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Abstract

A strong public health workforce (PHW) is needed to

respond to COVID‐19 and public health (PH) issues

worldwide. However, classifying, enumerating, and plan-

ning the PHW is challenging. Existing PHW taxonomies and

enumerations focus on the existing workforce, and largely

ignore workforce competition for public health graduates

(PHGs). Such efforts also do not utilize real time data to

assess rapid changes to the employment landscape, like

those caused by COVID‐19. A job postings analysis can

inform workforce planning and educational program design

alike. To identify occupations and industries currently

seeking PHGs and contrast them with existing taxonomies,

authors matched existing PHW taxonomies to standardized

occupational classification codes, then compared this with

38,533 coded, US job postings from employers seeking

Master's level PHGs from 1 July 2019 to 30 June 2020.

Authors also analysed 24,516 postings from March 2019 to

October 2019 and compared them with 24,845 postings

from March 2020 to October 2020 to assess changing

employer demands associated with COVID‐19. We also
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performed schema matching to align various occupational

classification systems. Job postings pre‐COVID and during

COVID show considerable but changing demand for PHGs

in the US, with 16%–28% of postings outside existing PHW

taxonomies, suggesting labour market competition which

may compound PHW recruitment and retention challenges.
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job postings, labour market competition, public health education,

public health workforce, taxonomy

1 | INTRODUCTION

Well before the onset of the COVID‐19 pandemic, there was a well‐documented healthcare workforce shortage.1

The World Health Organization (WHO) estimated a shortage of 18 million health workers by 2030 to meet the

requirements of the Sustainable Development Goals and universal health coverage targets set by the WHO.

Several other direction‐setting policy documents have been published including the European Action Plan for
Strengthening Public Health Capacities and Services,2 the WHO's ‘Comprehensive health labour market

framework for universal health coverage’3 and the WHO Global Strategy on Human Resources for Health.4

Concerns regarding workforce shortages due to the migration of healthcare professionals,5 retirements or

attrition of public health (PH) workers,6,7 and lack of information regarding worker supply based on the post-

graduate employment outcomes of public health graduates (PHGs)8 have become even more urgent due to the

COVID‐19 pandemic. The WHO Global Strategy recommends gathering workforce data as ‘global public good to

be shared in the public domain’.4

Due to the crucial role of disease prevention in responding to and recovering from the COVID‐19 pandemic,
assessing the public health workforce (PHW) remains critically important. Categorizing and enumerating clinical

health professionals such as physicians, nurses, midwives, etc.,9,10 while challenging, is generally made simpler by

the licensing and registration for these occupations. The PHW is more difficult to define, classify, and enumerate

due to a lack of a consistent definition of PH professionals; lack of licensure or certification of PH professionals in

most cases; and lack of central registries of these professionals in most countries, with the exception of the United

Kingdom11 and Poland, where registration is optional.12

Even achieving consensus definitions for the PHW is difficult. PH professionals have been defined as ‘people

who are involved in protecting and promoting the collective health of whole or specific populations’,13 or those

contributing to the Essential Public Health Operations (EPHOs),14 Essential PH Services,15 or Foundational Public

Health Services (FPHS),16 which are different, but related, models describing core functions of PH systems. The

workforce is ‘characterized by its diversity and its complexity and includes people from a wide range of occu-

pational backgrounds’.17 Not only is this workforce diverse in its occupations, it is diverse in its employment

settings or sectors. While the ‘core’ PHW has often been defined as existing within government agencies,18,19 it

has also been acknowledged that PH work takes place in academia, the voluntary/nongovernmental organization

sector (i.e., charities, non‐for‐profit organizations), healthcare, and corporations (for‐profit companies), and that
many people contribute to the ‘wider’ PHW, which can include people whose work indirectly contributes to PH

efforts.20,21

The PHW is undergoing particular strain in the COVID‐19 context. Especially in the United States, PHW and

leadership are being subject to harassment in a highly politicized and polarized COVID‐19 response environment.
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COVID‐19 associated burnout is compounding an already‐stressed and chronically underfunded workforce that
has decreased by approximately 20% since the onset of the Great Recession in 2008.22,23 When employers from

outside the PHW, who seek to hire candidates with the skills provided by a PH education, offer higher wages or a

better work environment for PHGs, this can entice PHGs away from finding employment in the PHW and can

compound PHW shortages, resulting in a workforce crisis.

