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. The best-worst method (BWM) is
used across diverse industries to prioritize
critical factors.

. BWM is the state-of-the-art multi-
criteria decision-making method.

. A new set of internal and external
factors to screen the performance of
Iranian public hospitals is identified using
the BWM.

. External factors (economic and
political) have a greater impact on hospital
performance than internal factors.

Background: In the ever-changing healthcare environment,
policymakers and managers need a comprehensive evaluation
system to accurately identify and prioritize factors affecting
hospital performance. The present study aimed to identify and
rank critical factors affecting hospital performance using the
best-worst method (BWM).

Methods: A cross-sectional study was conducted during 2016-
2019 to identify and prioritize factors affecting the performance
of Iranian public hospitals using the BWM. Initially, the
content validity ratio (CVR) was used to screen the identified
factors. Then, using a linear programming formula, a pairwise
comparison between the best/worst criterion with all other
identified criteria was performed.

Results: The most important internal factor was efficiency, and
its associated indicators were mainly related to financial factors.
Among all external factors, the most prominent were economic,
legal, and political factors, which were negatively affected by
budgeting policies and the payment system. A megatrend was
also identified in the form of a national health insurance system
as well as a shift from employer-based to government-subsidized
insurance coverage.

Conclusion: External factors (economic and political) had
a greater impact on the performance of public hospitals than
internal factors (efficiency and effectiveness).
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Introduction

Health system performance refers to improving a patient’s
overall health while achieving business goals. Health systems
are continuously faced with key issues such as inefficiency,
the challenge of meeting patient needs, and increased costs."
Improving the performance of hospitals is thus essential to
appropriately respond to such challenges and adapt to social

Copyright: ©Iranian Journal of Medical Sciences. This is an open-access article distributed under the terms of the Creative Commons
Attribution-NoDerivatives 4.0 International License. This license allows reusers to copy and distribute the material in any medium or
format in unadapted form only, and only so long as attribution is given to the creator. The license allows for commercial use.


https://orcid.org/0000-0001-6426-0256
https://orcid.org/0000-0001-8268-5346

Shojaei P, Pourmohammadi K, Hatam N, Bastani P, Hayati R

changes in modern society.? To this end, health
managers and policymakers need a specific
framework to evaluate the performance of
hospitals.

Performance evaluation is a key success
factor for any organization and a persistent
challenge facing managers and stakeholders.®
Performance  evaluation systems allow
identification of the current organizational status
and quality of activities, especially in complex
and dynamic environments. Without such a
system, an organization may not survive in the
long run. For the first time, in 1859, Florence
Nightingale evaluated hospital performance
using parameters such as mortality and infection
rates.* However, it is only since 2000 that certain
activities have been initiated to develop tools
to measure health system performance.® Key
performance indicators (KPIs) are performance-
based decision-making tools used by
policymakers and managers.t-® These indicators
are used to monitor, evaluate, and manage
health systems to improve the quality, efficiency,
and effectiveness of health care and to plan and
develop organizational goals.®

Given the increasing complexity of hospital
management, there is a need for tools to
evaluate hospital performance based on
scientific knowledge." Such tools must include
appropriate indicators that adequately reflect
the performance of hospitals."" In addition,
taking into account possible changes in
hospital performance over time, there should
be enough flexibility to adapt performance
indicators, as new evidence comes to light.”?
Additionally, it is inevitable that hospitals will
have to deal with performance indicators that
are at times contradictory, e.g., safety versus
satisfaction or cost of goods versus treatment
cost. Consequently, it is essential to identify
and prioritize indicators in terms of quality and
quantity. For this purpose, multi-criteria decision-
making (MCDM) is one of the methods used to
explicitly evaluate multiple conflicting criteria in
decision making."”®* Another method is the best-
worst method (BWM), developed by Rezaei in
2015." This method is proposed to solve MCDM
problems by comparing the best/worst criterion
against all other identified criteria. In comparison
with other algorithms, the advantage of BWM
is that it requires fewer comparative data and
leads to more consistent and stable results.’ In
addition, it uses pairwise comparison and thus
less likelihood of inconsistencies by comparing
too many criteria. The results of various case
studies that implemented BWM indicated
that it outperforms other methods in terms
of consistency ratio, minimum violation, total
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deviation, and conformity.™

