scirp.org/jour
nal/paperinformation.aspx?
paperid=93384

Web-link 2

http://ugspace.ug.edu.gh/handle
/123456789/22927

http://ghdx.healthdata.org/recor
d/ghana-national-tuberculosisprevalence-survey-2013

https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC4681
076/
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC3283
097/
https://pubmed.ncbi.nlm.ni
h.gov/29742294/
https://www.researchgate.n
et/publication/313517537_
Diarrhoea_morbidity_patte
rns_in_Central_Region_of
_Ghana
https://academic.oup.com/i
nthealth/article/11/2/83/51
15490

https://www.ncbi.nlm.nih.gov/p
mc/articles/PMC7285403/

https://www.sciencedirect.com/
science/article/abs/pii/S003335
0607002053

Disease, Risk Factor,
Public Health
Intervention

Type of
indicator

Value
(Recent
Estimate)

Lower
Bound

Upper
Bound

Year of
the
recent
estimate

12.

Meningitis

Incidence

0.214%

0.006%

0.214
%

2016

(Domo et al., 2017;
Nuoh et al., 2016)

13.

Endocrine Disorders

Prevalence

13.1%

2.2%

13.1%

2017

(Sarfo-Kantanka et al.,
2017)

14.

Kidney Disease (%
diabetics and
hypertensives)

Prevalence

13.3%

13.3%

30.0%

2018

13.3%

2015

(Adjei et al., 2018;
Ephraim et al., 2015)

15.

Violence

Incidence

17.0%

40.0%

33.6%

2016

40.0%

2008

(GSS et al., 2009;
Owusu Adjah and
Agbemafle, 2016)

16.

Alzheimers & Dementia

Prevalence

19.2%

13.4%

19.2%

2020

13.4%

2010

(Cleret de Langavant et
al., 2020)

17.

Fall-related injuries

Incidence

2.6%

18.

Maternal Conditions

Prevalence

12.0%

12.0%

12.0%

2017

19.

Hypertension

Prevalence

30.0%

19%

55%

2019

(Bosu et al., 2019;
Sanuade et al., 2018)

20.

Inflammatory Heart
diseases

Prevalence

6.1%

2005

(Akosa and Armah,
2005)

21.

Cervical Cancer (15 – 49
years)

Incidence

0.0264%

2011

(MOH, 2011)

22.

Asthma (general
population)

Prevalence

2.2%

23.

Breast Cancer

Prevalence

19.7%

19.7%

24.

Peptic Ulcer Disease
(15+ years)

Prevalence

9.0%

9.0%

No

Value
(Previous
estimate)

Year of the
previous
estimate

Reference

(Stewart Williams et al.,
2015)

2015

12.0%

(GSS et al., 2018: 117)

2020

(Aheto et al., 2020)

33.9%

2019

(Laryea et al., 2014)

24.5%

2019

(Archampong et al.,
2016, 2019)
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Web-link 1
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC5292
117/
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC5343
284/
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC4630
826/

Web-link 2

https://www.ncbi.nlm.nih.gov/p
mc/articles/PMC5870784/

https://academic.oup.com/ndt/a
rticle/33/10/1812/4803283

https://bmcpublichealth.bio
medcentral.com/articles/10
.1186/s12889-016-3041-x
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC7453
145/
https://bmcmedicine.biome
dcentral.com/articles/10.11
86/s12916-015-0390-8
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC3645
150/?report=reader
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC1790
827/
https://www.researchgate.n
et/publication/236688411_
A_Review_of_Epidemiolo
gical_Studies_of_Asthma_
in_Ghana
https://bmccancer.biomedc
entral.com/articles/10.1186
/s12885-019-5480-0
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC4994
551/

https://journals.plos.org/ploson
e/article?id=10.1371/journal.po
ne.0205985

https://bmccancer.biomedcentra
l.com/articles/10.1186/14712407-14-362
https://www.ncbi.nlm.nih.gov/p
mc/articles/PMC6639557/

Disease, Risk Factor,
Public Health
Intervention

Type of
indicator

Value
(Recent
Estimate)

Lower
Bound

Upper
Bound

Year of
the
recent
estimate

25.

Skin Disease (general
population)

Prevalence

5.1%

2.3%

5.1%

26.

Schistosomiasis (school
children, 7 -18 years)

Prevalence

10.3%

7.8%

13.3%

27.

Prostate Cancer

Incidence
per
100,000

8.8

28.

Hepatitis B (general
population)

Prevalence

12.3%

7.2%

14.3%

2019

7.2%

2015

29.

Drug Use (Adolescents
and adults)

Prevalence

5.2%

5.2%

16.2%

2014

5.2%

2012

30.

Colon-Rectum Cancers
(adults)

Prevalence

0.01%

2010

(Dakubo et al., 2010)

31.

Epilepsy (general
population)

Prevalence

1.00%

2015

(Ae-Ngibise et al., 2015)

32.

Rheumatic Heart
Disease (adults)

Prevalence

3.60%

2005

(Akosa and Armah,
2005)

33.

Stomach Cancer (adults)

Prevalence

5.3%

34.

Oral Cancer

Prevalence

3.5%

35.

Other Neoplasms

Prevalence

1.4%

36.

Lung Cancers

Prevalence

5.3%

37.

Alcohol use (15+ years)

Prevalence

2.7%

38.

Ovary Cancer

Prevalence

11.3%

No

3.5%

Value
(Previous
estimate)

Year of the
previous
estimate

Reference

Web-link 1

2019

(Ampah et al., 2016;
Kaburi et al., 2019;
Rosenbaum et al., 2017)

2019

(Abaka-Yawson et al.,
2019)

2013

(O’Brien et al., 2013)

https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC6567
626/
https://www.journalajmah.
com/index.php/AJMAH/art
icle/view/30128
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC4274
943/
https://journals.plos.org/pl
osone/article?id=10.1371%
2Fjournal.pone.0234348
https://www.afro.who.int/h
ealth-topics/substanceabuse
http://ugspace.ug.edu.gh/ha
ndle/123456789/3635
https://www.afro.who.int/p
ublications/fight-againstepilepsy-initiative-ghana
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC1790
827/
https://bmccancer.biomedc
entral.com/articles/10.1186
/1471-2407-14-362
https://bmcresnotes.biomed
central.com/articles/10.118
6/s13104-020-05233-9
https://academic.oup.com/t
ropej/article/61/3/165/1714
119
https://bmccancer.biomedc
entral.com/articles/10.1186
/1471-2407-14-362
https://www.who.int/public
ations/i/item/97892415656
39
https://bmccancer.biomedc
entral.com/articles/10.1186
/1471-2407-14-362

2020

3.5%

2012

(Laryea et al., 2014)

2015

(Owusu-Afriyie et al.,
2020)

2015

5.3%

2.7%

2016

(Abesig et al., 2020;
Ofori-Asenso and
Agyeman, 2016)
(Doku et al., 2012;
Oppong Asante et al.,
2014)

(Stefan, 2015)

5.3%

2012

2012

(Laryea et al., 2014)

2010

(World Health
Organization et al.,
2018)
(Laryea et al., 2014)
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Web-link 2

https://www.ncbi.nlm.nih.gov/p
mc/articles/PMC4831816/

https://bmccancer.biomedcentra
l.com/articles/10.1186/14712407-14-362

https://www.ncbi.nlm.nih.gov/p
mc/articles/PMC4258041/
https://pubmed.ncbi.nlm.nih.go
v/20665462/
https://www.ncbi.nlm.nih.gov/p
mc/articles/PMC4561141/

Disease, Risk Factor,
Public Health
Intervention

No

Type of
indicator

Value
(Recent
Estimate)

Lower
Bound

Upper
Bound

Year of
the
recent
estimate

Value
(Previous
estimate)

Year of the
previous
estimate

Reference

Web-link 1

(Ohene-Frempong et al.,
2008; Piel et al., 2013)

https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC3282
939/#:~:text=Sickle%20Ce
ll%20Disease%20%28SC
D%29%20is%20a%20sign
ificant%20public,Ghanaian
s%20has%20the%20hemo
globin%20S%20and%2For
%20C%20gene.

39.

Sickle Cell Disease

Prevalence

2.0%

2013

40.

