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Abstract 

Background:  Previous studies mentioned four organizational structures for hospitals, which are budgetary, autono-
mous, corporate, and private. Nevertheless, healthcare decision-makers are still required to select the most organiza-
tional structure specific to their circumstances. The present study aims to provide a framework to prioritize and select 
the most suitable organizational structure using multicriteria decision-making (MCDM) methods in Iranian hospitals.

Methods:  First, a multicriteria decision-making model consisted of the respective criteria, and alternatives were 
developed. The pertinent criteria were identified through a systematic literature review. The coefficient weights of the 
identified criteria were then calculated using FUCOM-F. Finally, organizational structures were prioritized in accord-
ance with the identified criteria using FMARCOS.

Results:  The findings reveal that income is the most significant criterion in selecting organizational structures for 
hospitals whereas the number of outpatient visits is the least important. Also, the private structure is the most appro-
priate, and budgetary style is the least suitable organizational structure for Iranian hospitals.

Conclusion:  Providing a framework in order to select the most appropriate organizational structure could help man-
agers and policymakers of the healthcare sector in Iran and other countries, mainly similar developing countries.
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Introduction
Throughout history, numerous organizational modalities 
have been introduced worldwide. These organizational 
modalities and the efforts made in order to refine them 
brought about various extensive changes, from a sim-
ple transition to a national revolution, which shows the 
importance of structure in organizations and institutions 
[1]. Nowadays, despite the approximate integration of 
these modalities after World War II (In particular, after 
the collapse of the Eastern Bloc), the debate over these 
structural changes is being continued. Such reforms are 

still being proposed to different countries, especially to 
developing countries with low income, under various 
titles such as structural adjustment reforms by inter-
national institutions like World Bank and International 
Monetary Fund. Naturally, the healthcare sector of the 
countries is also affected by these reforms, and, as a 
result, the organizational modality of health care provid-
ers changes [2].

In a study conducted by the World Bank [3], four types 
of hospitals in terms of the organizational modality were 
enumerated, which includes budgetary hospitals (with 
the lowest independence and minimal market connec-
tion), autonomous hospitals, corporate hospitals, and 
private hospitals (with the most independence from the 
government and the most connection with the market). 
According to the mentioned study, autonomization, 
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corporatization, and privatization have the elements of 
marketization, which means reducing government direct 
control over hospitals and increasing their links to the 
market or market-like incentives. On the other hand, 
under the budgetary style, hospitals are often run as part 
of the government and have a designated and central-
ized budget, and all revenue goes back to a central min-
istry. Managers in budgetary hospitals have a degree of 
control. In contrast, autonomous public hospitals focus 
on marketing management, giving managers varying 
degrees of control over most daily decisions, increas-
ing the organization’s share of revenue, and exposing the 
organization to some degree of market or market-like 
pressures. Moreover, corporatization takes organiza-
tional reform one step further by mimicking the struc-
ture and efficiency of private companies, giving managers 
more control over decisions, service delivery, net income, 
and exposing the hospital to the market while emphasiz-
ing social goals through public ownership. Finally, pri-
vatization turns the public hospital into a for-profit or a 
non-profit private hospital. Full interaction with the mar-
ket for revenue and high motivation of the owner to earn 
has increased the popularity of privatization compared to 
other structural styles [4].

Researchers and practitioners that prescribe struc-
tural adjustment policies for organizations and institu-
tions believe that applying such structural adjustments 
in organizations will lead to organizational develop-
ment, performance improvement, and ease of achieving 
organizational goals in the organization [5]. However, 
the debatable point in this regard is the type of structural 
adjustment policy applied in organizations by manag-
ers, each of which is selected according to different fac-
tors such as the environmental conditions, organizational 
settings according to Fiedler’s contingency theory, short-
term and long-term goals of the organization, and other 
specific circumstances [6, 7].

The existing literature on the topic assert a conflicting 
and sometimes controversial results regarding the issue 
of restructuring healthcare organizations, specially hos-
pitals. Regarding the autonomous structure of healthcare 
organziations, Govindaraj and Chawla [8] conducted a 
study in 1996 in five countries(Ghana, Kenya, Zimbawe, 
India and Indonesia)on the possible effects of restruc-
turing healthcare facilities through autonomization; Few 
hospitals were monitored in each of the countries and 
the final conclusion was that autonomization hasn’t had 
any effect on efficiency, quality and accountibility. Hard-
ing and Preker   [3] assessed eight countries including 
Brittain, New Zealand, Australia, Hong Kong, Malay-
sia, Singapore, Indonesia and Tunisia; their findings 
disclosed that due to lack of data and effects of the cor-
relative variables, no conclusive remark can be achieved 

from the study. Furthermore, McPake et al. [9] monitored 
some positive effects of autonomization on efficiency in 
five hospitals in Bogota, Columbia; Even though they 
asserted some positive effects, they mentioned that such 
improvements could be as the result of payment reforms 
that had been occurred during the time of autonomiza-
tion. Kalhori [10] conducted a study on autonomized 
hospitals in Iran. The results showed that bed occupancy 
rate and the operation ratio was below the standards and 
in terms of financial figures, the hospitals were bank-
rupt. On the issue of corporatization and the corporate 
structure of hospitals, Gathorn [11] conducted a sur-
vey on nurses of corporatized hospitals in the US and 
asserted that corporatization had negative effects on 
nurses behavior and some of nurses had even started to 
do violent behaviors towards patients after the corpora-
tization. Moreover, Collyer et al. [12] conducted a study 
in Australia and asserted that there is no proof showing 
that corporatized hospitals and corporate structure are 
more efficient than public hospitals and declared that any 
decrease witnessed in costs after corporatization is due to 
the elimination of highly skilled workers and employees. 
Kahancova et al. [13] conducted a study in Slovakia and 
Hungary and declared that working situation has become 
worse after corporatization due to the increasing target 
of decreasing costs initiated by managers after restruc-
turing the organizations; they asserted that corporatiza-
tion has been used as a mean towards a fully privatized 
hospitals. On the issue of the possible effects of privati-
zation and restructuring of hospitals into fully private 
entities, Villa and Kane [14] conducted a study to assess 
the effects of privatization of hospitals in three states in 
the US; They found that with privatization, the hospitals 
decreased the amount of service delivery due to less prof-
itability of some services and therefore privatization has 
decreased the access to the needed services for patients. 
Finally, Albreht [15] conducted a study on the privatiza-
tion process in Europe and concluded that there is a risk 
of limited access and decreased equity after implement-
ing privatization and it may create a parallel healthcare 
system in which only patients with higher payments can 
benefit from the services.

