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Abstract

Background: The structure, function, and capacity of the health care system in the Occupied Palestinian Territories
(OPT) had been largely shaped by the complex political history of the country. Since the establishment of the Palestinian
Authority in 1994, the reform efforts were subsidized much by the international aids to rebuild the country’s institutional
capacity. No previous studies have provided a realistic evaluation of Palestinian achievements in the conduct of public
healthcare, we examine the relative productive efficiency of public hospitals (their managers’ success in the usage of
resources) during 2010–2015 within West Bank and Jordan. Then, we estimate the efficiency of policies within which
managers operate (the program efficiency) across the two countries.

Methods: We employ the Data Envelopment Analysis (DEA) models to distinguish between within-country managerial
efficiencies and public policy “program” efficiencies across the two countries. The study follows two key steps, the first
step evaluates managerial efficiencies and explores trends in performance within each country. Then, we examine the
program efficiencies across the two countries.

Results: Public hospitals improved their year-specific overall efficiency from 75 to 80% in the West Bank and from 78 to
86% in Jordan in 2010 and 2015 respectively. Changes in efficiency are driven by scale effects in West Bank
and by managerial enhancements in Jordan. Program efficiency in West Bank outperformed Jordan during
2010–2012, there was no significant difference in mean program efficiencies between the two countries
during 2013–2015.

Conclusions: This work addresses a gap in the DEA literature by empirically investigating the efficiency of
public hospitals as distinct from program efficiency in a developing country, namely, Palestine. Findings
stimulate hospital managers to enhance potential improvements, policymakers to allocate resources, and
international donors to focus on the right adoption of new technology to get better benefits from their
considerable investments in public hospitals.
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Background
The structure, function, and capacity of the health
care system in the Occupied Palestinian Territories
(OPT) had been largely shaped by the complex polit-
ical history of the country [1]. The OPT comprises
West Bank, East Jerusalem, and Gaza Strip. The

never-ending conflict between the Palestinians and the
Israelis seemed to come to an end when the Middle
East peace process was settled. Particularly, after the
Madrid conference in 1991, then the Oslo Accords in
1993 and the establishment of the Palestinian Authority in
1994. However, ground reality suggests otherwise. Regret-
tably, the peace process reached a deadlock and failed to
resolve the conflict. The Palestinians had limited self-de-
termination and constructed a picture that the two-state
solution is unapproachable.
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Since 1994, the administration of the public health
care providers in West Bank and Gaza Strip was trans-
ferred from the Israeli Civil Administration to the Pal-
estinian Ministry of Health. However, the other health
providers named: The United Nations Relief and Works
Agency for Palestine Refugees in the Near East
(UNRWA), the Non-Governmental Organizations
NGOs, and for-profit private health organization con-
tinued as they had been before [2]. Later, the ongoing
reform efforts in rebuilding the providers’ capacity have
been largely subsidized by international aids. These ex-
ternal funds are efforts by the international community
to resolve the conflict in Palestine-Israel through eco-
nomic encouragements [3], of which, about 8% is dedi-
cated to the healthcare sector [4].
Although noticeable improvements have been made

in the physical capacity of public healthcare providers
[5], no previous studies have examined the efficient
use of the considerable financial and technical invest-
ments in public hospitals. Estimating their managers’
efficiency of and the influence of reform efforts on ef-
ficiency provide insights to key decision makers in
the provision of public health care services in West
Bank. Managers who make decisions on operational
practices and policymakers who may influence the op-
erating environment through regulations may benefit
from the attended measurement. Further, Inter-
national donors who subsidize the capacity building
of the country’s public hospitals may organize their
efforts more efficiently.
The hospital productive efficiency entails the use of

minimum input to produce a given level of output. In
this work, we separate efficiencies of hospital man-
agers themselves (identified as managerial efficiency in
this research project) from the efficiencies of policies
within which managers operate (identified as program
efficiency) by following the method of Charnes et al.
(1981) [6]. Health reform policies may support better
use of resources or hamper the ability of the hospitals
to transform resources into outputs [7]. Therefore, it
is reasonable to consider the accumulated efforts of
both hospital managers and policy-makers as reform
efforts in delivering health care services across public
hospitals.
To measure relative productive efficiency, we compare

the observed performance of a hospital with an empirical
production frontier based on the best results obtained
from a homogeneous group of hospitals. About reform
policies, a good understanding of the relative Palestinian
achievements in the conduct of public healthcare delivery
could be suggestive when considering the comparability
with Jordan.
We employ the two basic Data Envelopment Analysis

(DEA) models, namely the CCR model developed by

Charnes et al. (1981) [6] and the BCC model developed
by Banker et al. (1984) [8]. DEA is a methodology that
has been successfully used to evaluate the performance
of different healthcare markets [9].
This paper builds on the method of Charnes et al.

(1981) [6]; we follow their two-key steps procedure, in
the first step, we analyze the managerial efficiency of
public hospitals within each country, West Bank and
Jordan. Then, in the second step, we notionally drop the
inefficiencies of the first step, and we run a DEA exer-
cise to evaluate the efficiency of a merged set of all the
hospitals from the two countries. The observed ineffi-
ciencies in the second step are attributable to differences
in programs (reform policies) in each country rather
than to hospital management.

Research problem
A recent report of the World Health Organization (WHO)
describes the health care system in the OPT as functioning
under pressure of rapid population growth, deteriorating
economy and lack of adequate financial support [10].
Therefore, addressing the efficiency of public hospitals in
the OPT is an important consideration for managers,
policymakers, and international donors [11]. The available
literature describes the status of the Palestinian healthcare
system, although often highlighting the weaknesses and
the political constraints, had inadvertently dropped the
historical associations with Jordan. Further, doesn’t pro-
vide performance measures from a realistic point view
to judge the Palestinian achievements in respect of
healthcare delivery.
Hamdan & Defever (2002) [2] identified the unique

characteristics of the transitional settings such as the geo-
graphical separation between West Bank and Gaza Strip;
the pressure of international donors; and the deteriorating
economic conditions among others. Giacaman et al.
(2003) [4] analyzed the obstacles that faced reform efforts.
Batniji et al. (2009) [12] described the health and
well-being conditions in the OPT and the maternal and
child health issues. Giacaman et al. (2009) [1] described
the distorted and fragmented healthcare system in the
OPT. Others provided statistical evidence on the Palestin-
ian healthcare practices and healthcare professionals [5,
13–16]. Finally, in their qualitative study, Shahawy & Dia-
mond (2016) [17] show the negative impact of geograph-
ical barriers and military occupation in the OPT on the
training of the Palestinian medical students.
To meet the information needs of public authority and

international donors, we provide a realistic benchmark
to judge the country’s relative performance concerning
public healthcare delivery in West Bank. We pay atten-
tion to performance in West Bank and Jordan from two
perspectives, the managerial practice perspective within
the country and the policy perspective (programs) across
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the two countries. Therefore, the study goes to answer
the following research question: as compared with
Jordan, are the public hospitals reforming efficiently in
West Bank?

