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Abstract

, Sadegh Abaei Hasani*, Kamran Mohammadi

Background: One of the approaches to health workforce planning is supply-based. It has been emphasized that countries should
model health workforce based on evidence and their context. The objective of this study is to "design a supply health workforce planning

model for specialty and subspecialty in Iran."

Methods: This is a study using Walker and Avant’s (2018) theory synthesis framework to construct the model. This method has three
steps. According to the viewpoint of the research team and the needs of the country, the focal concept is determined. Then, a literature
review was done to determine related factors and their relationships. In the third step, according to the review, the viewpoint of the
research team, the rationale of the connection between components, and the graphic model were presented.

Results: "Supply" was selected as the focal concept. In the literature review, 42 components were obtained from the systematic review,
43 components obtained from the study of other texts were combined with the opinion of the research team about the field of Iran, and
the connections between them were determined. In the third step, the supply model was designed using the Stock and Flow method.
Finally, by applying the "functional full-time coefficient", the number of full-time equivalent physicians was calculated.

Conclusion: The presented model is an evidence-based model that follows stock and flow design. Stock is the number of specialties
or subspecialties that exist in the labor market. Flow includes inflow and outflow according to the educational pathway in the context of

Iran.
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Introduction

The workforce is one of the important infrastructures in
the field of human resources management, and the imbal-
ance in its supply can increase or decrease the number of
available human resources, which shows the effects of
these imbalances when providing health services (1).

It is widely accepted that the general purpose of national
attention to workforce planning in countries is to prepare a
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sufficient number of competent health professionals to pro-
vide services to the public and to ensure that public re-
sources will not be wasted due to the large number of health
professionals (2, 3).

Health workforce planning is a scientific field and the
subject of theoretical and applied research that evolved
from the lack of significant and serious efforts of private

1What is “already known” in this topic:

There are various supply models for physician workforce
(human resource) planning that are specialized for specific
contexts.

— What this article adds:

In this article, a supply model for medical specialties and sub-
specialties has been designed and presented for specific contexts
and educational trends of Iran.



https://orcid.org/0000-0001-6367-000X
https://crossmark.crossref.org/dialog/?doi=10.47176/mjiri.38.17
http://dx.doi.org/10.47176/mjiri.38.17
http://mjiri.iums.ac.ir/article-1-8854-en.html

[ Downloaded from myjiri.iums.ac.ir on 2024-03-20 ]

[ DOI: 10.47176/mijiri.38.17 ]

Health Workforce Planning Model

and public institutions tries to predict how many human re-
sources there are. First of all, doctors are necessary to be
able to maintain or even improve the quantity, quality,
availability, and effectiveness of the provided medical ser-
vices (4). Among the other benefits of workforce planning
in the field of specialty and subspecialty is ensuring the
availability of a sufficient number of competent workforces
in the future and preventing the formation of long waiting
lines for specialized services. Also, the duration of educa-
tion to become a specialist or specialist doctor is very long
between 11 and 17 years, which requires an abundant
budget to be spent on their training. With proper planning
in this area, it is possible to prevent the wastage of the
budget for the training of the surplus physicians (5-8).

One of the approaches to health workforce planning is the
supply-based approach, which focuses on the current and
future health workforce (5), in other words, the number of
employed and active workforce in the present and the future
).

One of the human resource planning approaches is mod-
eling, which includes forecasting and planning (10). There
are divergent types of models used in workforce planning
by different countries. Some of these models are designed
to be used only in a specific context, and many organiza-
tions have developed models based on their context (6, 11).
Forecasting the future health workforce depends on the se-
lected forecasting model (12). factors, which are country-
specific, include socioeconomic status (13, 14), level of ed-
ucation (15), population age structure, age and sex distribu-
tion, ethnic distribution and educational pathway (8).

Simkin et al. (2022) published a study with the aim of
“determining who provides anesthesia services in Can-
ada?”. Its methodology produced estimates of anesthesia
providers that aligned with other sources. The process we
followed was sequential, transparent, and intuitive and was
strengthened by collaboration and iterative consultation
with experts and stakeholders. For supply planning unique
physician identifiers were used: the binary sex, birth year
of the physician, the year the physician graduated from
medical school, and the location of the physician’s under-
graduate medical training (16).