Since there are different factors that affect the pro-
cess of selecting the type of organizational modality, this 
problem can be looked at from multicriteria decision-
making (MCDM) point of view. MCDM problems have 
several alternatives and the decision-maker (DM) prior-
itizes the alternatives based on a set of relevant criteria 
[16]. Accordingly, the present study aims to select the 
best organizational modality for public hospitals in Iran 
using two novel MCDM techniques in a fuzzy environ-
ment, namely Full Consistency method (FUCOM) and 
Measurement Alternatives and Ranking according to 



Page 3 of 16Khosravi et al. Cost Effectiveness and Resource Allocation           (2022) 20:29 	

the Compromise Solution (MARCOS). As a powerful 
and novel techniques, FUCOM and MARCOS methods 
are used and provided successful results in various con-
texts such as construction project management [17], road 
safety assessment [18], service quality assessment [19], 
alternative fuel evaluation [20], human resource man-
agement [21], sustainable traffic management [22], loca-
tion selection [23], project management [24], measuring 
supply chain performance [25], and supplier selection 
[26]. Moreover, the fuzziness help overcome the ambigu-
ity and uncertainty resulting from the judgments of the 
experts [27].

Despite lack of evidence on the usage of MCDM tech-
niques to probe organizational structures and their 
effects in the healthcare sector, there is a growing trend 
in usage of MCDM techniques in other areas of health-
care which motivated the authors of current study to use 
MCDM techniques on the current topic and paving the 
way for future studies to get conducted by using such 
techniques by filling the existing void in the literature; 
Ahmadi et al. [28] conducted a research to identify fac-
tors that affect the hospital decision in adopting Hos-
pital Information System (HIS) through using a hybrid 
MCDM technique. Similarly, Si et al. [29] used a hybrid 
MCDM technique to identify Key Performance Indi-
cators for Holistic Hospital Management in hospitals. 
Torkzad and Beheshtinia [30] used four hybrid meth-
ods to evaluate and prioritize hospital service quality in 
a sample of 4 public hospitals in Iran. Moreover, Kadoic 
et al. [31] measured quality of public hospitals in Croatia 
Using a Multi-Criteria Approach with an aim to develop 
a methodology for ranking top-performing hospitals at 
the national level.

As mentioned above, he novelty of this paper can 
be traced back to the MCDM methodology applied in 
the research, giving in a new method and platform for 
researchers, healthcare managers and politicians in this 
scope of science to probe existing options on the table 
regarding the issue of increasing organizational effi-
ciency and effectiveness through restructuring healthcare 
organizations in a more comprehensive and evidence-
based framework.

The author’s motivation for conducting such study with 
such methodology was to investigate the most important 
organizational factors in the healthcare sector and suita-
ble organizational structures to be applied in hospitals in 
Iran by consideration of its unique geopolitical, ecologi-
cal and socioeconomic status by using local experts liv-
ing in the country beside giving in a novel comprehensive 
evidence-based framework for upcoming researchers in 
the international stage in the scope of study.

The contribution of the present study is twofold: (a) 
it adopts a novel methodology based on FUCOM and 

MARCOS in a fuzzy environment, which, to the best of 
the authors’ knowledge, has not been employed in the 
healthcare management context and can be a pioneer of 
the future research on such topic through using a more 
defined and comprehensive numerical methodology 
such as the abovementioned methods; and (b) it tries to 
provide empirical findings that could help hospital man-
agers and healthcare policymakers to select the most 
appropriate hospital organizational structure in Iran in a 
more detailed and comprehensive way in comparison to 
the previous studies. The results of this study can also be 
generalized to other countries, mainly similar developing 
countries.

The remainder of this study is structured as follows. 
"Methods" section introduces the proposed methodology 
in detail. Then, in "Results" the findings are provided and 
the results are discussed. Finally, "Conclusion" section 
draws the conclusion.

Methods
As previously mentioned, the primary purpose of this 
study is to choose the best organizational modality for 
Iranian hospitals. to achieve the mentioned purpose, the 
present study has consisted of three main stages, which 
are denoted in Fig. 1.

As illustrated in Fig.  1, first, a systematic literature 
review was conducted using major scientific databases 
such as Web of Science, Scopus, and PubMed in order 
to identify the affecting factors in selecting the organi-
zational modalities for hospitals. The systematic review 
resulted in developing a multicriteria decision-mak-
ing model consisting of decision criteria and alterna-
tives. Then, the weights of the identified factors were 
calculated using Fuzzy Full Consistency (FUCOM-F) 
Method. Finally, the four organizational modalities 
mentioned earlier, namely, budgetary, autonomous, 
corporate, and private were prioritized in accordance 

Fig. 1  Research process
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with the identified criteria using Fuzzy Measurement 
Alternatives and Ranking according to the Compromise 
Solution Method (FMARCOS). Noteworthy to mention 
that the required data for calculating the weights and 
prioritizing the alternatives were gathered by pairwise 
comparison questionnaires from the members of an 
expert panel. Table  1 shows more information regard-
ing the expert panel.

In the following, fuzzy set theory and each adopted 
technique, FUCOM-F, and FMARCOS, are further 
elaborated:

Fuzzy set theory
First introduced by Zadeh in the 1960s, fuzzy set the-
ory is an extension to classic set theory. fuzzy set the-
ory is a membership function that plots elements to 
degrees of membership within a specific interval (Com-
monly [0, 1]). Fuzzy set theory can be extremely practi-
cal in uncertain decision-making environments and can 
eliminate the vagueness, ambiguity, and subjectiveness 
of the decision-makers (DMs), with the following main 
definitions [27]:

Definition 1  Assume that 
∼
ω∈ F(R) is a fuzzy number if 

two conditions are met. First, there is x0 ∈ R such 
thatµ∼

ω
(x0) = 1 . Second, for any α ∈ [0, 1], 

∼
ωα = [x,µ∼

ωα
(x) ≥ α] is a closed interval. It should be noted 

that R is the set of real numbers and F(R) shows the fuzzy 
set.