Full vaccination
coverage (Penta 3 as
proxy)

Coverage

93.3%

2016

84.2%

2006

(GHS, 2017)

41.

Schizophrenia (General
population)

Prevalence

1%

2005

0.96%

1984

(Addo et al., 2013; Read
and Doku, 2012; Saha et
al., 2005)

42.

Depression

Prevalence

11%

43.

Children with Stunting

Prevalence

19%

19%

28%

2014

28%

2008

(GSS et al., 2009, 2015)

44.

Children with wasting

Prevalence

5%

5%

9%

2014

9%

2008

(GSS et al., 2009, 2015)

Prevalence

11%

11%

14%

2014

14%

2008

(GSS et al., 2009, 2015)

Prevalence

3%

3%

5%

2014

5%

2008

(GSS et al., 2009, 2015)

Prevalence
(Coverage)

25.0%

25.0%

25.0%

2017

22.0%

2014

(GSS et al., 2008, 2015,
2018)

45.
46.
47.

Children with
Underweight
Children with
overweight
Family planning use (%
15-49 years)

0.96%

1%

2010

(Anand, 2015)

48.

Abortion (all forms) (% of all pregnancies)

Incidence

22.0%

22.0%

22.0%

2017

18.0%

2007

(GSS et al., 2008, 2018)

49.

Miscarriage (% of all
pregnancies)

Incidence

12.0%

12.0%

12.0%

2017

9.0%

2007

(GSS et al., 2008, 2018)

50.

Induced abortion (% of
all pregnancies)

Incidence

10.0%

10.0%

10.0%

2017

7.0%

(GSS et al., 2008, 2018)

51.

Still births (% of all
pregnancies)

Incidence

2.0%

2.0%

2.0%

2017

2.0%

(GSS et al., 2008, 2018)
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https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm

Web-link 2

Disease, Risk Factor,
Public Health
Intervention

Type of
indicator

Value
(Recent
Estimate)

Lower
Bound

Upper
Bound

Year of
the
recent
estimate

Value
(Previous
estimate)

Year of the
previous
estimate

Reference

52.

Antenatal care (at least 4
visits)

Coverage

89.0%

89.0%

89.0%

2017

77.0%

2007

(GSS et al., 2008, 2018)

53.

Skilled Birth Attendance
(% of all pregnancies)

Coverage

79.0%

79.0%

79.0%

2017

55.0%

2007

(GSS et al., 2008, 2018)

54.

Spontaneous vaginal
delivery (% of all
pregnancies)

Incidence

80.0%

80.0%

80.0%

2017

85.0%

2007

(GSS et al., 2008, 2018)

55.

Assisted deliveries
(instrumental) (% of all
pregnancies)

Incidence

4.0%

4.0%

4.0%

2017

3.0%

2007

(GSS et al., 2008, 2018)

56.

Indications for caesarean
section (% of all
deliveries)

Incidence

16.0%

16.0%

16.0%

2017

12.0%

2007

(GSS et al., 2008, 2018)

57.

Complications of
pregnancy (% of all
pregnancies)

Prevalence

19.0%

19.0%

19.0%

2017

17.0%

2007

(GSS et al., 2008, 2018)

58.

Haemorrhage (mostly
bleeding after childbirth)
- (% of all pregnancies)

Incidence

5.7%

5.7%

5.7%

2017

5.0%

2007

(GSS et al., 2008, 2018)

Prevalence

3.2%

2.0%

5.0%

2015

5.0%

2007

(GSS et al., 2008, 2015,
2018)

No

59.

60.

61.

Puerperal sepsis
(infections usually after
childbirth) - (% of all
pregnancies)
Oedema and high blood
pressure during
pregnancy (preeclampsia) - (% of all
pregnancies)
Eclampsia during
delivery (% of all
deliveries)

Web-link 1
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm

Prevalence

2.5%

2.5%

2.5%

2017

2.0%

2007

(GSS et al., 2008, 2018)

https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm

Prevalence

1.9%

1.9%

1.9%

2017

1.0%

2007

(GSS et al., 2008, 2018)

https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
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Web-link 2

Disease, Risk Factor,
Public Health
Intervention

Type of
indicator

Value
(Recent
Estimate)

Lower
Bound

Upper
Bound

Year of
the
recent
estimate

Value
(Previous
estimate)

Year of the
previous
estimate

Reference

62.

Other complications of
pregnancy and delivery
(% of all deliveries)

Prevalence

4.2%

4.2%

4.2%

2017

9.0%

2007

(GSS et al., 2008, 2018)

63.

Postnatal care of the
Newborn (% of all live
births)

Coverage

84.0%

84.0%

84.0%

2017

60.0%

2007

(GSS et al., 2008, 2018)

64.

Ectopic pregnancies (%
of all pregnancies)

Prevalence

4.0%

65.

Acute Ear Infection

Prevalence

0.88%

66.

Acute Urinary Tract
Infection

Prevalence

67.

Anaemia in pregnancy

68.

No

2015

(GSS et al., 2015)

15.9%

2015

(Donkor et al., 2019)

Prevalence

33.0%

2019

Intestinal Worms

Prevalence

14.3%

2020

69.

Malaria in Pregnancy

Prevalence

2.0%

2019

70.

Pneumonia

Prevalence

18.4%

2018

(Osei et al., 2018)

71.

Rheumatic and Joint
Diseases (50 years +)

Prevalence

16.56%

2007

(Brennan-Olsen et al.,
2017)

72.

Septicaemia

Prevalence

18.4%

10.5%

35.2%

2016

(Lester et al., 2020)

73.

Typhoid Fever

Prevalence

2.1%

0.1%

2.1%

2016

0.1%

2012

(Fusheini and Gyawu,
2020)

74.

Upper respiratory tract
infection

Prevalence

22%

16.2%

47.3%

2014

12.3%

1993

(Seidu et al., 2019)

(Abaka-Yawson et al.,
2020)
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Web-link 1
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://dhsprogram.com/pu
blications/publicationfr340-other-finalreports.cfm
https://bmcinfectdis.biome
dcentral.com/articles/10.11
86/s12879-020-4950-y
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC6628
945/
https://pubmed.ncbi.nlm.ni
h.gov/32153953/
https://www.hindawi.com/j
ournals/jeph/2020/9315025
/
https://pubmed.ncbi.nlm.ni
h.gov/32153953/
https://myjournal.afrijcmr.
org/index.php/ajcmr/article
/view/28
https://bmcmusculoskeletdi
sord.biomedcentral.com/art
icles/10.1186/s12891-0171624-z
https://academic.oup.com/j
ac/article/75/3/492/563202
9
https://www.annalsofgloba
lhealth.org/articles/10.5334
/aogh.2833/
https://www.ncbi.nlm.nih.g
ov/pmc/articles/PMC6558
297/

Web-link 2

Disease, Risk Factor,
Public Health
Intervention

Type of
indicator

Value
(Recent
Estimate)

Lower
Bound

Upper
Bound

Year of
the
recent
estimate

75.

Vaginal Discharge

Prevalence

56.4%

56.4%

66%

2019

76.

General Anaemia

Prevalence

42.4%

41.2%

43.9%

2014

77.

Overweight and obesity

Prevalence

30%

19%

55%

2016

78.

Hernia

Prevalence

10.8%

8%

13.6%

2016

No

Value
(Previous
estimate)

58.7%

Year of the
previous
estimate

2008

Reference

Web-link 1

Web-link 2

(Aubyn and Tagoe,
2013; Konadu et al.,
2019)

https://bmcpregnancychild
birth.biomedcentral.com/ar
ticles/10.1186/s12884-0192488-z

https://www.ncbi.nlm.nih.gov/p
mc/articles/PMC4027303/

GSS et al., 2009, 2015)
(Ofori-Asenso et al.,
2016)
(Ohene-Yeboah et al.,
2016)
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CHAPTER 6:
SUMMARY, CONCLUSIONS, RECOMMENDATIONS AND
LIMITATIONS
6.1

INTRODUCTION

Globally, health policy objectives have shifted towards ensuring universal coverage of essential
health services to populations based on their health needs – and eliminating non-need barriers to
accessing health care. Attaining this aspiration is intricately linked with having an adequate
number of health professionals who are competent and well-skilled to respond to the health needs
of the population. Thus, any population’s health needs should be the basis for how many, how,
and what the health professionals should be educated on, not the other way around (WHO, 2013).
However, weak and asynchronous health workforce planning has resulted in insufficient, erratic,
and sometimes misaligned investments in the production, employment, and retention of health
professionals (Araujo et al., 2016; Pozo-Martin et al., 2017).
The purpose of this study was divided into three parts to contribute to addressing the
abovementioned challenges from theoretical, methodological, and planning perspectives. The first
was to synthesise the typology, methodological steps, and gaps of the need-based health workforce
planning approach from published analytical applications. In the second instance, the study sought
to build on the evidence derived from the synthesis to develop a need-based health professions
planning model that links planning the number of health professionals to train in a country to the
population health needs of the country. Thirdly, the model was applied in Ghana's PHC context to
inform the planning of health professions education and employment investments.
Based on the abovementioned research purpose, the specific objectives of the study were as
follows:
1.