1.1 | Existing taxonomies and enumerations use a needs‐based approach

Several attempts have been made to define and enumerate the PHW, often beginning with creating PHW tax-

onomies which include categories of occupations—including job functions or titles—which contribute to EPHOs. In

workforce research, occupations are categorized or classified, described and quantified using standardized metrics

and surveys designed by expert industrial psychologists or labour market researchers. For example, the Interna-

tional Labour Organization (ILO) uses International Standard Classification of Occupations (ISCO‐08) codes24(p),
the US Bureau of Labor Statistics (BLS) uses Standard Occupational Classification (SOC) codes,25 and the UK uses

its own SOC codes26 to classify occupations. Although such codes can be imperfect—the WHO global strategy

advocates that the ILO revise the ISCO ‘for greater clarity on delineation of health workers and health pro-

fessions’4—mapping the occupations in a workforce taxonomy to these codes allows researchers to use consistent,

standard definitions of workers' roles, and is important for labour market projections and assessment of educa-

tional requirements.4

To create a PHW taxonomy, many researchers use a needs‐based framework—focussing first on the EPHOs
and the staff needed to provide them—or use surveys of the existing PHW to determine which occupations exist

therein. A recent systematic review article synthesized articles focused on enumerations and definitions of the

PHW over a nearly two‐decade period.27 This article includes a new proposed taxonomy based on a synthesis of

occupation‐specific terms and job titles collected from the reviewed articles, which researchers matched to ISCO‐
08 codes based on their judgements of job titles. Additionally, while several articles within the systematic review

list occupations by name, only two sources highlighted in the review specifically focus on PHW occupational

taxonomies, one by the University of Michigan/Centers for Disease Control and Prevention (referred to here as

‘UM’)19 and one by the Centre for Workforce Intelligence (CfWI) in the United Kingdom.18,20

These workforce taxonomies have primarily been created through a multi‐step, ‘top‐down’ process, beginning
with the high‐level definition of EPHOs,15,28 followed by a literature review (often including a ‘job analysis’ of job

descriptions provided by current PH professionals), followed by data extraction or qualitative coding, review of key

terms by experts, focus groups, and finally pilot testing/surveys of the PHW29; or scoping, literature review, data

collection, and stakeholder engagement.18 The taxonomies generally only include occupations that the researchers

defined as contributing to EPHOs, and sometimes define PHW even more narrowly; for example, the UM taxonomy

emphasizes occupations in the governmental PHW.

1.2 | Insufficiencies of current PHW taxonomies

While these taxonomies are an important step in PHW categorization and enumeration, they may leave out

relevant occupations due to their focus on the existing PHW and how it is defined. These taxonomies, themselves,

also may not be sufficiently robust in describing the landscape of PHW employment because they do not take

supply of PHG into account, nor the labour market competition30 for PHG: ‘partial health workforce policies…

designed on the basis of needs‐based estimates and focused on training more health workers’ are ‘not sufficient in
addressing health worker shortages’.3
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New research in the United States indicates that PHG may be increasingly finding employment in the for‐profit
sector and other fields which may not contribute to EPHOs; assessment of the current PHW and its need for PHG is

not enough if it ignores this ‘leaky pipeline’31–34 or loss of PHGs to occupations and sections that do not contribute

to the EPHOs.

Additionally, the existing taxonomies do not clearly delineate the occupations which require formal educa-

tion in PH versus those that do not. Workers included in PHW taxonomies can include everyone from medical

doctors and scientists, to nurses, to sanitarians, to typists and office clerks because they are involved in, or

support, the delivery of PH services and protections. To ensure we can assure ‘a competent PHW’,35 it is

essential to know how many individuals with formal education in PH (PHGs) are needed in the PHW, and for

which specific occupations, then contrast with PHG employment outcomes and detailed data on labour market

competition. This manuscript employs a theoretical framework which includes an analysis of both the existing

PHW, the supply of PHGs, and employer competition to hire them, adapted from prior healthcare workforce

research30 for this article (Figure 1).