Although the BWM has been widely used
in various industries, its implementation in the
health system is scarce. To the best of our
knowledge, only a few studies in Iran have
implemented the BWM for decision-making.
Abadi and colleagues used the BWM to develop
a strategic planning framework for expanding
the medical tourism industry in Yazd (Iran).'® In
another study, Rowshan and colleagues used
this method to identify and prioritize factors
influencing outsourcing in Zeinabieh Hospital
in Shiraz (Iran)."” In the present study, the BWM
is used to identify and prioritize KPIs of public
hospitals in Iran.

Materials and Methods

The present study was approved by the Ethics
Committee of Shiraz University of Medical
Sciences, Shiraz, Iran (IR.SUMS.REC.1396.
S274). A cross-sectional study was conducted
during 2016-2019 to identify and prioritized
KPIs in Iranian public hospitals using the BWM.
Initially, the best and worst criteria for decision-
making were determined and compared. Then,
the problem was optimized, and the weight of
each criterion was determined based on two
features, namely the probability and the effect.
Finally, using the obtained weights, alternatives
resulting in a set of criteria were calculated,
and the best alternative was selected. We also
calculated the inconsistency rate. The BWM
consists of six steps:

Step 1: Define a set of decision-making
criteria. In this step, a set of indicators required
for decision-making is defined as {c,, c,, ..., ¢ }.
In addition, factors affecting the performance
of public hospitals were extracted based on a
previous study.® Because of the large number
of factors and indicators, the content validity
ratio (CVR) was used for screening purposes.
CVR was quantitatively calculated based on
the opinion of an expert panel. The experts
were requested to rate each item on a three-
point scale, namely “effective”, “effective but not
necessary” and “not effective”. Since the expert
panel comprised 32 members, CVR>0.29 was
considered acceptable.”®
NE —N/2

CVR =
N/2

where NE: The number of the experts who
rated an item as “necessary”’, N: The total
number of the experts.

Step 2: Define the best (most important)
and the worst (least important) criteria. The
selection was made by the panel based on their
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expert judgment.

Step 3: Define the priority of the best criterion
among all other criteria by assigning a score from
one to nine. The comparison was performed
by the experts using the pairwise comparison
method. The priority vector of the best indicator
compared to others was expressed as A,=(a
Agyse--r Ag,)-

Step 4: Define the priority of the worst
criterion among all other criteria in the same
manner as in step 3. The priority vector of all
indicators compared to the worst indicator was
expressed as Aw=(a,,, a,,, ..., a,,)"

Step 5: Modeling the research problem
with a linear programming formula. In this
stage, for each pairwise comparison of the
best criterion with the other criteria (Wb/WI,), a
technical coefficient of the best comparison
(abl,) was obtained. Similarly, for each pairwise
comparison of the worst criterion with the other
criteria (WJ/WW), a technical coefficient of the
worst comparison (ajw) was obtained. These
were expressed as:

Wy, /w]- = ay,

B1’

W.
]/WW = Gy

The maximum difference between the
equations was minimized.

1"y = ]

W.
| ]/Ww - ajw|
The result of minimizing the equations was

the formation of a function with restrictions.

. _ (lwp Wj
mmmaxj—ﬂ Jw; ab]-|.| fw,, = WGw

such that Xjw; = 1, w; = 0; forall j.

To solve the equation, a linear programming
formula was developed: min ¢ such that

|W”/W]. - a,,]-| <e.forallj

|Wj/‘,|,W - ajw| <é&forallj

2jwj=1,w; 20.forallj

Step 6: Solving the linear programming
formula to determine the final weights of each
criterion. In this stage, indicators were evaluated
and prioritized using the obtained weights.