To explore the extent to which need-based models have been used in health workforce
planning in countries and synthesise the methodological considerations for need-based
health workforce modelling through a systematic scoping review.

2.

To develop a need-based health workforce planning model, based on the scoping review,
that incorporates the population’s level of health (disease burden), demographics, service
package, and the standard time it takes health professionals to deliver the services.
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3.

To establish a standard time that health professionals spend in their main service delivery
activities in PHC settings in Ghana.

4.

To apply the need-based planning model to forecast the need and supply of health
professionals to establish current and future gaps for PHC in Ghana.

5.

To estimate the health professions education investment required to fill the need-based gaps
for PHC in Ghana.

6.

To estimate the employment investment required to absorb the health professionals needed
to be trained for PHC in Ghana.

This last chapter presents a summary and conclusions of the chapters, followed by the theoretical
and methodological contributions this study has made to the need-based approach to planning
health professions educations and employment. Additionally, the main limitations and
recommendations arising from the study are presented from research, policy and planning
perspectives.
6.2

SUMMARY

This section summarises the different chapters of the thesis, focusing on the main elements and/or
findings in the chapters as evidence of reaching the research objectives stated above.
Chapter 1 of the thesis highlighted the global health policy context and the role of the health
workforce. The chapter underscored the weaknesses in health workforce planning across countries
that have culminated in substantial misalignment between the number and mix of health
professionals trained from the health professions education institutions on the one hand and the
population’s health and health system needs on the other hand (see Chapter 1, section 1.1,
paragraphs 3 and 4). Additionally, the chapter also highlighted the overall approach to planning
for health professionals by providing a synopsis of available literature on the various approaches
for determining the needs and supply of health professions, including their main assumptions,
merits, and demerits (see Chapter 1, section 1.2.2 and Table 1). The literature gaps identified laid
the study’s motivation to develop health workforce planning tools and approaches that directly
align production from health professions education institutions and investment for their
employment with population health needs. The particular case of health workforce mismatches in
Ghana was outlined to motivate the empirical application of the need-based planning model
236