The comparability between West Bank and Jordan
On 24 April 1950, the “The Emirate of Trans-Jordan”
unified with West Bank into one state of “The Hashemite
Kingdom of Jordan” that comprised the East and the West
Banks of the River Jordan. During 1950–1988 the public
health care system in West Bank evolved as part of the
public healthcare system in Jordan. Although administered
by the Israeli Civil administration during 1967–1994, the
institutional affiliation of healthcare providers in West Bank
was to the Jordanian Ministry of Health during the latter
period.
On 31 July 1988, King Hussain of Jordan broke off all

the administrative and legal ties with the Israeli-Occupied
West Bank [18]. The disengagement decision represents a
turning point in a long story of Jordan’s relations with the
Palestinians [19], and initiated new perspectives in the
strategy and actors of the peace process in the Middle
East [20].
The post-disengagement settings allowed for an ef-

fective role of the Palestinian Liberation Organization
(PLO) to act internationally as the sole legitimate repre-
sentative of the Palestinians and challenged PLO to
shoulder the Palestinian responsibilities [21]. Even
though, the historical associations between Jordan and
the Palestinians brand Jordan’s stake in the Palestinians’
life as unavoidable [22]. Roughly, to date, around one-
half of the Jordanian population is of Palestinian ances-
try [21, 23].
Examples of interrelations are numerous: the Jordanian

curriculums, legislation, and the healthcare regulations
continued to be applied in West Bank in the early nineties.
Further, as well as many other sectors, the Jordanian
healthcare institutions were the only recognized
boards in the Palestinian healthcare markets. To date,
the Palestinian Medical Association in Ramallah is
part of the Jordanian Medical Association in Amman.
The − 250 beds- hospital “Al Makkassed” in East
Jerusalem is still recognized as a teaching hospital by
the Jordanian Medical Board [24]. Another public −
275 beds- hospital in Hebron which is officially called
“Hebron Governmental Hospital” is still recognized
among the public as “Alia” after the name of the
daughter of King Hussain “Princess Alia.” The same
observation goes to “Al Hussain Hospital” in Bethlehem.
Finally, bearing in mind that medical professionals are key
decision-makers in healthcare delivery and their institu-
tional background has impacts on their decisions, the
proportion of accredited Palestinian specialists by the
Jordanian Medical Council is not insignificant.

The measurement of relative efficiency in the health care
context
The question of measuring productive efficiency and its
importance for the economic policymakers was best
stated sixty years ago in the seminal work of Farrell
(1957) [25]. Farrell succeeded to solve the problem of
measuring productive efficiency by combining the meas-
urement of multiple inputs into a single satisfactory
measure of efficiency. Farrell’s method to estimate
productive efficiency compares the observed perform-
ance of an organization or industry with an empirical
production frontier based on the best results obtained
in practice.
Charnes et al. (1978) [26] operationalized Farrell’s

approach and introduced the Data Envelopment Ana-
lysis (DEA) methodology to measure the efficiency of
a homogeneous group of Decision-Making Units
(DMUs). DMU is any productive organization “from a
small shop to a hospital to a whole economy.” DEA is
a nonparametric linear programming-based method
for performance evaluation where multiple perform-
ance dimensions exist [27]. The method develops best
performers frontier and assigns efficiency score for
non-frontier hospitals according to their distance to
the efficient frontier. In DEA literature, the measurement
of efficiency for performance improvement could be tack-
led from two perspectives; the input contraction (input-or-
iented DEA models) and the output expansion (out-put
oriented DEA models).
The basic DEA model, known as the DEA-CCR model

in the literature, assumes Constant Returns to Scale (CRS)
in hospital operations. In practice, not all DMUs operate
at an optimal scale. Førsund & Hjalmarsson (1974) [28]
introduced the decomposition of Farrell’s original measure
of productive efficiency into separate scale efficiency and
technical efficiency. Then, using the piece-wise linear
frontier, the decomposition was considered by Banker et
al. (1984) [8] in the DEA-BCC model which accounts for
Variable Returns to Scale (VRS).
DEA is the preferred method when evaluating health

care providers as it has many advantages: (1) DEA is a
non-parametric method and doesn’t require a prescribed
functional form. (2) Can handle multiple variables and
produce a single measure of efficiency. (3) Each hospital
is compared with every other hospital in the sample to
estimate the best performers frontier. (4) It avoids the
need for prices or prior assumptions of weights [29, 30].
Due to the multiple-product nature of hospitals and the
multiple-value of various stakeholders, hospitals received
the most research attention in DEA empirical works
[31–33]. One of the first applications of DEA was to
assess the efficiency of policies within which managers
work as separate from the efficiencies of the managers
themselves [6].
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Based on literature review, Hollingsworth (2008) [30]
found that researchers applied DEA to compare the effi-
ciency of hospitals across countries to gain insights into
the efficiency of different means of healthcare delivery.
It has often been used to evaluate the outcomes of care
providers and health reforms [34, 35]. A recent theme in
DEA literature evaluates the health care systems across
countries [36, 37].

Methods
Sample and data
The relevant data in West Bank and Jordan was ex-
tracted from the annual health reports published by
the Palestinian Ministry of Health (PMoH) and the
Jordanian Ministry of Health (JMoH) respectively.
The two ministries of interest publish the annual stat-
istical reports on a yearly basis, and both reports are
structured alike. The published raw data reflects the
real quantities of the operational data among the
working hospitals.
We analyzed two nationally representative sets of

public hospitals during 2010–2015. Out of 13 public
hospitals in West Bank, the analysis included 11 hos-
pitals (66 observations), they utilize 1377 beds which
make up 97.4% of the total public hospital beds in
West Bank. We excluded a newly established hospital
and another psychiatric hospital. Further, the public
hospitals in the Gaza Strip are excluded. The relevant
data of hospitals working in Gaza Strip is unreliable
due to the Palestinian internal conflict since 2006
which escalated with the split of the Palestinian Au-
thority into one government in Gaza and another in
West Bank. Therefore, the scope of this papers is to
examine efficiency in West Bank [11].