Wishnia et al. (2019) performed a study with the aim of
“The supply of and need for medical specialists in South
Africa “. The model uses base data for the 2018/19 financial
year that reflects the age, sex, sector of employment and
full- or part-time status for each specialty. The model pro-
jects from 2020 to 2040 using actuarial population model-
ing methods to rigorously allow for entry to exit from and
transitions between sub-groups within the model. The exits
include emigration, retirement and death. The model uses
in-migration (although this has initially been set at zero)
and the specialist training pipeline (registrars) to estimate
the supply of specialists going forward based on current
university and fellowship examination dynamics (17).

Taba et al. (2014) designed a study with the aim of “a
systems life cycle approach to managing the radiology pro-
fession: an Australian perspective “in a dynamic model
over 40 years between 2010 and 2050. For modeling sup-
ply, they used inflow (number of graduates, international
graduates immigration), stocks (number of health workers,
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FTE calculation), and outflow (exit rates calculated sepa-
rately for each medical specialty) (18).

The development of human resources in recent years in
Iran has also been considered. One of the crucial efforts in
this field is developing a "comprehensive framework on hu-
man resource management in the health sector." The new
pattern in this framework includes six major sections, one
of which is to regulate the supply and demand of human
resources (19).

Developing national policies and programs to achieve
health workforce development goals requires substantial
information and evidence (20), and evidence-based health
workforce planning models are recommended (21).

One of the model-building methods is synthesis theory.
The strategy of synthesis theory is an example of the pro-
cess of transforming practice-related research into an inte-
grated whole that puts pieces of knowledge together for a
better understanding of the phenomenon. The theory can be
expressed graphically(model), explanatory(theory) and, or
through mathematical formula (22-24). One of the synthe-
sis theory methods is the Walker-Avant method, which is
easier for novice researchers to use (25) and is one of the
most suitable methods for building prescriptive theories
(26).

About the necessity of workforce management in the
field of specialties, workforce planning in specialties is crit-
ical because an imbalance in the supply and demand of phy-
sicians in a given specialty cannot be compensated by other
specialties (1).

Modeling of human resources both on the supply side and
on the need and demand side should be performed accord-
ing to the requirements of each country, and there is no ho-
listic model in the fields of specialties and subspecialties in
Iran (27).

It is necessary to explain that the present study is part of
a comprehensive health workforce planning project, for
which the “need-adjusted demand model” has already been
designed and published (27).

" Having a model to estimate the supply can estimate the
number of specialists and sub-specialists available in a cer-
tain period of time and from comparing it with the need and
demand, the availability of a sufficient number of people at
a certain time and preventing the wastage of funds for train-
ing students.

Considering the need to design a health workforce plan-
ning model based on evidence and context of each country,
the need to correctly estimate the number of specialists and
subspecialists available and ready to research health ser-
vices in the country at any time, and not finding a compre-
hensive model to estimate the supply in previous researches
in Iran, the present study was conducted with the aim of "
design a supply health workforce planning model for spe-
cialty and subspecialty in Iran."

Methods

Designing the study is a model building using Walker
and Avant’s (2018) theory synthesis framework to create a
supply-side health workforce planning model for special-
ties and subspecialties according to the context of Iran.

This method consists of three stages.
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Step 1 is determining the focal concept/s, identifying re-
lated factors and their relationships, and organizing con-
cepts and phrases in an integrated and efficient representa-
tion of phenomena (24). In the stage of determining, the fo-
cal concept/s, the topic of interest, and the basic concept
about a special topic are identified. In the current research,
"supply" is selected as the focal concept.