developed in Ghana's context (see Chapter 1, section 1.3, paragraphs 1-6). Chapter 1 also contained
the specific research aim and objectives with subsequent research questions (section 1.5). The
research paradigm and methodology were explained (sections 1.6 and 1.7) to clarify the
philosophical rationale, interest and process of the research in addition to the information provided
in the articles.
Chapters 2 to 5 addressed the study's specific objectives through research articles published in
peer-reviewed scientific journals.
Chapter 2 contains the first article, titled, The needs-based health workforce planning method: a
systematic scoping review of analytical applications (Asamani et al., 2021a), published in the
Health Policy and Planning. The article examined the extent to which need-based models have
been empirically applied in health workforce planning, characterised the typology of such
analytical applications, identified inherent methodological gaps in the existing models, and
synthesised the key methodological considerations for advancing the need-based health workforce
modelling to be responsive to real-life planning in countries. In the systematic scoping review, 25
peer-reviewed papers out of a possible 719 retrieved from the systematic search met the predefined
and stringent inclusion criteria and were thus included in the synthesis (see Chapter 2, section 2.3.1
and 2.3.5, Figure 1 and Table 1).
The analysis showed an increased uptake of the needs-based health workforce modelling in the
literature (as 84% of the studies were published between 2010 and 2020), but mostly from highincome countries – mainly Canada, Australia, England, and the United States of America (USA).
Only 16% (n = 4) of the published empirical applications of need-based models focused on lowand middle-income countries, three of which were conducted in sub-Saharan Africa. Most of the
need-based analyses (36%) focused on specific disease areas or programmes and sub-national
levels (20%). Only a small proportion (8%) of the empirical need-based applications focused on
the national health system across several disease areas or programmes.
The article (presented in Chapter 2) highlighted three main weaknesses or methodological gaps in
the existing need-based models (Chapter 2, section 2.4.3.3). First, 52% of the published empirical
applications were static models, as they were unable to make future projections about the health
workforce requirements due to constraints in predicting epidemiological trends over time. All 48%
of the studies that made future projections implicitly assumed that the current levels of population
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health (or disease burden/epidemiology) will remain constant over time – an assumption that is
counterintuitive with known epidemiological evolution and trends in most countries.
Secondly, it was also identified that whilst most need-based models took into account the
productivity of health professionals, there was no uniform approach to doing so, resulting in a wide
diversity in how productivity measures were incorporated into need-based health workforce
models (Chapter 2, section 2.4.4.3.2).
Finally, the existing models did not consider catalytic or support activities performed by health
professionals that may not be direct patient care interventions but are very necessary for facilitating
the direct patient care interventions. This must be considered a limitation as it is known that most
health professionals spend a significant proportion of their working time on support or catalytic
activities (Namaganda et al., 2015). To advance the need-based approach to planning for health
professionals, the first article synthesised six critical methodological considerations which are
summarised in Chapter 2, section 2.4.4.
Research question 1: To what extent have need-based models been used in health workforce
planning in countries and what are the main methodological considerations? was fully answered
in article 1.
The findings in this article laid the foundation of evidence upon which a comprehensive needbased health workforce planning model was developed (in the second article presented in Chapter
3).
The second article (contained in Chapter 3), which is titled, Advancing the population needs-based
health workforce planning methodology: a simulation tool for country application (Asamani et al.,
2021b), was published in the Global Health section of the International Journal of Environmental
Research and Public Health. Building on the previous works with the view of addressing the
identified methodological gaps and increasing the ease of policy-oriented applications of the needbased approach, the second article presents a comprehensive conceptual model of need-based
health workforce planning and a step-by-step analytical framework to operationalise the
conceptual model (Chapter 3, section 3.3). It addresses the main limitations identified in the
previous models and implements the methodological considerations synthesised in the first article
(Chapter 2). The conceptual model and the accompanying analytical framework (or the set of
computational formulae) were built into an open-access simulation tool in Microsoft® Excel with
the view of facilitating real-life health workforce analysis and planning in countries.
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Two fundamental sets of mathematical sub-models underpin the tool. The first sub-model is made
up of a chain of equations that quantifies the supply of health professionals. It took into account
the existing stock, anticipated inflows from training institutions and immigration on the one hand,
and on the other hand, attrition or exits from the stock of health professionals through retirements,
deaths, career change, and emigration (Chapter 3, section 3.4.1.1, equation 1). The second submodel also has a series of equations that estimates the need-based requirements for health
professionals, taking into account (a) population size and demographics, (b) level of health or
disease burden (epidemiology), (c) health service package/interventions that have been planned or
are otherwise necessary to address the disease burden, and (d) the standard workload for health
professionals for the different types of interventions (professional standards of productivity)
(Chapter 3, section 3.4.1.2). The model then integrates the supply-side and need-side analyses by
comparing them to establish the gaps in absolute and relative terms and the cost implications for
health workforce policy and strategy. In illustrating how the tool works, the article contains an
applied example using secondary data on maternal and new-born care in Ghana (Chapter 3, section
3.4.3). Version 1.2 of the tool, which was published alongside the peer-reviewed article as
supplementary material, is downloadable from: https://www.mdpi.com/1660-4601/18/4/2113/s1.
Research question 2: Can a workforce planning model be developed to incorporate the
population’s level of health (disease burden), demographics, service package and the standard time
it takes health professionals to deliver the services? was fully answered in article 2.
Chapter 4 presents the third article, Health service activity standards and standard workloads for
primary healthcare in Ghana: a cross-sectional survey of health professionals (Asamani et al.,
2021c). The article was published in the health policy section of Healthcare. The objective was to
elicit the professional standard time that health professionals use to deliver various health service
interventions and to calculate the corresponding standard workloads within each health service
intervention that one professional can perform in a given year (professional standards of
productivity). This empirical evidence was required to enable the application of the model
developed in article 2 (Chapter 3) in Ghana’s context. Amongst a nationally representative sample
of 503 health professionals across eight broad health professions, the standard time and workloads
were estimated for various health interventions performed by the health professionals within the
PHC settings in Ghana. For example, it was estimated that general practitioners spend 16 minutes
per outpatient consultation, which worked out to an annual standard workload of 6,030 outpatient
consultations per year if a general practitioner dedicates all their 96,480 minutes of available
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working time per year to outpatient consultations (Chapter 4, section 4.4.2.1). The article also
identified statistically significant variations in the professional practices between primary hospitals
and health centres/polyclinics (Chapter 4, section 4.4.4). In about 19% (12 out of 67) of health
service activities performed across the eight health professional groups, there was a statistically
significant difference in the time spent by the health professionals between health
centres/polyclinics and district/primary hospital settings. The differences were associated with
having higher workload levels without commensurate staffing and the availability of equipment.
In particular, the activity standards of physician assistants (medical) and that of conducting
deliveries by midwives had the biggest difference between health centres/polyclinics and
district/primary hospitals settings.
Comparing the professional standards (activity standards) derived from the study with that of the
results of the workload indicators of staffing need (WISN) assessment conducted in Ghana in 2014
revealed vast similarities in the standard time for several of the interventions across the
occupational groups (Chapter 4, section 4.5, paragraphs 4-6). The article concluded that using
cross-sectional surveys to establish professional standards was not substantially different from the
consensus-based professional standards advocated for in the WISN methodology, and could be
suitable as a benchmark for health professionals’ productivity for need-based health workforce
planning. These professional standards, which were used as a proxy for productivity, were used as
inputs alongside data on the other parameters of the need-based model, which were triangulated
from various sources to empirically apply the model developed in this study (model presented in
Chapter 3) for Ghana's PHC context.
Research question 3: How much time does it take health professionals to undertake their main
service delivery tasks in PHC settings in Ghana? was, therefore, answered in article 3.
Chapter 5 presents the fourth and final article, titled, Modelling the supply and need for health
professionals for primary health care in Ghana: implications for health professions education and
employment planning, submitted to PLOS ONE. In this article, the need-based requirements viza-viz the supply of 11 health professionals were estimated, and the gaps determined towards
planning the intake into health professions education institutions (Chapter 5, section 5.4.3, Table
4 and section 5.4.4, Table 5). The article further presents the cost implications and the required
investments over 15 years to address the gaps identified. To estimate the population need for health
professionals in Ghana, the following data on the following parameters were systematically
triangulated and inputted into the need-based model developed in article two (see Chapter 3): (a)
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population size and demographics, which was obtained from the Ghana Statistical Service (GSS);
(b) disease burden (prevalence rates of diseases and risk factors), obtained through a desk review
of national surveys, reports, administrative or routine health service data, published studies, and
unpublished research documents; (c) health service interventions (planned or otherwise needed)
that address the identified disease burden were extracted from existing national policies, strategies,
and standard treatment guidelines; and (d) the standard workload that health professionals can
undertake per year for each of the health service interventions was empirically derived through a
cross-sectional study described in article three (details in Chapter 4).
On the supply side, the data was triangulated from the following sources: (a) the existing stock
and capacity of the educational institutions for the health professionals was taken from the
respective professional regulatory councils, (b) income and attrition data was collected from the
Ghana Health Service and Ministry of Health, and (c) the annual cost of training was taken from
public and private universities.
The article presents detailed findings on the number of health professionals needed in Ghana's
PHC, the anticipated supply of those health professionals, the gaps that must be filled through
training from health professions education institutions, and the investments required in health
professions education and employment (Chapter 5, sections 5.4.3, 5.4.4, 5.4.5, Tables 4-6 and
Figure 3). The article demonstrated that at baseline (in 2020), Ghana needed an aggregate of
221,593 health professionals across 11 categories, which were likely to increase by 84% within
ten years to about 407,897 in 2030 and further increase by 21.4% to 495,273 by 2035. Thus, the
need for health professionals was projected to grow at an annual rate of 5.5% (range: 3.2-10.7%).
On the supply side, it was estimated that in 2020, Ghana's stock of the 11 categories of health
professionals included in the study was 148,390, with an estimated net growth rate of 5.6% (range:
2.7 - 11.4%). Holding the factors of health workforce attrition/outflows and inflows constant, the
aggregate stock of the health professionals was estimated to increase by 92.7% to 285,900 in 2030,
and a further 16.7% increase to about 333,770 in 2035 (see Chapter 5, sections 5.4.1- 5.4.3, Tables
2-4).
The gap analysis revealed that Ghana's aggregate supply of health professionals was roughly 67%
of the requirements based on the population’s health needs. Addressing the need-based shortage
required scaling up the production of the 11 categories of health professionals by 161,502 by 2035.
There were, however, nuances and peculiarities across the various categories of health
professionals. For example, whilst the evidence showed a compelling need to increase the
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production of pharmacy technicians by 7.5-folds, general practitioners by 110%, and general
nurses by 55%, that of midwives pointed to a need to scale down production by 15%. This
component of article 4 answered research question 4: How many PHC professionals need to be
trained in Ghana to optimally meet the population’s health needs over the next 15 years?
The article demonstrated that the overall investment required in training to fill the identified needbased gaps was estimated to be almost US$480.39 million within 15 years from both the public
and private sectors (see Chapter 5, section 5.4.5, Figure 3). This component of article 4 answered
research question 5: How much investment will be required in health professions education to
meet the future need for PHC professionals in Ghana?
The additional investment required for employing and sustaining the jobs of those to be trained as
well as maintaining the existing health professionals was estimated to be almost US$ 2.374 billion
in 2035. However, without these investments from both public and private sectors, there will be a
33% shortage of essential health professionals coupled with at least US$44.58 million losses to
the inappropriate skills mix by 2035 (see Chapter 5, section 5.4.6, Table 6). This component of
article 4 also answered research question 6: What employment-related investments will be required
to absorb the health professionals needed to be trained for primary health care?
Therefore, research questions 4, 5 and 6 were all answered in article 4 (Chapter 5).
6.3

OVERALL CONCLUSION

The four related papers presented in the thesis (in Chapters 2-5) sought to synthesise available
evidence on the extent of use and methodological considerations in need-based health workforce
planning. The evidence synthesised was used to develop a need-based health professions planning
model that links the number of health professionals to train with the population health needs of a
country and that can forecast the need, supply, number needed to train, and the associated
investments required for health professionals in Ghana's PHC system. The study had six specific
objectives (as outlined above). This section draws the study’s main conclusions, linking how each
of the study objectives was achieved.
6.3.1

Research objective 1:

The first research objective sought to conduct a scoping review to explore the extent to which
need-based models have been used in health workforce planning in countries and synthesise the
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methodological considerations for advancing the need-based health workforce modelling. This
objective was fully accomplished in article 1 (Chapter 2), in which a systematic scoping review
demonstrated that despite the growing popularity of the need-based approach as a conceptually
valid planning approach for health professionals in the context of UHC aspirations, its use in actual
policy and planning was limited partly due to a lack of open-access tools, methodological gaps,
and diversity in analytical approaches. The typology of empirical applications of the need-based
approach was characterised as macrosimulation versus microsimulation, within which analysts
used either current demand to weight the population health needs (also termed ‘needs-informed
demand analysis’) or the full population health needs (termed ‘complete need-based analysis’) to
determine the health workforce requirements. The article identified the main limitations or
weaknesses in the existing need-based models and outlined the key methodological considerations
and steps for systematically developing a fit-for-purpose need-based model in planning for health
professionals.
6.3.2

Research objective 2:

The study’s second objective was to develop a need-based health workforce planning model that
incorporates the population's level of health (or disease burden), demographics, health service
interventions (or package of health services), and the professional standards or standard time it
takes health professionals to deliver the services. The second article (presented in Chapter 3) built
on the previous article, using the methodological steps identified through the systematic scoping
review to develop a comprehensive need-based model with an accompanying end-user tool in
Microsoft® excel. The model, which addresses the main limitations in existing models and allows
for complete need-based macrosimulation within national, sub-national, or programmatic
contexts, was published alongside the methodology paper as an open-access tool to enhance its
broader uptake in the scientific and policy communities. To demonstrate the methodological value,
data requirements, and policy relevance of the model, an applied example was included in the
methodology paper for midwives, obstetricians and gynaecologists in the context of maternal and
new-born care in Ghana. Thus, objective two was addressed comprehensively in the second article
and fully achieved.
6.3.3

Research objective 3:

The third objective sought to establish a standard time that health professionals spend in their main
service delivery activities in PHC settings in Ghana. In the third article (Chapter four), this
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objective was fully achieved through a nationally representative cross-sectional survey of 503
health professionals across eight health professions. The article estimated the standard time health
professionals spent in performing different health service interventions and statistically compared
any differences in the standard time between hospitals and health centres/polyclinics within the
PHC setting in Ghana. Based on the estimated standard time, the standard workloads (the amount
of work that one health professional can perform with a given health service intervention in a year)
were determined for all the health professionals under study.
6.3.4

Research objective 4:

The fourth article addressed objectives 4-6 of the study. Objective 4 sought to forecast the need
and supply of health professionals to establish current and future gaps for PHC in Ghana. In
addressing this objective, the study (in article 4) projected the need, supply, and gaps that must be
filled through scaling up health professions education for all 11 categories of health professionals
included in the study. In summary, the article demonstrates that the need for health professionals
in Ghana's PHC was 221,593 in 2020, which could increase at a rate of between 3.3% and 10.7%
(average of 5.5%) per annum to reach an aggregate need for 495,273 health professionals by 2035.
On the supply side, the existing stock was estimated to be 148,390 in 2020, which was anticipated
to grow at a net rate of 2.7-11.4% per annum (taking into account attrition and inflows) and could
reach an aggregate supply of 333,770 by 2035. Comparing the need and supply revealed an
aggregate need-based shortage of 73,203 (or a 33% aggregate need-based shortage) in 2020 which
may increase to 161,502 by 2035, requiring a scaling up in health professions education to fill the
need-based gap. Details of the need, supply, and gaps (number needed to train) for each of the 11
categories of health professionals are provided in the fourth article in Chapter 5.
6.3.5

Research objective 5:

Research objective 5 sought to estimate the amount of investment required in health professions
education to fill the need-based gaps for PHC in Ghana, which was fully achieved in the fourth
article. In aggregate terms, the article demonstrated that by 2035, the cost of training to fill the
aggregate need-based shortage of 161,502 health professionals across the 11 categories of health
professionals by 2035 is estimated to be US$480.39 million, of which 28.8% (US$ 138.59 million)
is required for the training of registered general nurses; 15.4% (US$74.10 million) for the training
of general practitioners, and US$ 15.33 million (3.2%) for pharmacy technicians among others.
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6.3.6

Research objective 6:

Finally, research objective 6 sought to estimate the investment cost for employment necessary to
absorb the health professionals in the education pipeline and for filling the need-based shortage
identified (those needed to be trained) for PHC in Ghana. In addressing this research objective, the
study (in article 4) estimated the investment required to fill the need-based requirements for each
of the 11 health professionals and the cost of employing the anticipated supply. In summary, it was
estimated in the article that an average of US$1.762 billion per annum (and up to US$2.374 billion
in 2035) must be planned for employing and sustaining the jobs of the existing health professionals
as well as for the additional health professionals to be trained to fill the need-based shortages or
gaps. Without making the needed investments and adjustments in the training intake for the health
professional in line with the needs would result in a 33% shortage of essential health professionals
coupled with at least US$44.58 million in losses per annum to the inappropriate skill mix. The
adverse technical impact on interprofessional team compositions and, eventually, the quality of
health care has not been evaluated in this study but could be dire.
From the above, it is evident that all the research objectives in their entirety were adequately
achieved through the series of the four publications in which a pragmatic, sequential, multi-method
approach was employed.
6.4

CONTRIBUTIONS OF THE STUDY

Based on the main conclusions drawn from the study, this section highlights the contributions of
the study in advancing the theory and methodology of need-based health workforce planning and
how it could shape policy discourse in Ghana and elsewhere.
6.4.1

Contribution to theory

In advancing the theory of need-based health workforce planning, this study is the first to clearly
define and characterise the typology of need-based health workforce models. Macrosimulation and
microsimulation were two types of empirical approaches identified in the application of needbased modelling (reported in the first published article, which is presented in Chapter 2). The needbased macrosimulation models use population-level parameters and data sources, and the scope of
analysis usually takes a health system perspective at the national or subnational level. In contrast,
the study identified that need-based microsimulation models focus on modelling the nuances of
individual patient characteristics receiving specific treatment or care and translating it into health
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workforce requirements. Hence, these models use patient-level data, and their scope of analysis
tends to take a programmatic perspective of planning (rather than health system level).
Another fundamental theoretical distinction between need-based models was ‘needs-informed
demand models’ versus ‘complete need-based models’. In the ‘needs-informed demand analysis’,
also known as ‘demand-weighted’ needs-based analysis, the population need for health services is
analysed and the results are weighted by currently observed levels of utilisation; the ‘weighted or
adjusted need’ is then translated into health workforce requirements using an agreed measure of
the productivity of health professionals. By contrast, in ‘complete need-based models’, the
population's need for health services is analysed and, without adjustment for observed levels of
service utilisation, is translated into health workforce requirements using an agreed measure of the
productivity of health professionals. While these concepts have been mentioned only loosely in
previous literature, they have been systematically characterised and presented in this study for the
first time.
Although different need-based theorists agree on the core concepts, the operationalisation of the
approach in real-life applications has been riddled with less standardisation, divergence, and a lack
of checklists for examining rigour. In consolidating various propositions in the literature, the study
also proposed a ‘good practice’ checklist for assessing the rigour and appropriateness of needbased health workforce analysis (or modelling). Details of the checklist and its application to assess
empirical studies in this thesis are shown in Chapter 2.
The study provided the first synthesis from peer-reviewed empirical studies – six main steps in
need-based modelling for health professionals. These are (1) defining the scope; (2) analysing the
population health service needs; (3) translating the evidence-based service requirements into
health workforce requirement; (4) exploring resource implications that stem from a gap analysis;
(5) conducting sensitivity analyses including scenarios; and (6) conducting model validation
statistically and through stakeholder feedback. The constituent sub-steps are described in detail in
Chapter 2 (article one).
6.4.2

Contribution to the need-based methodology for health workforce planning

The study advanced the need-based modelling methodology in several ways. First, even though it
is well acknowledged in the need-based modelling literature that populations’ levels of health or
disease burden change over time and the expected future changes in need should be reflected in
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the health workforce requirements (Birch et al., 2020; Murphy, 2001; O'Brien-Pallas et al., 2001;
Tomblin Murphy et al., 2009), a previous study among high-income countries found ". . . no health
workforce plans that modelled the impacts of changes in population needs on HRH [Human
Resources for Health] requirements" (Murphy et al., 2016a, p. 6). Similarly, this study
demonstrated (in Chapter 2) that 48% of the empirical applications reviewed could not make
projections into the future and that those that made long-range projections made implicitly
assumed that the baseline levels of health (health status or disease burden) of the population would
remain constant throughout the horizon of the analysis (Asamani et al., 2021b). In effect, the future
need for health professionals in those models only changed monotonously in line with changing
population size characteristics and inadvertently ignoring evolution in the disease burden or level
of health. To address this important methodological limitation, in this study an instantaneous rate
of change in the disease burden or level of health was incorporated into the analytical model and
in the accompanying planning tool (Asamani et al., 2021a). In this novelty, the prevalence or
incidence rates of disease or risk factors affecting the given population are taken from comparable
sources for two or more different time points, and the instantaneous rate of change is estimated
using standard statistical formulae (Briggs et al., 2006). The future disease burden or level of health
of the population is then assumed to evolve along with the estimated instantaneous rate of change.
With this, the population’s need for health services, which informs the need for health
professionals, can be dynamically modelled to account for the changing population characteristics
and evolving level of health or disease burden. This contribution to the need-based modelling
methodology is described in detail, including the statistical formulae in article 2 (Chapter 3 of the
thesis).
Furthermore, although all need-based health workforce theorists agree on the importance of
incorporating some proxy measure of the productivity of health professionals in quantifying the
needed health professionals from the population’s need for health services, there has not been
consensus on what proxy measure of productivity is intuitively relevant, is easy to measure, and
how to measure it. This has resulted in significant divergence in the methods used to incorporate
productivity into need-based health workforce analysis and planning. In addressing this
methodological lacuna, this study (in articles 2 and 3) proposed the adoption of the concept of
‘standard workload’ as a proxy measure of health professionals’ productivity. Standard workload
– which is defined as the amount of work in one health service intervention that a health
professional can perform in one year if they are dedicated to performing only that intervention
(WHO, 2016, 2010) – is a widely known concept used in WISN analysis and one of the utilisation247