1.3 | Utility of job postings analysis to classify PHW

One method of determining the labour market demand for PHGs is to analyse job postings/advertisements for

these graduates, and compare them with the existing definitions and taxonomies for the PHW. Job postings

typically include the job title, a description of the employing organization, an overview of job tasks or functions, and

a list of required or desired skills, experience, education, or other credentials. Because job descriptions are designed

to clearly describe the skills and qualifications needed to perform a job, they are a useful source of insight into

current hiring needs. Although job postings are not created for the purposes of workforce research, many studies

have been conducted which leverage the rich, text‐based information from job postings—approximately 85% of

which are posted on the internet36—to infer employer needs and workforce trends. Several research studies on

PHW have utilized job descriptions analysis to discern employer demands.37–41

New technologies and methodologies allow for ISCO‐08 and SOC coding of large‐scale job postings data,
thereby creating a list of occupations for which employers are currently seeking PHGs. Utilizing job postings data,

to contrast with existing taxonomies, also provides data‐driven, ‘real time’ insights more quickly than periodic
surveys or expert opinion.

This article seeks to more consistently map the occupations identified in existing PHW taxonomies to

ISCO‐08 and US SOC codes, then contrast them with job postings data which illustrate occupations and

sectors currently seeking to hire PHGs. By identifying the job postings targeting PHGs which are not part of

existing taxonomies, we can reveal new occupations or sectors which may be drawing PHGs away from the

occupations that past researchers have defined as contributing to the EPHOs, thus assessing the labour market

competition for PHGs. This research can also identify possible workforce gaps, and provide insights to

academia to innovate their curricula. Finally, through an analysis of job postings in two time frames, before

COVID‐19 and during the COVID‐19 pandemic, we can assess whether demand for PHGs has changed during
the COVID‐19 pandemic.

2 | METHODS

To assess which jobs seek PHGs aside from those in existing PHW taxonomies, researchers first matched PHW

taxonomies with ISCO‐08 codes, then contrasted job postings with the codes; and assessed differences in pro-
portions of postings before and during the COVID‐19 pandemic.

4 - KRASNA ET AL.



2.1 | Mapping existing taxonomies to standardized occupational classifications

The ILO's ISCO‐08 codes classify occupations into 441 categories, while the US Department of Labor's Standard
Occupation Classification (referred to here as ‘USSOC’) codes, revised in 2018, include 867 different detailed

F I GUR E 1 Diagram of labour market dynamics for public health graduates (PHGs)
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occupations.25 The US Department of Labor offers a SOC to ISCO‐08 ‘crosswalk’ to match the codes to one

another.42 The UK's Office for National Statistics (ONS) has its own SOC codes (referred to here as ‘UKSOC’),

with 583 unique codes matching to 28,749 job titles and subtypes26; and a UKSOC to ISCO‐08 SOC crosswalk

exists.

Two of the existing taxonomies, UM43 and the CfWI Core workforce report18,20 did not include matches to

SOC codes in their descriptions. Therefore, the lead researcher matched the job titles, or, when available, job

descriptions, to their respective SOC codes, and then to ISCO‐08 codes. For UM, the researcher referenced

earlier studies which matched the titles which were later used for the taxonomy with USSOC codes44–46 and

verified the proposed taxonomy with one of the authors of the original taxonomy. We also utilized a SOC‐
matching system developed by the US National Institutes of Health to match the available descriptions of the

jobs in the UM taxonomy with USSOC codes.47 In cases where more than one USSOC code matched a job

from the UM taxonomy, or where more than one job title from UM matched the same USSOC code, both are

included in the table (Table A1). In cases where no USSOC code match could be found, this is indicated in the

table.

For the CfWI taxonomy of the Core PHW in the UK, the lead researcher referred to the detailed descriptions

of each occupation in the report and attempted to match them to UKSOC 2010 codes using a qualitative approach,

and further, utilized the UK ONS Occupation Coding Tool, which matches job titles to UKSOC 2010 codes,48 which

then match to ISCO‐08. Additionally, CfWI included a report on the ‘wider’ PHW, which utilized discussions with
various professional association members to determine which other occupations were considered ‘engaged’ in PH.