As for Jordan, out of 30 public hospitals, we ana-
lyzed 22 hospitals during 2010–2015 (132 obser-
vations), three psychiatric hospitals, two obstetric
hospitals, and one pediatric hospital were excluded.
The excluded hospitals don’t comply with the com-
mon input-output measures applied in this study.
Then, to avoid bias in our judgment on performance
in West Bank, we excluded the largest two hospitals
in Jordan as they are three times larger than any
hospital in West Bank [24, 38]. Table 1 illustrates the
sample characteristics during 2015.
Despite the advantages (mentioned before) of using

DEA to evaluate healthcare providers, the pitfalls in
DEA methodology should be managed carefully [39]:
(1) The state of homogeneity among hospitals, all
the investigated hospitals are general hospitals
owned and administered by the government, they
provide primary and secondary care. However, in
Jordan and West Bank, tertiary healthcare is pro-
vided by non-public hospitals. (2) The number of in-
puts and outputs when compared with the number
of hospitals. Golany & Roll (1989) suggested a rule
of thumb that the number of DMUs is, at least,
twice the number of inputs and outputs [40]. To
achieve this requirement, we followed Boussofiane et
al. (1991) [41] and treated each hospital in each year
as an observation and then scored all the observa-
tions simultaneously [41]. (3) The clear purpose of meas-
urement applied in this research project, to disentangle the
program efficiency from the management efficiency by em-
pirical records obtained from public hospitals. (4) The im-
portance of orientation. The public hospitals have the
mission of serving the public demand as given and
must manage their limited resources accordingly.
Hence, when seeking efficiency assessments, it is

Table 1 Public Hospitals in Jordan and West Bank 2015

22 public hospitals in Jordan 11 public hospitals in WB

Hospital Beds Hospital Beds Hospital Beds

J01 AL-Zarqa 496 J12 AL-Ramtha 110 P01 Yatta 36

J02 Princess Basma 202 J13 Princess Raya 94 P02 Salfit 50

J03 Prince Faisal 178 J14 Ghor AL-Safi 82 P03 Jericho 54

J04 Jarash 116 J15 Mua’th Bin Jabal 75 P04 Nablus/Watani 55

J05 AL-Hussein/Salt 152 J16 Queen Rania 72 P05 Qalqillya 58

J06 Dr. Jameel Totanji 140 J17 AL-Mafraq 70 P06 Tulkarm 117

J07 Ma’an 131 J18 AL-Yarmouk 67 P07 Beit Jala (Hussain) 131

J08 AL-Iman 130 J19 AL-Shuneh (South) 60 P08 Jenin 163

J09 AL-Karak 165 J20 Abu - Obaidah 60 P09 Nablus/Rafidia 200

J10 AL-Nadeem 120 J21 Eiman\ma’di 58 P10 Ramallah 238

J11 Prince AL-Hussein 120 J22 Princess Salma 38 P11 Hebron (Alia) 275
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recommended to employ the input-oriented DEA
models with the aim of input minimizing given a cer-
tain level of outputs [42]. We applied the DEA-CCR
and the DEA-BCC models to score the overall effi-
ciency, managerial efficiency, and scale efficiency [8,
26].

The production model of public hospitals
There is no standard set of input-output measures in the
DEA literature to analyze the efficiency of hospitals [43].
The fundamental principle, to identify variables, is to
have a clear understanding of the “process” being evalu-
ated among hospitals [44]. We used input-output mea-
sures that represent the efficiency of access to health
care services across hospitals from a productive perspective
(technical efficiency) rather than from an economic per-
spective (economic efficiency). The applied input-output
mix in this research project had been used by many re-
searchers in DEA literature [45, 46]. It is worth noting that
this mix is a top priority for both managers and policy
makers to improve access to health care services in an un-
stable context, namely, Palestine.
We used output measures that represent the level of

social orientation in public health, measures gauge the
benefits achieved in respect of three functional areas;
admissions (inpatient days), outpatient visits, and
emergency services. We used inputs that characterize
the employed labor and capital to produce hospital
services.
The three main output measures are: (1) inpatient

services as measured by the total number of annual
care days rather than a number of cases to account
for case-mix adjustment [47]; (2) outpatient services
as measured by the total number of annual visits
[43]; and (3) the emergency services as measured by
the total annual number of cases served without ad-
mission [45].
On the input side, labor input measures represent

three groups of personnel, the full-time employed

doctors, the full-time healthcare personnel (e.g., nurses
and technicians in para-medical departments), and the
full-time administrative personnel [43, 48]. The number
of hospital beds represents the capital input measure
[49]. Table 2 presents the distribution of input-output
variables used during the study period from 2010
through 2015.

Within-country analysis: the assessment of overall and
managerial efficiencies
This step of analysis applies the basic DEA models; the
CCR model [26] and BCC model [8], the CCR model
estimates the overall efficiency and the BCC model es-
timates the managerial efficiency. Then, in the next
step, we apply a procedure developed by Charnes et al.
(1981) [6] to estimate program efficiency. The type of
information drawn from these models achieves our re-
search objective.
When longitudinal data is available for hospitals, dif-

ferent ways of analyses can provide alternative views on
hospital performance. Window Analysis and DEA-
Malmquist Index are known in the DEA literature to ap-
proach the efficiency changes over time [50, 51]. These
methods elaborate further on the performance changes
of the individual hospital. However, we are looking for a
realistic indicator to evaluate the relative success of the
evolving public hospital services in West Bank in respect
of Jordan, rather than to produce individual tables for
each hospital.
We conducted a 6-year evaluation of two sets of

hospitals from 2010 to 2015. The first set comprises
66 observations in West Bank. The second set com-
prises 132 observations in Jordan. We applied a pro-
cedure that captures the year-specific variability in
performance of hospitals [41, 52]. For each country,
we treated every hospital as a different DMU every
year; the yielded DEA estimates are the observed rela-
tive efficiencies compared with best performers over
the six years of study within the country. The applied

Table 2 Distribution of input-output measures during the period 2010–2015

Period Input measures Output measures

Hospital beds
(X1)

Doctors FTEsa

(X2)
Health FTEs
(X3)

Admin. FTEs
(X4)

Inpatient days
(Y1)

Outpatient visits
(Y2)

EM. visits
(Y3)

West Bank N = 66

2010–15 Mean 116 48 180 75 36,765 40,540 63,632

St. Dev. 9 3 12 3 3380 3262 3871

Jordan N = 132

2010–15 Mean 113 76 270 74 25,158 105,283 75,598

St. Dev. 6 6 11 3 1545 6481 4163
aFTEs, Full-Time Employees. EM, Emergency
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procedure avoids the misleading results of efficiency
change between consecutive years when DEA assess-
ment is carried out separately for each year. Since
performance measurement is relative, the increase in
efficiency of one hospital between consecutive years
could be attributed to an actual improvement or
attributed to a regress in the efficiency (frontier shift)
of the whole set of hospitals. Moreover, the simultan-
eous assessment of 66 Palestinian observations and
132 Jordanian observations improves the discrimin-
ation power of the DEA estimator [44]. The mathem-
atical linear programming formulation of the CCR
and BCC models is presented in Appendix A.
It is informative to know whether any inefficiency is

the consequence of hospitals’ scale of operations or
managerial practices. Scale inefficiency informs how
far a hospital is operating from the most productive
size for a given input-output mix. To help managers
capture the components of inefficient operations, the
sequential analysis of the DEA-CCR and the DEA-
BCC models allow for the computation of three types
of efficiencies [53]:

(1) Overall efficiency (OE) as measured by the distance
to the DEA-CCR frontier.

