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 A B S T R A C T

Introduction: Family physician plan in Iran was conducted to establish service referral system. Its urban step began in 2012 and it was 
supposed that the effectiveness is enhanced and the costs are reduced. The implementation of this program has faced some challenges, 
especially in human resources management. The aim of this study was to optimally allocate human resources for urban family physician 
plan in Jahrom town, using goal programming model.
Method: This cross-sectional, case study was carried out in 2014 in Jahrom, Iran. Jahrom was studied as a case. Data were collected 
using a group discussion sessions, five structured interviews, reviewing documents, and field study. The participants were selected 
using purposive sampling method. After the emergence of goal programming components, the model was designed and problems were 
solved using software DS. 
Results: The optimal number of urban family physicians was 37 with two working shifts and 15 with one working shift. Moreover, 
the optimal number of physicians was 25 in public health centers and 19 in private centers. In addition, the optimum number of 
family physician assistants was 52. On the basis of these results, the real number of urban family physicians was 33, 26, 25, 34 and, 57, 
respectively.
Conclusion: The results of this model showed that allocation of human resources in family physician program was not optimal and 
satisfactory based on the decision-makers’ viewpoints. Thus, goal programming would provide a more favorable allocation when 
combined with mentality of the managers and logical optimal numbers.
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Introduction
Health systems have been established globally to improve 
the health of people from all over the world. Every health 
system provides its services in different levels from 
villages to cities and from primary care to complex and 
specialized services. Providing health services as one of 
the main functions of a health system is possible in the 
family physician program (FPP) with the referral system 
(1). The referral system indicates that patients are treated 
at the first level referral center. However, if diagnosis and 
treatment is hard or impossible, patients are referred to 
higher specialized levels. In the referral system, if patients 
are directly referred to the specialized centers, their costs 
will not be covered by the insurance companies. In the 
referral system based on FPP, some physicians are selected 
based on their moral and scientific competence and are 
considered as the first level of health system. Then, their 

names are given to the insured people who will opt for 
one of them. People can change their physicians during 
the time period specified in the regulations (2). FPP plays 
a pivotal role in improving the quality, cost effectiveness, 
and equity in health systems in the world (3). In Iran, 
predicting the implementation of FPP and the referral 
system is one of the key issues in health system general 
policies (4), Iran’s 20-year vision plan  (5), and the fourth 
development plan (6). According to the requirements of 
the country, the FPP was implemented in 2005 in villages 
and towns with a population of under 20 thousand people. 
Following the implementation of this plan in rural areas, 
in spite of its advantages (3, 7-11) and disadvantages 
(2, 12, 13) mentioned in scientific texts and despite 
insufficient coverage of health system in towns, this plan 
has been commenced in urban areas with a population 
of over 20 thousand people since 2012. The FPP was 
initiated as a pilot study in two provinces of Iran, namely 
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Fars and Mazandaran and it was conducted as provisions 
of the Iran Fifth Development Plan (14) in coordination 
with the Ministry of Health and Medical Education as 
a policymaker and service provider and Ministry of 
Cooperatives, Labor and Social Welfare as a financial 
supporter (2). One of the main goals of the FPP was to 
reduce the health system costs, because in the past two 
decades increase in the costs of health system has been 
twice more than the increase in total index of the costs in 
the country (15). However, several studies have indicated 
that a significant percentage of the financial resources of 
FPP have been spent on manpower wages. Since a huge 
part of these costs is not necessary and can be spent more 
effectively, applying better and more effective manpower 
seems crucial (16, 17). One of the suitable methods of 
planning and allocating is goal programming which was 
proposed in 1961 as one of the multi variant decision-
making models in management (18). One of the features of 
this plan is that it is used for real situations in organizations 
in which managers face several goals or objectives. 
Goal programming emphasizes optimality along with 
satisfaction (19). This method has been used in numerous 
studies for optimal allocation of resources. Attaollahi et 
al. (20) used goal programming model to allocate hospital 
beds at Bandar Abbas hospitals. They reported a shortage 
of beds in special wards and expressed a need for additional 
beds in emergency rooms and general surgery wards. 
Jenal et al. (21) also used goal programming for designing 
nursing shifts. The study resulted in improved quality of 
work, employees’ satisfaction, and organizational justice. 
Moreover, Abedi et al. used goal programming to allocate 
optimal resources in educational and university settings 
of Ministry of Health in Iran. Their research resulted in 
optimizing resources including the number of students, 
number of academics, and the amount of physical space 
(22). Fars and Mazandaran provinces, with a population 
of about 7 million and six hundred thousand people and as 
the first cities which have implemented the urban family 
physician plan (UFPP) constitute 10% of the population of 
Iran. In these two provinces, many cities have put UFPP 
into practice. Obviously, expanding UFPP to other parts of 
Iran depends on its success and the achieved goals in these 
two provinces. Therefore, the aim of this study was to 
allocate optimal resources in UFPP in Jahrom University 
of Medical Sciences using goal programming. Jahrom is 
located in Fars province, south eastern Iran, and has a 
population of about 210,000 people.

