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HIGHLIGHTS

GRAPHICAL ABSTRACT

e As the most critical and complex
areas of any healthcare facility,
hospital emergency departments
require urgent and creative
interventions to deal with growing
challenges.

® Proper layout is necessary for these
centers that are facing limited
resources in allocating departments
or expanding space and
infrastructure.
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In the healthcare industry, the optimal design of the layout of medical
centers, especially the emergency department, plays a vital role in
improving the quality of services, increasing patient satisfaction, and
improving safety. This design can help improve patient care, reduce
operating costs, and optimize the use of resources. However, due to the
uncertainty, the layout design of medical centers is complicated. While
previous researches have focused more on deterministic approaches, the
effect of uncertainty has been given less attention. This research presents
a hybrid framework using fuzzy set theory and multi-criteria decision-
making techniques. In the current research, first by reviewing articles and
interviewing experts, 22 key indicators were identified in different
dimensions of the emergency department. After distributing the fuzzy
Delphi questionnaire and conducting a survey phase, seven final indicators
including "length of stay", "waiting time", "admission rate", "overcrowding
rate", "re-attendance rate", "time to initial assessment" and "Patients'
satisfaction" were confirmed. Then, using the fuzzy hierarchical analysis
method, the selected indicators were weighted and two optimal layouts
were designed with the help of ALDP and KRAFT algorithms. In the end, to
evaluate and rank the layouts, the method of similarity to the fuzzy ideal
solution was used. The results of this research will be of great help to the
managers of medical centers in optimizing the design of layout and initial
design and can lead to improving the efficiency and effectiveness of
medical services.
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1. Introduction

Layout design in medical centers, especially in
emergency departments which are the most critical
and complex parts of these facilities, plays a central
role in providing quality services, increasing patient
satisfaction, and improving safety. These centers
face growing challenges such as limited resources
and the need for optimal allocation of space and
infrastructure. Effective layout design not only
helps to improve patient care and reduce
operational costs but also optimizes resource
utilization. However, due to the inherent
uncertainties in healthcare environments, the
layout design of these centers is a complex and
difficult process that requires novel and creative
approaches. Given the importance of the topic and
the existing challenges, many studies have been
conducted on the layout design of healthcare
facilities. However, most of these studies have
addressed the problem in a deterministic manner
and have paid less attention to the effects of
uncertainties. In contrast, this research aims to
develop a decision-making model for layout design
in medical centers by considering uncertainties,
thereby addressing this gap in the literature. The
proposed model helps managers and decision-
makers to select the optimal layout even in
uncertain conditions, thus improving the overall
performance of healthcare departments. In this
article, a comprehensive decision-making model is
presented to solve the layout design problem in
medical centers, especially in the emergency
department. The main novelty and contribution of
this research is the presentation of a new approach
to managing uncertainties, a critical factor that has
often been overlooked in previous deterministic
models. We propose a Robust Model that allows
health managers and decision-makers to optimize
the optimal layout under uncertain conditions. By
bridging the gap between theoretical models and
the practical complexities of the healthcare
environment, this research makes a significant
contribution to improving the quality and efficiency
of healthcare services and provides a unique and
effective tool for decision-making.

2. Methodology

The present study presents a hybrid framework
using fuzzy set theory and multi-criteria decision-
making techniques. According to the research steps
in Figure 1, first, by reviewing the articles and
interviewing experts, 22 key indicators in different
dimensions of the emergency department were
identified. After distributing the fuzzy Delphi
guestionnaire and conducting a survey phase, seven

final indicators including "length of stay", "waiting
time", "admission rate", '"crowd rate", 're-
attendance rate", "time to initial assessment" and
"patient satisfaction" were confirmed. Then, using
the fuzzy analytic hierarchy process, the selected
indicators were weighted and two optimal layouts
were designed with the help of Aldap and Craft
algorithms. Finally, the fuzzy ideal solution similarity

method was used to evaluate and rank the layouts.

