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A strong public health workforce (PHW) is neededdaspond to COVID-19 and public health
issues worldwide. However, classifying, enumeratargl planning the PHW is challenging.
Existing PHW taxonomies and enumerations focuserekisting workforce, and largely ignore
workforce competition for public health graduatesiGs). Such efforts also do not utilize real
time data to assess rapid changes to the employaretdcape, like those caused by COVID-19.
A job postings analysis can inform workforce plarghand educational program design alike. To
identify occupations and industries currently segkPHGs and contrast them with existing
taxonomies, authors matched existing PHW taxonomistandardized occupational
classification codes, then compared this with 38 &3ded, US job postings from employers
seeking Master’s level PHGs from July 1 2019-June2B20. Authors also analyzed 24,516
postings from March 2019-Oct. 2019 and comparechtwéh 24,845 postings from March
2020-Oct. 2020 to assess changing employer denssdsiated with COVID-19. We also
performed schema matching to align various occapaticlassification systems. Job postings
pre-COVID and during COVID show considerable buaraing demand for PHGs in the US,
with 16-28% of postings outside existing PHW taxmines, suggesting labor market competition

which may compound PHW recruitment and retenticalehges.

Keywords: Public health workforce, taxonomy, public healtlueation, job postings, labor

market competition

Introduction

Well before the onset of the COVID-19 pandemicreheas a well-documented
healthcare workforce shortag@he World Health Organization (WHO) estimated artdge of
18 million health workers by 2030 to meet the regmients of the Sustainable Development
Goals and universal health coverage targets sttdbWHO. Several other direction-setting
policy documents have been published includinggtmpean Action Plan for Strengthening
Public Health Capacities and Serviéethe WHO'’s “Comprehensive health labour market
framework for universal health coveragahd the WHO Global Strategy on Human Resources
for Health? Concerns regarding workforce shortages due tonilgeation of healthcare

professional$,retirements or attrition of public health (PH) Wers®” and lack of information
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regarding worker supply based on the postgraduafgoyment outcomes of public health
graduates (PHG%have become even more urgent due to the COVIDah@gmic. The WHO
Global Strategy recommends gathering workforce datalobal public good to be shared in the
public domain.?

Due to the crucial role of disease prevention gponding to and recovering from the
COVID-19 pandemic, assessing the public health feock (PHW) remains critically important.
Categorizing and enumerating clinical health preif@sals such as physicians, nurses, midwives,
etc?19 while challenging, is generally made simpler by licensing and registration for these
occupations. The PHW is more difficult to definlgssify, and enumerate due to a lack of a
consistent definition of PH professionals; lackicénsure or certification of PH professionals in
most cases; and lack of central registries of tpeskessionals in most countries, with the
exception of the United Kingdorhand Poland, where registration is optidfal

Even achieving consensus definitions for the PHMiffecult. PH professionals have
been defined as “people who are involved in pratgand promoting the collective health of
whole or specific populationg¥or those contributing to the Essential Public teé@lperations
(EPHOs}4, Essential Public Health Serviégsor Foundational Public Health Services (FP¥S)
which are different, but related, models descrilage functions of public health systems. The
workforce is “characterized by its diversity anglgdomplexity and includes people from a wide
range of occupational background$Rot only is this workforce diverse in its occujpats, it is
diverse in its employment settings or sectors. @tk “core” PHW has often been defined as
existing within government agenci€sl?it has also been acknowledged that PH work takes
place in academia, the voluntary/nongovernmengdmration sector (i.e. charities, non-for-
profit organizations), healthcare, and corporati@osprofit companies), and that many people
contribute to the “wider” PHW, which can includeopte whose work indirectly contributes to
public health effort®-2

The PHW is undergoing particular strain in the COMI9 context. Especially in the US,
PHW and leadership are being subject to harassmartiighly politicized and polarized
COVID-19 response environment. COVID-19 associatathout is compounding an already-
stressed and chronically underfunded workforce lhatdecreased by approximately 20% since
the onset of the Great Recession in 2688 When employers from outside the PHW, who seek

to hire candidates with the skills provided by &lpuhealth education, offer higher wages or a
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better work environment for PHGs, this can entiek5B away from finding employment in the

PHW and can compound PHW shortages, resultingnar&force crisis.

Existing taxonomies and enumerations use a needsdshapproach

Several attempts have been made to define and eatentke PHW, often beginning with
creating PHW taxonomies which include categoriesagipations—including job functions or
tittes—which contribute to EPHOSs. In workforce ras#, occupations are categorized or
classified, described and quantified using starnidaddmetrics and surveys designed by expert
industrial psychologists or labor market researshiéor example, the International Labour
Organization (ILO) uses International Standard Slfecstion of Occupations (ISCO-08)
coded*®), the US Bureau of Labor Statistics (BLS) uses @&ath Occupational Classification
(SOC) code®, and the UK uses its own SOC cotfde classify occupations. Although such
codes can be imperfect—the WHO global strategy eabes that the ILO revise the ISCO “for
greater clarity on delineation of health workers &ealth profession$~—mapping the
occupations in a workforce taxonomy to these cadlesis researchers to use consistent,
standard definitions of workers’ roles, and is imtpot for labor market projections and
assessment of educational requireménts.

To create a PHW taxonomy, many researchers useds4{imased framework—focusing
first on the EPHOs and the staff needed to prothden—or use surveys of the existing PHW to
determine which occupations exist therein. A resgstematic review article synthesized
articles focused on enumerations and definitiorth@PHW over a nearly two-decade pe#fbd.
This article includes a new proposed taxonomy baseal synthesis of occupation-specific terms
and job titles collected from the reviewed artickebich researchers matched to ISCO-08 codes
based on their judgements of job titles. Additibpnalhile several articles within the systematic
review list occupations by name, only two sourdgslighted in the review specifically focus on
PHW occupational taxonomies, one by the Universitylichigan/Centers for Disease Control
and Prevention (referred to here as “UMand one by the Centre for Workforce Intelligence
(CfWI1) in the United Kingdoni&29

These workforce taxonomies have primarily beentecethrough a multi-step, “top-
down” process, beginning with the high-level defom of EPHOS;>?followed by a literature

review (often including a “job analysis” of job aegptions provided by current PH
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professionals), followed by data extraction or gatiVe coding, review of key terms by experts,
focus groups, and finally pilot testing/surveyste PHW?®; or scoping, literature review, data
collection, and stakeholder engageménithe taxonomies generally only include occupations
that the researchers defined as contributing to@#®tdnd sometimes define PHW even more

narrowly; for example, the UM taxonomy emphasizesupations in the governmental PHW.

Insufficiencies of current PHW taxonomies

While these taxonomies are an important step in RidWgorization and enumeration,
they may leave out relevant occupations due teo theus on the existing PHW and how it is
defined. These taxonomies, themselves, also magenstfficiently robust in describing the
landscape of PHW employment because they do netsiaply of PHG into account, nor the
labor market competiticf for PHG: “partial health workforce policies...deséghon the basis of
needs-based estimates and focused on trainingmeatt workers” are “not sufficient in
addressing health worker shortages.”

New research in the United States indicates th& Rtdy be increasingly finding
employment in the for-profit sector and other feelghich may not contribute to EPHOSs;
assessment of the current PHW and its need for BHGt enough if it ignores this “leaky
pipeline’®-34or loss of PHGs to occupations and sections thatod contribute to the EPHOSs.

Additionally, the existing taxonomies do not clgadklineate the occupations which
require formal education in PH versus those thatatoWorkers included in PHW taxonomies
can include everyone from medical doctors and &sisnto nurses, to sanitarians, to typists and
office clerks because they are involved in, or supphe delivery of public health services and
protections. To ensure we can assure “a competdatichealth workforce2® it is essential to
know how many individuals with formal educationRfl (PHGSs) are needed in the PHW, and
for which specific occupations, then contrast VIRHG employment outcomes and detailed data
on labor market competition. This manuscript emplayheoretical framework which includes
an analysis of both the existing PHW, the suppli?dfGs, and employer competition to hire
them, adapted from prior healthcare workforce neé&for this article (Appendix Figure 1).

< FIGURE 1: Diagram of Labor Market Dynamics for PHGs>

Utility of job postings analysis to classify PHW
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One method of determining the labor market deman®HGs is to analyze job
postings/advertisements for these graduates, angar@ them with the existing definitions and
taxonomies for the PHW. Job postings typically irtd the job title, a description of the
employing organization, an overview of job task$umrctions, and a list of required or desired
skills, experience, education, or other credentBécause job descriptions are designed to
clearly describe the skills and qualifications reetb perform a job, they are a useful source of
insight into current hiring needs. Although job fiogs are not created for the purposes of
workforce research, many studies have been cordiwdieh leverage the rich, text-based
information from job postings—approximately 85%wfich are posted on the interffet-to
infer employer needs and workforce trends. Sevessarch studies on PHW have utilized job
descriptions analysis to discern employer deméafds.