(2) Pure technical efficiency (identified as
managerial efficiency (ME) in this work) as
measured by the distance to the DEA-BCC
frontier.

(3) Scale efficiency (SE) which reflects the proportion
of inefficiency caused by the given scale of
operations. It is measured by the ratio DEA-CCR
score/DEA-BCC score.

Across country analysis: the assessment of program
efficiency
We follow the work of Charnes et al. (1981) [6] to
evaluate the program efficiency of public healthcare
delivery in West Bank compared to Jordan. An at-
tempt would be valid if the managerial inefficiency
within the country is notionally eliminated and all
the hospitals are treated as being managerially effi-
cient. This adjustment could be made by moving in-
efficient hospitals to their frontier within each set of
hospitals. As we applied input-oriented DEA-BCC,
reducing all the inputs by the estimated inefficiency
score will position all the hospitals on the efficient
frontier of their country. After these adjustments
have been made up, the new DEA-BCC assessment
is carried out comprising a merged sample of all
hospitals from West Bank and Jordan (66 + 132 =
198 observations). Hence, any new inefficiencies ob-
served will be attributable to the country’s public

policy and reform efforts rather than to local hos-
pital management.

Results and discussion
As we are employing input-oriented DEA models, in
this sense, the resulting efficiency score of a given
hospital has the following operational information:
it is the maximum proportion of input levels the
hospital, if efficient, should spend to secure at least
its current output level. For example, efficiency
score of 0.85 for a hospital means that this hospital
should have used only 85% of what it had expended
or could save 15% of its resources while producing
the same observed output levels. Inefficient hospital
benchmarks a composite hospital of its reference set
to improve performance. Because we are addressing
market level rather than hospital level, the tech-
nique used to design a reference set at hospital level
is out of the scope of this work [41, 54, 55].
The following subsections are organized according

to our research objective and convey three main re-
sults: (1) Overall and managerial efficiency scores of
66 Palestinian observations; (2) Overall and manager-
ial efficiency scores of 66 Jordanian observations; and
(3) the reforming efficiency scores across the two
countries.

Overall efficiency and managerial efficiency of public
hospitals in West Bank
Figure 1 illustrates the Palestinian results presented
in Table 3, the year-specific mean efficiency scores
of 11 public hospitals. Overall Efficiency scores (OE)
represent the relative performance as measured by
the radial distance to the best performers among
the 66 Palestinian observations. The DEA-CCR
scores revealed ten efficient observations (15%) in
the overall sense. In this regard, these hospitals are
managerially efficient and operating under optimal
scale. Managerial Efficiency (ME) shows 20 observa-
tions efficient (30%) as given by the DEA-BCC
scores, the difference observed in some efficient
hospitals is the scale inefficient observations, these
are ten hospitals.
The overall efficiency as given by the year specific

mean CCR scores improved during the study period
from 75% in 2010 to 80% in 2015. Even though, hos-
pitals in 2015 could produce the observed level of
outputs using 20% fewer inputs than they did. It is
worth noting the peak “overall efficiency” is 81% in
2012. The large investment of the Palestinian Minis-
try of Health in installing the Medical Information
System in public hospitals during 2011; this may
explain progress achieved in efficiency in 2012. The
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Table 3 Year-specific means, efficiency scores of hospitals in West Bank and Jordan

West Bank (N = 66) 2010 2011 2012 2013 2014 2015b Average Total

Overall efficiencya

Mean efficiency 0.75 0.75 0.81 0.78 0.77 0.80 0.78

Efficient hospitals 2 1 2 2 2 1 10

Managerial efficiency

Mean efficiency 0.85 0.87 0.88 0.87 0.87 0.88 0.87

Efficient hospitals 4 3 3 3 4 3 20

Scale efficiency

Mean efficiency 0.88 0.87 0.92 0.90 0.89 0.91 0.90

Efficient hospitals 2 1 2 2 2 1 10

Jordan (N = 132) 2010 2011 2012 2013 2014 2015 Average Total

Overall efficiency

Mean efficiency 0.78 0.77 0.82 0.76 0.83 0.86 0.80

Efficient hospitals 4 0 3 2 7 8 24

Managerial efficiency

Mean efficiency 0.89 0.88 0.90 0.87 0.90 0.94 0.90

Efficient hospitals 9 3 6 4 10 12 44

Scale efficiency

Mean efficiency 0.87 0.88 0.91 0.88 0.91 0.92 0.90

Efficient hospitals 4 0 3 2 3 8 24
aOverall efficiency (CCR scores), Managerial efficiency (BCC scores), and scale efficiency (CCR score/BCC score)
bThe boldface data in 2015, because the year 2015 shapes the possible future improvements

Fig. 1 Year-specific means overall efficiencies (OE), managerial efficiencies (ME), and scale efficiencies (SE) of public hospitals – West Bank (2010–2015)

Sultan and Crispim Conflict and Health           (2018) 12:44 Page 7 of 14



year-specific managerial efficiency (ME) as given by
the mean BCC scores shows a slightly positive
change from 85% in 2010 to 88% in 2015.
It is useful to witness the parallel shape of scale ef-

ficiency (SE) with the overall efficiency (OE). This
finding suggests that, during the study period,
changes in OE are driven by changes in SE rather
than by changes in ME. The mean managerial effi-
ciency (as given by the mean BCC scores) is 88% in
2015 and suggests 12% room for performance im-
provement, the 12% inefficiency is mainly attributed
to poor managerial practices. On the other hand, the
9% scale inefficiency is attributed to poor allocation
of resources or technologies [48]. The year-specific
individual scores are presented in Table 4 within
Appendix B.