Definition 2  A fuzzy number ∼ω on R is a triangular 
fuzzy number (TFN) if its member function 
µ∼
ωα

(x) : R → [0, 1] is:

(1)µ∼
ωα

(x) =















0, x < l
x−l
m−l , l ≤ x < m
u−x
u−m , m ≤ x ≤ u

0, x > u

where l, m, and u denote the lower, modal, and upper 
value of the ∼ω in crisp form, respectively.

Definition 3  The graded mean integration representa-
tion (GMIR) of a TFN ∼ω shows the ranking of that trian-
gular fuzzy number and can be computed as:

Definition 4  If 
∼

A= (lA,mA, uA) and 
∼

B= (lB,mB, uB) 
are to TFNs, the basic mathematical operations between 
these two TFNs are as follows [32]:

Addition:

Subtraction:

Multiplication:

Division:

Reciprocal:

Fuzzy Full Consistency Method (FUCOM‑F)
Full Consistency Method (FUCOM) is developed by 
Pamučar et  al. [33], which benefits from less pairwise 
comparisons than other weight calculation methods 
such as Best–Worst Method (BWM) and Analyti-
cal Hierarchy Process (AHP) [34, 35]. The accuracy of 
methods for determining the weight coefficients is 
extremely dependent on the number of pairwise com-
parisons [36]. If n represents the number of criteria, 
then, the required pairwise comparisons for AHP and 
BWM are " n(n−1)

2 " and "2n−3", respectively. The num-
ber of pairwise comparisons for FUCOM, however, is 
only "n−1". Consequently, FUCOM must have more 
accurate and reliable results, which is also proved by 

(2)R
(

∼
ωi

)

=
li + 4mi + ui

6

(3)
∼

A ⊕
∼

B = (lA,mA, uA)+ (lB,mB, uB)

= (lA + lB,mA +mB, uA + uB)

(4)
∼

A −
∼

B = (lA,mA, uA)− (lB,mB, uB)

= (lA − lB,mA −mB, uA − uB)

(5)
∼

A ⊗
∼

B = (lA,mA, uA)⊗ (lB,mB, uB)

= (lA × lB,mA ×mB, uA × uB)

(6)
∼

A
∼

B

=
(lA,mA, uA)

(lB,mB, uB)
=

(

lA

uB
,
mA

mB
,
uA

lB

)

(7)
∼

A
−1

= (lA,mA, uA)
−1

=

(

1

lA
,
1

mA
,
1

uA

)

Table 1  Expert panel details

Expert Expertise Education Experience

E1 Hospital Manager Medical Doctor 10 years

E2 Hospital Manager Medical Doctor 8 years

E3 Hospital Manager Medical Doctor 7 years

E4 Professor Ph.D. in Healthcare Manage-
ment

9 years

E5 Professor Ph.D. in Healthcare Manage-
ment

5 years

E6 Researcher Ph.D. in Healthcare Manage-
ment

3 years
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other studies [37]. Pamučar and Ecer combined the Full 
Consistency Method with fuzzy set theory to develop 
FUCOM-F [36]. This recently developed technique is 
used in several contexts such as transportation man-
agement and healthcare management [18, 20, 38, 39]. 
In the following, steps of FUCOM-F are explained:

Step 1. First, a set of decision criteria will be identi-
fied, which are represented by {C1, C2, …, Cn}. Then, 
the decision-maker (DM) arranges the identified cri-
teria based on their significance in a way that the first 
criterion is expected to be the most important whereas 
the last criterion is expected to be the least important.

Step 2. Afterward, a pairwise comparison will be 
done. All the criteria are mutually compared to the 
most significant criteria using a fuzzy linguistic scale 
provided in Table 2 to obtain the fuzzy criterion signifi-
cance ( 

∼
ωCn ). Also, because the first-ranked criterion is 

compared with itself its membership function is (1, 1, 
1). Using the fuzzy criterion significance ( 

∼
ωCn ), fuzzy 

comparative significance ( ϕk/(k+1) ) is computed as 
follows:

Note that ϕk/(k+1) shows the importance that the cri-
terion of C(k) rank has with respect to the criterion of 
C(k+1) rank. Finally, a fuzzy vector of the comparative 
significance of the evaluation criteria is determined as 
follows:

Step 3. Next, the fuzzy optimal weights are com-
puted. The final weight values must satisfy two condi-
tions mentioned below:

Condition 1: The ratio of weight coefficients of the 
criteria should be tantamount to their comparative 
significance:

(8)C1 ≥ C2 ≥ · · · ≥ Cn

(9)ϕk/(k+1) =

∼
ωC(k+1)

∼
ωC(k)

=
(ωl

C(k+1)
,ωm

C(k+1)
,ωu

C(k+1)
)

(ωl
C(k)

,ωm
C(k)

,ωu
C(k)

)

(10)ϑ = (ϕ1/2,ϕ2/3, . . . ϕk/k+1)

(11)ϕ k
k+1

=
wk

wk+1

Condition 2: the final weight values should satisfy transi-
tivity regulation as follows:

According to the two conditions mentioned above, the 
final nonlinear model for calculating the optimal fuzzy val-
ues of the weight coefficients for all criteria is developed as 
follows:

min ∼ε

By solving the model mentioned in Eq. (13), the optimal 
weights 

(

∼
w
∗

1,
∼
w
∗

2, . . . ,
∼
w
∗

n

)

 will be computed. Also, the value 
of ε shows the deviation from full consistency.