In step 2, to identify factors related to the focal concept
and the relationships between them, text reviews, observa-
tions, and opinions of researchers are used (24).To deter-
mine the associated factors and their relationships, a previ-
ous systematic review conducted by the researchers of the
present study (8), a review of documents in the Secretariat
of the University Development Council of the Ministry of
Health and Medical Education of Iran(MOHME) (9, 28),
books and articles review(11, 29-33), regional reports of
the World Health Organization (34-41) and the logical form
of these relationships based on the opinion of researchers
were taken into account. It should be noted that the mem-
bers of the research team included the two former and cur-
rent secretaries of the University Development Council of
the Ministry of Health and Medical Education and col-
leagues of this center specialized in health workforce plan-
ning(including one Ph.D.in medical education and one gen-
eral surgeon specialized in health workforce planning and
researcher in this field), the former director of the Educa-
tion Development Center of Ministry of Health and Medi-
cal Education and former research director of the National
Agency of Strategic Research in Medical Education
(NASR); these experts were policymakers in field of the
health system and also were theorists in the field of medical
education with prolonged engagement with the subject of
the present study and with work and executive experience
in this field. This shows that the opinions of the research
team in the field of health workforce planning can be cited.

In step 3 of Walker and Avant's theory synthesis, the
components and the relationship discovered between them
that were obtained in the second step were integrated and
presented to a graphic model.

It is necessary to explain that in all stages of designing
the model, Iran's educational laws and pathways are con-
sidered.

Sh. Yazdani, et al.

Results
Step 1- Specifying focal concepts
"Supply" was selected as the focal concept.

Step 2- Reviewing the literature to identify factors re-
lated to the focal concepts

42 related factors were obtained from the systematic re-
view; 43 related factors obtained from the study of other
literature were combined with the opinion of the research
team. From the existing list, some items were selected
based on the field and educational paths of Iran. The rela-
tionships between the components were determined based
on what was explained in the methodology section.

Step 3- Organizing concepts and statements into an in-
tegrated and efficient representation of the phenomena
of interest

In the third step, the supply model was designed using the
Stock and Flow method. The model is presented and de-
scribed below:

* General description of the supply model: The general
description of the model is shown in Figure 1. The resulting
model follows the stock and flow method. In any given
year, there are many active physicians in the health labor
market, called stock. In the same year, people are added to
the stock through new graduates or immigration, called in-
flows, and some people leave this stock for various reasons,
which are called outflows.

The calculation unit for stock, inflow, and outflow is con-
sidered as headcount (person). Full-time functional rate
converts stock to functional stock.

* Description of the supply model: The model designed
for supply is shown in Figure 2.

Before going into the model's description, it is necessary
to explain that there are two sources of medical labor sup-
ply in Iran: educated people in Iran and Iranians who stud-
ied abroad. According to the educational laws of the
MOHME of Iran, several situations may happen to Iranian
students studying abroad:

1. The first category returns to the country while study-
ing, which is added to the number of "domestic students"
(studying) based on the conversion rate of foreign students

rate

Functional full-time
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Figure 1. General description of the model
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Figure 2. The supply model

to domestic students.

2. The second category, based on the "return rate of for-
eign graduates to inside," returns to Iran after graduation.
For this category, several cases may occur: a) In the first
case, a number of these graduates are required to retake a
number of university courses in domestic universities,
which is also based on the "rate of conversion of foreign
graduates to students"; these students are added to the num-
ber of domestic students (studying). b) The second case re-
lates to graduates from abroad who do not need to take ad-
ditional units or courses in domestic universities. They
must participate in the certificate verification test and, if ac-
cepted, will be added to the number of "domestic gradu-
ates". Considering the above premise, we describe the
model:

At any given time, there are a number of students stud-
ying in the country. Some people will be added to this num-
ber through the entrance exam and the entry of students or
graduates from abroad based on Iran's educational laws.
Moreover, the number of students may be reduced due to
various reasons, such as dropping out of school, changing
majors, and emigrating. The sum of the aforementioned
factors makes up the "number of domestic students." In this
way, the "number of domestic students" is calculated with
the following formula:

The number of domestic students = (entering students
through the entrance examination + the number of foreign
medical students or graduates + the number of students cur-
rently studying) - (the number of emigrating abroad + drop-
ping out + changing majors)

Out of the "number of domestic students" based on the
"graduation rate," some people will graduate. In addition,
based on the "degree acceptance rate of graduates from out-
side Iran," a number of Iranians who have graduated from
medicine abroad at any level and specialty are approved.
The total number of new graduates each year is determined
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from the sum of these two, "domestic graduates" and "grad-
uates outside Iran whose degrees have been approved."”