CfWI mapped these to UKSOC 2010 code, which the researcher cross‐matched to ISCO‐08 codes using the UK's
ONS crosswalk.49 For the purpose of this study, we included only those occupations listed as ‘active’ in their

engagement (‘public health was explicitly part of their job’).

The taxonomy proposed in the systematic review article27 was already matched to ISCO‐08 codes by the
article's authors.

2.2 | Utilizing a job postings database

This manuscript utilizes a commercially available job postings database, maintained by Burning Glass (BG) Tech-

nologies. BG is a data vendor which compiles millions of job postings every year using ‘bots’ which search more than

40,000 different sources, tracking 3.4 million job postings at any time.36 Data from this site has been used in many

other workforce studies,40,50–52 including analysis of COVID‐19's impact on the labour market.40

BG utilizes machine learning and natural language processing technology to match job postings data with the

employer's required or desired Classification of Instructional Program (CIP) codes,53 which are developed by the US

Department of Education to categorize areas of academic study; to allow searchability by the level of education

required; and to match jobs with industries/sectors and USSOC codes.

We conducted three BG queries. We delimited all queries to job openings posted in the United States, for

which, according to the BG algorithms, the employer desired or required a Master's level degree, with any of the

CIP codes which match PH degrees, including 51.22 (including General Public Health, Environmental Health,

Health/Medical Physics, Occupational Health/Industrial Hygiene, Public Health Education/Promotion, Community

Health/Preventive Medicine, Maternal and Child Health, International PH/International Health, Health Services

Administration, Behavioural Aspects of Health); 26.1309, Epidemiology; and 26.1102, Biostatistics.

One query was for 40,707 job postings from 1 July 2019 to 30 June 2020, of which 38,533 were USSOC‐
coded. The second and third queries were designed to compare jobs across all sectors before and during COVID‐19,
including jobs posted 1 March 2020 through 31 October 2020 (n = 24,845, the ‘COVID‐19 era’), and 1 March 2019
through 31 October 2019 (n = 24,516 the ‘pre‐COVID‐19 era’). We compared occupations and sectors from the

COVID‐19 using two‐proportion independent sample z tests with α = 0.05.
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3 | RESULTS

3.1 | Mapping existing taxonomies to ISCO‐08 and SOC codes

The three main taxonomies had varying levels of specificity (Table A1). The most detailed was the UM taxonomy,

with a total of 69 job titles (three titles not originally in the taxonomy, ‘Pharmacist’, ‘Emergency Medical Services

Worker’, and ‘Other Business Support Services’ were added, because they were included in a US PHW survey based

on the taxonomy).54 Matching the UM codes to USSOC and ISCO‐08 codes revealed some discrepancies. There
were three titles for which a USSOC code could not be found: ‘population health specialist’, ‘implementation

specialist’, and ‘adult protective services/community worker.’ Several titles could map to multiple USSOC codes,

and in some cases, several UM codes could map to one SOC code, for example, ‘health officer’, ‘subagency‐level
director: Bureau, department, division or branch’, and ‘deputy director (agency or subagency level)’ all match to the

USSOC ‘chief executives.’

The CfWI ‘Mapping the Core’ taxonomy encompassed 11 job titles, each of which could include a large number

of sub‐titles. When matching the titles to ISCO‐08 codes using the ONS Occupation Coding Tool48 and subse-
quently matching UK SOC codes to ISCO‐08 codes, however, multiple titles matched to the same ISCO‐08 codes
(e.g., ‘PH consultants and specialists’, ‘Directors of Public Health (DsPH)’, ‘PH managers’, and ‘PH practitioners’ all

matched to ISCO‐08 2269, ‘Health professionals not elsewhere classified’).
Some of the CfWI titles were too broad to clearly match to a particular SOC or ISCO‐08 code—for example,

‘information workers’ could refer to individuals who analyse data, but could also mean communications spe-

cialists. CfWI also excluded several occupations which appear in other taxonomies, including ‘midwives, general

practitioners (GPs), community pharmacists…staff across the NHS and local government fulfilling a PH function

as part of their job…staff supporting PH teams (e.g., business support staff, administration staff…).’18 The CfWI

‘Understanding the wider PHW’ report, in contrast, lists 75 different UKSOC occupations for which the workers

were seen as engaged actively in PH, encompassing 56 ISCO‐08s, but 34 (such as ‘prison guards’, ‘butchers’ and
‘athletes’) matched no occupations in the other taxonomies nor the BG postings and were excluded to reduce

confusion.