Overall efficiency and managerial efficiency of public
hospitals in Jordan
Figure 2 illustrates the results of examining the year-specific
mean efficiency scores of 22 Jordanian public hospitals
Jordanian hospitals (see Table 3). Efficiency scores represent
the relative performance as measured by the radial dis-
tance to the best performers among the 132 Jordanian
observations.
In the overall sense, the DEA-CCR scores revealed 24

efficient observations (18%). In the managerial sense, the
DEA-BCC efficiency scores show 44 observations efficient
(33%). The observed difference is the 20 scale inefficient
observations.
During the study period, the overall efficiency improved

from 78% in 2010 to 86% in 2015. Even though, hospitals in
2015 could produce the observed level of outputs using

14% fewer inputs than they did. Managerial efficiency
shows 6% possible improvement in 2015 as given by the
mean BCC scores; this is mainly attributed to poor
managerial practices [48]. On the other hand, the 8% scale
inefficiency in 2015 is attributed to poor allocation of
resources and technologies among the Jordanian hospitals.
The remarkable result is the consistent progress and a

promising trend in managerial efficiency since 2013,
from 87% in 2013 to 90% in 2014 then to 94% in 2015
as given by the DEA-BCC scores. Further, the mean year
specific of managerial efficiency has a parallel shape with
the overall efficiency, which reveals that progress in
overall efficiency is driven by gains in managerial
efficiency rather than by changes in scale efficiency.
Table 5 within Appendix B exhibits the year-specific
individual scores of Jordanian public hospitals.
So far, changes in mean overall efficiency scores of

public hospitals were shaped differently in West Bank
and Jordan during the study period. In West Bank, effi-
ciency progress was driven by improvements in scale
efficiency levels. In Jordan, efficiency progress was
driven by improvements managerial performance.

Across country analysis: program efficiency
For comparing the health care reform efforts in West
Bank and Jordan, we notionally eliminate the estimated
managerial inefficiency of the first step of this study. The
basic idea is to drop the inefficiencies attributed to poor
managerial practices before carrying out the new assess-
ment. Since all the hospitals have become on the efficient
frontier within the country, the new assessment captures
new inefficiencies that are attributable to the country’s
programs and not management [6].

Fig. 2 Year specific mean overall efficiencies (OE), managerial efficiencies (ME), and scale efficiencies (SE) of public hospitals -
Jordan (2010–2015)
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Figure 3 illustrates program efficiency scores in
West Bank and Jordan as given by the DEA-BCC
model, Table 6 and Table 7 within Appendix B show
the relevant results. Public hospitals’ performance
shows differences (0–4%) in mean program effi-
ciency between the hospitals in the West Bank and
hospitals Jordan in favor of West Bank.
A single sample T-test was conducted to determine

if a statistically significant difference exists between
mean program efficiency of Jordanian hospitals and
mean program efficiency of Palestinian hospitals.
During the first three-years (2010–2012), Jordanian
program efficiency reported different mean scores
compared to Palestinian program efficiency (p < 0.025).
For example, in 2010, the difference reported - 4%
(M = 0.94, SD = 0.05) in favor of Palestinian programs
compared to Jordanian programs t (21) = − 2.78,
p = 0.001. However, during the second three-years of
the study period (2013–2015), the Jordanian program
efficiency reported similar mean scores (p > 0.025).
For example, in 2015, the difference reported – 1.6%
(M = 0.96, SD = 0.05) in favor of Palestinian programs
compared to Jordanian programs t (21) = − 1.603,
p = 0.124.
To sum up, this study addresses the relative pos-

ition of Palestinian healthcare programs in West Bank
after thirty years of disengagement with Jordan. In
this regard, the accumulated outcomes of the two
countries’ programs for public hospital services are
compared. Unexpectedly, findings show that the im-
plications of Palestinian programs on efficient hospital
performance have the edge over the Jordanian pro-
grams during 2010–2012. Saying it another way, in
West Bank, the inefficient performance is less attrib-
uted to public programs than in Jordan during in the

first three years of the study period. However, the
Jordanian programs show consistent progress during
the years 2011–2014. Therefore, the two countries’
programs have no significant difference in program
efficiency means during 2013–2015.
Although all the investigated hospitals are public

and don’t compete, it is felt that the market characteristics
of each country may impact efficiency. Palestinian Author-
ity applies health insurance schemes that cover most
of the population. Therefore, Palestinian public hos-
pitals are asked to meet the created high demand
[5]. The average bed occupancy rate was 88% during
2015 in the West Bank while it was 65% in Jordan
during the same period that explains higher levels of
capacity utilization in West Bank. Previous evidence
supports the impact of bed occupancy rate on effi-
ciency [49, 56].
Another reason the estimated efficiency values in

West Bank and Jordan may be the external inter-
national fund and the considerable amount of finan-
cial and technological investments supported by the
international donor in Palestinian hospitals [1]. This,
in turn, makes a hospital bed more equipped with
medical and paramedical devices and becomes more
productive. However, in our analysis, we did not in-
clude this nontraditional input, further research could
be useful to investigate the level of adoption of new
technologies in West Bank.
Finally, the working market-structure may influ-

ence the efficiency of a hospital. In West Bank, the
percentage of public hospital beds of all the beds is
61%. In Jordan, this is 38.7% of all the beds. This
could influence people seeking hospital treatment,
thus determine the demand and the observed output
levels. Further research on the topic to determine

Fig. 3 Program Efficiency. Year-specific means, DEA-BCC scores after eliminating the within the country inefficiencies
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the factors that drive the outperformance of Pales-
tinian hospitals to outperform the Jordanian hospi-
tals is useful.

Conclusions
Using data from 2010 through 2015, we employed the
two basic DEA models and analyzed the productive effi-
ciency of public hospital markets within West Bank and
Jordan. We analyzed public hospitalization services
within the distinct country conditions of the Occupied
Palestinian Territories, particularly after thirty years of
Jordan’s decision to end the long institutional, legal, and
administrative ties that prolonged from 1950 to 1988
with West Bank. After a transition period, the affiliation
of the public hospitals in West Bank was transferred to
the Palestinian Ministry of Health in 1994. This work
makes a major contribution by extending the descriptive
literature of historical associations between the Occu-
pied Palestinian Territories and Jordan with a compara-
tive measure of the implications of public reforms on
hospital performance.
This study took the Palestinian health literature

further by highlighting Jordan’s ongoing stake in the
Palestinian healthcare sector. Results surface the sig-
nificance of operational trade-offs to enhance the
productive efficiency of public hospitals by employ-
ing realistic operational indicators. Findings provide
evidence of the prescribed uneven emphasis of the
Palestinian public authorities on the physical cap-
acity [5] and the considerable amount of financial
and technological investments [4].
In West Bank, managers of the identified hospitals with

poor management as given by the DEA-BCC model should
investigate further their managerial practices applied in
their hospitals. The Palestinian policymakers can draw from
the identified scale inefficiencies an appropriate resource re-
allocation plan. Since the overall mean efficiency score is in-
adequate (78%) and scale efficiency drives the year-specific
progress during the study period, the operating conditions
explore the question of appropriate adoption with techno-
logical investments and the adequate managerial efforts to
capture the acquired benefits of technology [48].
In Jordan, the average overall efficiency score recorded