Fuzzy Measurement Alternatives and Ranking according 
to the Compromise Solution Method (FMARCOS)
The measurement alternatives and ranking according to 
the compromise solution (MARCOS) method is initially 
proposed by Stević et  al. as a novel prioritization tech-
nique based on the distance of alternatives from the ideal 
solution and the anti-ideal solution [40]. Compare to other 
multicriteria decision-making techniques, MARCOS has 
the advantages of suggesting a new way to calculate utility 
functions by considering an anti-ideal and an ideal solution 
simultaneously and providing a closer determination of the 
utility degree in relation to both solutions [40]. Further-
more, Stanković et al. combined the fuzzy set theory and 
MARCOS method to deal with the ambiguity and uncer-
tainty of the judgments [32]. According to them, the steps 
of FMARCOS are as follows:

(12)ϕk/(k+1) ⊗ ϕ(k+1)/(k+2) =
wk

wk+2

(13)s.t











































�

�

�

wk
wk+1

− ϕk/(k+1)

�

�

�
≤
∼
ε

�

�

�

wk
wk+2

− ϕk/(k+1) ⊗ ϕ(k+1)/(k+2)

�

�

�
≤
∼
ε

�n
j=1 R

�

∼

Wj

�

= 1

lwj ≤ mw
j ≤ uwj

lwj ≥ 0

j = 1, 2, . . . , n

Table 2  Fuzzy linguistic terms for decision-makers (Source: [36])

Linguistic terms Membership function

Equally Important (EI) (1,1, 1)

Weakly Important (WI) (2/3, 1, 3/2)

Fairly Important (FI) (2/5, 2, 2/3)

Very Important (VI) (2/7, 3, 2/5)

Absolutely Important (AI) (2/9, 4, 2/7)

Table 3  Linguistic terms for fuzzy MARCOS (Source: [32])

Linguistic terms Fuzzy numbers

Extremely Poor EP (1,1,1)

Very Poor VP (1,1,3)

Poor P (1,3,3)

Medium Poor MP (3,3,5)

Medium M (3,5,5)

Medium Good MG (5,5,7)

Good G (5,7,7)

Very Good VG (7,7,9)

Extremely Good EG (7,9,9)



Page 6 of 16Khosravi et al. Cost Effectiveness and Resource Allocation           (2022) 20:29 

Step1. Similar to other prioritization techniques, an ini-
tial decision-making matrix consisting of n criteria and m 
alternatives will be developed in the first step. The initial 
decision-making matrix using the linguistic terms provided 
in Table 3.

Step 2. Next, an extended initial fuzzy matrix will be 
constructed by determining the fuzzy anti-ideal 

∼

A (AI) 
and fuzzy ideal 

∼

A (ID) solution.

∼

A (AI) is the anti-ideal or the worst alternative and 
∼

A (ID) is the ideal or the alternative with the best perfor-
mance. 

∼

A (AI) and 
∼

A (ID) are defined as follows:
For benefit criteria:

For cost criteria:

Step 3. Afterward, the extended initial fuzzy matrix 
will be normalized using the following equations:

(14)
A1

A2

...
Am

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

C1
∼
x11
∼
x21

C2
∼
x12
∼
x22

· · · Cn

· · ·
∼
x1n

· · ·
∼
x2n

...
... . . .

...
∼
xm1

∼
xm2 · · ·

∼
xmn

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

(15)

∼

A (AI)
∼

A1
∼

A2

...
∼

Am
∼

A (ID)

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

C1
∼
xai1
∼
x11
∼
x21

C2
∼
xai2
∼
x12
∼
x22

· · · Cn

· · ·

· · ·

∼
xain
∼
x1n

· · ·
∼
x2n

...
... . . .

...
∼
xm1
∼
xid1

∼
xm2
∼
xid2

· · ·

· · ·

∼
xmn
∼
xidn

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

(16)
∼

A (AI) = min
i

∼
xij

(17)
∼

A (ID) = max
i

∼
xij

(18)
∼

A (AI) = max
i

∼
xij

(19)
∼

A (ID) = min
i

∼
xij

(20)
∼
nij =

(

nlij , nmij , nuij

)

=

(

xlij

xuid
,
xmij

xmid

,
xuij

xlid

)

,

if j is benefit criteria

Step 4. The normalized extended initial fuzzy matrix 
will be then multiplied with the fuzzy weight coeffi-
cients of the criterion 

∼
wj to develop the weighted fuzzy 

matrix 
∼

V= [
∼
vij]m×n

.

Step 5. Then, a fuzzy matrix of 
∼
s i will be calculated 

using the following equation:

where 
∼
s i(s

l
i, s

m
i , s

u
i ) represent the sum of the elements 

of the weighted fuzzy matrix 
∼

V.
Step 6. Using the following equations, the utility 

degree of alternatives 
∼

ki will be determined

Step 7. In the next step, the fuzzy matrix 
∼

Ti is devel-
oped using the following equation:

Then, it is necessary to determine a new fuzzy num-
ber 

∼

D , and defuzzify it according to Eq.  (2) to deter-
mine the value of dfcrisp.

Step 8. The utility functions in relation to the ideal 
f(

∼

K
+
i ) and anti-ideal f(

∼

K
+
i ) solution is calculated as 

follows:

(21)
∼
nij =

(

nlij , nmij , nuij

)

=

(

xlid
xuij

,
xmid

xmij

,
xuid
xlij

)

,

if j is cost criteria

(22)
∼
vij =

(

vlij , vmij , vuij

)

=
∼
nij ⊗

∼
wj

= (nlij × wlj , nmij × wmj , nuij × wuj)

(23)
∼

Si =

n
∑

i=1

∼
vij

(24)
∼

k
+
i =

∼

Si
∼

Sid

=

(

Sli
Suid

,
Smi
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,
Sui
Slid

)

(25)
∼

k
−
i =

∼

Si
∼

Sai

=

(

Sli
Suai

,
Smi

Smai

,
Sui
Suai

)

(26)
∼

Ti =
∼

t i =
(

tli , tmi
, tui

)

=
∼

k
+
i
+

∼

k
+
i

= (k
−+
li

+ k
−
li
, k

+
mi

+ k
−
mi
, k

+
ui + k

−
ui
)

(27)
∼

D= (dl, dm, du) = max
i

∼

t ij

(28)f

(

∼

k
+
i

)

=

∼

k
−
i

df crisp
=

(

k−li
df crisp

,
k−mi

dfcrisp
,

k−ui
dfcrisp

)
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Step 9. Ultimately, the utility function of alternatives 
f(ki) is calculated as follows:

The alternatives are prioritized according to the value 
of utility function f(ki) , The highest value of the utility 
function shows the best alternative.