The taxonomy by Watts et al.27 included 103 titles, the majority of which were mapped to ISCO‐08 codes by
the authors using job titles alone, but multiple titles were matched to the same ISCO‐08 code; removing duplicates,
there were 33 unique ISCO‐08 codes, and seven job titles which were not matched to an ISCO‐08 code. Two titles,
‘emergency preparedness’ and ‘quality improvement specialist’ were not matched to ISCO‐08 codes, but could be
matched to USSOC codes due to their greater specificity.

A few ‘consensus’ occupations could be clearly identified across the UM, CfWI, and Watts taxonomies. These

included ‘health services managers’ (ISCO‐08 1342); ‘environmental and occupational health inspectors’ (3257);
‘environmental and occupational health and hygiene professionals’ (2263, including health educators); ‘social work

and counselling professionals’ (2635); ‘biologists, botanists, zoologists and related professionals’ (2131, including

epidemiologists, microbiologists); ‘statisticians’ (2120); ‘community health workers’ (3253); ‘nurses’ (2221); ‘systems

analysts’ (2511); and ‘medical and pathology laboratory technicians’ (3212), illustrating the interprofessionalism of

the PHW.

3.2 | Contrasting existing taxonomies with BG data

There were a total of 38,533 SOC‐coded job postings in the US, where a Master's level PHG was sought, in the BG
data from 1 July 2019 to 30 June 2020, within 315 different USSOC occupations. We excluded those occupations

with 50 or fewer job postings in the data collection, thus analyzing 92 unique SOC coded‐occupations, representing
a total of 36,225 postings from the sample. The jobs postings data also included postings by industry/sector.
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Overall, there were 32 unique USSOC coded occupations in BG (corresponding to 29 unique ISCO‐08 occu-
pations) which were not included in the UM, CfWI ‘Core’ or ‘Wider’ taxonomies, or Watts taxonomies, representing

10,089 jobs, or 28% of the BG postings. Of these jobs, 4335 were for ‘managers, all other’ (ISCO‐08 1114/USSOC
11‐9199). When these are excluded, 16% of the BG jobs did not match existing taxonomies (See Table 1 and

Appendix Table 1). Table 1 compares job titles/occupation naming used in the occupational taxonomies and con-

trasts them with the number of job postings within each US SOC code/ISCO‐08 code, from the BG data from 2019

to 2020, with the list sorted by number of job postings in BG.

In the 1 July 2019–30 June 2020 BG data, 33,563 were coded by industry/sector; the top industries were

health care and social assistance (n = 10,476 postings or 31.2%); educational services (7,606, 22.7%); public

administration/government (4,127, 12.3%); finance and insurance (3,312, 9.9%), professional, scientific, and tech-

nical services (3,507, 10.4%), manufacturing (2,251, 6.7%), other services (except public administration) (1,089,

3.2%), information (282, 0.8%), administrative and support and waste management and remediation services (264,

0.8%), and retail trade (261, 0.8%; Table 1).

3.3 | Comparing pre‐COVID and ‘COVID era’ jobs

There were 24,845 job postings from 1 March 2020 through 1 October 2020 (the ‘COVID era’), and 24,516

postings from 1 March 2019 to 1 October 2019 (‘pre‐COVID’).
Significant differences were observed in the proportion of job postings by industry or sector comparing the two

time frames, including a decrease in positions in colleges, universities, and professional schools (p < 0.0001) and

general medical and surgical hospitals (p < 0.0001), and increases in insurance carriers (p < 0.0001), and phar-

maceutical and medicine manufacturing (p < 0.0001; Table A2).

Comparing COVID‐era and pre‐COVID postings, there were significant increases in postings for epidemiolo-

gists and statisticians, medical and health services managers, natural sciences managers (including research man-

agers), sales managers, chief executives, computer occupations, private detectives (a USSOC occupation mapping

contact tracers, which does not yet have a USSOC code), architecture and engineering managers (including project

managers), biologists, compliance officers, and community health workers. General management occupations, and

roles in education and social services declined (See Table A2; Table 2).