New technologies and methodologies allow for ISGaAd SOC coding of large-scale
job postings data, thereby creating a list of oaetigms for which employers are currently
seeking PHGs. Utilizing job postings data, to casitwith existing taxonomies, also provides
data-driven, “real time” insights more quickly thperiodic surveys or expert opinion.

This article seeks to more consistently map theipatons identified in existing PHW
taxonomies to ISCO-08 and US SOC codes, then atritram with job postings data which
illustrate occupations and sectors currently segtorhire PHGs. By identifying the job postings
targeting PHGs which are not part of existing taxuores, we can reveal new occupations or
sectors which may be drawing PHGs away from theja&tions that past researchers have
defined as contributing to the EPHOs, thus assg$k&labor market competition for PHGs.
This research can also identify possible workfaaps, and provide insights to academia to
innovate their curricula. Finally, through an arsadyof job postings in two time frames, before
COVID-19 and during the COVID-19 pandemic, we casess whether demand for PHGs has
changed during the COVID-19 pandemic.

Methods

To assess which jobs seek PHGs aside from thasdsting PHW taxonomies,
researchers first matched PHW taxonomies with |I98@edes, then contrasted job postings
with the codes; and assessed differences in pioperof postings before and during the
COVID-19 pandemic.

This article is protected by copyright. All rights reserved.



Mapping existing taxonomies to Standardized Occupaal Classifications

The ILO’s ISCO-08 codes classify occupations irdd 4ategories, while the US
Department of Labor’s Standard Occupation Clasifn (referred to here as “USSOC”) codes,
revised in 2018, include 867 different detailedugations’®> The US Department of Labor
offers a SOC to ISCO-08 “crosswalk” to match thdesto one anothét.The UK'’s Office for
National Statistics (ONS) has its own SOC code®((red to here as “UKSOC”), with 583
unique codes matching to 28,749 job titles andypé#® and a UKSOC to ISCO-08 SOC
crosswalk exists.

Two of the existing taxonomies, Utland the CfwI Core workforce rep&tt°did not
include matches to SOC codes in their descriptibherefore, the lead researcher matched the
job titles, or, when available, job descriptiortstheir respective SOC codes, and then to ISCO-
08 codes. For UM, the researcher referenced eatlidies which matched the titles which were
later used for the taxonomy with USSOC cd@eé8and verified the proposed taxonomy with
one of the authors of the original taxonaye also utilized a SOC-matching system developed
by the US National Institutes of Health to matcé #ivailable descriptions of the jobs in the UM
taxonomy with USSOC codés. In cases where more than one USSOC code matdgbedram
the UM taxonomy, or where more than one job titterf UM matched the same USSOC code,
both are included in the table (Appendix Tableli)ases where no USSOC code match could
be found, this is indicated in the table.

For the CfWI taxonomy of the Core PHW in the UKg fead researcher referred to the
detailed descriptions of each occupation in themegnd attempted to match them to UKSOC
2010 codes using a qualitative approach, and fyrthiéized the UK ONS Occupation Coding
Tool, which matches job titles to UKSOC 2010 cddeshich then match to ISCO-08.
Additionally, CfWI included a report on the “widePHW, which utilized discussions with
various professional association members to determhich other occupations were considered
“engaged” in PH. CfWI mapped these to UKSOC 201decovhich the researcher cross-
matched to ISCO-08 codes using the UK’s ONS crokksWaror the purpose of this study, we
included only those occupations listed as “actimetheir engagement (“public health was
explicitly part of their job”).
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The taxonomy proposed in the systematic reviewletfiwas already matched to ISCO-

08 codes by the article’s authors.

Utilizing a job postings database

This manuscript utilizes a commercially-availalib postings database, maintained by
Burning Glass Technologies (BG). BG is a data vemdoch compiles millions of job postings
every year using “bots” which search more than @@ different sources, tracking 3.4 million
job postings at any tim&.Data from this site has been used in many othekfaae
studies!®>0-52including analysis of COVID-19’s impact on the dalmarket!®

BG utilizes machine learning and natural languagegssing technology to match job
postings data with the employer’s required or aeslassification of Instructional Program
(CIP) code®®, which are developed by the US Department of Etilicéo categorize areas of
academic study; to allow searchability by the lesfetducation required; and to match jobs with
industries/sectors and USSOC codes.

We conducted three BG queries. We delimited altiggdo job openings posted in the
United States, for which, according to the BG alpons, the employer desired or required a
Master’s level degree, with any of the CIP codegtvimatch PH degrees, including 51.22
(including General Public Health, Environmental leaHealth/Medical Physics, Occupational
Health/Industrial Hygiene, Public Health Educatr@motion, Community Health/Preventive
Medicine, Maternal and Child Health, InternatioR&l/International Health, Health Services
Administration, Behavioral Aspects of Health); 2809, Epidemiology; and6.1102,
Biostatistics.

One query was for 40,707 job postings from JuRQ1L,9 - Jun. 30, 2020, of which 38,533
were USSOC-coded. The second and third queriesdesigned to compare jobs across all
sectors before and during COVID-19, including jplasted March 1, 2020 through Oct. 31,
2020 (n=24,845, the “COVID-19 era”), and March @19 through Oct. 31, 2019 (n=24,516 the
“pre-COVID-19 era”). We compared occupations antta@s from the COVID-19 using two-
proportion independent sample z tests withD5.

Results
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Mapping existing taxonomies to ISCO-08 and SOC cede

The three main taxonomies had varying levels oti§ipgy (Appendix Table 1). The
most detailed was the UM taxonomy, with a totab®fjob titles (three titles not originally in the
taxonomy, “Pharmacist,” “Emergency Medical Servigésrker,” and “Other Business Support
Services” were added, because they were includadJg PHW survey based on the
taxonomyj“. Matching the UM codes to USSOC and ISCO-08 coelesaled some
discrepancies. There were three titles for whitiS5OC code could not be found: “Population
Health Specialist,” “Implementation Specialist,’dadult protective services/Community
worker.” Several titles could map to multiple USS@d&les, and in some cases, several UM
codes could map to one SOC code, for example, thiedlicer,” “Subagency-level director:
Bureau, department, division, or branch,” and “Dgplirector (agency or subagency level)” all
match to the USSOC “Chief Executives.”

The CfWI “Mapping the Core” taxonomy encompassgdiob titles, each of which could
include a large number of sub-titles. When matchinggtitles to ISCO-08 codes using the ONS
Occupation Coding To#fl and subsequently matching UK SOC codes to ISCCed@s,
however, multiple titles matched to the same IS@@@des (e.g., “Public health consultants and
specialists,” “Directors of Public Health (DsPH)Public health managers,” and “Public health
practitioners” all matched to ISCO-08 2269, “Heagltbfessionals not elsewhere classified”).

Some of the CfWI titles were too broad to clearlgtah to a particular SOC or ISCO-08
code—for example, “Information workers” could referindividuals who analyze data, but
could also mean communications specialists. Ci\&f akcluded several occupations which
appear in other taxonomies, including “midwivesigal practitioners (GPs), community
pharmacists...staff across the NHS and local govenhfadilling a public health function as
part of their job...staff supporting public healtlanes (e.g. business support staff, administration
staff...).”8 The CfWI “Understanding the wider public healthrikforce” report, in contrast,
lists 75 different UKSOC occupations for which thierkers were seen as engaged actively in

”

PH, encompassing 56 ISCO-08s, but 34 (such asofpgsards,” “butchers,” and “athletes”)
matched no occupations in the other taxonomiesh®BG postings and were excluded to
reduce confusion.

The taxonomy by Watts et. &lincluded 103 titles, the majority of which wereppad

to ISCO-08 codes by the authors using job titles@| but multiple titles were matched to the
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same ISCO-08 code; removing duplicates, there @@menique ISCO-08 codes, and 7 job titles
which were not matched to an ISCO-08 code. TwegjttEmergency Preparedness” and
“Quality Improvement Specialist” were not matched$CO-08 codes, but could be matched to
USSOC codes due to their greater specificity.

A few “consensus” occupations could be clearly tdied across the UM, CfWI, and
Watts taxonomies. These included “Health Servicasdgers” (ISCO-08 1342);
“Environmental and occupational health inspect§8257); “Environmental and occupational
health and hygiene professionals” (2263, includieglth educators); “Social work and
counselling professionals” (2635); “Biologists, aoists, zoologists and related professionals”
(2131, including Epidemiologists, Microbiologist&gtatisticians” (2120); “Community health
workers” (3253); “Nurses” (2221); “Systems analy$®511); and “Medical and pathology
laboratory technicians” (3212), illustrating theégrprofessionalism of the PHW.