Methods
This cross-sectional research was conducted as a case 
study during September and December 2014 in Jahrom, 
Iran. The statistical population consisted of all towns 
covered by five universities that implemented UFPP in 
two provinces (including the cities under the coverage of  
Mazandaran, Babol, Fars, Fasa, and Jahrom universities). 
Because of greater access, we chose Jahrom as our case in 
this study. In the city, the UFPP was conducted in three 
urban areas including Jahrom, Bab Anar, and Ghotb Abad 
(Table 1). The background to this choice was that the 
above-mentioned universities were the first organizations 

that implemented the UFPP. In this research, the goal 
programming method was used as the research basis and 
data analysis. This method consists of three parts, namely 
decision variables, goal and systemic constraints, and 
objective function.
A) Decision variable (Xi): decision variable is a quantity 
under control of decision makers in order to determine its 
amount.
B) Goal and systemic constraints: goal constrain shows 
the given levels of every objective (Pi)xi ± d i 

±) ; systemic 
constraints are constraints that cannot be violated (Pi is 
goal priority and Xi is decision variable).
C) Objective function: objective function in goal 
programming model is intended to reduce the total weight 
of adverse deviations (MinZ = ∑P

i  =1 d±
i) (d

±
i is desirable and 

undesirable deviation from the goal; Z is the total weight 
of deviation from goals).
In the study, we used both qualitative and quantitative 
methods consecutively; first, a focus group was held, some 
interviews were done and documents were reviewed. At 
this point, the model was designed and then the quantitative 
method was used for solving the problem. Study samples 
consisted of 15 individuals who were informed experts 
in FPP. They were selected using purposive sampling 
method. Participants were selected based on having 
at least four years of management experience, being 
familiar with UFPP, and willingness to participate in the 
focus group and interview.  To collect the data in “the 
goal restrictions, the objective function, and the decision 
variables” sections, a focus group was held. The meeting 
lasted three hours and 15 officials, experts, and managers 
from Jahrom University of Medical Sciences attended. In 
addition, structured interviews were designed with five 
participants in the focus group. Usually, the interviews 
lasted one hour to one-half hour per participant. They 
included a university president, a university health deputy, 
a network development manager, and two experts in the 
network development center. Because our sample size-
such as many qualitative works-relies on the concept of 
saturation, our findings were completed after these five 
interviews. To obtain the systemic constraints, the existing 
documents were reviewed and the field study was used. In 
reviewing documents, all rules and regulations of the urban 
and rural FPP since 2005, provincial committee agendas 
of FPP, and the rules of Iran’s socio economic development 
were reviewed. In the field study, information of financial 
and administrative units of universities was employed. 
To solve the problems and to analyze the results, the goal 
programming model and DS software were used. In order 
to test the strength of the results, reduction of uncertainties, 
identification of potential errors in designing a model, and 
increased understanding of input and output variables, we 
used the sensitivity analysis test (23).