4 | DISCUSSION

This article has sought to consistentlymap PHWoccupationswith SOCs, contrast themwith jobs requiring PHGs, and

finally, illuminate labour market competition for PHGs, while offering insights into COVID‐19's impact on hiring of
PHGs. While competition for PHGs has been hinted at in past research, it is more clearly illuminated here, and these

findings can be used to both create policies to reduce workforce gaps, and also innovate educational curricula.

Mapping taxonomies to ISCO‐08 and SOC codes, while challenging, provides key insights into PHW labour

market dynamics; but these codes do not always clearly align with PH occupations, making it more difficult to gain a

complete picture of the PHW. There is clear competition for PHGs outside the PHW as it has been traditionally

defined; for example, though the US PHW has often been defined as governmental, government comprised only

12% of job postings for PHGs.

4.1 | Mapping to standardized occupational classifications: using new tools

Job analysis—a specific method in industrial psychology—is a critical element in taxonomy creation. New tools exist,

which can ensure taxonomies match accurately to SOCs based on complete job descriptions. These include machine
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learning tools such as the US National Institutes of Health ‘SOCcer’ tool,47 large‐scale, coded datasets such as BG,
or even direct inquiries with the BLS or ONS. The existing taxonomies were mainly created both through dis-

cussions with experts in the field and with surveys, by using lists of job titles without complete job descriptions for

each occupation, or using job categories which are too broad to match to specific occupations.

The suggestion by Watts and colleagues that differences in taxonomies reflect differences in PH systems is

reconfirmed by this investigation. For example, there are several occupations absent from the UM taxonomy, but

which appear in other taxonomies or in BG. These include roles in academia, such as ‘postsecondary teachers’ and

‘social science research assistants.’ Conversely, CfWI includes academia as a core part of the PHW. However, while

different countries have different taxonomies, we observe there is still some consensus between different tax-

onomies regarding which occupations are a core part of the PHW.

4.2 | Evidence of labour market competition for PHGs

It is notable that there were 24,845 job postings in the ‘COVID era’, and 24,516 postings ‘pre‐COVID era.’ The

BLS's monthly Job Openings and Labor Turnover Survey (JOLTS), which tracks the number of monthly job postings

in the United States, indicates that there were consistently fewer job postings in 2020 than 2019 each month

(e.g., 15.9% fewer job openings in March 2020 compared with March 2019; 30.7% fewer in April, and 26% fewer in

May),55 which suggests that the job market for master's level PHGs has not been as negatively impacted by the

COVID‐19 pandemic as compared with the broader job market.

TAB L E 2 Comparison of COVID VS pre‐COVID Era Industries/Sectors and Jobs

COVID (1 March

2020–31 Oct. 2020)

Pre‐COVID (1
March 2019–31

Oct. 2019)

NAICS code Industry Job postings % Job postings %

6113 Colleges, universities, and professional schools 3757 19.9% 4986 25.51% ***

6221 General medical and surgical hospitals 3229 17.1% 3889 19.90% ***

5241 Insurance carriers 2854 15.1% 2040 10.44% ***

9211 Executive, legislative, and other general government support 1478 7.8% 1528 7.82%

3254 Pharmaceutical and medicine manufacturing 1353 7.2% 917 4.69% ***

5417 Scientific research and development services 1258 6.7% 1113 5.69% **

6211 Offices of physicians 574 3.0% 793 4.06% ***

6241 Individual and family services 381 2.0% 357 1.83%

5416 Management, scientific, and technical consulting services 298 1.6% 347 1.78%

8133 Social advocacy organizations 290 1.5% 299 1.53%

All other 3407 18% 3276 17% **

Total 18,879 100% 19,546 100%

Note: A total of 18,879 jobs from 1 March 2020 to 31 Oct. 2020, and 19,546 jobs from 1 March 2019 to 31 Oct. 2019,

were assigned NAICS codes in Burning Glass. Seven hundered sixty‐four postings from the COVID era, and 644 from the

pre‐COVID era are excluded from the table, but not from the statistical analysis, because they existed in industries with

30 or fewer postings in one of the time points.