Contrasting existing taxonomies with Burning Glagata

There were a total of 38,533 SOC-coded job posiimgise US, where a Master’s level
PHG was sought, in the BG data from July 1, 2018 R0, 2020, within 315 different USSOC
occupations. We excluded those occupations witbr38wer job postings in the data collection,
thus analyzing 92 unique SOC coded-occupationsgsepting a total of 36,225 postings from
the sample. The jobs postings data also includsetngs by industry/sector.

Overall, there were 32 unique USSOC coded oconpsiin BG (corresponding to 29
unique 1ISCO-08 occupations) which were not inclutketthe UM, CfWI “Core” or “Wider”
taxonomies, or Watts taxonomies, representing Boj@i8s, or 28% of the BG postings. Of these
jobs, 4,335 were for “Managers, All Other” (ISCO-0814/USSOC 11-9199). When these are
excluded, 16% of the BG jobs did not match existaagpnomies (See Table 1 and Appendix
Table 1). Table 1 compares job titles/occupatiaming used in the occupational taxonomies
and contrasts them with the number of job postigisin each US SOC code/ISCO-08 code,
from the BG data from 2019-2020, with the list edrby number of job postings in BG.

In the July, 1 2019-June 30, 2020 BG data, 33,56& woded by industry/sector; the top
industries were Health Care and Social Assistans&(,476 postings or 31.2%); Educational
Services (7,606, 22.7%); Public Administration/Goweent (4,127, 12.3%); Finance and
Insurance (3,312, 9.9%), Professional, Scient#ie] Technical Services (3,507, 10.4%),
Manufacturing (2,251, 6.7%), Other Services (ex¢agilic Administration) (1,089, 3.2%),
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Information (282, 0.8%), Administrative and Suppamt Waste Management and Remediation
Services (264, 0.8%), and Retail Trade (261, 0.8%).

<TABLE 1: Comparison of Top 10 Most Sought Jobs folPublic Health Graduates, By
Public Health Taxonomy, SOC, AND ISCO-08 Codes >

<APPENDIX TABLE 1: Full Comparison of Public Health Taxonomies and BG Postings,
Linked to ISCO-08 and USSOC Codes>

Comparing pre-COVID and “COVIDEra” jobs

There were 24,845 job postings from March 1, 2020ugh Oct. 1, 2020 (the “COVID
era”), and 24,516 postings from March 1, 2019 aotd © 2019 (“pre-COVID”).

Significant differences were observed in the prapo of job postings by industry or
sector comparing the two time frames, includingerdase in positions in Colleges,
Universities, and Professional Schools (p<.0004)@aneral Medical and Surgical Hospitals
(p<.0001), and increases in Insurance Carrier©(84.), and Pharmaceutical and Medicine
Manufacturing (p<.0001). (Appendix Table 2).

Comparing COVID-era and pre-COVID postings, thesgansignificant increases in
postings for Epidemiologists and Statisticians, Maldand Health Services Managers, Natural
Sciences Managers (including research managelgy Banagers, Chief Executives, Computer
Occupations, Private Detectives (a USSOC occupatiapoping Contact Tracers, which does not
yet have a USSOC code), Architecture and Engingdvianagers (including project managers),
Biologists, Compliance Officers, and Community Hiedorkers. General management

occupations, and roles in education and sociais=s\declined. (See Appendix Table 2).
< TABLE 2: Comparison of COVID VS pre-COVID Era Ind ustries/Sectors and Jobs>

<APPENDIX TABLE 2: Comparison of COVID VS pre-COVID Era Occupations>

Discussion
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This article has sought to consistently map PHWUpations with SOCs, contrast them
with jobs requiring PHGs, and finally, illuminateblor market competition for PHGs, while
offering insights into COVID-19’s impact on hirirgf PHGs. While competition for PHGs has
been hinted at in past research, it is more cleuiyinated here, and these findings can be used
to both create policies to reduce workforce gapd,aso innovate educational curricula.

Mapping taxonomies to ISCO-08 and SOC codes, whidédlenging, provides key
insights into PHW labor market dynamics; but thesges do not always clearly align with
public health occupations, making it more difficidtgain a complete picture of the PHW. There
is clear competition for PHGs outside the PHW dag been traditionally defined; for example,
though the US PHW has often been defined as gowertat) government comprised only 12%
of job postings for PHGs.

Mapping to Standardized Occupational Classificatgrusing new tools

Job analysis—a specific method in industrial psyatpp—is a critical element in
taxonomy creation. New tools exist, which can eesaronomies match accurately to SOCs
based on complete job descriptions. These incluaghine learning tools such as the US
National Institutes of Health “SOCcer” té6llarge-scale, coded datasets such as BG, or even
direct inquiries with the BLS or ONS. The existiaggonomiesvere mainly created both
through discussions with experts in the field arith\wurveys, by using lists of job titles without
complete job descriptions for each occupation,somgijob categories which are too broad to
match to specific occupations.

The suggestion by Watts and colleagues that difiezs in taxonomies reflect differences
in PH systems is reconfirmed by this investigatiéor. example, there are several occupations
absent from the UM taxonomy, but which appear ireotaxonomies or in BG. These include
roles in academia, such as “Postsecondary Teacaeds*Social Science Research Assistants.”
Conversely, CfWI includes academia as a core gaheoPHW. However, while different
countries have different taxonomies, we observeetlgestill some consensus between different

taxonomies regarding which occupations are a careqb the PHW.

Evidence of labor market competition for PHGs
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It is notable that there were 24,845 job postimghe “COVID era”, and 24,516 postings
“pre-COVID era.” The BLS’s monthly Job Openings drmabor Turnover Survey (JOLTS),
which tracks the number of monthly job postingshi@ US, indicates that there were consistently
fewer job postings in 2020 than 2019 each month,(25.9% fewer job openings in March 2020
compared with March 2019; 30.7% fewer in April, &% fewer in May)», which suggests
that the job market for master’s level PHGs hasheen as negatively impacted by the COVID-

19 pandemic as compared with the broader job market

The fact that 4,127 positions in Public Administvat(government) were posted in the
2019-2020 BG data set is notable because therel¥e9d8 Master’s-level PHGs in 2019 in the
US. New data show approximately 19% of Master'&l&HGs enter into government after
graduation, giving approximately 3,410 PHGs entegovernment, a shortfall of approximately
717 PHGs, and preliminary evidence of a long-susgeabor market mismatéA3356This
mismatch—in which not enough PHGs are entering gowent to fill critical PHW shortages—
may have serious repercussions for the abilithefgovernmental PHW to respond to public
health crises including COVID-19.

The occupations from BG that do not exist in curtaronomies provide researchers
with insight into labor market competition. Thedarpercentage of computer-related occupations
in BG outside the taxonomies may reflect emplogereking epidemiology or biostatistics
students, such as corporations seeking data sterfhere are also several business-related
occupations (sales, marketing, operations researcich appear in BG but not existing
taxonomies, reflecting occupations in the for-greéctor seeking PHGs—an indicator of job
market competition which could negatively impact #bility of PHG to fill a PHW shortage.
Conversely, several occupations in PHW taxonomaebvery few BG postings, reflecting

occupations in the PHW not requiring a PHG.

COVID-19 and changes in industry/sector

In addition to ongoing labor market competitio®@ID-19 appears to have impacted
the job market for PHGs, and there are severalilpessxplanations for these changes. The
insurance industry markedly increased hiring in@@VID era. In the United States, health
insurance firms were one of the few sectors to eepee fewer financial challenges due to

COVID-19, because elective medical procedures Wwealted during lockdowns, reducing
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insurance claims. Hospitals had the opposite angdiesignificant revenue comes from elective
procedures, cancelled due to COVID-19. Educatiatosdniring has declined, reflecting
financial challenges. Pharmaceutical firms are gngwdue to investments in COVID-19
treatments and vaccines. Finally, hiring in goveentstayed quite similar, pre-COVID vs.
COVID-era—possibly reflecting funding priorities geby policymakers in the US during the
time period being analyzed.

