
Health Policy and Technology 8 (2019) 365–376 

Contents lists available at ScienceDirect 

Health Policy and Technology 

journal homepage: www.elsevier.com/locate/hlpt 

Emergency department ergonomic design evaluation: A case study 

using fuzzy DEMATEL-focused two-stage methodology 

Muhammet Gul 

Department of Industrial Engineering, Munzur University, 620 0 0, Tunceli, Turkey 

a r t i c l e i n f o 

Article history: 

Available online 9 October 2019 

Keywords: 

Emergency department 

Ergonomic design 

Check-list 

FDEMATEL 

a b s t r a c t 

Objectives: An emergency department (ED) is a unit of a hospital that is designed, staffed, and equipped 

to treat injured people and those afflicted with sudden and severe illness. Evaluation of ergonomic design 

of these departments with respect to specific criteria/standards is expected to contribute to the improve- 

ment of productivity and service quality since EDs have too much complexity and volume in the patient 

flow. Therefore, this paper proposes a two-stage methodology for evaluation of ED ergonomic design. 

Methods: The first stage provides a check-list with 137 items on six main headings to evaluate the er- 

gonomics of ED physical design with the opinions of medical staff. The second stage offers a fuzzy-based 

cause and effect decision-making model for the decreased items assessed in the first stage. In this stage, 

a fuzzy decision-making trial and evaluation laboratory (FDEMATEL) is used since the decision-making 

process involves the vagueness of human judgments. 

Results: Considering the interdependence among items, proposed FDEMATEL reflects the causal relation- 

ships among criteria through a cause-effect relationship diagram. A case study was carried out at a train- 

ing and research hospital ED in Istanbul, Turkey. 

Conclusion: In conclusion, several suggestions are offered that the ED needs interventions on accessibility, 

patient and personnel accommodations, and personnel privacy. 

© 2019 Fellowship of Postgraduate Medicine. Published by Elsevier Ltd. All rights reserved. 
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ntroduction 

Ergonomics is defined as the study of designing or arranging

orkplaces, products and systems for useful purposes [18 , 20] .

lthough ergonomic attempts have been widely carried out in

he industry, studies are very few in health care [8 , 15 , 16 , 19] .

mergency departments, which are the most essential units of

he hospitals, are designed, staffed, and equipped to treat injured

eople and those afflicted with sudden and severe illness. To

valuate ergonomic patient care system at the EDs improves the

uality of life for the patients and health professionals, compat-

ble with the physical, social and psychological characteristics of

uman beings [3] . Personnel in the ED environments are always

n interaction with technology, especially fixed and portable

nstruments. This interaction causes an important influence on

uman performance. Inadequacy in workload and stress, decision

aking, human-machine interaction, system design, appropriate

uman settlement, employer and employee education, employee

upervision, rotation, heat, noise, radiation, confusion / regulation

f work, work and rest periods, behaviour modification, use of
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ersonal protective equipment are factors affecting system per-

ormance directly in the ED environments [3] . In Xie and Carayon

22] , three crucial ED ergonomic redesign issues were pointed

ut as follows: (1) physical, (2) cognitive, and (3) organizational.

hen compared to other institutions, hospitals are more complex

n terms of layout, and technology of device and medical equip-

ent. The complexity is more noticeable than outpatient clinics

n terms of medical processes and layout design. Working in an

nplanned and uncontrolled environment in EDs causes material

aste, accidents and various financial losses. Therefore, evaluating

rgonomic design of these departments with respect to specific

riteria/standards is important to facilitate redesign efforts. 

This study includes a two-stage methodology for evaluation of

D ergonomic design. The first stage is a check-list study with 138

tems on six main headings to evaluate the ergonomics of ED phys-

cal design with the opinions of medical staff. The second stage

roposes an FDEMATEL model for the decreased items assessed in

he first stage. A case study is carried out in a training and research

ospital ED in Istanbul, Turkey. 

The rest of the paper comprises four sections. In Section “Er-

onomics in healthcare management and emergency departments ", a

eview of ergonomics related studies in healthcare management

nd emergency departments is provided. Next, we provide the
ts reserved. 
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methodology developed for this study. The fourth section provides

an application of the methodology for a case study and the results

of the study. Finally, concluding remarks and further research are

presented. 

Ergonomics in healthcare management and emergency 

departments 

Business executives generally ignore the effect of the workplace

environment on employees and their reflection on their perfor-

mance. However, the employee-oriented improvements made for

the workplaces significantly affect the performance of the enter-

prises. According to a study conducted at a children’s hospital in

Cincinnati, the throughput time in the working has been reduced

by more than 50% with the efforts regarding work, patient, the

flow of documents and communication with doctors, nurses and

other personnel. These have resulted in significant cost reductions.

Beyond that, the run-up has been diminished. The moral level of

patients and staff have been increased [14] . In a study by Tarcan

et al. [17] , specific criteria were set up to measure the perfor-

mance of health care facilities and to obtain information about the

general adequacy of buildings. The study emphasizes the effects of

the adequacy of the working environment on the performances of

the enterprises. Wears and Perry [20] examined patient reception,

stages of emergency response, ergonomic deficiencies and correct

practices in a case study carried out Florida university hospital ED.