| Research problem analysis |

i

| Identifying emergency indicators through expert opmion and review of |

i

‘ Selecting imp ortant indicators through Fuzzy Delphi method |

|

| Weighting indicators through Fuzzy Analytic Hierarchy |

l

| Optimal layout design through Aldap and Craft ‘

.

| Selecting the best Layout through Fuzzy |

Figure 1. Steps to conduct research.
3. Results and Discussion

In this study, first, by reviewing articles and talking
to experts, 22 important indicators for the
emergency department were identified by
categorizing them in the dimensions of time,
quality, safety, resources and equipment, and
satisfaction. By distributing a fuzzy Delphi
questionnaire with a five-point Likert scale (very
low, low, medium, high, and very high) and
surveying experts in one stage, seven indicators of
length of stay, waiting time, time to initial
assessment, readmission rate, admission rate,
congestion rate, and patient satisfaction were
confirmed with a threshold higher than 0.7. With
these seven indicators, in the next stage, the
indicators were weighted using the fuzzy analytic
hierarchy process. In the next stage, we designed
the optimal layout using the Aldap and Craft
algorithms designed in Excel. We designed by
entering information such as the number of
departments and their names, the total and
approximate area of the emergency department,
the name of each department, the flow (activity
relationship matrix), and the cost between
departments. It should be noted that the activity
relationship matrix was the result of the arithmetic
mean of the opinions of five experts. Each expert
filled in the activity relationship matrix by
commenting on the degree of proximity or distance
of the sections with Latin letters (A, E, I, O, U, X).
Finally, all the cells of the matrix were filled in with
the arithmetic mean of the opinions and the results
of each average were completed by spacing and
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assigning Latin letters to numbers. The cost of the
sections was also considered the same. Then, by
entering this information, the layout was designed.
In the last stage, it was time to rank the designed
layouts using the similarity method to the fuzzy
ideal solution, which showed in Table 1 that the
Craft layout took first place and the Aldap layout
took second place.

Table 1. Results and Final Ranking
Rank Similarity Result

2 0.2563
1 0.4798

Arrangement with Aldep
Arrangement with Carft

4. Conclusions

The proposed path in this study provides a logical
basis for selecting the most optimal and
appropriate emergency department layout plan to
improve the activities performed by doctors,
nurses, and other medical staff, as well as patients.
This study allows hospital managers and experts,
including quality improvement experts, to identify
the most important indicators that are effective in
improving the layout of critical departments and
evaluate the current layout plan of their hospital
emergency department based on it. In order to
have a suitable plan for evaluating departments,
these indicators can be included in the form of a
survey of experts before designing the department
to encourage its experts. Based on the results
obtained, the length of stay index plays an
important role in solving the problem of emergency
department layout. As a result, experts should pay
special attention to this indicator and its sub-
criteria. Hospitals can prioritize designs that have
received higher scores based on the proposed route
in their layout plan before building wards and also
after construction when replacing wards.
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Table 7. Summary and review of research background
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Table 9. Later pairwise comparison matrix
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Table 10. Pairwise comparison of indicators according to the time dimension
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Table 11. Pairwise comparison of indicators according to quality dimension
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Table 12. Pairwise comparison of indicators according to the safety dimension
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Table 13. Pairwise comparison of indicators according to the resources and equipment dimension
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Table 14. Pairwise comparison of indicators according to the satisfaction dimension
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Table 15. Indicator weights
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Table 18. Section guide for Craft's algorithm
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Table 19. Weight of indicators, criteria marks and scores of the first, second and third experts
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Table 20. Matrix spectrum
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Table 21. Fuzzy TOPSIS calculations performed
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Table 22. Distance to positive and negative ideal solution
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Table 23. Final results and rankings
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Figure 7. Layout design with Craft.
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Figure 8. Layout design with Aldap.
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