Recommendations and future PHW research

In order to improve PHW research, we suggest aawyoeHorts to BLS and ILO ensure
inclusion of codes that encompass critical PH oatiops, since several occupations in PH do
not match to ISCO-08 or SOC codes. And while theafsSOCs, by themselves, to enumerate
the PHW is controversial due to the “ill-definectitare of the workfordé>” and the fact that
simply counting the number of people in an occgpatoes not illuminate the PHW because
many work outside PH (e.g., the vast majority afses are not PH nurses), these codes are still
helpful in gathering in-depth occupational inforioat

To truly assess labor market competition for PHGIs, analysis should be combined
with efforts to enumerate the current PHW, assdsst wroportion of the workforce work in
occupations which require PH education (accordin§®C-based educational benchm2fks
compare the current level of PH education withicheaccupation, and determine expected
attrition,” then contrast the current PHW with population sdesed on EHPOs, and finally
determine employment outcomes of PHGs. Such assssat can allow workforce planners to
determine whether there are enough PHGs contripttifeEPHOS; this article’s analysis can
clarify which industries are “poaching” PHGs frorRIHO-related jobs. This can guide policy
levers to alter the job market by ensuring competitvages, reducing barriers to entry into the
traditional PHW?*, and creating more effective recruitment progréan$HGs to compete with
new sectors. Additionally, in order to ensure PHiBderstand and are committed to their role in
contributing to the EPHOSs, there can be strongertsfto connect PHGs to a professional
identity which is directly connected to the EPH@grofessional identity or ethos is also
important for the existing PHW. This study illugea that PHW is comprised of a very diverse
range of different occupations, making it moreidifft to create a unified professional identity.

Efforts towards professionalization, including ceatlaling, registration, consistent
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competencies, and a strong professional boardsocesdion, can help connect PHGs to a
stronger, more unified PH¥ Simultaneously, PHGs who do decide to enter wider” PHW
can advocate for better PH principles wherever tie\bringing the voice of public health to
settings beyond traditional PH.
Uses by academia

Higher education institutions may not wish to demmselves as “vocational preparation”
programs whose only role is to respond to emplagenands, but if they ignocairrent
employer demand, their curricula may be seen atated by their graduates’ employers.
Universities preparing PHGs can utilize this anialys discern real-time job market
requirements of employers. The jobs with the fasteseases in hiring during the COVID-19
era focus on statistics and epidemiology, prograanagement, computer-related positions,
community health workers, and individuals managiligical trials or research programs. An
increased need for Chief Executives highlightsniéed for leadership training to meet the
COVID-19 pandemic’s management challenges or repleiiring PH executives; and “private
detectives” may reflect the hiring of contact tnatdisease investigators. Social workers and
physicians are needed to provide direct servicdg@help with prevention efforts for COVID-
19; the increase in market research and compliaragereflect new research around behavior
change communication or enforcement of COVID-1@teHl regulations. The increase in
Engineering Managers might reflect the need togoRHR expertise to the design of buildings to
ensure healthy airflow and reduce the transmissi@n airborne virus. Ensuing curriculum
meets employer demands for leadership, statistiasket research, program and research
management, computer programming/data sciencejdrssskills, and operations research can
ensure PHGs have relevant skills for today’s jobketa

Career advising for PH students can also be enddnceeferring students to
information on the occupations referenced in taxonhomy; each USSOC occupation is
described in detail on a comprehensive career gu@website, O*Net Onlitg which includes
alternative job titles, job descriptions, listsalh tasks, technology and tools used, knowledge,
skills and abilities, detailed work activities, Warontext, level of required education or training,
credentials or certifications, work styles and eslurelated occupations, salary ranges, and
projected labor market growth, providing one of tithest and most accurate sources of

occupational data available. A new career guidamegvention could be designed, similar to the

This article is protected by copyright. All rights reserved.



UK’s PHORCaST prograritf,based on the occupations listed here, which im¢ould help
encourage students to consider PH studies andlmatetto the EPHOs. Universities can also
utilize these results to portray to prospectivelstis why a PH degree can offer career

satisfactiorp®

Limitations

TheBG data was gathered from the United States. BG Haee data collections from
Europe, which may help future researchers. BG’sngpdigorithms are proprietary. It is possible
that the jobs in the dataset are not truly reflectf who is hiring PHGs. More research is
necessary, including hand-searching actual jobmpsamples from BG to validate their
methodology. It is possible BG might undercountaiarsectors due to the way the jobs are
posted online. Jobs posted through governmentactons may be miscategorized or
undercounted. Also, large-scale/mass hiring effioidy take place through only a single job
posting, which could undercount surge hiring efort

BG leaves out qualitative information which miglet fleaned by hand-coding or using a
text-based analysis to discern current skills nédgyeemployers. This can be especially critical
for the COVID-19 era jobs, which may reflect nevd @amerging occupations without ISCO or
SOC codes. Further research, including qualitatieysis or employer surveys, would further
illuminate skills requirements. Also, occupatioms anly one of multiple elements which should
be considered when researching the workforce; sauoission/subject area, and funding source
are all factors to consider.

Several occupations, including policy analyst, aday, and contact tracing do not map
clearly to ISCO-08 or SOC codes. Some taxonomy maitons are not clearly defined such as
“population health specialist,” and without a jodsdription, may be impossible to match to a
code. More research to finalize the mapping shbaldonducted, using full job analysis.

This “demand side” approach may illustrate workéogaps, but should be used in
combination with needs-based workforce and fundisgessments for PHW hiring, to gather a

more complete picture of PHW gaps.

Conclusions
A complete analysis of the PHW should include tingpdy of PHGs and labor market

competition for them. By understanding who is larlPHGs, we can intentionally design
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policies and recruitment initiatives to fill workime gaps. And while universities offering PH
degrees design them to prepare students to cotriblEPHOS, the competencies gained by
their students are clearly in demand in fields Wwhitay or may not contribute to EPH@s
COVID-19 has altered the labor market for milliarigoeople, including PHGs.
illuminated the critical role of a trained PHW. Byore fully understanding this workforce,
leaders can advocate to effectively harness theygm@ad commitment of new PHGs to

contribute to EPHOSs to heal our world.
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TABLE 1: Comparison of Top 10 Most Sought Jobs for Public Hath Graduates, By Public

Health Taxonomy, SOC, AND ISCO-08 Codes

ISCO-

COD

ISCO-08
TITLE

USSO

CODE

USSOC TITLE

“No Two
Workforces”
2Titles

UM Title *°

CfWI CORE
Title®®

Cfwi
"Wider"
WF Title %

BG
jobs

2019

2020

1342

Health services
managers

11-
9111

Medical and Health
Services Managers

Agency
Leadership,
Coordinators,
Directors Of
Public Health,
Health Care
Administrators,
Health
Management,
Health
Planners,
Health Policy
Makers, Health
Promotion
Managers,
Managers,
Public Health
Manager

1.1.5.
Program
director

Public health
consultants
and
specialists

4,636

1114

Senior officials
of special-
interest
organizations

11-
9199

Managers, All Other

4,335

2120

Mathematicians]
, actuaries and
statisticians

15-
2041

Biostatisticians (15-
2041.01)/Statistician
s (15-2014)

Biostatisticians,
Statisticians

1.2.23.
Statistician

Intelligence
and
knowledge
professional

3,241

2221

Nursing
professionals

29-
1141

Registered Nurses
(including Public
Health Nurse)

Health Visitors,
Licensed
Practical Or
Vocational
Nurse, Nurses,
Nursing Home
Health Aide,
Nursing
Technicians,
Primary
Healthcare
Registered
Nurses, Public
Health Nurse,
Registered
Nurses, School
Nurses, Social
Nursing,
Community
Health Nurses

1.2.14.1.1.
Public health
or community
health nurse

Public health
nurses;
Health
Visitors;
School
Nurses

1,956

2519

Software and
applications
developers and
analysts not
elsewhere
classified

15-
1199

Computer
Occupations, All
Other

Intelligence
and
knowledge
professionals

1,833

2120

Mathematicians]
, actuaries and

statistician

15-
2031

Operations Researc

Analysts

h Biostatisticians,

Statisticians

1,340
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Biologists,
Epidemiologists
, Food Safety
Epidemiologists

Biologists, Health
2131 tz)gtt)all(?;zs and 19- Epidemiologists Services ébzidsémiologis Pu'bllc' health
related 1041 R(_asear_chers, t scientists 1,237
professionals M|crot_)|ology,
Parasitology,
Public Health
Scientists,
Researche
. . Higher
U_nlversny and Academic . education
2310 hlgher_ 25- Postsecondary Public Health Public h_ealth teaching
education 1199 | Teachers, All Other Specialists academics rofessional 1,223
teachers P 2
Management
2421 and 13- Management
organization 1111 | Analysts 835
analysts
Environmental
Health Experts,
Environmental Environmental
and Public Health )
. Environmenta
occupational 21- Workers, 1.2.8. Health
2263 health and 1091 Health educators Occupational educator I hefalth_ | 810
hygiene And professionals
professionals Environmental
Health
Specialists
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TABLE 2: Comparison of COVID VS pre-COVID Era Indus tries/Sectors and Jobs