***p < 0.0001,**p < 0.01, *p < 0.05.
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The fact that 4127 positions in Public Administration (government) were posted in the 2019–2020 BG data set is

notable because there were 17,948Master's‐level PHGs in 2019 in the United States. New data show approximately
19% of Master's level PHGs enter into government after graduation, giving approximately 3410 PHGs entering

government, a shortfall of approximately 717 PHGs, and preliminary evidence of a long‐suspected labour market
mismatch.32,33,56 This mismatch—in which not enough PHGs are entering government to fill critical PHW shortages—

mayhave serious repercussions for the ability of the governmental PHWto respond to PH crises includingCOVID‐19.
The occupations from BG that do not exist in current taxonomies provide researchers with insight into

labour market competition. The large percentage of computer‐related occupations in BG outside the taxonomies

may reflect employers seeking epidemiology or biostatistics students, such as corporations seeking data scien-

tists. There are also several business‐related occupations (sales, marketing and operations research) which

appear in BG but not existing taxonomies, reflecting occupations in the for‐profit sector seeking PHGs—an in-
dicator of job market competition which could negatively impact the ability of PHG to fill a PHW shortage.

Conversely, several occupations in PHW taxonomies had very few BG postings, reflecting occupations in the

PHW not requiring a PHG.

4.3 | COVID‐19 and changes in industry/sector

In addition to ongoing labour market competition, COVID‐19 appears to have impacted the job market for PHGs,
and there are several possible explanations for these changes. The insurance industry markedly increased hiring in

the COVID era. In the United States, health insurance firms were one of the few sectors to experience fewer

financial challenges due to COVID‐19, because elective medical procedures were halted during lockdowns,

reducing insurance claims. Hospitals had the opposite challenge; significant revenue comes from elective proced-

ures, cancelled due to COVID‐19. Education sector hiring has declined, reflecting financial challenges. Pharma-
ceutical firms are growing due to investments in COVID‐19 treatments and vaccines. Finally, hiring in government
stayed quite similar, pre‐COVID versus COVID‐era—possibly reflecting funding priorities made by policymakers in
the United States during the time period being analysed.

4.4 | Recommendations and future PHW research

In order to improve PHW research, we suggest advocacy efforts to BLS and ILO ensure inclusion of codes that

encompass critical PH occupations, since several occupations in PH do not match to ISCO‐08 or SOC codes. And
while the use of SOCs, by themselves, to enumerate the PHW is controversial due to the ‘ill‐defined’ nature of the
workforce44,57 and the fact that simply counting the number of people in an occupation does not illuminate the

PHW because many work outside PH (e.g., the vast majority of nurses are not PH nurses), these codes are still

helpful in gathering in‐depth occupational information.
To truly assess labour market competition for PHGs, this analysis should be combined with efforts to

enumerate the current PHW, assess what proportion of the workforce work in occupations which require PH

education (according to SOC‐based educational benchmarks58), compare the current level of PH education within

each occupation, and determine expected attrition,7 then contrast the current PHW with population needs based

on EHPOs, and finally determine employment outcomes of PHGs. Such an assessment can allow workforce

planners to determine whether there are enough PHGs contributing to EPHOs; this article's analysis can clarify

which industries are ‘poaching’ PHGs from EPHO‐related jobs. This can guide policy levers to alter the job

market by ensuring competitive wages, reducing barriers to entry into the traditional PHW,34 and creating more

effective recruitment programs for PHGs to compete with new sectors. Additionally, in order to ensure PHGs

understand and are committed to their role in contributing to the EPHOs, there can be stronger efforts to
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connect PHGs to a professional identity which is directly connected to the EPHOs; a professional identity or

ethos is also important for the existing PHW. This study illustrates that PHW is comprised of a very diverse

range of different occupations, making it more difficult to create a unified professional identity. Efforts towards

professionalization, including credentialing, registration, consistent competencies, and a strong professional board

or association, can help connect PHGs to a stronger, more unified PHW.21 Simultaneously, PHGs who do decide

to enter the ‘wider’ PHW can advocate for better PH principles wherever they go, bringing the voice of PH to

settings beyond traditional PH.