Data were analyzed using LINGO software
version 18.0.44 (Lindo Systems, IL, USA).
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Critical factors affecting the performance of public hospitals

Based on the opinion of the expert panel, out
of 58 external and 33 internal factors affecting
the performance of public hospitals, 18 and 11
factors were selected based on the CVR value,
respectively. Internal factors were categorized
into two dimensions, namely efficiency, and
effectiveness. Indicators  associated with
efficiency were mainly related to financial
factors. External factors were categorized into
seven dimensions, namely economic, legal,
social, environmental, political, technological,
and healthcare megatrends. Among these,
economic, legal, and political were the most
prominent factors negatively affected by
budgeting policies and the payment system.
A megatrend was also identified in the form of
a national health insurance system as well as
a shift from employer-based to government-
subsidized insurance coverage (table 1).

Among all factors affecting the performance
of public hospitals, economic and social
dimensions (external factors) received the
highest and lowest ranks with the weights of
0.27 and 0.05, respectively. Efficiency and
effectiveness (internal factors) were ranked third
and fifth, respectively (table 2).

In the “economic factor” category, the
highest-ranking indicators were the structure
of the payment system, the inflation rate in
the health sector, and patient out-of-pocket
contribution. Similarly, the hospital budgeting
system and mandatory implementation of
guidelines were the highest-ranking indicators
in the “legal factors” category. In the category
of “social factors”, changes in disease patterns
and equity in utilization of hospital services
were the most important indicators. Of all
indicators, privatization in line with Article 44
of the Constitution of the L.R. Iran (political
factor) ranked first followed by advancement
in health information technology (technological
factor) and increased risk of illnesses due to
environmental pollution (environmental factor).
In the category of “healthcare megatrends”, a
paradigm shift from quantity to quality health
service provision, national health insurance,
and a shift from employer-based to government-
subsidized insurance coverage were the most
important items. Among all indicators of internal
factors, the most important indicators affecting
the performance of public hospitals were
emergency care waiting time, the cost revenue
ratio, the percentage of doctors using guidelines,
and the cost-effectiveness ratio of health care
services (table 2)
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Table 1: Internal and external factors and the corresponding indicators affecting hospital performance

Dimensions Indicators CVR

Internal factors

Efficiency Daily costs per person 0.375
Ratio of payroll expenses to total revenue per day 0.687
Ratio of the costs of medication and health care products to total allocated budget 0.375
Ratio of the costs of medication and health care products to total costs 0.562
Ratio of total costs to available beds 0.562
Cost revenue ratio 0.687
Cost-effectiveness ratio of health care services 0.562
Duration of hospital stay 0.437
Maintenance of human resources 0.500

Effectiveness Emergency care waiting time (triage, admission and discharge process, surgery, etc.) 0.466
Availability of a system to review and analyze mortality data 0.466
Number of developed guidelines in the hospital 0.375
Percentage of doctors using guidelines 0.517
Treatment compatibility with patients’ needs 0.666
Collaboration between the management team, doctors, and staff in quality improvement 0.354
programs

External factors

Economic Structure of payment system 0.647
Tariff structure 0.657
Structure of procurement system (medicine and supplies) 0.290
Inflation rate in the health sector 0.454
Increase in costs 0.588
Global inflation rate 0.333
Structure of the financial system 0.543
The share of the health sector of the national budget 0.301
Timely payment of hospital claims by health insurers from government subsidies 0.824
Patient out-of-pocket contribution 0.314
Economic sanctions 0.467

Legal Fair salary scale 0.697
Hospital budgeting system (global budget, linear budget set, ownership of savings) 0.882
Health technology assessment (license to import specialized equipment and medication) 0.371
Mandatory implementation of guidelines from the Ministry of Health and insurance companies  0.657

Social Changes in disease patterns 0.394
Improving education level and access to information resources 0.294
Equity in utilization of hospital care 0.412

Environmental Increased risk of illnesses due to environmental pollution 0.486

Political Privatization in line with Article 44 of the Constitution of the I.R. Iran 0.882

Technological
electronic health records)

Advancement in health information technology (home care, telemedicine, distance education, 0.486

Healthcare General health insurance and a shift from employer-based to government-subsidized insurance 0.724
megatrends coverage (tax-based system)
A paradigm shift from quantity to quality health service provision (quality, efficiency, safety, cost) 0.722
Aging population affects the health system 0.388
Emergence of genomic medicine for prognostic and diagnostic purposes 0.294