80% with a promising trend in 2015. However, the changes
over time were driven by managerial improvements and
not scale efficiency progress. Despite the similarity in
changes in hospital performance, changes were driven dif-
ferently in West Bank and Jordan. Year-specific improve-
ments were attributed to management in Jordan and
attributed to new technologies in West Bank.
Health reforms contributed differently to the achieved

levels of efficiency across the two countries. The inefficient
performance was less attributed to policies in West Bank
than the corresponding effect in Jordan. The Palestinian

policy implications on hospital performance have the sig-
nificant edge over Jordan policies during 2010–2012. In
Jordan, the continuous improvements in policies during
2011–2014 positioned the two countries at the same level
in 2014 but turned again less supportive in 2015.
Because Egypt administered Gaza Strip during the

same period West Bank unified with Jordan, and be-
cause of the lack of reliable data of hospitals in
Gaza, we don’t investigate the performance of public
hospitals in the Gaza Strip. Further, our findings
don’t adjust for quality differences within or across
the two countries. The scope of our analysis con-
siders only quantities of services provided and re-
source distribution. Unfortunately, data associated
with qualitative information, as in many other de-
veloping countries, is not available.

Appendix A
The mathematical formulations of Data Envelopment
Analysis model
For n Decision Making Units DMU with m inputs
and s outputs, The DEA-CCR input oriented
envelopment model that builds Constant Returns to
Scale CRS efficient frontier has a mathematical
linear programming formulation [26]:

θ� ¼ Min θo ð1Þ

S.T

X j¼n

j¼01

λ j xij≤θxio i ¼ 1; 2;…; n

X j¼n

j¼01
λ j yrj≥yro r ¼ 1; 2;…; s

λ j≥0 j ¼ 1; 2; :: ; n

Where:
DMUo represents one of the n DMUs under evalu-

ation, and xio and yro are the ith input and rth output
for DMUo, respectively.
The DEA-CCR input oriented envelopment model

that builds Variable Returns to Scale VRS efficient
frontier requires an additional set of convexity
constraint of the dual linear programming algorithm
(Eq. 1); the sum of lambdas to be one. The
additional constraint is written as Eq. 2 [8]:

X j¼n

j¼01
λ j ¼ 1:0

ð2Þ
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Appendix B
Year-specific results of relative efficiency presented in
Tables

Table 4 Year-specific relative efficiency scores of hospitals in West Bank

Hosp. DEA-CCR model scores DEA-BCC model scores

2010 2011 2012 2013 2014 2015 2010 2011 2012 2013 2014 2015

P01 1 0.92 1 0.89 0.98 0.97 1 0.99 1 0.99 1 1

P02 0.57 0.66 0.67 0.57 0.58 0.64 0.83 1 0.88 0.88 0.9 0.9

P03 0.49 0.51 0.67 0.63 0.6 0.65 0.84 0.8 0.88 0.85 0.83 0.93

P04 0.97 0.93 0.99 1 1 0.98 1 0.95 1 1 1 0.99

P05 0.88 0.68 0.71 0.78 0.77 0.82 1 1 0.85 0.89 0.87 0.87

P06 0.62 0.63 0.69 0.72 0.69 0.69 0.67 0.71 0.74 0.76 0.73 0.73

P07 0.73 0.72 0.82 0.73 0.65 0.68 0.85 0.79 0.84 0.75 0.67 0.69

P08 0.75 0.78 0.77 0.65 0.71 0.78 0.77 0.8 0.77 0.7 0.76 0.78

P09 0.64 0.64 0.76 0.76 0.75 0.78 0.66 0.66 0.76 0.79 0.78 0.81

P10 0.64 0.74 0.8 0.88 0.79 0.84 0.73 0.82 0.92 1 1 1

P11 1 1 1 1 1 1 1 1 1 1 1 1

Ave. 0.75 0.75 0.81 0.78 0.77 0.80 0.85 0.87 0.88 0.87 0.87 0.88

Overall (CCR scores), pure technical (BCC scores) and scale (CCR score/BCC score) efficiencies

Table 5 Year-specific relative efficiency scores of hospitals in Jordan
Hosp. DEA-CCR model scores DEA-BCC model scores

2010 2011 2012 2013 2014 2015 2010 2011 2012 2013 2014 2015

J01 1 0.79 0.97 1 0.9 1 1 0.86 0.97 1 0.9 1

J02 1 0.95 1 1 1 1 1 0.97 1 1 1 1

J03 1 0.97 1 0.98 1 1 1 0.97 1 0.98 1 1

J04 0.83 0.78 0.66 0.59 0.72 0.77 0.83 0.79 0.66 0.61 0.73 0.82

J05 0.81 0.59 0.78 0.65 0.71 0.74 0.81 0.59 0.8 0.69 0.74 0.78

J06 0.84 0.88 0.91 0.84 0.9 1 0.85 0.9 0.92 0.85 0.9 1

J07 1 0.95 0.9 0.81 1 0.94 1 0.98 0.92 0.85 1 0.96

J08 0.83 0.68 0.74 0.67 0.79 0.9 0.83 0.68 0.75 0.72 0.8 0.94

J09 0.62 0.66 0.79 0.72 0.58 0.51 0.66 0.7 0.85 0.8 0.63 0.56

J10 0.73 0.72 0.92 0.8 1 1 0.78 0.76 0.94 0.84 1 1

J11 0.12 0.69 0.69 0.62 0.78 0.75 0.59 0.84 0.73 0.68 0.81 0.81

J12 0.65 0.73 0.85 0.73 1 0.85 0.73 0.8 0.86 0.8 1 0.89

J13 0.74 0.78 0.7 0.66 0.8 0.87 0.83 0.87 0.81 0.78 0.89 0.98

J14 0.89 0.91 0.93 0.91 0.95 0.9 0.97 0.98 1 0.98 1 1

J15 0.87 0.68 0.76 0.76 0.78 1 1 0.88 0.87 0.89 0.87 1

J16 0.51 0.6 0.51 0.56 0.48 0.46 0.92 1 0.88 1 0.9 0.98

J17 0.84 0.87 0.91 0.96 1 1 0.9 0.96 0.96 0.98 1 1

J18 0.84 0.87 0.89 0.8 1 0.91 0.89 0.91 0.92 0.91 1 0.95

J19 0.78 0.49 0.54 0.52 0.5 0.77 1 0.88 0.92 0.85 0.86 1

J20 0.96 0.95 1 0.98 0.8 1 1 0.99 1 0.99 0.83 1

J21 0.78 0.77 0.88 0.72 0.87 0.88 1 1 1 1 1 1

J22 0.6 0.58 0.62 0.5 0.6 0.72 1 1 1 1 1 1

Ave. 0.78 0.77 0.82 0.76 0.83 0.86 0.89 0.88 0.90 0.87 0.90 0.94
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J07 0.9 0.81 0.84 0.93 0.92 0.85 J18 0.91 0.97 0.97 0.97 0.92 0.94