4.5 | Uses by academia

Higher education institutions may not wish to see themselves as ‘vocational preparation’ programs whose only role

is to respond to employer demands, but if they ignore current employer demand, their curricula may be seen as

outdated by their graduates' employers. Universities preparing PHGs can utilize this analysis to discern real‐time
job market requirements of employers. The jobs with the fastest increases in hiring during the COVID‐19 era focus
on statistics and epidemiology, program management, computer‐related positions, community health workers, and
individuals managing clinical trials or research programs. An increased need for Chief Executives highlights the

need for leadership training to meet the COVID‐19 pandemic's management challenges or replace retiring PH
executives; and ‘private detectives’ may reflect the hiring of contact tracers/disease investigators. Social workers

and physicians are needed to provide direct services and to help with prevention efforts for COVID‐19; the in-
crease in market research and compliance may reflect new research around behaviour change communication or

enforcement of COVID‐19‐related regulations. The increase in engineering managers might reflect the need to
bring PH expertise to the design of buildings to ensure healthy airflow and reduce the transmission of an airborne

virus. Ensuing curriculum meets employer demands for leadership, statistics, market research, program and

research management, computer programming/data science, business skills, and operations research can ensure

PHGs have relevant skills for today's job market.

Career advising for PH students can also be enhanced by referring students to information on the occupations

referenced in this taxonomy; each USSOC occupation is described in detail on a comprehensive career guidance

website, O*Net Online,59 which includes alternative job titles, job descriptions, lists of job tasks, technology and

tools used, knowledge, skills and abilities, detailed work activities, work context, level of required education or

training, credentials or certifications, work styles and values, related occupations, salary ranges and projected la-

bour market growth, providing one of the richest and most accurate sources of occupational data available. A new

career guidance intervention could be designed, similar to the UK's PHORCaST program,60 based on the occu-

pations listed here, which in turn could help encourage students to consider PH studies and contribute to the

EPHOs. Universities can also utilize these results to portray to prospective students why a PH degree can offer

career satisfaction.56

4.6 | Limitations

The BG data was gathered from the United States. BG does have data collections from Europe, which may help

future researchers. BG's coding algorithms are proprietary. It is possible that the jobs in the dataset are not truly

reflective of who is hiring PHGs. More research is necessary, including hand‐searching actual job posting samples
from BG to validate their methodology. It is possible BG might undercount certain sectors due to the way the jobs

are posted online. Jobs posted through government contractors may be miscategorized or undercounted. Also,

large‐scale/mass hiring efforts may take place through only a single job posting, which could undercount surge
hiring efforts.
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BG leaves out qualitative information which might be gleaned by hand‐coding or using a text‐based analysis to
discern current skills needed by employers. This can be especially critical for the COVID‐19 era jobs, which may
reflect new and emerging occupations without ISCO or SOC codes. Further research, including qualitative analysis

or employer surveys, would further illuminate skills requirements. Also, occupations are only one of multiple el-

ements which should be considered when researching the workforce; sector, mission/subject area, and funding

source are all factors to consider.

Several occupations, including policy analyst, advocacy, and contact tracing do not map clearly to ISCO‐08 or
SOC codes. Some taxonomy occupations are not clearly defined such as ‘population health specialist’, and without a

job description, may be impossible to match to a code. More research to finalize the mapping should be conducted,

using full job analysis.

This ‘demand side’ approach may illustrate workforce gaps, but should be used in combination with needs‐
based workforce and funding assessments for PHW hiring, to gather a more complete picture of PHW gaps.

5 | CONCLUSIONS

A complete analysis of the PHW should include the supply of PHGs and labour market competition for them. By

understanding who is hiring PHGs, we can intentionally design policies and recruitment initiatives to fill workforce

gaps. And while universities offering PH degrees design them to prepare students to contribute to EPHOs, the

competencies gained by their students are clearly in demand in fields which may or may not contribute to EPHOs.32

COVID‐19 has altered the labour market for millions of people, including PHGs. Illuminated the critical role of a
trained PHW. By more fully understanding this workforce, leaders can advocate to effectively harness the energy

and commitment of new PHGs to contribute to EPHOs to heal our world.
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