COVID (March 1, 2020-  Pre COVID (March 1,

Oct. 31, 2020) 2019-Oct. 31, 2019)
NAICS Job
Code Industry Postings % Job Postings %
Colleges, Universities, and
6113 Professional Schools 3,757 19.9% 4,986 25.51% ***
General Medical and Surgical
6221 Hospitals 3,229 17.1% 3,889 19.90% ***
5241 Insurance Carriers 2,854 15.1% 2,040 10.44% **
Executive, Legislative, and Other
9211 General Government Support 1,478 7.8% 1,528 7.82%
Pharmaceutical and Medicine
3254 Manufacturing 1,353 7.2% 917 4.69% ***
Scientific Research and
5417 Development Services 1,258 6.7% 1,113 5.69% **
6211 Offices of Physicians 574 3.0% 793 4.06% ***
6241 Individual and Family Services 381 2.0% 357 83%
Management, Scientific, and
5416 Technical Consulting Services 298 1.6% 347 1.78%
8133 Social Advocacy Organizations 290 1.5% 299 3%.5
All other 3,407 18% 3,276 17% **
Total 18,879 100% 19,546 100%

Notes: *** p<.0001,** p<.01, *p<.05

Note: A total of 18,879 jobs from March 1, 2020Qo0t. 31, 2020, and 19,546 jobs from March 1, 2@19 t
Oct. 31, 2019, were assigned NAICS codes in Burfditags. 764 postings from the COVID era, and 644
from the pre-COVID era are excluded from the tablg,not from the statistical analysis, becausg the
existed in industries with 30 or fewer posting®ie of the time points.
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FIGURE 1: Diagram of Labor Market Dynamics for PHGs
APPENDIX TABLE 1: Full Comparison of Public Health Taxonomies and BG Postings,
Linked to ISCO-08 and USSOC Codes

APPENDIX TABLE 2: Comparison of COVID VS pre-COVID Era Occupations
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Appendix Table 1: Full Comparison of Public HealthTaxonomies and BG Postings, Linked to ISCO-08 and850C Codes

ISCO-
08 uUssocC No Two Workforces CfWI “Core” CfwI "Wider" BG jobs # 2019-
CODE ISCO-08 TITLE CODE USSOC TITLE Titles UM Title Title WE Title 2020
Senior government 1.1.1. Public health agency Directors of Public
1112 officials 11-1011 Chief Executive directol Health (DsPH 31C
Senior government Directors of Public
1112 officials 11-1011 Chief Executive 1.1.2. Health office Health (DsPH Duplicate
1.1.3. Subagency-level director:
Senior government Bureau, department, division, or | Directors of Public
1112 officials 11-1011 Chief Executive branct Health (DsPH Duplicate
Senior government 1.1.4. Deputy director (agency or| Directors of Public
1112 officials 11-1011 Chief Executive subagency leve Health (DsPH Duplicate
Senior government Emergency Management| Emergency 1.2.4. Emergency
1112 | officials 11-9161 | Directors Preparedness Staff preparedness/Management workgr
Senior government General and Operations 1.4.2.2. Facilities or operations
1112 | officials 11-1021 | Managers worker 677
Senior officials of special-
111¢ interest organizatiol 11-919¢ Managers, All Othe 433¢
Senior officials of special- Public Relations and
1114 interest organizatiol 11-2031 Fundraising Manage 302
1211 Finance managers 11-3031 Financial Managers nané€ial Operations 15
Training and Development 1.4.2.4.1. Training/Workforce
1212 Human resource manag 11-3131 Manager development persont 52
Compensation and
1212 Human resource manag 11-3111 Benefits Manage 72
N/A Multiple possible
Business services and matches (11-3011.00
administration managers Administrative Services 1.4.1. Administrator /1.4.2.
1219 not elsewhere classified 11-3011 Managers, etc.) Business Operations| Business support 28|
Business services and N/A No clear match (11-
administration managers 3061.00 Purchasing 1.4.2.3. Grants or contracts
1219 not elsewhere classified 11-3061 Managers) Business Operations | specialist 5
Sales and marketing
1221 managers 11-2022 | Sales Managers 400
Sales and marketing
1221 managet 11-2021 Marketing Manage 21¢
Research and Natural Sciences
1223 | development managers 11-9121 | Managers 739
Research and Architectural and
1223 | development managers 11-9041 | Engineering Managers 182
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Industrial Production

1321 Manufacturing managers| 11-3051 | Managers 301
Information and
communications 1.2.10. Information systems Intelligence and
technology service Computer and Informatior manager/1.2.10.2. Information knowledge
1330 | managers 11-3021| Systems Managers technology specialist professionals 50
Education Administrators,
Child care services Preschool and Childcare
1341 managers 11-9031 | Center/Program 58
Agency Leadership,
Coordinators, Directorg
Of Public Health,
Health Care
Administrators, Health
Management, Health
Planners, Health Policy
Makers, Health
Promotion Managers, Public health
Medical and Health Managers, Public consultants and
1342 Health services managers 11-9111Services Managers Health Manager 1.1.5. Program director specialists 4634
Public health Social services
Social and community 1.1.6. Public health manager or | consultants and managers and
1344 Social welfare managers 11-915[ services managers program manager specialists directors 340
Senior
professionals of
Education Administrators, Public health educational
1345 Education managers 11-9038 Postsecondary academics establishments 476
Education Administrators,
Elementary and Secondal Public health
134¢ Education manage 11-903: Schoo academic 81
Education Administrators,
1345 Education managers 11-9039 | All Other 78
2112 Chemist 19-2031 Chemist Chemist: 40
Statisticians (15-2014), Intelligence and
Mathematicians, actuarie including Biostatisticians | Biostatisticians, knowledge
212 and statisticiar 15-2041 (15-2041.01 Statistician 1.2.23.Statisticiat professional 3241
Mathematicians, actuarie Operations Research Biostatisticians,
212 and statisticiar 15-2031 Analysts Statistician 134cC
Mathematicians, actuarie Biostatisticians,
2120 and statisticians 15-2011 Actuaries Statisticians 4
Intelligence and
Mathematicians, actuarie knowledge
212( and statisticiar 15-2041.0: | Clinical Data Manage 1.2.10.3. Data manag professional Duplicate
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2131

Biologists, botanists,
zoologists and related
professionals

19-1042

Medical Scientists, Excep
Epidemiologists

Biologists,
Epidemiologists, Food
Safety Epidemiologists
Health Services
Researchers,
Microbiology,
Parasitology, Public
Health Scientists,
Researchers

1.2.11.4. Scientist or medical
technologist

Public health
scientists

479

2131

Biologists, botanists,
zoologists and related
professional

19-1022

Microbiologists (including
Public health laboratory
scientist

Biologists,
Epidemiologists, Food
Safety Epidemiologists
Health Services
Researchers,
Microbiology,
Parasitology, Public
Health Scientists,
Researche

1.2.11.4. Scientist or medical
technologist ("Laboratory
Scientist/Medical Technologis

Public health
scientist

33

2131

Biologists, botanists,
zoologists and related
professionals

19-1041

Epidemiologists

Biologists,
Epidemiologists, Food
Safety Epidemiologists
Health Services
Researchers,
Microbiology,
Parasitology, Public
Health Scientists,
Researchers

1.2.6. Epidemiologist

Public health
scientists

1237

2131

Biologists, botanists,
zoologists and related
professional

19-102(

Biologists

Biologists,
Epidemiologists, Food
Safety Epidemiologists
Health Services
Researchers,
Microbiology,
Parasitology, Public
Health Scientists,
Researche

Public health
scientist

16t

2131

Biologists, botanists,
zoologists and related
professionals

19-1029

Biological Scientists, All
Other

Biologists,
Epidemiologists, Food
Safety Epidemiologists
Health Services
Researchers,
Microbiology,
Parasitology, Public
Health Scientists,
Researchers