The number of doctors in the country's health market at
each level and specialty is calculated as follows:

The number of doctors in the country's health market =
(the number of existing doctors + the number of new grad-
uates) - (the total number of exits from the labor market due
to reasons such as immigration, death, retirement, disabil-
ity, job change and acceptance into higher education)

On this number, the "full-time functional rate" is applied,
which will calculate the "full-time equivalent number of
physicians in Iran."

Discussion

The model presented in this study is a model for forecast-
ing labor supply and the relevant effective factors, which is
suitable for dynamic system modeling. In this model, the
input and output are shown along with the detailed relation-
ships between the influencing variables in the supply. The
relationships between the model components are deter-
mined with the existing logic in the relationship between
them and with the inspiration of several models examined
by the research team.

Considering that the development of policies at the na-
tional level requires solid evidence, evidence-based health
workforce planning is recommended. In addition, evidence
should be used for correct, excellent, and principled plan-
ning. The present model also follows the same principle in
such a way that it has studied and utilized labor supply
models worldwide, so it can be considered an evidence-
based model.

There are many supply models worldwide (1, 42-56). In
the current model, an attempt has been made to include the
components of those models, encompassing graduates (48,
50, 52, 53, 56), people with activity licenses (1, 48, 56),
announced capacities, and the number of program entries
(1,49, 51, 53), and factors related to academic dropout (43,
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51).

In other countries, some models have been presented to
estimate the supply of specialty and subspecialty doctors.
Some of them presented a holistic model (57, 58) but most
of these models have only focused on a specific field of ex-
pertise, such as radiology (18), cardiac surgery (59), or an-
esthesia (16, 60). Current stock, inflow and outflow are
used in these models, but it should be noted that the process
of student admission, educational path, description of du-
ties and interference of duties in Iran is different from other
countries. For example, in Iran, the entry of foreign special-
ists into the country is almost zero. On the other hand, the
years and educational paths are completely different.

The innovation of the model is that all the components
used in this model are more detailed and localized accord-
ing to the educational paths, policies, and educational rules
of Iran, including the paths available for abroad students
and graduates and the prevailing conditions of emigration
inside and outside the country.

Another innovation in the supply model is the adjustment
by the factor of “full-time functional rate," which includes
factors such as age, gender, full-time equivalent, and indi-
vidual productivity. The full-time functional rate is the av-
erage ratio of a person's effective work according to the
above factors in each specialization and specific level to the
expected work (full-time equivalent work). The expected
function can be calculated based on the norm, national or
international standard.

Outflows in this model include disability, retirement, job
change, death, emigration abroad, and admission to higher
education. For each of these, there are separate rates, or in-
stead of calculating each of these, a general attrition rate
can be used.

Regarding admission to a higher level, based on the edu-
cation system of Iran, these people practically do not leave
the healthcare market, as during residency, subspecialty,
and fellowship, these people work and study full-time un-
der the supervision of their professors to provide health ser-
vices in hospitals and public sector centers; so the only
thing that can potentially happen is moving from the office
or private sector to the governmental sector or one prov-
ince, city or hospital to another.

Regarding the temporary exit, the arrows can be placed
in two directions, which means that these people will return
to the health labor market after a while, but their entry and
exit rates are not necessarily the same. For outflows such as
maternity and military leave etc., instead of including them
in the outflow, the researchers preferred to include the ef-
fect of these factors in the full-time functional rate. For ex-
ample, in a field such as urology, the number of women is
almost small, but in specialties such as gynecology and ob-
stetrics, it can be considered to what extent the number of
people who are temporarily out of work due to childbirth
and child-rearing can reduce the average effective work in
the entire working period of the person. It should be pointed
out that including these as outflow with two-way flash is
also unimpeded.