based health workforce planning tools (Ravhengani & Mtshali, 2017; WHO, 2016, 2010). To
calculate the standard workload, two important parameters are important: (a) the available working
time of health professionals, which is the amount of time (in minutes or hours) that a health
professional has to do their work in one year, taking into account all non-working time in the year
(such as leave, public holidays, weekends, etc.); (b) professional standards (also termed as ‘activity
standards’ or ‘service standards’) for delivering each health service intervention, defined as the
time it would take reasonably well-trained health professional to accomplish a service intervention
or task in the circumstances of the given country. The standard workload for any health service
intervention is calculated by dividing the available working time of the concerned health
professional by the activity standards.
Finally, previous need-based models largely did not consider the catalytic or support activities that
are undertaken by health workers, which may not be direct patient care interventions but are critical
in ensuring the smooth delivery of direct patient care interventions. Some studies have shown that
these indirect, catalytic, or support activities could, in some cases, consume up to 50% or more of
a health professional’s working time (Namaganda et al., 2015) and must be accounted for in
estimating the need. Some previous health workforce models conceptualised it as a supply-side
issue and adjusted the workforce stock by calculating available clinical focus time for health
professionals (MacKenzie et al., 2019). This study, however, demonstrates that it is more a needside issue; hence, explicitly incorporating the number of health professionals required to cover
support or catalytic functions in the need for health professionals is imperative. Thus, the study
contributed to addressing the conceptual and methodological issue by demonstrating (in article 2)
how to appropriately account for catalytic or support activities of health professionals in the needside of health workforce planning.
6.4.3

Contribution to the practice of health professionals, policy and planning

Despite the instinctive appeal of the need-based approach and its apparent alignment with the
global aspiration for UHC (Segal et al., 2018), its uptake in real-life policy and planning processes
within countries has been shown to be limited (Murphy et al., 2016b; Safarishahrbijari, 2018). This
study found that the limited policy-oriented application of the need-based approach in health
workforce planning was, primarily, due to a lack of ready-for-use open-access tools coupled with
the relatively high burden of data requirements. To address the policy uptake challenge related to
the lack of open-access tools, this study contributed by translating the conceptual and empirical
model into an easy-to-use open-access planning and simulation tool, of which version 1.2 was
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published

alongside

the

methodology

paper,

and

is

freely

downloadable

from:

https://www.mdpi.com/1660-4601/18/4/2113/s1. An updated version, 1.3 (with improvements in
user experience but no material difference in the methods), was submitted alongside the fourth
article for publication. The tool was purposefully built in Microsoft® Excel as opposed to other
specialised software or platforms to increase its potential for use even in resource-limiting settings
where access to specialised software may be constrained. Following the self-explanatory step-bystep instructions in the tool, end-users require only beginner to intermediate knowledge of Excel
spreadsheets to use it successfully once the fundamental principles of need-based health workforce
planning are understood and data is available.
The professional standards for health service interventions, together with the established standard
workloads for the various health professionals, could also contribute as benchmarks for upholding
professional standards and quality of care in the context of Ghana. Finally, the estimates of the
need and supply of health professionals, the gaps to be filled through training, and the required
investments therefore have profound implications for health workforce policy and planning in
Ghana to address the mismatches (see recommendations).
6.5

LIMITATIONS OF THE STUDY

Each of the published articles had a section discussing its specific limitations in terms of
methodology, scope, and findings. However, a few limitations are still worth noting in the thesis
as a whole.
First, the systematic scoping review and evidence synthesis component of the thesis (article 1) did
not include grey literature such as government planning documents and unpublished research, as
it focused on only filtered evidence published in peer-reviewed scientific journals. Hence, some
nuances of the political and policy processes in countries during planning using the need-based
approach could have been missed in the study. Thus, the study provides the requisite technical
processes of sound and fit-for-purpose need-based analysis, which can be contextualised within a
given country’s political and policy processes.
Also, the model connects population disease burden (or level of health) and demographics to the
health system plans in terms of the health service package (interventions necessary to address the
disease burden) as well as the standard workload (or a measure of productivity) of the health
professionals appropriately skilled to deliver the service interventions that directly address the
population’s health needs. Inherently, health workers whose functions are also essential but
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supportive in nature because they do not address specific population health needs (or health
problems), such as accountants, administrators, biostatisticians, etc., cannot be directly analysed
using the model.
Furthermore, while there are over a hundred cadres of health professionals in the health sector of
Ghana, this study focused on just 11 professional groups across eight broad professions in the PHC
setting to demonstrate the methodological value and policy relevance of the need-based approach
to the health workforce planning. Thus, the analysis may not provide a comprehensive picture of
the supply and need of all health professionals in Ghana and hence should be deemed as the tip of
the iceberg of the potential health workforce gaps and mismatches in Ghana. However, it is the
first of its kind in demonstrating how a need-based approach could be used to link health workforce
planning to health professions education capacity planning across health professions, especially in
Ghana’s context.
Additionally, the estimated cost of training was conducted using only tuition fees, hence excluding
the cost of additional infrastructure, training aids, and equipment such as computers, mannequins
etc. that may be needed, as the assessment of the requirements for these educational infrastructure
and equipment were outside the scope of the study.
Finally, the general planning process is complex and requires a multi-sectoral and multistakeholder approach for consensus-building and resource allocation decisions. However, these
policy dialogue processes, which are resource-intensive, were beyond the scope of the study.
6.6
6.6.1

RECOMMENDATIONS
Further research

Although this study provides a wealth of theoretical, methodological, and practical insights and a
novel advancement of the need-based approach for planning and training the optimal quantity of
health professionals in a manner that directly responds to the population’s health needs, some grey
areas remain and are worthy of further research:
(a)

There is the need to consolidate evidence to quantify potential fiscal and financial space for
investing in health professions education and employment. This is important in order to
incorporate financial space and economic feasibility analyses into the need-based model for
testing the affordability of the need-based estimates, as issues relating to implicitly ignoring
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the ability to afford to remain the main sources of criticisms against need-based planning for
health professionals.
(b)

Further research on how population health needs can be more directly accounted for in
competency-based curricula of health professions education institutions is not only
imperative but urgent. If the need for health professionals and training these are planned in
alignment with that of the population health needs, it is also important that the training
curricula be related directly to the nuances of population health need (disease burden, risk
factors and demographics trends) in the country. The WHO’s guidance on transforming and
scaling up health professionals’ education and training buttresses this call (WHO, 2013).

6.6.2

Planning health professions education and employment in Ghana

Over the last two decades, Ghana invested heavily in health workforce production and
employment, which is widely acknowledged. However, this study identified significant
mismatches between the need for health professionals and the available supply (now and in the
future). Some of the policy and strategic actions to address the identified gaps may lie outside the
remit of the Ministry of Health alone and requires a concerted multi-stakeholder effort that
includes the Ministry of Health, Ministry of Education, Health Professions Education Institutions,
Ministry of Finance, Ministry of Labour, National Development Planning Commission,
Professional Regulatory Bodies, private health partners, development partners, and labour unions.
Effectively engaging these multi-sectoral policy actors will require further contextualisation of the
evidence to take all shades of perspectives into account. To achieve this, the following may be
worth considering:
(a)

Conduct a comprehensive health labour market analysis that takes into account the multisectoral policy actors’ perspectives to understand the size and levers of demand for health
professionals viz-a-viz the estimated need in Ghana’s health system and the knock-on effect
of the demand for health professions education.