J08 0.98 0.98 1 0.98 1 0.99 J19 1 0.91 0.88 0.95 1 1

J09 0.86 0.81 0.9 0.94 0.91 0.9 J20 0.96 0.98 1 1 0.91 1

J10 0.87 0.92 1 0.86 1 1 J21 1 0.9 0.98 1 1 0.97

J11 0.86 0.96 0.92 0.89 0.99 0.95 J22 0.93 0.93 0.88 1 0.99 1

Average 0.94 0.93 0.95 0.95 0.97 0.96

Sultan and Crispim Conflict and Health           (2018) 12:44 Page 12 of 14

https://www.site.moh.ps/index/Books/BookType/2/Language/ar
https://www.site.moh.ps/index/Books/BookType/2/Language/ar
http://www.pcbs.gov.ps/Downloads/book2188.pdf
http://apps.moh.gov.jo/MOH/En/publications.php
http://apps.moh.gov.jo/MOH/En/publications.php


Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1School of Administrative Sciences, PPU-Palestine & NIPE-Portugal, Hebron,
Palestine. 2School of Economics and Management, University of Minho,
Braga, Portugal.

Received: 5 April 2018 Accepted: 17 October 2018

References
1. Giacaman R, et al. Health status and health services in the occupied

Palestinian territory. Lancet. 2009;373.9666:837–49.
2. Hamdan M, Defever M. A ‘transitional’ context for health policy

development: the Palestinian case. Health Policy. 2002;59.3:193–207.
3. Shehada Y. Does Foreign Aid Accelerate Corruption? The Case of the

Palestinian National Authority. J Holy L Palest Stud. 2015;14:165–87
Edinburgh University Press 22 George Square, Edinburgh EH8 9LF UK.

4. Giacaman R, Abdul-Rahim HF, Wick L. Health sector reform in the occupied
Palestinian territories (OPT): targeting the forest or the trees? Health Policy
Plan. 2003;18:59–67 Oxford Univ Press.

5. Hamdan M, Saleem AA. Assessment of patient safety culture in Palestinian
public hospitals. Int J Qual Heal care. 2013;25:167–75.

6. Charnes A, Cooper WW, Rhodes E. Evaluating program and managerial
efficiency: an application of data envelopment analysis to program follow
through. Manage. Sci. INFORMS. 1981;27:668–97.

7. Johnson AL, Kuosmanen T. One-stage and two-stage DEA estimation of the
effects of contextual variables. Eur. J. Oper. Res. Elsevier. 2012;220:559–70.

8. Banker RD, Charnes A, Cooper WW. Some models for estimating technical
and scale inefficiencies in data envelopment analysis. Manage Sci INFORMS.
1984;30:1078–92.

9. Valdmanis VG, Rosko MD, Leleu H, Mukamel DB. Assessing overall, technical,
and scale efficiency among home health care agencies. Health Care Manag
Sci Springer. 2017;20:265–75.

10. WHO. Health conditions in the occupied Palestinian territory, including east
Jerusalem, and in the occupied Syrian Golan [Internet]. 2017 [cited 2018
Mar 1]. Available from: https://www.map.org.uk/news/archive/post/669-
world-health-assembly-calls-for-support-for-palestinian-health-system

11. Sultan WIM, Crispim J. Measuring the efficiency of Palestinian public
hospitals during 2010-2015: An application of a two-stage DEA method.
BMC Health Serv Res. 2018:18.

12. Batniji R, Rabaia Y, Nguyen–Gillham V, Giacaman R, Sarraj E, Punamaki R, et
al. Health as human security in the occupied Palestinian territory. Lancet.
2009;373:1133–43 Elsevier.

13. Sultan WIM, Sultan MIM, Crispim J. Palestinian doctors’ views on patient-
centered care in hospitals. BMC Health Serv Res [Internet]. 2018;18:766
Available from: https://doi.org/10.1186/s12913-018-3573-0.

14. Haj-Yahia MM, Sousa C, Alnabilsy R, Elias H. The influence of Palestinian
physicians’ patriarchal ideology and exposure to family violence on their
beliefs about wife beating. J Fam Violence Springer. 2015;30:263–76.

15. Thanassoulis E, Shiraz RK, Maniadakis N. A cost Malmquist productivity index
capturing group performance. Eur. J. Oper. Res. Elsevier. 2015;241:796–805.

16. Verdonk P, Harting A, Lagro-Janssen TLM. Does equal education generate
equal attitudes? Gender differences in medical students’ attitudes toward
the ideal physician. Teach Learn Med Taylor & Francis. 2007;19:9–13.

17. Shahawy S, Diamond M. Attitudes of Palestinian medical students on the
geopolitical barriers to accessing hospitals for clinical training: a qualitative
study. Confl Health BioMed Central. 2016;10:1.

18. Office of King Hussein I. Disengagement from the West Bank [Internet]. Keys
to Kingdom/Hist. 2000 [cited 2017 Jun 15]. Available from: http://www.
kinghussein.gov.jo/history.html

19. Abu-Odeh A, Delvoie LA. Jordanians, Palestinians & the Hashemite Kingdom
in the Middle East Peace Process. Int J. 2000;55:669 Sage Publications Ltd.

20. Al Madfai MR, Al MR. Jordan, the United States and the Middle East peace
process. Cambridge University Press. 1993;28:1974–91.

21. Karolyi P. Update on conflict and diplomacy. J Palest Stud University of
California Press Journals. 2017;46:121–59.

22. Ashton NJ. The Middle East: intractable conflict?: Jordan’s unavoidable stake
in the Middle East peace process. London School of Economics and Political
Science: LSE IDEAS; 2009.

23. Al-Din ASN, Kurdi A, Mubaidin A, El-Khateeb M, Khalil RW, Wriekat A-L.
Epidemiology of multiple sclerosis in Arabs in Jordan: a comparative study
between Jordanians and Palestinians. J Neurol Sci Elsevier. 1996;135:162–7.

24. PMoH. Health annual report 2015 [Internet]. 2015 [cited 2017 May 8].
Available from: https://www.site.moh.ps/index/Books/BookType/2/
Language/ar.

25. Farrell MJ. The measurement of productive efficiency. J R Stat Soc Ser A.
1957:253–90.

26. Charnes A, Cooper WW, Rhodes E. Measuring the efficiency of decision
making units. Eur J Oper Res. 1978;2:429–44.

27. Liu JS, Lu LYY, Lu W-M. Research fronts in data envelopment analysis.
Omega. Elsevier. 2016;58:33–45.

28. Førsund FR, Hjalmarsson L. On the measurement of productive efficiency.
Swedish J Econ JSTOR. 1974:141–54.

29. Chilingerian JA, Sherman HD. Health-care applications: from hospitals to
physicians, from productive efficiency to quality frontiers: Springer; 2011. p.
445–93. Handb data Envel Anal

30. Hollingsworth B. The measurement of efficiency and productivity of health
care delivery. Health Econ Wiley Online Library. 2008;17:1107–28.