Results
The findings of this research revealed the ideal number of 
family physicians in different shifts and in different public 
and private health centers. We also made comparisons 
between the optimal numbers of family physicians with 
real numbers (Table 3). The UFPP started in Jahrom in 
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2012 with three urban centers (Table 1); moreover, 93% of 
the people in this city enrolled for this plan in 28 public 
health centers and 34 private offices. After analyzing the 
interviews, focus groups, and documents, the following 
results were obtained:
A) decision variables: decision variables included the 
optimal number of family physicians who worked in one 
shift (X1) and two shifts (X2) in Jahrom, the optimal 
number of family physicians in Bab Anar (X3) and Ghotb 
Abad (X4), the number of family physicians in public 
health centers (X5), the number of family physicians in 
private health centers (offices) (X6), and the number of 
family physician assistants (X7). 
B) Goal and systemic constraints: systemic constraints of 
UFPP are shown in Table 2, based on the existing laws 
and regulations, version 02 of FPP and supplementary 
regulations.
The obtained goals and the goals targeted by the program 
managers and experts were prioritized in the form of 
systemic constraints in the focus group meeting. It was 
clear that managers were willing to register all the people 
of this city in the UFPP (goals 1, 2, 3). Secondly, they 
were also willing to provide the services in both public 
and private health centers, with priority of public centers 
(goals 4 and 5). Finally, providing UFPP services in all 
morning and afternoon hours (goal 6) by the appointed 
physicians were decided by the managers and experts in 
the focus group (Table 3).
After obtaining systemic constraints and goals, we were 
able to design the goal programming model of the UFPP 
as follows:
1. Systemic budget constraint model allocated to this 
plan was designed based on per capita payment of Health 
Insurance Organizaion and the population covered by 
physicians. In this model, incomes of family physicians 
were based on their working shifts, different urban areas, 
and their working places.

52.5 X1 + 105 (X2 + X3 + X4) ≤ 4634
52.5 X1 + 105 X2 ≤ 3864
105 X3 ≤ 490
105 X4 ≤ 280
78.7 (X5 + X6) ≤ 4634

2. Systemic constraints of the population covered by the 
physicians (considering low and high extremes) and the 
ratio of physicians to population showed that the given 
equation must be limited between 44.1 and 264.8 people.

X1 + X2 + X3 + X4 ≥ 44.1
X5 + X6 ≥ 44.1
X1 + X2 + X3 + X4 ≤ 264.8
X5 + X6 ≤ 264.8

3. Systemic constraints of the number of assistants 

X7 – (X1 + X2 + X3 + X4) ≥ 0

4. Non-negative systemic constraints 
X1, X2 , X3 , X4 , X5 , X6 , X7 , di- , di+ ≥ 0 

5. Goal constraints of population covered in Jahrom

P1) X1 + X2 + d1- - d1+ = 44.16
      X5 + X6 + d2- - d2+ = 44.16

6. Goal constraints of population covered in Bab Anar

P2) X3 + d3- - d3+ = 5.66

7. Goal constraints of population covered in Ghotb Abad

P3) X4 + d4- - d4+ = 3.2

8. Goal constraints of the number of governmental health 
and treatment centers with family physicians. 

P4) X5 + d5- - d5+ = 25

9. Goal constraints of the number of private health and 
treatment centers with family physicians. 

P5) X6 + d6- - d6+ = 34

10. Goal constraints of working shifts of family physicians.

P6) X2 + d7- - d7+ = 44.16
     X5 + X6 + d8- - d8+ = 44.1   
     (X1 + X2 + X3 + X4)- (X5 + X6) + d9- - d9+=0

C) Objective function: the objective function obtained 
from the focus group was targeted to minimize the nine 
negative adverse deviations mentioned above; that is, 
according to mangers and experts participating in group 
discussions, the lower number of population coverage 
in three urban areas, the lower number of physicians in 
public and private health centers, and the lower number 
of physicians with two working shifts were considered as 
adverse deviations which must be minimized.

Min Z = P1 (d1- + d2-) + P2d3- + P3d4- + P4d5- + P5d6- + 
P6 (d7- + d8- + d9-)

Optimal results were obtained by solving the above-
mentioned model and comparing the obtained results with 
the real values and goals in the UFPP (table3).
The optimal number of urban family physicians in 
different shifts in public and private healthcenters and the 
optimal number of their assistants showed that the adverse 
deviations were minimized and the objective function was 
obtained (Figure 1).
 
Discussion
The ideal number of family physicians working for two 
shifts and one shift in the central part of the city was 29 
and 15, respectively. This is more desirable than having 
51 family physicians on work shift and only half of 
them working in one shift. If a higher number of family 
physicians are available during morning and afternoon 
shifts in order to provide services to the population, the 
resultant is more visits and less costs.
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Name of city Total 
population

Population recorded in 
the plan

No. of governmental health and 
treatment centers

No. of private  health and 
treatment centers 

Jahrom 120000 110400 22 29
Bab Anar 14000 14000 2 4
Ghotb Abad 8000 8000 1 1
Total 142000 132400 25 34

Table 2. Systemic constraints of Jahrom family physician plan

Code Systemic constraint Considerations
Sc1 Per capita payments by insurance companies to the 

physicians was 35000 in 2014
National instructions of urban family physicians in 2014