CVR: Content validity ratio

The results of the BWM showed that the
economic factor (weight: 0.27099) was the most
contributing factor affecting the performance
of public hospitals in Iran. Among all indicators
of the economic factor, the structure of the
payment system had the greatest impact on the
performance of public hospitals. The payment
system has been reported to be one of the
major issues, because it is designed to promote
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competition between hospitals and increase the
number of services to attract more patients.
This model is referred to as the pay-for-service
approach, whereby payments are made based
on the intensity (volume, frequency, duration, and
type) of the provided services. In recent years,
however, a new megatrend has been observed
in which a shift from a pay-for-service to a pay-
for-performance model has taken place, whereby
higher quality of care has become the basis for
the payment system.?22 This is indicative of a
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Table 2: Final weights of the factors and indicators affecting the performance of Iranian public hospitals

Factors Weight (rank) Indicators Local Incompatibility Global Final
weight' rate weight? rank
Economic 0.27099 (1) Structure of payment system 0.233 0.058 0.063 4
Tariff structure 0.078 0.021 18
Structure of procurement system (medicine  0.049 0.013 23
and supplies)
Inflation rate in the health sector 0.107 0.029 11
Increase in costs 0.098 0.026 14
Global inflation rate 0.053 0.014 21
Structure of financial system 0.097 0.026 15
Timely payment of hospital claims by 0.099 0.026 13
insurers
Patient out-of-pocket contribution 0.103 0.027 12
Economic sanctions 0.036 0.009 28
The share of health sector of the national 0.043 0.011 24
budget
Political 0.151799 (2)  Privatization in line with Article 44 of the 0.151 0.041 0.151 1
Constitution of the I.R. Iran
Efficiency 0.108386 (3) Daily costs per patient 0.108 0.073 0.011 25
Ratio of payroll expenses to total revenue 0.097 0.010 26
per day
Ratio of the costs of medication and health 0.071 0.007 38
care products to total allocated budget
Ratio of the costs of medication and health 0.070 0.007 34
care products to total costs
Ratio of total cost to available beds 0.091 0.009 29
Cost revenue ratio 0.278 0.030 10
Cost-effectiveness ratio of health care 0.171 0.018 20
services
Duration of hospital stay 0.058 0.006 39
Maintenance of human resources 0.052 0.005 40
Healthcare 0.093363 (4)  General health insurance and a shift from 0.390 0.047 0.036 7
megatrends employer-based to government-subsidized
insurance coverage
A paradigm shift from quantity to quality 0.431 0.040 5
health service provision
Aging population affecting the health system 0.103 0.009 31
Emergence of genomic medicine for 0.075 0.007 37
prognostic and diagnostic purposes
Effectiveness  0.090758 (5)  Availability of a system to review and analyze 0.083 0.052 0.007 35
mortality data
Number of developed guidelines in the hospital 0.080 0.007 36
Treatment compatibility with patient needs 0.110 0.010 27
Percentage of doctors using guidelines 0.125 0.018 19
Emergency care waiting time (triage, admission 0.204 0.039 6
and discharge process, surgery, etc.)
Collaboration between management team, 0.435 0.006 38
doctors, and staff in quality improvement
programs
Legal 0.083651 (6) Fair salary scale 0.116 0.030 0.009 30
Hospital budgeting system 0.392 0.032 8
Health technology assessment 0.1 0.009 32
Mandatory implementation of guidelines 0.379 0.031 9
Technological  0.080386 (7)  Advancementin health information technology 0.080 0.027 0.080 2
Environmental 0.063281 (8)  Increased risk of illnesses due to 0.063 0.033 0.063 3
environmental pollution
Social 0.05724 (9) Changes in disease burden pattern 0.374 0.022 0.021 16
Improving education level and access to 0.254 0.014 22
information resources
Equity in utilization of hospital care 0.371 0.021 17

1: Weight of indicator, 2: Weight of dimensionxweight of indicator
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paradigm shift from quantity to quality provision of
health services. The importance of this paradigm
shift was also reflected in our results, as it ranked
fith among all indicators. Implementation of
pay-for-performance will eventually lead to the
provision of higher quality services and reduced
costs.?® In addition, one of the consequences
of this approach is the development of a
value-based purchasing program.?? 24 25
Accordingly, the lranian health macro policies
also emphasize topics such as a quality-based
payment system, efficiency improvement, fair
salary, and incentives for healthcare providers to
improve health care.?? Unquestionably, hospital
performance will markedly improve if healthcare
managers and policymakers pro-actively reform
the current payment system.