31. Chen S, Wu Y, Chen Y, Zhu H, Wang Z, Feng D, et al. Analysis of operation
performance of general hospitals in Shenzhen, China: a super-efficiency
data envelopment analysis. Lancet. 2016;388:S57 Elsevier.

32. Liu JS, Lu LYY, Lu W-M, Lin BJY. A survey of DEA applications. Omega
Elsevier. 2013;41:893–902.

33. Zere E. Hospital efficiency in sub-Saharan Africa. Evidence from South Africa. 2000.
34. Ozcan YA, Luke RD. Health care delivery restructuring and productivity

change: assessing the Veterans Integrated Service Networks (VISNs) using
the Malmquist approach. Med. Care Res. Rev. 2011;68:20S–35S SAGE
Publications Sage CA: Los Angeles, CA.

35. van Ineveld M, van Oostrum J, Vermeulen R, Steenhoek A, van de Klundert
J. Productivity and quality of Dutch hospitals during system reform. Health
Care Manag. Sci. 2015:1–12.

36. Ozcan YA, Khushalani J. Assessing efficiency of public health and medical
care provision in OECD countries after a decade of reform. Cent Eur J Oper
Res Springer. 2017;25:325–43.

37. Samut PK, Cafrı R. Analysis of the efficiency determinants of health systems
in OECD countries by DEA and panel tobit. Soc Indic Res Springer. 2016;129:
113–32.

38. JMoH. Jordanian ministry of Health [Internet]. Minist. website. 2015 [cited 2016
Jul 15]. Available from: http://apps.moh.gov.jo/MOH/En/publications.php

39. Dyson RG, Allen R, Camanho AS, Podinovski VV, Sarrico CS, Shale EA. Pitfalls
and protocols in DEA. Eur J Oper Res Elsevier. 2001;132:245–59.

40. Golany B, Roll Y. An application procedure for DEA. Omega Elsevier.
1989;17:237–50.

41. Boussofiane A, Dyson RG, Thanassoulis E. Applied data envelopment
analysis. Eur J Oper Res Elsevier. 1991;52:1–15.

42. Lindlbauer I, Schreyögg J, Winter V. Changes in technical efficiency after
quality management certification: a DEA approach using difference-in-
difference estimation with genetic matching in the hospital industry. Eur J
Oper Res Elsevier. 2016;250:1026–36.

43. Narcı HÖ, Ozcan YA, Şahin İ, Tarcan M, Narcı M. An examination of
competition and efficiency for hospital industry in Turkey. Health Care
Manag Sci Springer. 2015;18:407–18.

44. Cook WD, Tone K, Zhu J. Data envelopment analysis: prior to choosing a
model. Omega Elsevier. 2014;44:1–4.

45. Kawaguchi H, Tone K, Tsutsui M. Estimation of the efficiency of Japanese
hospitals using a dynamic and network data envelopment analysis model.
Health Care Manag Sci. 2014;17:101–12.

46. Viola C, Benvenuto M. Data envelopment analysis (DEA) for the evaluation
of public healthcare structures. Electron J Appl Stat Anal Decis Support Syst
Serv. Evaluation. 2014;5:67–82.

47. Chowdhury H, Zelenyuk V, Laporte A, Wodchis WP. Analysis of productivity,
efficiency and technological changes in hospital services in Ontario: how
does case-mix matter? Int J Prod Econ. 2014;150:74–82.

Sultan and Crispim Conflict and Health           (2018) 12:44 Page 13 of 14

https://www.map.org.uk/news/archive/post/669-world-health-assembly-calls-for-support-for-palestinian-health-system
https://www.map.org.uk/news/archive/post/669-world-health-assembly-calls-for-support-for-palestinian-health-system
https://doi.org/10.1186/s12913-018-3573-0
http://www.kinghussein.gov.jo/history.html
http://www.kinghussein.gov.jo/history.html
https://www.site.moh.ps/index/Books/BookType/2/Language/ar
https://www.site.moh.ps/index/Books/BookType/2/Language/ar
http://apps.moh.gov.jo/MOH/En/publications.php


48. Ozgen H, Ozcan YA. Longitudinal analysis of efficiency in multiple output
dialysis markets. Health Care Manag Sci Springer. 2004;7:253–61.

49. Chowdhury H, Zelenyuk V. Performance of hospital services in Ontario: DEA
with truncated regression approach. Omega Elsevier. 2016;63:111–22.

50. Bowling A. Research methods in health. McGraw-Hill Education (UK); 2014.
51. Färe R, Grosskopf S, Norris M, Zhang Z. Productivity growth, technical

progress, and efficiency change in industrialized countries. Am Econ Rev
JSTOR. 1994:66–83.

52. Sarkis J, Talluri S. Efficiency measurement of hospitals: issues and extensions.
Int J Oper Prod Manag MCB UP Ltd. 2002;22:306–13.

53. Cooper WW, Seiford LM, Tone K. Data envelopment analysis: a
comprehensive text with models, applications, references and DEA-solver
software: Springer Science & Business Media; 2007.

54. Aghamolaei T, Eftekhaari TE, Rafati S, Kahnouji K, Ahangari S, Shahrzad ME,
et al. Service quality assessment of a referral hospital in southern Iran with
SERVQUAL technique: patients’ perspective. BMC Health Serv Res. 2014;14:322.

55. Al-Shammari M. A multi-criteria data envelopment analysis model for
measuring the productive efficiency of hospitals. Int J Oper Prod Manag
MCB UP Ltd. 1999;19:879–91.

56. Mujasi PN, Kirigia JM. Productivity and efficiency changes in referral
hospitals in Uganda: an application of Malmquist Total productivity index:
iMedPub; 2016. Heal. Syst. Policy Res

Sultan and Crispim Conflict and Health           (2018) 12:44 Page 14 of 14


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Research problem
	The comparability between West Bank and Jordan
	The measurement of relative efficiency in the health care context

	Methods
	Sample and data
	The production model of public hospitals
	Within-country analysis: the assessment of overall and managerial efficiencies
	Across country analysis: the assessment of program efficiency

	Results and discussion
	Overall efficiency and managerial efficiency of public hospitals in West Bank
	Overall efficiency and managerial efficiency of public hospitals in Jordan
	Across country analysis: program efficiency

	Conclusions
	Appendix A
	The mathematical formulations of Data Envelopment Analysis model

	Appendix B
	Year-specific results of relative efficiency presented in Tables
	Abbreviations

	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