Public health
scientists

94
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Biologists, botanists,

Biologists,
Epidemiologists, Food
Safety Epidemiologists
Health Services
Researchers,
Microbiology,
Parasitology, Public

zoologists and related Health Scientists, Public health
2131 | professionals 19-1011 Animal Scientists Researchers scientists 3
Environmental Scientists Environmental
Environmental protection and Specialists, Including 1.2.5. Environmental health health
2132 professional 19-2041 Healtr workel professional 94
Engineers, Health
Engineers, Sanitary
2145 Environmental enginee 17-2081 Environmental Enginee Engineer 1.2.5.2. Engine! 44
Health and Safety
Engineers, Except Mining
Engineering professionalg Safety Engineers and
2149 | not elsewhere classified 17-2111 | Inspectors 54
Urban and Regional Town planning
2164 Town and traffic planne 19-3051 Planner officers 73
Family Doctors,
Physician Assistants,
Generalist medical Physicians, Social Medical
2211 practitioners 29-1063 Internists, General Medicine 1.2.17. Physician practitioners 0
Physicians and Surgeons| Family Doctors,
All Other, including Physician Assistants,
Generalist medical Preventive medicine Physicians, Social 1.2.17.1. Public health or
2211 practitioners 28-106¢ physicians 2-1069.0¢ Medicine preventive medicine physici 58
Physicians and Surgeons| Family Doctors,
All Other, including Physician Assistants,
Generalist medical Preventive medicine Physicians, Social
2211 practitioners 29-106¢ physicians 2-1069.0¢ Medicine Duplicate
Doctor, Public Health
Consultants, Public
Health Physicians,
Physicians and Surgeons| Public Health
All Other, including Practitioners, Public
Specialist medical Preventive medicine Health Specialists,
2212 | practitioners 29-1069 | physicians 29-1069.09 Spcialist Doctors Duplicate
Health Visitors,
Licensed Practical Or
Vocational Nurse,
Nurses, Nursing Home
Health Aide, Nursing
Technicians, Primary
Healthcare Registered Public health
Registered Nurses Nurses, Public Health nurses; Health
(including Public Health Nurse, Registered Visitors; School
2221 Nursing professiong 291141 Nurse Nurses, School Nurse | 1.2.14.1. Registered nu Nurse: Nurses Duplicate
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Social Nursing,
Community Health
Nurses

2221

Nursing professionals

29-1141

Registered Nurses
(including Public Health
Nurse)

Health Visitors,
Licensed Practical Or
Vocational Nurse,
Nurses, Nursing Home
Health Aide, Nursing
Technicians, Primary
Healthcare Registered
Nurses, Public Health
Nurse, Registered
Nurses, School Nurses|
Social Nursing,
Community Health
Nurses

1.2.14.1.1. Public health or
community health nurse

Public health
nurses; Health
Visitors; School
Nurses

1956

2221

Nursing professionals

29-1141.

Registered Nurses,
specifically Clinical Nurse
D&Specialists (29-1141.04)

Health Visitors,
Licensed Practical Or
Vocational Nurse,
Nurses, Nursing Home
Health Aide, Nursing
Technicians, Primary
Healthcare Registered
Nurses, Public Health
Nurse, Registered
Nurses, School Nurses|
Social Nursing,
Community Health
Nurses

1.2.14.1.2. Clinical services
registered nurse (in PH WINS,
"Other Registered Nurse — Clinic
Services")

Public health
nurses; Health
al Visitors; School

Nurses

Duplicate

2221

Nursingprofessional

29-1171

Nurse Practitione

Health Visitors,
Licensed Practical Or
Vocational Nurse,
Nurses, Nursing Home
Health Aide, Nursing
Technicians, Primary
Healthcare Registered
Nurses, Public Health
Nurse, Registered
Nurses, School Nurses|
Social Nursing,
Community Health
Nurse:

1.2.14.1.3. Advanced practice
nurse

Public health
nurses; Health
Visitors; School
Nurse:

84

2222

Midwifery professionals

29-1161

Nurse Midvave

Midwives

Midwives
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Traditional and
complementary medicine

Health Diagnosing and
Treating Practitioners, All

Duplicate USSOC|
code but different]

2230 professionals 29-1199 | Other ISCO-08 code
224( Paramedical practitione 28-1071 Physician Assistar 1.2.18. Physician assisti 37
Veterinarians (including
2250 Veterinarians 29-1131| Public health veterinarian Animal Control 1.2.2%1blic health veterinarian Veterinarians
Dental Therapists,
Dentists, all other Dentist, Oral Health
(including Public health Care, Public Health
2261 Dentist: 28-102¢ dentist Dental Worke 1.2.16.1. Public health den 0
Dental Therapists,
Dentists, all other Dentist, Oral Health
(including Public health Care, Public Health Dental
2261 Dentist: 29-102¢ dentist Dental Worke practitioners Duplicate
2262 Pharmacists 29-1051 Pharmacist Pharmacists rmBbiat Pharmacists 2
Environmental Health
Experts, Environmental
Public Health Workers,
Environmental and Occupational And Environmental
occupational health and Environmental Health health
2262 hygiene professione 21-1091 Health educator Specialist 1.2.8. Health educat professional 81C
Environmental Health
Experts, Environmental
Occupational Health and | Public Health Workers,
Environmental and Safety Specialists--NOTE| Occupational And Environmental
occupational health and SOC CODED AS 29-9011 Environmental Health health
2263 hygiene professionals 29-9011 or as 19-5011 Specialists, professionals 58]
Dieticians,
Nutritionists, Public
Health Dieticians,
Dieticians and Public Health
2265 nutritionists 29-1031 Dietitians and nutritionists Nutritionists 1.2.15. Nutritionist or dietitian 239
Podiatrists;
Health
professionals
Health Diagnosing and n.e.c.;
Health professionals not Treating Practitioners, All| Allied Health Occupational
226¢ elsewhere classifit 29-119¢ Othel Profession: therapists 93
Public health
consultants and
specialists;
Directors of Public
Health (DsPH);
Public health
managers; Public
Health professionals not health
2269 | elsewhere classified practitioners
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Higher education

University and higher Postsecondary Teachers,| Academic Public Public health teaching
2310 | education teachers 25-1199 All Other Health Specialists academics professionals 1223
University and higher Nursing Instructors and | Academic Public Public health
231( educatiorteacher 251072 Teachers, Postsecond Health Specialis academic 317
University and higher Health Specialties Academic Public Public health
231(C education teache 251071 Teachers, Postsecond HealthSpecialist academic 201
University and higher Physics Teachers, Academic Public Public health
2310 education teachers 25-1054 Postsecondary Health Specialists academics [0
Further
education
Vocational education Vocational Education teaching
232( teacher 25-119¢ Teachers, Postsecond professionals 51
Education
Education methods advisers and
2351 specialists 25-9031 Instructional Coordinators school inspectors| 14
Information technology Training and Developmen|
2356 | trainers 13-1151 | Specialists 106
Teaching and
Teachers And Instructors,| other educational
Teaching professionals All Other, Except professionals
2359 not elsewhere classified 25-3099 Substitute Teachers n.e.c. 284
Educational, Guidance,
Teaching professionals School, and Vocational
235¢ not elsewhere classifi 21-101Z Counselor 21€
1.4.2.1. Accountant or fiscal
2411 Accountant 13-2011 Accountants workel 11z
Financial and investment
2412 | advisers 13-2051 | Financial Analysts 89
Financial and investment Personal Financial
2412 advisers 13-2052 | Advisors 51
Management and
2421 | organization analysts 13-1111 | Management Analysts 835
Business Operations
Specialists, All Other Intelligence and
Policy administration (NOTE: USSOC does not knowledge
2422 | professionals 13-1199 | have a clear code for this Policy Analysts professionals 53
N/A Multiple possible
matches 13-1071.00
Human Resources
Specialists, 11-3121.00
Human Resources
Managers, 43-4161.00
Human Resources
Personnel and careers Assistants, Except Payrol 1.4.2.4. Human resources
2423 | professionals 13-1071| and Timekeeping personnel 372
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Compensation, Benefits,

Personnel and careers and Job Analysis
2423 professionals 13-1141 | Specialists 62
Advertising and Market Research Analystg
2431 marketing professione 131161 and Marketing Specialis 82
1.2.7. Health
Public relations Public Relations communicator/1.2.7.1. Public Public health
2432 | professionals 27-3031 | specialists information specialist managers 179
Intelligence and
Computer & Information 1.2.10.1. Public health informatic$ knowledge
2511 Systems analysts 15-111]1 Research Scientists IT Workers specialist professionals 67(
Intelligence and
Computer Systems knowledge
2511 Systems analysts 15-1121 Analysts IT Workers professionals 21(
Software Developers,
2512 Software developers 15-1132 | Applications 119
Intelligence and
knowledge
2514 Applications programmers 15-1131 Computer rRAogers professionals 223
Software and applicationg Intelligence and
developers and analysts Computer Occupations, knowledge
2519 not elsewhere classified 15-1199 All Other professionals 1833
Intelligence and
Database designers and knowledge
2521 | administrators 15-1141 Database Administrators 2.10.3. Data manager professionals 114
Database and network
professionals not Information Security
2529 | elsewhere classified 15-1122 | Analysts 80
2611 Lawyers 231011 Lawyet 1.4.3. Attorney or legal coun: 0
Economists, Health
2631 Economists 19-3011 Economists Economist 1.2.2. Economist 12
Public health
Sociologists, consultants and
anthropologists and specialists; Public
2632 related professionals 19-3041 Sociologists health scientists 1
Philosophers, historians Political Scientist Public health
2633 and political scientists 19-3094| (includes Policy Analyst) 1.2.19. Policy analyst managers 323
Philosophers, historians Social scientists and Public health
2632 and politicalscientist 19-309¢ related worker 1.2.21. Program evalua manager 331
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N/A multiple possible
SOC codesttitles fit
taxonomy: SOCs 21-1011
Substance Abuse and
Behavioral Disorder
Counselors; 21-1022,
Healthcare Social
Workers; 21-1019,
Counselors, All Other; ang
OPM occupational
categories 0185—-Social
Work, 0186—Social
Services Aid and