It should be noted that for the rates specified in this model
if there is an actual number, that number should be used for
calculations, but in cases where there are no complete and
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reliable statistics, the estimation of experts or the consensus
of experts can be taken into account. This method has been
used in other research as well (61-63), and can be referred
to until the completion of research, local surveys, and the
creation of an accurate database in the country to solve the
problem of parameter calculation; however, it should be
noted that if this method is used, we cannot expect to obtain
very accurate numbers in the measures. However, accord-
ing to Tomblin Morphy et al., the purpose of labor force
planning is to identify trends and not estimate exact num-
bers (53). At the same time, it is recommended to have
stronger estimations that are closer to reality, countries start
creating and enriching data sets in which the information of
the health workforce is carefully recorded, the need for
which is also felt in Iran.

The current model can be used to estimate the supply re-
lated to general practitioners with a slight modification.

One of the limitations of this model is that it is designed
based on the educational paths of Iran, and adjustments
should be made when using it in the context of other coun-
tries and disciplines. Another limitation is that, despite its
comprehensiveness, the factor of immigration of foreign
professionals is not included in it; in other words, according
to the conditions, the number of foreign professionals who
enter Iran from other countries to work in the health sector
is considered zero, so it is not included in the model. On the
contrary, in other countries, based on their context, this
item can be added to the model as inflow. Moreover, the
use of this model is not extended to fields other than medi-
cine.

Conclusion

This study presented a model for supply specialty and
subspecialties workforce planning. There are criticisms of
existing health workforce planning models, which are
based on their methodologies, factors that should be in-
cluded, and important factors related to the context of any
country or organization. Therefore, it is necessary to design
a model considering the important factors and conditions of
the country, which are discussed in this study.

The model presented in the study provides a holistic
model which considers all the factors affecting the supply.
The model has been considered the context and educational
pathway of Iran. This model establishes current stock, in-
flow, and outflow at every determined time and is appro-
priate for use in system dynamic modeling. It can be a val-
uable tool for predicting the supply specialty and subspe-
cialties workforce in the coming years and helping policy-
makers make decisions about the estimation of the health
workforce.

Acknowledgment

This study is a part of the approved Ph.D. thesis in Medical
Education at Shahid Beheshti University of Medical Sciences
.The researchers consider it necessary to thank all the research-
ers whose research results were used in this study, as well as
the personnel and officials of the Secretariat Medical Sciences
Universities Development Council of the Ministry of Health
and Medical Education of Iran, especially Dr. Mohammad

http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2024 (19 Feb); 38:17. 5



http://dx.doi.org/10.47176/mjiri.38.17
http://mjiri.iums.ac.ir/article-1-8854-en.html

[ Downloaded from myjiri.iums.ac.ir on 2024-03-20 ]

[ DOI: 10.47176/mijiri.38.17 ]

Health Workforce Planning Model
Mahdi Mojahedian, who helped us in this project.

Authors' Contribution

“S.B, Sh,Y and MH designed, conceived, acquired, and an-
alyzed the study. All authors contributed to the interpreting,
drafting and final review of the manuscript. The authors read
and approved the final manuscript and are accountable for all
aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately
investigated and resolved.

Ethical approval
The ethical code is IR.SBMU.SME.REC.1400.036.

Conflict of Interests
The authors declare that they have no competing interests.

References

1.0h Y. The future prospects of supply and demand for urologists in
Korea. Investig Clin Urol. 2017;58(6):400-8.

2.Greenberg L, Cultice JM. Forecasting the need for physicians in the
United States: the Health Resources and Services Administration's
physician requirements model. BMC Health Serv Res. 1997;31(6):723.

3.Horvath J, Gavel P, Harding J, Harris M, editors. Micro Planning of the
Australian Medical Workforce. paper presented that Third Invitational
Trilateral Physician Workforce Conference, Cambridge, UK,
November; 1998.

4.Scheftler RM, Liu JX, Kinfu Y, Dal Poz MR. Forecasting the global
shortage of physicians: an economic-and needs-based approach.
Bulletin of the World Health Organization. 2008;86:516-23B.

S.Insight M. EU level collaboration on forecasting health workforce
needs, workforce planning and health workforce trends-a feasibility
study.[Cited 2013 Sept 18]. 2012.