(b)

Examine the available and potential fiscal and financial space for health workforce
investment viz-a-viz the estimated need-based investments required in training and
employment based on needs.

(c)

Triangulate the available evidence and use it to develop a multi-sectoral long-term health
workforce investment plan that addresses need-based health professions education,
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employment, retention, and regulation. Doing so will strengthen the annual Human
Resources for Health forum as a stock-taking and accountability platform for planning the
annual intake into health professions education institutions in line with the need-based
analysis, which would be imperative.
6.6.3

Ministries of Health in other countries and International Health Institutions

The need-based approach to health service planning, especially health workforce planning, has
been regarded as the most conceptually valid and consistent approach for addressing equity
concerns towards the aspiration for UHC.
(a)

Ministries of Health should build capacity for and adopt the need-based approach as their
national planning framework or tool.

(b)

International health institutions should invest in advancing need-based health workforce
planning tools and guidelines and support countries to build capacity to use them in their
planning processes.

(c)

Countries should use the need-based approach to link the planning for health professions'
education capacity with the country’s population health needs.
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ANNEXURE H: SURVEY QUESTIONNAIRE
ACTIVITY STANDARDS QUESTIONNAIRE FOR HEALTH PROFESSIONALS
Dear Esteemed Colleague,
My name is James Avoka Asamani, a doctoral candidate of the North-West University (NWU) in
South Africa. With the approval of NWU and Ghana Health Service (GHS), I’m carrying out
research to understand the standard time it takes health professionals to deliver primary health
care services in Ghana. The study is purely for academic purposes and your responses shall be
kept in strict confidence and will not be disclosed to anyone. The result of this study will be used
to design a health workforce planning tool to support evidence-informed policies and strategies
which could improve staffing situation in the future. You reserve the sole right to withdraw from
the study at any time which will have no adverse consequence on your part. However, your
participation in this study will be very valuable and appreciated.
If you are happy to participate, ensure you have signed a consent form take some time off your
busy schedule to fill out this questionnaire honestly. Thank you.
PART 1: BACKGROUND INFORMATION
SECTION A: INFORMATION ABOUT HEALTH FACILITY
1. Region: Which region is your health facility located?
[ ] Greater Accra [ ] Bono East [ ] Upper East
2. Type of health facility.
[ ] Primary/District Hospital

[ ] Health Centre/Polyclinic [ ] CHPS

3. How would you describe the location of your health facility?
[ ] Urban
[ ] Semi-urban
[ ] Rural
4. On a scale of 0 to 5 (where 0 is lightest workload and 5 is the heaviest workload possible in
any health facility you know), how would you rate the level of workload in this health
facility? Please, circle only one choice.
[1
2
3
4
5]
5. On a scale of 0 to 5 (where 0 is no workload and 5 is the greatest workload possible in any
Unit in this facility), how would you rate the level of workload in your unit? Please, circle
only one choice.
[1
2
3
4
5]
6. On a scale of 0 to 5 (where 0 is a situation all the tools/equipment are not available, and 5 is
a situation that all tools/equipment are available), kindly rate the extent to which your
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facility has the tools/equipment that are necessary for your work (by circling only one
choice).
[1
2
3
4
5]
SECTION B - DEMOGRAPHIC CHARACTERISTICS
PROFESSIONAL
(Please indicate by writing or ticking (√) what applies to you)

OF

THE

HEALTH

1.

What is your age?: ……………… years

2.

Gender:

3.

How many years have you been working in your profession? ………………….

4.

How long (in years) have you been working in this health facility? …………….

Male [ ]

Female [ ]

Other [ ]

5. What is your highest qualification in the profession? [Please, tick only ONE]:
Certificate
[ ]
Diploma
[ ]
Post-Basic (Advanced) Diploma
[ ]
First Degree
[ ]
Masters/post-graduate specialisation [ ]
Others (please, specify) ………………………………………………………
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6. For the following statements, kindly indicate by ticking (√) in the appropriate box, the extent to
which you agree or disagree with each statement.
STATEMENT

RESPONSE
Strongly
Disagree

Disagree Agree

Strongly
Agree

Neutral

i.I do not feel competent enough in some of the
tasks I perform
ii.My colleagues take longer time than me to
perform the same task that I would usually finish
in a shorter time
iii.I require additional training to be able to perform
my duties effectively.
iv.Compared with my colleagues I usually spend
more time with patients when providing them
services.
7. Which category of health professional are you?
General Practitioner (Generalist Doctor)
Physician Assistant
Midwife
Clinical Nurse (General Nurse/Enrolled Nurse)
Preventive Nurse (Community Health Nurse)
Nutritionist/ Dietician
Laboratory Scientist/Technician
Pharmacist/Pharmacy Technician
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[
[
[
[
[
[
[
[

] … After this section go to part 2
] … After this section go to part 3
] … After this section go to part 4
] … After this section go to part 5
] … After this section go to part 6
] … After this section go to part 7
] … After this section go to part 8
] … After this section go to part 9

PART 2: GENERAL PRACTITIONER (GENERALIST DOCTOR)
Main Health Service Delivery Task

Do you
perform this
activity in this
facility?
(Yes or No)

1.0

Health Service Activities

1.1
1.2
1.3

Assessment, diagnosis and treatment of new out-patient case
Review of a follow-up out-patient case (old cases)
Review of inpatient per patient day (daily ward rounds)

Yes [ ] No [ ]
Yes [ ] No [ ]
Yes [ ] No [ ]

1.4
1.5

Referral of a patient
Minor surgical procedures (e.g., suturing lacerations, incision and
drainage)
Major surgical procedures
Patient education and counselling
Interventions for minor (simple) medical emergencies
Interventions for moderate-to-severe medical emergencies
Interventions for critically ill medical emergencies

Yes [ ] No [ ]
Yes [ ] No [ ]

1.6
1.7
1.8
1.9
1.10
1.11
1.12
2.0
2.1
2.2
2.3
2.4
3.0
3.1

Support Activities
Clinical meetings

Additional Activities
Supervision of staff and students

If yes, how much time
in minutes do you
averagely spend to
perform this task?

…. minutes per patient
…. minutes per patient
…. minutes per patient
per day
…. minutes per patient

]
]
]
]
]

…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient

Yes [ ] No [ ]

…. hours per week

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

No [
No [
No [
No [
No [

… staff for … hours
per day

3.2
3.3
If you have comment(s) on your workload and the average time given for the activities, please, provide:
…………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………
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PART 3: PHYSICIAN ASSISTANT
Main Health Service Delivery Task

Do you
perform this
activity in this
facility?
(Yes or No)

1.0

Health Service Activities

1.1

Assessment, diagnosis and treatment of new out-patient case

Yes [ ] No [ ]

1.2

Review of a follow-up out-patient case

Yes [ ] No [ ]

1.3

Referral of a patient

Yes [ ] No [ ]

1.4

Minor surgical procedures

Yes [ ] No [ ]

1.5

Patient education and counselling

Yes [ ] No [ ]

1.6

Interventions for medical emergencies

Yes [ ] No [ ]

1.7

Interventions for minor (simple) medical emergencies

Yes [ ] No [ ]

1.8

Interventions for moderate-to-severe medical emergencies

Yes [ ] No [ ]

1.9

Interventions for critically ill medical emergencies

Yes [ ] No [ ]

Support Activities
Clinical meetings

Yes [ ] No [ ]

1.10
1.11
2.0
2.1
2.2
2.3
2.4
3.0
3.1

Additional Activities
Supervision of staff and students

If yes, how much
time in minutes do
you averagely spend
to perform this
task?