Social workers;

Assistant, 0187—Social Probation
Services, 0180 Behavioral Health officers; Welfare
Psychology, and 0181— | Professional, professionals
Social work and Psychology Aid and Behavioral Health 1.2.1. Behavioral health n.e.c.;
263E counselling professions 21-1011 Technician Staff, Social Workel professione Counsellor 24
Behavioral Health
Professional,
Social work and Behavioral Health
2635 | counselling professionals 21-1014 Mental Healthi®elors | Staff, Social Workers 1.2.1.1. Behavioral counselor 76
Behavioral Health
Professional,
Social work and Behavioral Health 1.2.22. Social worker/Social
2635 | counselling professionals 21-1022 Healthcare Seaiakers | Staff, Social Workers | services professional 7
Behavioral Health
Mental Health and Professional,
Social work and Substance Abuse Social | Behavioral Health 1.2.22. Social worker/Social
263t counselling profession: 21-102: Workers (S/I/A); Staff, Social Workel services professior 26
Behavioral Health
Professional,
Social work and Child, Family, and School| Behavioral Health Public health
263E counselling professions 21-1021 Social Worker Staff, Social Workel 1.2.22.1. Social services couns | practitioner 52
Behavioral Health
Substance Abuse and Professional,
Social work and Behavioral Disorder Behavioral Health Public health
2635 | counselling professionals 21-1011 Counselors Staff, Social Workers 1.2.22.1. Social serviceshselor | practitioners Duplicate
Behavioral Health
Professional,
Social work and N/A NO SOC MATCH Behavioral Health 1.2.22.2. Adult protective Public health
263t counselling profession: FOUND Staff, Social Workel services/Community work practitioner
Behavioral Health
Professional,
Social work and Behavioral Health
263E counselling professions 21-101¢ Counselors, All Oth¢ Staff, Social Workel 1.3.6. Peer counse 10
Behavioral Health
Community and Social Professional,
Social work and Service Specialists, All Behavioral Health
2635 counselling professionals| 21-1099 | Other Staff, Social Workers 80
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Social work and

Behavioral Health
Professional,
Behavioral Health

2635 counselling professionals| 21-1029 | Social Workers, All Other | Staff, Social Workers 62
Authors and related
2641 | writers 27-3042 | Technical Writers 83
Life, Physical, and Social
Science Technicians, All
Other; Including Quality
Chemical and physical Control Analysts (19- Quality Improvement | 1.4.2.5. Quality improvement
3111 science technicia 19-409¢ 4099.01 Specialis workel 10E
Chemical and physical Quality Control Analysts Public health
3111 | science technicians 19-4099 (note: 19-4099.01) 1.2.11.3. Quality control ker managers Duplicate
Environmental Science
and Protection
Technicians, Including
Health; Multiple titles:
Sanitarian/Environmental Environmental
Life science technicians Science and Protection 1.2.5.1. Sanitarian or health
3141 (excluding medica 19-4091 Technician inspector/1.2.5.3. Technici professional 42
Lab Technicians,
Laboratory Assistant,
Laboratory Worker,
Medical and pathology Medical and Clinical Scientific Laboratory Public health
3212 laboratory technicians 29-2011] Laboratory Technologists| Staff 1.2.11. Laboratory worker scientists 7
Lab Technicians,
Laboratory Assistant,
Laboratory Worker, 1.2.11.2. Technician (in PH
Medical and pathology Medical and Clinical Scientific Laboratory | WINS, "Laboratory Aide or
3212 laboratory techniciar 28-201Z Laboratory Techniciat Staff Assistant" 72
Licensed Practical and
Nursing associate Licensed Vocational 1.2.14.2. Licensed practical or Public health
3221 professional 29-2061 Nurse: vocational nurs practitioner 0
Public Health
Medical records and Medical Records and Informatics, Public
health information Health Information Health Information
3252 | technicians 29-2071 | Technicians Specialist
Community Health
Workers, Health Care
Educators, Health
Prevention Workers,
Health Promotion,
Health Promotion
Specialists, Public
Community health Community Health Health Workers, Public health
325z workers 21-109¢ Worker: Village Doctor: 1.3.2. Community health work practitioner 10€
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Community Health
Workers, Health Care
Educators, Health
Prevention Workers,
Health Promotion,
Health Promotion
Specialists, Public

Community health Community Health Health Workers, 1.3.3. Disease intervention Public health
3253 | workers 21-1094 | Workers Village Doctors specialist practitioners Duplicate
Community Health
Workers, Health Care
Educators, Health
Prevention Workers,
Health Promotion,
Health Promotion
Specialists, Public
Community health Community Health Health Workers,
3252 workers 21-109¢ Workers Village Doctor: 1.3.4. Health navigat Duplicate
Assistant Health
Environmental and Inspector, Food Environmental
occupational health Occupational Health and | Inspectors, Health health
3257 inspectors and associates 29-9012 Safety Technicians Inspector, Hygienists 1.2.5.1. Sanitarian or ingpec professionals 84
1.2.3. Emergency medical Paramedics;
Emergency Medical technician/Emergency medical Ambulance staff
Technicians and services worker (note--there are 2 (excluding
325¢ Ambulance workel 29-2041 Paramedic categories for this in F-WINS) paramedics 0
N/A Multiple matches Emergency Medical Services
Emergency Medical Worker: in PH WINS but not
325¢ Ambulance workel 29-2041 Services Worke taxonom Duplicate
Health associate
professionals not Health Technologists and
3259 | elsewhere classified 29-2099 | Technicians, All Other 149
Statistical, mathematical
and related associate Social Science Research
3314 | professionals 19-4061 | Assistants 604
Sales Representatives,
Wholesale and
Manufacturing, Except
Commercial sales Technical and Scientific
3322 representative 41-401z Product 18¢E
Property, Real Estate, an
Real estate agents and Community Association
333« property manage 119141 Manager 147
Business services agents Financial Specialists, All
3339 not elsewhere classified 13-2099 | Other 52
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N/A Multiple possible
matches: First-Line
Supervisors of Office and
Administrative Support
Workers (43-1011.00),
Clinical Research
Coordinator (11-9121.01)
Community Health

3341 Office supervisors 43-1011] Worker (21-1094.00) 1.4.5. Coordinator 199
Executive Secretaries and
Administrative and Executive Administrative | Administrators, Office
3343 | executive secretaries 43-6011 Assistants Support Staff 1.4.4.1. Administrative assistant 33
Compliance
Officers/Environmental 1.2.12.
Customs and border Compliance Inspectors Licensure/Regulation/Enforcement
3351 inspector 131041 (13-1041.01 workel 17¢
1.2.12.
Customs and border Regulatory Affairs Licensure/Regulation/Enforcement
3351 | inspectors 13-1041.07 Specialists worker Duplicate
Customs and border
3351 inspectors 13-1041.06 Coroners 1.2.13. Medicaréxer Duplicate
Private Detectives and
Investigators (Note: This
Legal and related is likely a code for Contac
3411 | associate professionals 33-9021 | Tracers) 94
Youth and
community
workers; Child
and early years
officers; Housing
Officers; Welfare
and housing
associate
Social work associate Social and Human Service Preventive Youth professionals
3412 | professionals 21-1093| Assistants Healthcare n.e.c. 153
Sports coaches,
Sports coaches, instructo instructors and
3422 and officials 27-2022 | Coaches and Scouts officials 55
Fitness and recreation
instructors and program Fitness
3423 leaders 29-9091 Athletic Trainers Fitness Instngcto instructors 7
Information and
communications
technology user support Computer User Support
3512 technician 15-1151 Specialist 99
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Local