6.Roberfroid D, Leonard C, Stordeur S. Physician supply forecast: better
than peering in a crystal ball? Hum Resour Health. 2009;7(1):1-13.

7.Goldacre M. Planning the United Kingdom's medical workforce: On
present assumptions UK medical school intake needs to increase. British
Medical Journal Publishing Group; 1998.

8.Bosak S, yazdani S, Ayati M, koohpayehzadeh J. Approaches and
Components of Health Workforce Planning Models: A Systematic
Literature Review. Iran J Med Sci. 2022 inpress.

9.Farzadi F, Ahmady B, Maftoon F, Labbaf-Ghasemi R. need estimation
of physician and pharmacologist in Islamic republic of Iran

In: education moham, editor. Tehran: Mhtab; 2010.

10. Martin K, Freeman RE. Some problems with employee monitoring. J
Bus Ethics.. 2003;43(4):353-61.

11. Ono T, Lafortune G, Schoenstein M. Health workforce planning in
OECD countries: a review of 26 projection models from 18 countries.
2013.

12. Wendt C. Mapping European healthcare systems: a comparative
analysis of financing, service provision and access to healthcare. J Eur
Soc Policy. 2009;19(5):432-45.

13. Agerholm J, Bruce D, Ponce de Leon A, Burstrom B. Socioeconomic
differences in healthcare utilization, with and without adjustment for
need: an example from Stockholm, Sweden. Scand J Public Health.
2013;41(3):318-25.

14. Van der Heyden J, Demarest S, Tafforeau J, Van Oyen H. Socio-
economic differences in the utilisation of health services in Belgium.
Health Policy. 2003;65(2):153-65.

15. Machry RV, Tuchtenhagen S, Agostini BA, da Silva Teixeira CR,
Piovesan C, Mendes FM, et al. Socioeconomic and psychosocial
predictors of dental healthcare use among Brazilian preschool children.
BMC Oral Health. 2013;13(1):1-6.

16. Simkin S, Orser BA, Wilson CR, Bourgeault IL. Who Provides
Anesthesia Services in Canada? A Methodology to Identify the
Physician Anesthesia Workforce Using Health Administrative Data.
2022.

17. Wishnia J, Strugnell D, Smith A, Ranchod S. The supply of and need
for medical specialists in South Africa. Cape Town: Percept. 2019.

6 http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2024 (19 Feb); 38:17.

18. Taba ST, Atkinson SR, Lewis S, Chung KSK, Hossain L. A systems
life cycle approach to managing the radiology profession: an Australian
perspective. Aust J Public Health. 2014;39(2):228-39.

19. Asghari Sarem A, Markazi Moghaddam N. Analysis of Success
Crucial Factors for Human Resource Development at

Health Sector Based on Q Methodology. Adm Sci Q. 2015;3(11):27-46.

20. Organization WH. Human Resources for Health: Toolkit on
monitoring health systems strengthening. Geneva, Switzerland2014.

21. Naccarella L, Wraight B, Gorman D. Is health workforce planning
recognising the dynamic interplay between health literacy at an
individual, organisation and system level? Aust J Public Health.
2015;40(1):33-5.

22. Blalock HM. Theory construction: From verbal to mathematical
formulations: Prentice-Hall Englewood Cliffs, NJ; 1969.

23. Causey R. Scientific progress. Tex Eng Sci Mag. 1969;6(1):22-9.

24. Walker LO, Avant KC. Strategies for theory construction in nursing:
Pearson/Prentice Hall Upper Saddle River, NJ; 2005.

25. McKenna H, Pajnkihar M, Murphy F. Fundamentals of Nursing
Models, Theories and Practice, with Wiley E-Text: John Wiley & Sons;
2014.

26. Rahnama M, Fallahi Khoshkenab M, Seyed Bagher Maddah S,
Ahmadi F. Designing a model for spiritual care in rehabilitation of
cancer patients. Medical - Surgical Nursing Journal. 2014;3(2):61-70.

27. Bosak S, Yazdani S, Ayati MH, Koohpayezade J. Modeling Health
Workforce Planning in Specialties and Subspecialties: A Need-
Adjusted Demand Model. ] Med Educ. 2022;21(1).