…. minutes per
patient
…. minutes per
patient
…. minutes per
patient
…. minutes per
patient
…. minutes per
patient
…. minutes per
patient
…. minutes per
patient
…. minutes per
patient
…. minutes per
patient

…. hours per week

… staff for … hours
per day

3.2
3.3
If you have comment(s) on your workload and the average time given for the activities, please, provide:
…………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………
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PART 4: MIDWIFE
Main Health Service Delivery Task

Do you
perform this
activity in this
facility?
(Yes or No)

1.0

Health Service Activities

1.1
1.2
1.3
1.4
1.5

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

1.6
1.7

Antenatal Care Consultation
Post Natal Care Consultation
Family Planning Service (non-invasive procedure)
Family Planning invasive procedure
Prevention of Mother-To-Child Transmission of HIV during
ANC
Vaginal delivery
Inpatient care per patient day (routine care for mother)

1.8

Inpatient care per patient day (routine care for new-born)

Yes [ ] No [ ]

1.9
1.10
1.11
1.12
1.13
1.14

Admission processes per patient
Discharge processes per patient
Preparation for caesarean section
Patient education and counselling
Community outreach
Management of complications of pregnancy

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

No [
No [
No [
No [
No [
No [

]
]
]
]
]
]

Support Activities
Daily report writing
Monthly reports
Taking-over and handing-over
Clinical meetings

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

No [
No [
No [
No [

]
]
]
]

1.15
1.16
2.0
2.1
2.2
2.3
2.4
2.5
3.0
3.1

Additional Activities
Supervision of staff and students

No [
No [
No [
No [
No [

]
]
]
]
]

Yes [ ] No [ ]
Yes [ ] No [ ]

If yes, how much time
in minutes do you
averagely spend to
perform this task?

…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
per day
…. minutes per patient
per day
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
per day

…. hours per day
…. hours per day
…. hours per day
…. hours per week
… staff for … hours per
day

3.2
3.3
If you have comment(s) on your workload and the average time given for the activities, please, provide:
…………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………
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PART 5: CLINICAL NURSE (GENERAL NURSE/ENROLLED NURSE)
Main Health Service Delivery Task
Do you
perform this
activity in this
facility?
(Yes or No)
1.0
Health Service Activities
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11
1.12
1.13
1.14
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
3.0
3.1

Out-patient care (triaging, vital signs and history taking)
Out-patient consultation (at health centres and CHPS)
Admission processes per patient (at hospitals)
Discharge processes per patient (at hospitals)
Pre-Operative preparation of patients (at hospitals)
Post-operative management which is different from routine
care (at hospitals)
Inpatient care per patient day (routine care) for low
dependent/mild cases
Inpatient care per patient day (routine care) for moderately
dependent/severe cases (at hospitals)
Inpatient care per patient day (routine care) for highly
dependent/critical cases (at hospitals)
Discharge patient education and counselling
Minor surgical procedures (suturing lacerations, incision and
drainage, would dressings)

Support Activities
Daily report writing
Monthly reports
Student supervision and teaching
Taking-over and handing-over
Cleaning and disinfection
Community outreach services

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

]
]
]
]
]
]

Yes [ ] No [ ]
Yes [ ] No [ ]
Yes [ ] No [ ]
Yes [ ] No [ ]
Yes [ ] No [ ]

…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
per day
…. minutes per patient
per day
…. minutes per patient
per day
…. minutes per patient
per day
…. minutes per patient
…. minutes per patient

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

Additional Activities
Supervision of staff

No [
No [
No [
No [
No [
No [

If yes, how much time in
minutes do you
averagely spend to
perform this task?

No [
No [
No [
No [
No [
No [

]
]
]
]
]
]

…. hours per day
…. hours per day
…. hours per day
…. hours per day
…. hours per day
…. hours per week

… staff for … hours per
day

3.2
3.3
If you have comment(s) on your workload and the average time given for the activities, please, provide:
…………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………
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PART 6: PREVENTIVE NURSE (COMMUNITY HEALTH NURSE)
Main Health Service Delivery Task

Do you
perform this
activity in this
facility?
(Yes or No)

If yes, how much time
in minutes do you
averagely spend to
perform this task?

1.0

Health Service Activities

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11
2.0
2.2
2.3
2.5
2.6
2.7
2.8
3.0
3.1

Family planning
Out-patient consultation to manage minor ailments (at CHPS)
Referral of patients
Discharge patient education and counselling
Home visiting (per each home visit)
School health (for each pupil)
Immunisation (per child immunised)
Growth monitoring

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

No [
No [
No [
No [
No [
No [
No [
No [

]
]
]
]
]
]
]
]

…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient

Support Activities
Monthly reports
Cold chain management
Cleaning and disinfection
Community outreach services

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

No [
No [
No [
No [

]
]
]
]

…. hours per day
…. hours per day
…. hours per day
…. hours per week

Additional Activities
Supervision of staff

… staff for … hours per
day

3.2
3.3
If you have comment(s) on your workload and the average time given for the activities, please, provide:
…………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………
***********************PART 7: NUTRITIONIST AND DIETICIAN
Main Health Service Delivery Task
Do you
If yes, how much time
perform this
in minutes do you
activity in
averagely spend to
this facility?
perform this task?
(Yes or No)
1.0
Health Service Activities
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
2.0
2.1
2.2
2.3
2.4
2.5
2.6
3.0

Nutritional Status Assessment
Patient education and counselling
Diet planning for patients
Follow-ups/home visits

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

No [
No [
No [
No [

]
]
]
]

…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient

Support Activities
Report writing
Cleaning and disinfection
Community outreach services
Clinical meetings

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

No [
No [
No [
No [

]
]
]
]

…. hours per day
…. hours per day
…. hours per day
…. hours per week

Additional Activities
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3.1

Supervision of staff and students

… staff for … hours per
day

3.2
3.3
If you have comment(s) on your workload and the average time given for the activities, please, provide:
…………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………
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PART 8: LABORATORY SCIENTIST AND TECHNICIAN
Main Health Service Delivery Task

Do you
perform this
activity in
this facility?
(Yes or No)

If yes, how much time
in minutes do you
averagely spend to
perform this task?

1.0

Health Service Activities

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
1.10
1.11
1.12
2.0
2.1
2.2
2.3
2.4
2.5
2.6
3.0
3.1

Sample taking and processing
Full Blood count (using automated machine)
Malaria test (rapid diagnostic test)
Malaria test (microscopy)
Urine routine examination
Stool Urine routine examination
Blood sugar test
Blood donor bleeding
Preparing blood for Transfusion

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

No [
No [
No [
No [
No [
No [
No [
No [
No [

]
]
]
]
]
]
]
]
]

…. minutes per sample
…. minutes per sample
…. minutes per sample
…. minutes per sample
…. minutes per sample
…. minutes per sample
…. minutes per sample
…. minutes per patient
…. minutes per patient

Support Activities
Report writing
Cleaning and disinfection
Blood donation campaigns/outreach services
Clinical meetings

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

No [
No [
No [
No [

]
]
]
]

…. hours per day
…. hours per day
…. hours per day
…. hours per week

Additional Activities
Supervision of staff and students

… staff for … hours per
day

3.2
3.3
If you have comment(s) on your workload and the average time given for the activities, please, provide:
…………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………
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PART 9: PHARMACIST/PHARMACY TECHNICIAN
Main Health Service Delivery Task

Do you
perform this
activity in this
facility?
(Yes or No)

If yes, how much time
in minutes do you
averagely spend to
perform this task?

1.0

Health Service Activities

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
2.0
2.1
2.2
2.3
2.4
2.5
2.6
3.0
3.1

Prescription auditing and dispensing for out-patient cases
Prescription auditing and dispensing for in-patient cases Inpatient
Prescription refilling for chronic conditions
Pharmaceutical interventions to correct prescription errors
Patient adherence counselling and education

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

No [
No [
No [
No [
No [

]
]
]
]
]

…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient
…. minutes per patient

Support Activities
Report writing
Reconstitution of powdered preparations
Community outreach services
Clinical meetings

Yes [ ]
Yes [ ]
Yes [ ]
Yes [ ]

No [
No [
No [
No [

]
]
]
]

…. hours per day
…. hours per week
…. hours per day
…. hours per week

3.2

Procurement activities

3.3

Quality Assurance (QA), Drug and Therapeutic Committee (DTC)
activities

Additional Activities
Management of stocks

… staff for … hours per
day
… staff for … hours per
day
… staff for … hours per
day

3.4
3.5
If you have comment(s) on your workload and the average time given for the activities, please, provide:
…………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………
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