Sc2 Minimum population covered by each family physician is 
500 people and maximum population coverage is 3000 and 
1500 people for two shifts and one shift respectively

Article 33, chapter 5, version 2*

Sc3 4 family physicians are appointed for every ten thousand 
people

Chapter 3,version 2*

Sc4 80 % of the allocated per capita must be paid to physicians 
at the end of each month and the remaining 20% must be 
paid after monitoring and receiving feedbacks

Article 42, chapter 5, version 2*

Sc5 There must be at least one nurse or midwife assistant for 
each family physician

Chapter 3,version 2*

*Guidelines of family physician and referral system in urban areas, version 2

Table 3. Comparison of real, goal, and optimal amounts in Jahrom UFPP

Symbol Decision variable Real 
amounts

Goal Optimal 
amounts

X1 number of family physicians with one working shift in Jahrom 26 0 15
X2 number of family physicians with two working shifts in Jahrom 25 51 29
X3 number of family physicians in Bab Anar 6 6 5
X4 number of family physicians in Ghotb Abad 2 3 3
X5 number of family physicians in governmental health and treatment centers 25 25 25
X6 number of family physicians in private offices centers 34 34 19

X7 Number of assistants 57 59 52

This optimum number of family physicians which is based 
on goals 1 and 6 can increase the managers’ satisfaction as 
well. This finding is in line with the study carried out by 
Guler and Aydin (24) who designed the optimal working 
shifts by using the goal programming model. In addition 
to the number of physicians in the city center, the optimal 
number of physicians in Bab Anar and Ghotb Abad was 
5 and 3, respectively (to achieve goals 2 and 3). Since the 
study by Farzadi et al. (25) represented a shortage of family 
physicians to perform FPP, applying the optimal number 
of physicians according to the goal programming model 
can compensate for this shortage. Moreover, the optimal 
number of family physicians was 25 and 19 in public 
health centers and private offices, respectively. Based on 
the priority of the fourth goal over the fifth one, it can 
be concluded that public centers are of great importance 
in the designed model. Although implementation of the 
UFPP is impossible without the participation of the private 
sector, most urban healthcenters considered in Primary 
Health Care (PHC) system help the physicians work in 
public sections and this can compensate for a shortage of 

physicians in his area (25). Also, if private physicians work 
in public centers, a part of per capita will be allocated to 
rental money and equipment. By achieving the optimum 
number of family physicians in public and private health 
centers, the managers’ fourth goal will be accomplished, 
as well. Thus, both managers and family physicians 
working in the public health sections will be satisfied. 
Results obtained from this part of the model were in line 
with those of a study conducted by Shah Nazari et al. (26) 
who worked on manpower programming using fuzzy goal 
programming model. Finally, according to a study by 
Turguy and Taskin (27) and their proposed model in using 
the goal programming in reducing costs and increasing the 
satisfaction of customers in Turkey, it can be mentioned 
that the optimal results obtained from 7 variables of the 
goal programming model of the present study (less than 
the real value) revealed that the determined goals of urban 
family physicians were achieved in reducing the costs 
(Figure 1).
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Figure 1. Comparison of the optimal amounts obtained from the goal programming model and real amounts of decision 
variables in Jahrom urban family physician plan

Considering the provinces (Fars and Mazandaran) and 
their cities where the UFPP was implemented in the first 
step of its initiation, one of the limitations of this study 
was its small setting. However, the results obtained from 
this study can be considered as a basis for other human 
resource studies related to UFPP. Moreover, obtaining 
goals proposed by managers in the two pilot sites will play 
an important role in achieving the optimal allocation of 
manpower in this plan.

Conclusion
Results revealed that the number of family physicians 
was not allocated optimally. Using goal programming, 
integrating goals proposed by managers, and systemic 
constraints of health system can lead to desirable 
presentation of manpower in the UFPP. The literature has 
identified three strategies to be used by policy makers 
when they seek to expand the UFPP across the country. 
The first was to take the goals of provincial authorities 
in human resource planning. This strategy helps top 
managers and policy makers to involve them in their 
programs to allocate family physicians optimally. The 
second strategy was to change the approach of using the 
private sector. The private sector can be involved to be 
provided a fair access to health services in UFPP. The 
third strategy was to use research experts’ suggestions 
in order to reduce manpower shortages. Policy makers 
can use these strategies to manage health organizations 
effectively.  
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