Results
Developing an MCDM model
In order to identify the criteria for selecting the most 
appropriate organizational modalities, a systematic litera-
ture review was conducted. To this end, five major scien-
tific databases namely, Web of Science, Scopus, PubMed, 
Embase, and Cochrane database as well as grey resources 
were searched to find the relevant articles using different 
keywords including structural adjustment, hospital, and 
healthcare. However, the search strings specific to each 
database are as follows:

Web of Science:
TOPIC: ((autonom* OR corporat* OR privat* OR 

"structural adjustment") AND ("efficiency" OR "satisfac-
tion") AND ("hospital" OR "healthcare")).

Scopus:
TITLE-ABS-KEY ((autonom* OR corporat* OR privat* 

OR "structural adjustment") AND ("efficiency" OR "satis-
faction") AND ("hospital" OR "healthcare")).

PubMed:
(autonom* OR corporat* OR privat* OR "structural 

adjustment") AND ("efficiency" OR "satisfaction") AND 
("hospital" OR "healthcare").

Embase:
autonom* OR corporat* OR privat* OR ’structural 

adjustment’ AND (’efficiency’/exp OR ’efficiency’ OR ’job 
satisfaction’/exp OR ’job satisfaction’) AND (’hospital’/
exp OR ’hospital’ OR ’healthcare’/exp OR ’healthcare’).

Cochrane:
(autonom* OR corporat* OR privat* OR "structural 

adjustment") AND ("efficiency" OR "satisfaction") AND 
("hospital" OR "healthcare").

The search was limited to records published in the 
English language in the period between 1985 to 2022. 
Also, their quality was evaluated according to the NICE 
checklist [41]. The result of the systematic review was a 
total number of 16,193 records, which were screened 
based on their title, abstract, and the quality of their 
context. Finally, 41 articles were selected for identifying 

(29)f

(

∼

k
−
i

)

=

∼

k
+
i

df crisp
=

(

k+li
df crisp

,
k+mi

dfcrisp
,

k+ui
dfcrisp

)

(30)f(ki) =
k+i + k−i

1+
1−f(k+i )

f(k+i )
+

1−f(k−i )

f(k−i )

the pertinent criteria. Figure 2 shows the screening pro-
cess of the systematic review. Also, the criteria identified 
through systematic review are available in Table 4. 

The results of the systematic literature review and the 
four organizational modalities mentioned earlier helped 
to develop an MCDM model, which is illustrated in 
Fig. 3.

Calculating the weights of criteria
To prioritize the organizational modalities, it is neces-
sary to first calculate the weights of the identified crite-
ria. As previously stated, in the present study FUCOM-F 
was employed to determine the weights. To this end, 6 
DMs (mentioned in Table  1) were asked to provide the 
initial rank of the criteria based on their judgment. Next, 
the DMs mutually compared the most significant crite-
ria based on the fuzzy linguistic term provided in Table 2. 
Then, the fuzzy criterion significance was determined 
according to the mutual pairwise comparisons and 
Eq. (9). In the next step, 6 nonlinear models were devel-
oped for each DM using the two conditions mentioned in 
Eqs. (11) and (12). The models were solved using LINGO 
18.0 software to obtain the optimal weights. Table  5 
shows the weights and deviation from full consistency (ε) 
for each DM.

The individual judgments are then aggregated to deter-
mine a single weight vector. The most common technique 
to aggregate individual judgments is the arithmetic mean 
[70]. Therefore, an arithmetic mean was used to obtain 
the final fuzzy weights. Even though the final fuzzy 
weights were used for ranking the alternatives in the next 
phase, final fuzzy weights were also transformed into 
crisp ones for better discussion on the criteria. Table  6 
demonstrates the final fuzzy weights, final crisp weight, 
and ranking of the criteria, Fig. 4 depicts the final crisp 
weight as well.

According to Fig. 4, income (C6) is the most important 
criterion for selecting the most appropriate organiza-
tional modality in Iranian hospitals, with a weight coef-
ficient of 0.1405. Moreover, patient satisfaction (C9), 
number of personnel (C7), access (C1), hospital admis-
sions (C2), status of equipment (C8), bed occupancy 
rate (C5), the average length of stay (ALOS) (C3), and 
employee satisfaction (C10) are the most vital factors, 
respectively. Also, outpatient visits (C4) have the low-
est significance with a weight coefficient of only 0.0514. 
This result of this study is consistent with various previ-
ous research that investigated the effect of organizational 
modalities and structural adjustment policies in the 
health sector, particularly in hospitals. Findings of Studies 
conducted by Collins et  al. [51], Sharma and Hotchkiss 
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[56], Shen [47], Kim and McCue [57], Huang et al. [67], 
Maharani et  al. [53], Pan et  al. [58], and Maharani and 
Tampubolon [64] indicate that revenue or income of the 

healthcare providers such as hospitals is the most influ-
ential factor for selecting structural adjustment policies. 
However, some studies such as Maruthappu et  al. and 
Jones and Kantarjian mention that health must be con-
sidered as a public right and all the population has to 

Records identified 
through Web of 

Science
n = 1634

Records identified 
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n = 4905

Records identified 
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n = 3901

Records identified 
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n = 5558

Records identified 
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Records identified 
through grey 

literature
n = 27

Total records
n = 16193

Number of duplicates
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Records assessed based on their title and 
abstract

n = 11492
Records removed based on their title and 

abstract
n = 11387
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Fig. 2  Systematic literature review process

Table 4  Criteria for selecting the best organizational modalities in hospitals

Criteria Definition References

C1 Access Availability of services for recipients of health services and their ability of patients to receive these 
services

[42–45]

C2 Hospital admissions The number of patients admitted by the hospital during a specific period [46–48]

C3 Average Length of Stay(ALOS) The number of days the patient spends in the hospital since admission is divided by the number 
of people discharged (including deaths during the year)

[48–50]

C4 Outpatient visits The number of outpatients referred to the hospital during a specific period [51, 52]

C5 Bed occupancy rate The number of beds used by the hospital in a certain period compared to all the beds in the 
hospital

[52, 53]

C6 Income The amount of financial income earned by the hospital during a certain period [45, 48, 54–59]

C7 Number of personnel Number of staff in the hospital [61–63]

C8 Status of equipment The level of relative quality and modernity of the hospital equipment [4, 64]

C9 Patient satisfaction The level of patients’ satisfaction with the services received from the hospital [65, 66]

C10 Employee satisfaction The level of satisfaction of hospital staff from the organizational unit in which they are employed [67–69]
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access to health services equally; therefore, no attention 
must be paid to the financial aspects of healthcare ser-
vices, especially in hospitals [71, 72].