28. Noori Hekmat S, Haghdoost AA, Rahimisadegh R, Emadi S,
Rajabalipour MR, Haghighi H. Iran treatment roadmap (general
modeling methodology for estimating the number and distribution of
required resources and results). Tehran: Ministry of Health and Medical
Education Of Iran; 2017.

29. Rafiei S, Abdollahzade S, Hashemi F. Health manpower forecasting:
A systematic review for models and approaches. Bangladesh Med J.
2019;18(3):458-72.

30. Rafiei S, Daneshvaran A, Abdollahzade S. Forecasting the shortage of
neurosurgeons in Iran using a system dynamics model approach. J Educ
Health Promot. 2018;7:16.

31. Publishing O. Health workforce policies in OECD Countries-Right
jobs, right skills, right places: OECD Publishing; 2016.

32. Lafortune G, Moreira L, editors. Trends in supply of doctors and
nurses in EU and OECD countries.

33. Al-Sawai A, Al-Shishtawy MM. Health Workforce Planning: An
overview and suggested approach in Oman. Sultan Qaboos Univ Med J.
2015;15(1):¢27-33.

34. Organization WH. Health workforce and labor market dynamics in
OECD high-income countries: a synthesis of recent analyses and
simulations of future supply and requirements. Geneva, Switzerland:
WHO; 2017.

35. Organization WH. Twelfth Pacific Health Ministers Meeting,
Rarotonga, Cook Islands, 28-30 August 2017: meeting report. 2017.

36. Malgieri A, Michelutti P, Van Hoegaerden M. Handbook on health
workforce planning methodologies across EU countries. Bratislava:
Ministry of Health of the Slovak Republic: Bratislava: Ministry of
Health of the Slovak Republic; 2015.

37. Organization WH. Decade for health workforce strengthening in the
South-East Asia Region 2015-2024; Second review of progress, 2018.
2018. Report No.: 9290226579.

38. Health NDo. 2030 human resources for health strategy: Investing in
the health workforce for universal health coverage. South Africa:
Government printers Pretoria; 2020.

39. Organization WH. Global strategy on human resources for health:
workforce 2030. 2016.

40. Organization WH. Health workforce policy and management in the
context of the COVID-19 pandemic response: interim guidance, 3
December 2020. Health workforce policy and management in the
context of the COVID-19 pandemic response: interim guidance, 3
December 2020: WHO; 2020.

41. Organization WH. Workload indicators of staffing need. Geneva,
Switzerland: WHO; 2010.

42.0Oh Y. Report on policy issues: optimal supply and demand of medical
treatment resources and specialists. Seoul: Ministry of Health, Welfare
and Family. 2006.

43. Bazyar M, Noori Hekmat S, Rafiei S, Mirzaei A, Otaghi M, Khorshidi
A, et al. Supply-and-demand projections for the health workforce at a
provincial level from 2015 to 2025 in Ilam, Iran. Proceedings of


http://dx.doi.org/10.47176/mjiri.38.17
http://mjiri.iums.ac.ir/article-1-8854-en.html

[ Downloaded from myjiri.iums.ac.ir on 2024-03-20 ]

[ DOI: 10.47176/mijiri.38.17 ]

Singapore Healthcare. 2021;30(1):18-27.

44. Chung SH, Jung DC, Yoon SN, Lee D. A dynamic forecasting model
for nursing manpower requirements in the medical service industry.
Serv Bus. 2010;4(3-4):225-36.

45. Harper P, Kleinman E, Gallagher J, Knight V. Cost-effective
workforce planning: Optimising the dental team skill-mix for England.
J Enterp Inf Manag. 2013;26(1):91-108.

46. Juraschek SP, Zhang X, Ranganathan VK, Lin VW. United States
Registered Nurse Workforce Report Card and Shortage Forecast. Am J
Med Qual. 2012;27(3):241-9.

47. Koichubekov B, Kharin A, Sorokina M, Korshukov I, Omarkulov B.
System dynamics modeling for general practitioner workforce
forecasting in Kazakhstan. Ann Ig. 2021;33(3):242-53.