The political factor (weight: 0.151799) was
also found to be an important criterion affecting
the performance of public hospitals. Based on
the opinion of the expert panel, privatization (in
line with Article 44 of the Constitution of the I.R.
Iran) was the key indicator affecting hospital
performance. This approach is an essential
component of health system reform,?¢ as it will
improve hospital performance through cost
reduction, faster provision of health care services,
higher efficiency, improving the skills of health
care workers, and direct focus on key hospital
processes.?” The most important factor for the
success of this approach is the collaboration
between public and private health sectors in
synchronizing their services to increase added
value. Additionally, streamlining the structure and
organization of hospitals and better evaluating
the performance of management teams provide
greater adaptability. Furthermore, it gives more
flexibility and functional autonomy to hospitals
due to their financial dependence on the state
budget.?-3° However, Kavosi and colleagues
warned against outsourcing public health
services to the private sector, as it involves
complex and multi-criteria decisions.®'

Among all factors affecting hospital
performance, efficiency and effectivenessranked
third and fifth, respectively. The main indicators
associated with these factors were emergency
care waiting time (total rank: 6) and cost revenue
ratio (total rank: 10). The latter is indicative of the
impact of financial conditions on efficiency as an
internal factor. In line with our findings, Rahimi
and colleagues used a balanced scorecard to
determine the performance indicators identified
in Iranian public hospitals. They concluded
that the cost revenue ratio is one of the key
performance indicators. They also showed that
this ratio was causally related to as many as 16
different indicators (73%). Another study also
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reported that financial indicators significantly
affected hospital performance and had a causal
relationship with other performance indicators.?

The results of our study showed that
emergency care waiting time (total rank: 6)
had a great impact on the effectiveness of
hospital performance. In a meta-analysis study,
Fazel Hashemi and colleagues reported that
waiting time in the emergency departments
of Iranian hospitals is well above national
and international standards.®*? The longer the
emergency care waiting time, the less efficient
the hospital process.?® It is therefore essential
to address this indicator not only for its positive
contribution to effectiveness, but also for its
impact on several other hospital performance
factors. Rahimi and colleagues showed that
emergency care waiting time has a causal
relationship with at least eight other indicators,
namely cost revenue ratio, the average length
of stay, bed occupancy rate, withdrawal of
consent for treatment, hospital infection rate,
patient satisfaction, and the number of patient
complaints.®> A triage system is an effective
method to reduce waiting time in an emergency
department. Choi and colleagues investigated
the effect of triage rapid initial assessment by a
doctor (TRIAD) on waiting time in an emergency
department.>* They reported that the average
waiting time and processing time were reduced
by 38% and 23%, respectively. Some other
studies have applied different techniques to
reduce emergency care waiting time. Based
on the quality function deployment technique,
Rahimi and colleagues proposed a model to
improve the quality of emergency services.3®
In another study, Vashi and colleagues applied
lean principles to reduce emergency care
waiting times and reported a reduction of door-
to-doctor time by 12.6 minutes.3®

The main strength of the present study
is the inclusion of both internal and external
performance factors affecting public hospitals
in Iran. This approach differs from previous
studies that solely focused on internal factors.
The main limitation of the present study was
caused by the COVID-19 pandemic, which
hindered the data collection process and
negatively affected the completion of the BWM
questionnaire. It is recommended that further
studies apply the improved version of BWM such
as rough BWM or fuzzy BWM. This overcomes
uncertainty and ambiguity issues associated
with the opinion of the panel of experts. Due
to the potential causal relationship between
indicators and the complex nature of the topic,
the use of soft operational research methods is
recommended.
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Conclusion

The results showed that external factors
(economic and political) had a greater impact on
the performance of public hospitals in Iran than
internal factors (efficiency and effectiveness).
In assessing the effectiveness of interventions
and the performance of hospitals, these external
factors should be considered.
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