Prioritizing the organizational modalities
According to the MCDM model presented in Fig.  3, 
there are four organizational modalities for hospitals, 
which are autonomous, corporate, private, and budg-
etary. To prioritize these policies using FMARCOS, a 
questionnaire was handed out to DMs. They were asked 
to express the preferences of each policy with respect 
to criteria based on the fuzzy linguistic terms in Table 3 
to form the initial fuzzy matrix. Also, it should be noted 
that arithmetic mean was adopted to aggregate the ini-
tial fuzzy matrix for each expert into a single one since 
it is the most common aggregation method [70]. Then, 
the extended initial fuzzy matrix was developed using 
Eqs.  (16) to (19). Noteworthy to mention that access 
(C1), hospital admissions (C2), outpatient visits (C3), 
income (C4), the status of equipment (C8), patient satis-
faction (C9), and employee satisfaction (C10) are benefit 
criteria. In contrast, the average length of stay (C3), bed 
occupancy rate (C5), and the number of personnel (C7) 
belong to the cost criteria group. After normalizing the 
extended initial fuzzy matrix using Eqs. (20) and (21), the 
weighted fuzzy matrix was developed by multiplying the 

normalized extended initial fuzzy matrix with the fuzzy 
weights determined by FUCOM-F. In the following, the 
aggregated initial fuzzy matrix, the extended initial fuzzy 
matrix, normalized extended initial fuzzy matrix, and 
weighted fuzzy matrix are shown in Tables  7, 8, 9, 10, 
respectively.

In the next step, the matrix 
∼
s i,

∼

k
+
i

 , 
∼

k
−
i

 and 
∼

Ti are calcu-
lated using Eqs. (23) to (26), respectively. Table 11 shows 
these matrices for each alternative

According to Eq. (27) a new fuzzy number 
∼

D is devel-
oped and defuzzified using Eq.  (2). The number 

∼

D is as 
follows:

∼

D = (1.1355, 2.4212, 5.0949), and dfcrisp = 2.6525
Finally, the utility functions in relation to the ideal 

f(
∼

K
+
i
) and anti-ideal f(

∼

K
−
i
) solution, and the utility func-

tion of alternatives f(ki) is calculated using Eqs.  (28) to 
(30), respectively. Needless to say, the highest value of 
the utility function shows the best alternative. Table  12 
shows the utility functions and the final ranking of alter-
natives. Also, Fig. 5 illustrates the utility functions of each 
alternative.

Discussion
As depicted by Fig.  5, the private modality (A3) is the 
most appropriate organizational modality for Iranian 
hospitals by stark contrast, with the utility function 
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value of 0.8091. A controversial finding which has been 
under a fierce debate between academics, politicians 
and ordinary people due to its political nature and more 
importantly conflicting reports on its effects on effi-
ciency, service quality, equity and access in healthcare 

sector [73–79]. Despite the existence of conflicting 
reports on the effects of private structure in hospitals 
on different aspects of healthcare delivery and financ-
ing, our experts shared a mutual view on the issue of 
private initiative in healthcare sector with international 
organizations experts and policy makers like world 

Table 5  Fuzzy weights of criteria for each decision maker

Criteria DMs

E1 E2 E3

C1 (0.0569, 0.0720, 0.0953) (0.1586, 0.1590, 0.1590) (0.0437, 0.0513, 0.0610)

C2 (0.0954, 0.1436, 0.2131) (0.0354, 0.0404, 0.0458) (0.0438, 0.0514, 0.0613)

C3 (0.0958, 0.1436, 0.2135) (0.0455, 0.0534, 0.0635) (0.0610, 0.0769, 0.1017)

C4 (0.0410, 0.0482, 0.0572) (0.0354, 0.0403, 0.0456) (0.0608, 0.0767, 0.1017)

C5 (0.0950, 0.1439, 0.2121) (0.0633, 0.0799, 0.1059) (0.0340, 0.0388, 0.0440)

C6 (0.1430, 0.1434, 0.1434) (0.0633, 0.0798, 0.1059) (0.1523, 0.1527, 0.1527)

C7 (0.0952, 0.1439, 0.2126) (0.1058, 0.1593, 0.2363) (0.1020, 0.1530, 0.2274)

C8 (0.0318, 0.0361, 0.0408) (0.1056, 0.1595, 0.2358) (0.1014, 0.1532, 0.2264)

C9 (0.0569, 0.0720, 0.0953) (0.1062, 0.1593, 0.2368) (0.1016, 0.1530, 0.2269)

C10 (0.0318, 0.0364, 0.0411) (0.0454, 0.0534, 0.0635) (0.0608, 0.0766, 0.1017)

ε 0.00023 0.00026 0.00025

Criteria DMs

E4 E5 E6

C1 (0.1543, 0.1547, 0.1547) (0.1586, 0.1590, 0.1590) (0.0569, 0.0720, 0.0953)

C2 (0.1030, 0.1550, 0.2299) (0.0633, 0.0798, 0.1059) (0.0954, 0.1436, 0.2131)

C3 (0.0618, 0.0779, 0.1030) (0.0455, 0.0534, 0.0635) (0.0958, 0.1436, 0.2135)

C4 (0.0443, 0.0520, 0.0618) (0.0354, 0.0403, 0.0456) (0.0410, 0.0482, 0.0572)

C5 (0.0616, 0.0777, 0.1030) (0.0633, 0.0799, 0.1059) (0.0950, 0.1439, 0.2121)

C6 (0.1033, 0.1550, 0.2304) (0.1058, 0.1593, 0.2363) (0.1430, 0.1434, 0.1434)

C7 (0.0344, 0.0391, 0.0443) (0.0354, 0.0404, 0.0458) (0.0952, 0.1439, 0.2126)

C8 (0.0345, 0.0393, 0.0445) (0.1056, 0.1595, 0.2358) (0.0318, 0.0361, 0.0408)

C9 (0.1028, 0.1552, 0.2294) (0.1062, 0.1593, 0.2368) (0.0569, 0.0720, 0.0953)