48. Landry MD, Hack LM, Coulson E, Freburger J, Johnson MP, Katz R,
et al. Workforce projections 2010-2020: Annual supply and demand
forecasting models for physical therapists across the united states. Phys
Ther. 2016;96(1):71-80.

49. Leerapan B, Teekasap P, Urwannachotima N, Jaichuen W,
Chiangchaisakulthai K, Udomaksorn K, et al. Correction to: System
dynamics modelling of health workforce planning to address future
challenges of Thailand’s Universal Health Coverage (Human Resources
for Health, (2021), 19, 1, (31), 10.1186/s12960-021-00572-5). Hum
Resour Health. 2021;19(1).

50. Lodi A, Tubertini P, Grilli R, Mazzocchetti A, Ruozi C, Senese F.
Needs forecast and fund allocation of medical specialty positions in
Emilia-Romagna (Italy) by system dynamics and integer programming.
Health Systems. 2016;5(3):213-36.

51. Vanderby SA, Carter MW, Latham T, Feindel C. Modelling the future
of the Canadian cardiac surgery workforce using system dynamics.
Journal of the Operational Research Society. 2014;65(9):1325-35.

52. Nooney JG, Lacey LM. Validating HRSA's nurse supply and demand
models: a state-level perspective. Nurs Econ. 2007;25(5):270-8.

53. Tomblin Murphy G, Birch S, MacKenzie A, Alder R, Lethbridge L,
Little L. Eliminating the shortage of registered nurses in Canada: An
exercise in applied needs-based planning. Health Policy. 2012;105(2-
3):192-202.

54. Tomblin Murphy G, MacKenzie A, Alder R, Birch S, Kephart G,
O'Brien-Pallas L. An applied simulation model for estimating the supply
of and requirements for registered nurses based on population health
needs. Policy Politics Nurs Pract. 2009;10(4):240-51.

55. Tjoa A, Kapihya M, Libetwa M, Schroder K, Scott C, Lee J, et al.
Meeting human resources for health staffing goals by 2018: A
quantitative analysis of policy options in Zambia. Hum Resour Health.
2010;8.

56. Hooker RS, Muchow AN. Supply of physician assistants: 2013-2026.
JAAPA. 2014;27(3):39-45.

57. Crettenden IF, McCarty MV, Fenech BJ, Heywood T, Taitz MC,
Tudman S. How evidence-based workforce planning in Australia is
informing policy development in the retention and distribution of the
health workforce. Hum Resour Health. 2014;12(1):1-13.

58. Jo E, Mathis K, Goh J, editors. Forecasting future medical specialty
workforces supply with age distribution using health workforce annual
practicing certificate data. Operations Research Society of New Zealand
Conference; 2017.

59. Hamad R, Noly P, Bouchard D, Carrier M, El Hamamsy I, Lamarche
Y, et al. Modeling the cardiac surgery workforce and demand in québec.
Can J Cardiol. 2017;33(10):S35.

60. Craig D, Byrick R, Carli F. A physician workforce planning model
applied to Canadian anesthesiology: planning the future supply of
anesthesiologists. Can J Anaesth. 2002;49(7):671.

61. Brailsford S, De Silva D. How many dentists does Sri Lanka need?
Modelling to inform policy decisions. Journal of the Operational
Research Society. 2015;66(9):1566-77.

62. Sun X, Bernab¢é E, Liu X, Zheng S, Gallagher JE. Meeting the oral
health needs of 12-year-olds in China: Human resources for oral health.
BMC Public Health. 2017;17(1):1-12.

63. Ab-Murat N, Sheiham A, Tsakos G, Watt R. Periodontal treatment
needs and workforce requirements: comparisons between the normative
and sociodental approaches using different skill mix models.
Community Dent Oral Epidemiol. 2015;43(2):106-15.

Sh. Yazdani, et al.

http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2024 (19 Feb); 38:17. 7



http://dx.doi.org/10.47176/mjiri.38.17
http://mjiri.iums.ac.ir/article-1-8854-en.html
http://www.tcpdf.org