government
administrative
occupations;
4114 Officers of
non-
governmental
4110 General office clerks 43-9061 Office Clerken@ral organisations 78
1.4.4.2. Secretary (43-6014.00
Secretaries and Secretaries and Administrative
Administrative Assistants, Assistants, Except Legal, Medical,
Except Legal, Medical, and Executive; 43-6013.00
4120 Secretaries (general) 43-6014 and Executive Medical Secretaries) 18
Typists and word Word Processors and
4131 processing operatc 43-902: Typists Typists 0
Customer Service
Representatives (Including
Contact centre Patient representatives,
4222 | information clerks 43-4051 | 43-4051.03) 1.3.4. Health navigator Health visito 121
Survey and market Interviewers, Except
4227 | research interviewers 43-4111 | Eligibility and Loan 83
Janitors and Cleaners,
Except Maids and
5153 Building caretakers 37-2011] Housekeeping Cleaners Disinfectors 1.4.2.2.1. Qimmto 0
First-Line Supervisors of
5222 Shop superviso 41-1011 RetailSales Workel 55
Care workers
and home carers
Home-based personal care 1.3.5. Nursing and home health Senior care
5322 | workers 31-1011 Home Health Aides aide Health visitors workers 0
First-Line Supervisors of
Protective Service
5414 | Security guards 33-1099 | Workers, All Other 69
Protective
Protective services service associate
workers not elsewhere professionals
541¢ classifiec 33-9011 Animal Control Worker 1.3.1. Animal control work n.e.c 1
Product graders and Inspectors, Testers,
testers (excluding foods Sorters, Samplers, and
754z and beverage 51-9061 Weigher: 88
Cleaners and helpers in Janitors and Cleaners,
offices, hotels and other Except Maids and
911z establishmen 37-2011 Housekeeping Cleant Disinfector: Duplicate
Employees At Local
uncode: uncode: Health Agencie
uncoded uncoded Health Assistant
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Health Protection

uncoded uncoded Officer
uncode: uncode: Health Techniciar
Sociomedical
uncode: uncode: Assistant
Public health
N/A NO SOC MATCH consultants and
#N/A #N/A FOUND 1.2.20. Population health specialjsspecialists
N/A NO SOC MATCH Public health
#N/A #N/A FOUND 1.2.9. Implementation specia manager
Other Business Support Other Business Support Services;:
#N/A #N/A Service in PH WINS but not taxonon

NOTE: Table compares job titles/occupation haming usétlinTwo Workforces are the Same: A Systematic Benvof Enumerations and
Definitions of Public Health Workforces,” the Unigity of Michigan Public Health Workforce TaxonorfiyM), CfWI “Mapping the Core

Public Health Workforce,” and “Understanding thelari public health workforce in England,” matched3€0-08 codes and USSOC codes; and
contrasts with the number of job postings withiolelS SOC code/ISCO-08 code in Burning Glass frod022020. List is sorted by ISCO-08
code. Where more than one taxonomy name matchibe tame ISCO-08 or SOC code, the number of pasiimtipe “BG jobs #2019-2020"
column is marked “Duplicate” to prevent over-congtiUSSOC codes in BG were given at the six-daiel of detail; where a sub-occupation (8
digits) was mentioned in a taxonomy, it is included the BG jobs # is listed as “duplicate.” Pasig which exist in Burning Glass but not in any
public health workforce taxonomy are shaded in gfiaid-WINS” refers to the Public Health Workforagtérests and Needs Survey, which

draws upon the UM taxonomy.
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Appendix Table 2: Comparison of COVID VS pre-COVID Era Occupations

Analysis of 24,845 job postings from March 1, 2@2@®ugh Oct. 1, 2020 (the “COVID era”), and 24,51&tings from March 1, 2019 and Oct. 1,
2019 (“pre-COVID”), from US employers seeking Ma&tédevel public health graduates, from Burning €3laSOC-coded; comparison between
time periods using independent sample z-tegiss: *** p<.0001,** p<.01, *p<.05

COVID
Era Pre-Covid Era

Number of Job % Number of Job
UsSscocC Postings, Postings, Postings Pre- % Postings,
Code Occupation Title COVID COVID  Covid Pre-Covid
11-9111  Medical and Health Services Manac 313z 12.6% 294¢  12.0%
11-9199  Managers, All Other 2638 10.6% 2965 12.1% ***
15-2041  Statistician 227¢ 9.2% 179¢ 7.3% ***
29-1141  Registered Nurses 1274 5.1% 1272 52%
19-1041  Epidemiologists 1260 5.1% 663 2.7%
15-1199  Computer Occupations, All Other 978 3.9% 0511 4.5% **
15-2031  Operations Research Analy 89¢ 3.6% 874  3.6%
25-119¢  Postsecondary Teachers, All Ot 682 2.7% 73C 3.0%
15-1111  Computer and Information Research Scisntist 668 2.7% 664 2.7%
21-1091  Health Educatol 562 2.3% 57C 2.3%
11-9121  Natural Sciences Managers 499 2.0% 416 1.7%
13-1111  Management Analys 462 1.9% 584 24% **
11-1021 General and Operations Managers 443 1.8% 2 42.7%
299011  Occupational Health and Safety Specia 34¢ 1.4% 337 1.4%
11-2022  Sales Managers 339 1.4% 285 12% *
19-4061  Social Science Research Assistants 323 1.3% 424 1.7% **
19-1042  Medical Scientists, Except Epidemiologists 288 1.2% 301 12%
11-9033 Education Administrators, Postsecondary 263 1.1% 395 1.6% **
11-1011  Chief Executive 242 1.0% 19C 08% *
19-3099 Social Scientists and Related WorkersQétler 190 0.8% 228 0.9% *
11-3011  Administrative Services Managt 18¢ 0.7% 17¢  0.7%
21-1094  Community Health Workers 183 0.7% 19 0.19%6* *
11-9151  Social and Community Service Managers 181 .7%0 285 < 1.2% **
11-2031 Public Relations and Fundraising Managers 791 07% 199 0.8%
151131 Computer Programme 167 0.7% 131 05% *
11-9041  Architectural and Engineering Manag 162 0.7% 46 02% ¥+
29-1031 Dietitians and Nutritionists 162 0.7% 207 8% *
19-309¢  Political Scientist 16C 0.6% 22z 0.9% *
15-1121 Computer Systems Analysts 159 0.6% 162 0.7%
11-2021  Marketing Manage! 152 0.6% 191 08% *
11-3051 Industrial Production Managers 146 0.6% 188.8% *
25-1072 Nursing Instructors and Teachers, Postsecol 144 0.6% 166  0.7%
33-9021 Private Detectives and Investigators 139 6%0. 39 02% **
25-3099 Teachers And Instructors, All Other, Except 138 0.6% 199 0.8% **
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43-1011
19-102(

11-9141
29-209¢

43-6014
27-3031
13-1041
11-3031

21-101z
25-1071

13-1141

41-4012
19-3011
21-1093
15-1132
21-102¢

29-119¢
29-1171
13-1151
13-2099
29-106¢

13-1161
15-1141

19-409¢
25-9031
19-1029

41-4011

19-2041
11-9161
19-3051
27-304:
21-1022

25-202:
13-2051
11-903:

Substitute Teachers
First-Line Supervisors of Office and Administrative
Support Workers
Biologists
Property, Real Estate, and Community Association
Managers
Health Technologists and Technicians, All O
Secretaries and Administrative Assistants, Except
Legal, Medical, and Executive

Public Relations Specialists

Compliance Officers

Financial Managers

Educational, Guidance, School, and Vocational
Counselor

Health Specialties Teachers, Postsecondary
Compensation, Benefits, and Job Analysis
Specialist
Sales Representatives, Wholesale and
Manufacturing, Except Technical and Scientific
Product

Economists

Social and Human Service Assistants

Software Developers, Applications
Social Workers, All Othe

Health Diagnosing and Treating Practitioners, All
Othel

Nurse Practitioners
Training and Development Special

Financial Specialists, All Other

Physicians and Surgeons, All Ot

Market Research Analysts and Marketing
Specialists

Database Administratc

Life, Physical, and Social Science Technicians, All
Othel

Instructional Coordinators

Biological Scientists, All Other

Sales Representatives, Wholesale and
Manufacturing, Technical and Scientific Products
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Secondary School

Compensation and Benefits Managers 7 0.0%
Education Administrators, All Other 25 0.1%
Mental Health Counselors* 46 0.2%
Inspectors, Testers, Sorters, Samplers, and

Weigher: 23 0.1%
Computer User Support Specialists 40 0.2%
Medical and Clinical Laboratory Technicial 23 0.1%
Customer Service Representatives 41 0.2%
Interviewers, Except Eligibility and Loan 83 0.2%
Community and Social Service Specialists, All

Other 46 0.2%
Child, Family, and School Social Workers 22 0.1%

This article is protected by copyright. All rights reserved.

31 105% ***
84 0.3% **

75  03% **
74 0.3% ***
7 60.3% **
62 0.3% ***
2%

56 0.2%

52 0.2%

51 02% **



FIGURE 1: Diagram of Labor Market Dynamics for PHGs

Public Health Workforce (PHW):
¢ Contributes to EPHOs

* Includes occupations not
requiring public health degrees,
such as physicians, nurses, social
workers, laboratory technicians

¢ Included in existing workforce
taxonomies
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Diagram adapted from Vujicic M, Zurn P. The dynamics of the health labour
market. Int J Health Plann Manage 2006; 21: 101-15
http://dx.doi.org/10.1002/hpm.834 pmid: 16846103.
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