C10 (0.0616, 0.0776, 0.1030) (0.0454, 0.0534, 0.0635) (0.0318, 0.0364, 0.0411)

ε 0.00025 0.00026 0.00023

Table 6  Final weights and ranking of the criteria

Criteria Fuzzy weights Crisp weights Ranking

Access (C1) (0.1048, 0.1114, 0.1207) 0.1118 4

Hospital admissions (C2) (0.0727, 0.1023, 0.1448) 0.1045 5

Average Length of Stay(ALOS) (C3) (0.0676, 0.0915, 0.1265) 0.0933 8

Outpatient visits (C4) (0.0430, 0.0510, 0.0615) 0.0514 10

Bed occupancy rate (C5) (0.0687, 0.0940, 0.1305) 0.0959 7

Income (C6) (0.1185, 0.1389, 0.1687) 0.1405 1

Number of personnel (C7) (0.0780, 0.1132, 0.1632) 0.1157 3

Status of equipment (C8) (0.0685, 0.0973, 0.1374) 0.0992 6

Patient satisfaction (C9) (0.0884, 0.1285, 0.1867) 0.1315 2

Employee satisfaction (C10) (0.0461, 0.0556, 0.0690) 0.0563 9
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bank and IMF which implicitly shows the influence of 
such international organizations programs and policies 
on the healthcare academics in Iran [45, 80–84].

Furthermore, there is a negligible difference amongst 
organizational modalities, autonomous (A1) and cor-
porate (A2) are considered the best based on the judg-
ment of experts, with the utility function value of 

0.5848 and 0.5407, respectively. Moreover, budgetary 
(A4) is the least appropriate organizational modality, 
with the utility function value of 0.5228. Such rank-
ing can be decisive for healthcare managers and policy 
makers during the transitional period of healthcare 
industry into a market-based entity through restructur-
ing the organizational aspects of the service providers, 
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Fig. 4  Crisp weights of criteria

Table 7  Aggregated initial fuzzy matrix

Criteria

C1 C2 … C10

Alternatives A1 (2.6667, 4.3333, 4.6667) (2.6667, 3.6667, 4.6667) … (4.0000, 4.6667, 5.6667)

A2 (2.3333, 3.6667, 4.3333) (3.0000, 3.6667, 5.0000) … (3.0000, 3.6667, 4.6667)

A3 (4.3333, 5.6667, 6.3333) (4.6667, 5.6667, 6.6667) … (5.0000, 6.3333, 7.0000)

A4 (1.3333, 2.0000,2.0000) (2.6667, 3.6667, 4.0000) … (4.6667, 6.0000, 6.6667)

Table 8  Extended initial fuzzy matrix

Criteria

C1 C2 … C10

Alternatives AI (1.3333, 2.0000, 2.0000) (2.6667, 3.6667, 4.0000) … (3.0000, 3.6667, 4.6667)

A1 (2.6667, 4.3333, 4.6667) (2.6667, 3.6667, 4.6667) … (4.0000, 4.6667, 5.6667)

A2 (2.3333, 3.6667, 4.3333) (3.0000, 3.6667, 5.0000) … (3.0000, 3.6667, 4.6667)

A3 (4.3333, 5.6667, 6.3333) (4.6667, 5.6667, 6.6667) … (5.0000, 6.3333, 7.0000)

A4 (1.3333, 2.0000,2.0000) (2.6667, 3.6667, 4.0000) … (4.6667, 6.0000, 6.6667)

ID (4.3333, 5.6667, 6.3333) (4.6667, 5.6667, 6.6667) … (5.0000, 6.3333, 7.0000)
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since according to some studies, restructuring health-
care organizations and the transition of service delivery 
to market-type mechanisms needs a long-term plan-
ning with a precious analysis of organizational environ-
ment and warn healthcare managers and politicians of 
severe costs and backlash if such transition happens 

without a situational analysis and in a go; A fact that 
shows such restructuring programs cannot be applied 
to all organizations with different circumstances with 
a single framework and more importantly needs to be 
done in a form of step by step process of restructuring 

Table 9  Normalized extended initial fuzzy matrix

Criteria

C1 C2 … C10

Alternatives AI (0.2105, 0.3158, 0.3158) (0.4000, 0.5500, 0.6000) … (0.4286, 0.5238, 0.6667)

A1 (0.4211, 0.6842, 0.7368) (0.4000,0.5500, 0.7000) … (0.5714, 0.6667, 0.8095)

A2 (0.3684, 0.5789, 0.6842) (0.4500, 0.5500, 0.7500) … (0.4286, 0.5238, 0.6667)

A3 (0.6842, 0.8947, 1.0000) (0.7000, 0.8500, 1.0000) … (0.7143, 0.9048, 1.0000)

A4 (0.2105, 0.3158,0.3158) (0.4000, 0.5500, 0.6000) … (0.6667, 0.8571, 0.9524)

ID (0.6842, 0.8947, 1.0000) (0.7000, 0.8500, 1.0000) … (0.7143,0.9048, 1.0000)

Table 10  Weighted Fuzzy Matrix

Criteria

C1 C2 … C10

Alternatives AI (0.0221, 0.0352, 0.0381) (0.0291, 0.0563, 0.0869) … (0.0198, 0.0291, 0.0460)

A1 (0.0441, 0.0762, 0.0889) (0.0291, 0.0563,0.1014) … (0.0264, 0.0371, 0.0559)

A2 (0.0386, 0.0645, 0.0826) (0.0327, 0.0563, 0.1086) … (0.0198, 0.0291, 0.0460)

A3 (0.0717, 0.0996, 0.1207) (0.0509, 0.0870, 0.1448) … (0.0329, 0.0503, 0.0690)

A4 (0.0221, 0.0352, 0.0381) (0.0291, 0.0563, 0.0869) … (0.0308, 0.0477, 0.0657)

ID (0.0717, 0.0996, 0.1207) (0.0509, 0.0870, 0.1448) … (0.0329, 0.0503, 0.0690)

Table 11  Matrix 
∼
si,

∼

k
+
i

 , 
∼

k
−
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 and 
∼

Ti

∼

si
∼

k
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i

∼

k
−

i

∼

Ti

AI (0.3196, 0.5153, 0.7250)

A1 (0.4603,0.6535, 0.9456) (0.4015, 0.7894, 1.5786) (0.6349, 1.2682, 2.9590) (1.0364, 2.0576, 4.5376)

A2 (0.4565,0.6256, 0.9222) (0.3981, 0.7557, 1.5395) (0.6296, 1.2141,2.8858) (1.0277, 1.9697, 4.4252)

A3 (0.5043, 0.7690, 1.0617) (0.4399, 0.9289, 1.7724) (0.6956, 1.4923,3.3225) (1.1355, 2.4212, 5.0949)

A4 (0.4218, 0.6428, 0.8507) (0.3679, 0.7765,1.4202) (0.5818, 1.2475, 2.6622) (0.9497, 2.0239, 4.0824)

ID (0.5990, 0.8279, 1.1465)

Table 12  Utility function and ranking of alternatives

Alternative
f(

∼

K
+

i
) f(

∼

K
−

i
) f

(

ki

)

Ranking

Autonomous (A1) (0.2394, 0.4781, 1.1156) (0.1514, 0.2976, 0.5951) 0.5848 2

Corporate (A2) (0.2374, 0.4577, 1.0879) (0.1501, 0.2849, 0.5804) 0.5407 3

Private A3) (0.2623, 0.5626, 1.2526) (0.1658, 0.3502, 0.6682) 0.8091 1

Budgetary (A4) (0.2193, 0.4703, 1.0036) (0.1387, 0.2927, 0.5354) 0.5228 4
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towards a fully private structure providing healthcare 
services [42, 85, 86].

As mentioned earlier, similar to our findings, implica-
tions of numerous previous studies conducted by inter-
national organizations such as the World Bank and the 
International Monetary Fund and other researchers show 
the suitability of the private modality for hospitals [47, 
49, 50, 55, 65, 87] and inadequacy of budgetary and fully 
governmental organizational modality [58, 88, 89]. How-
ever, it`s worthy of mentioning that some studies have 
also reached different and contradictory conclusions. 
For instance, Dahlgren, Doshmangir et al., and Pan et al. 
mentioned that not only hospital performance indicators 
will not improve by changing the organizational modality 
of hospitals into a private one, but even in some cases, 
it causes diminished hospital performance. Nonethe-
less, the findings of this study are in accordance with the 
more highlighted point of view, meaning appropriateness 
of the private modality for hospitals [58, 88, 89]; A phe-
nomenon which clearly demonstrates the conflicting and 
undecisive results derived from studies on the context; 
something which led us to use the views of local experts 
rather than international academics earlier in the study.

Managerial implications
The results obtained based on the judgments of the 
experts of this study provide several practical suggestions 
for the hospital managers and policymakers in Iran and 
other similar developing countries, who want to apply 
structural adjustment policies in order to change the 
organizational modality of their hospitals. As the results 
of the literature review show, the most crucial recom-
mendation is that if there is a need and also a strong will 
to make a change, managers and policymakers should 
better consider a full transition to a private organiza-
tional modality rather than shift only to a corporate or an 
autonomous one. It needs to be mentioned that as several 

studies have shown, in most cases, specially in develop-
ing countries, there is a need to bring upon the structural 
adjustment initiative in a step by step long-term run due 
to several factors like socio-economic and geopolitical 
aspects of each case; otherwise the initiative may result in 
the opposite of what is aimed for [84, 90]. Furthermore, 
since there is a possibility that privatization causes an 
increase in health services costs, hospital managers and 
policymakers should pay attention to the problems and 
issues of the public population with lower income ensur-
ing justice in the distribution of health services as a pub-
lic right.

Conclusion
The objective of this study was to prioritize the four 
organizational modalities, namely autonomous, corpo-
rate, private, and budgetary for Iranian hospitals. To do 
so, in the first step, a systematic literature review was 
conducted to find the respective prioritization crite-
ria and develop a multicriteria decision-making model. 
Then, the policies were prioritized using MCDM tech-
niques in a fuzzy environment. Integrating Fuzzy sets 
to MCDM techniques can be very helpful in uncertain 
decision-making environments by reducing the vague-
ness, ambiguity, and subjectiveness of the decision-mak-
ers (DMs). The adopted techniques were FUCOM-F for 
determining the coefficient weights and FMARCOS for 
prioritization of alternatives, which both of them have 
several advantages compared to other similar techniques. 
FUCOM has fewer pairwise comparisons and MARCOS 
considers both anti-ideal and an ideal solution simulta-
neously providing more reliable results. According to the 
findings, income is the most vital criterion in selecting 
organizational modalities for hospitals and the private 
modality is the most appropriate organizational modality 
for Iranian hospitals; a fact that clearly demonstrates the 
growing need of the healthcare sector in Iran to exponen-
tially integrate and comply with market and market type 
mechanisms either through a direct privatization initia-
tive or a step by step scenario through autonomization or 
corporatization with an eye to convert hospitals to totally 
private entities in the long run which is supported by 
other results of this study which prioritize autonomous 
and corporate hospitals over budgetary ones [84, 90]. An 
agenda which is closely aligned with IMF and world bank 
policies in developing countries like Iran which clearly 
shows the high capacity in the Iranian healthcare sector 
to potentially get involved in such international organiza-
tions programs and initiatives in the near future. Moreo-
ver, this study contributes to the literature by proposing a 
novel methodology based on FUCOM and MARCOS in 
a fuzzy environment for the first time in the healthcare 
management context and helps hospital managers and 
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healthcare policymakers in developing countries regard-
ing organizational modalities and structural adjustment 
policies. Finally, it should be mentioned that there are 
some limitations regarding the results of the study due 
to the possible existence of conflict of interest in the 
experts which possibly can be in contrast with views of 
a high amount users in the healthcare system at times 
due to their arguably higher socioeconomic status than 
most of the patients using services of hospitals in Iran; a 
hypothesis which is needed to get addressed in the future 
research regarding this scope of study. This paper high-
lights the need for acquiring new approaches in study-
ing and benchmarking organizational modalities in the 
research area of structural adjustment policies by using 
a Fuzzy FUCOM-MARCOS Approach as a brand-new 
initiative to be applied and modeled by upcoming studies 
related to the literature.
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