The study reveals some principles by analyzing an all too routine

clinical event from an ergonomic point of view. In another study,

Çelik and O ̆gulata [4] investigated the structure of the functional

areas of service units and their interrelationships in Balçalı Hospi-

tal of Çukurova University and pointed out the problems in these

units. An optimal workflow from an ergonomic point of view

was proposed. Majidi et al. [12] aimed at establishing ergonomic

criteria to guide ED service design. A check-list was created for

the ergonomic evaluation of the EDs in 138 subjects with six main

headings. Hsieh et al. [9] investigated the most important human

error factors in the emergency departments. They carried out a

case study in Taiwan and used the methods of human factors anal-

ysis and classification system (HFACS), analytic hierarchy process

(AHP) and fuzzy technique for order preference by similarity to

ideal solution (FTOPSIS) to evaluate the importance of error factors.

Research gap and contributions 

The above-mentioned studies show how important hospitals

and EDs are in terms of human life. Unfortunately, studies on how

well a hospital organization structure is designed in terms of er-

gonomics are limited. With regret, there is not a framework or

a methodology in which EDs can be evaluated in terms of er-

gonomic point of view in specific criteria/standards. Although there

are a few studies in the field of hospital ergonomics in general, er-

gonomics studies for EDs, which are an area of expertise in itself,

are too few. The primary purpose of this study is, in particular for

EDs, to develop a methodology that can make it easier to demon-

strate the necessity and importance of implementing ergonomic

principles. 

Methodology 

Adapted check-list 

A check-list was adapted from the study of Majidi et al. [12] to

evaluate the ergonomics of ED physical design with the opinions of

medical staff. 137 items were gathered from this referenced study.

The Items were categorized under six areas as follows: (1) acces-

sibility, (2) physical spaces, structures and equipment, (3) patient
ccommodation, (4) personnel accommodation, (5) patient privacy,

nd (6) personnel privacy. Each item was expressed as a Yes/No

uestion for ease of analysis, meaning that the criterion is either

et or not. The items considered for the check-list study are pro-

ided in Tables 1 –6 . 

DEMATEL method 

The DEMATEL method was first conducted by Gabus and

ontela [6] . It converts the relationship between cause and effect

actors into an intelligent structural model of the system [1 , 7] . The

ain advantage of FDEMATEL is to consider the fuzziness and to

rovide flexibility in a fuzzy environment [1 , 21] . Therefore, prior

o giving the details of FDEMATEL method, it requires to mention

ome preliminaries of fuzzy set theory and important notations. 

Fuzzy set theory reflects the uncertainties that result from

ague and imprecise linguistic expressions [11] . It can demonstrate

he ambiguity of the human judgments required in the proposed

DEMATEL model. Some definitions for fuzzy set theory are pro-

ided as follows [11 , 21] : 

Firstly, a fuzzy set ˜ A is a subset of the universe of discourse

 , which is characterized by a membership function μ ˜ A 
(x ) . This

unction takes values between zero and one as here μ ˜ A 
(x ) ∈ [ 0 , 1 ] .

˜ A 
(x ) = 1 indicates that x ultimately belongs to the fuzzy set Ã

nd μ ˜ A 
(x ) = 0 shows that x does not belong to ˜ A . 

Secondly, a triangular fuzzy number ˜ T is a triplet ( l, m, r ), where

he membership function μ ˜ T (x ) is defined as in Eq. (1) : 

˜ T ( x ) = 

{ 

( x − l ) / ( m − l ) l ≤ x ≤ m 

( r − x ) / ( r − m ) m < x ≤ r 
0 otherwise 

(1)

here l, m , and r are real numbers and l ≤ m ≤ r . 

The implementation steps of FDEMATEL method are explained

riefly in the following [1 , 7] : 

Step 1: In this step, the expert team who has experience about

he problem is set up. 

Step 2: Evaluation criteria are determined. A five-point lin-

uistic scale is used (no influence, very low influence, low influ-

nce, high influence, and very high influence) considering linguis-

ic terms and corresponding triangular fuzzy. 

Step 3: The pairwise comparisons of experts are performed

onsidering linguistics variables, as stated in Step 2. As a result,

nitial direct-relation fuzzy matrix ( ̃  D ) of experts is constructed. 

˜ 
 = 

⎡ ⎣ 

0 · · · ˜ D 1 n 

. . . 
. . . 

. . . 
˜ D n 1 · · · 0 

⎤ ⎦ (2)

˜ 
 i j = 

(
l i j , m i j , r i j 

)
(3)

Step 4: In this step, benefiting from the initial direct-relation

atrix, the normalized direct-relation fuzzy matrix is constructed.

= max 

( 

n ∑ 

j=1 

r i j 

) 

(4)

˜ 
 = 

⎡ ⎣ 

˜ E 11 . . . ˜ E 1 n 
. . . 

. . . 
. . . 

˜ E n 1 . . . ˜ E nn 

⎤ ⎦ (5)

here ˜ e i j = 

˜ d i j 

γ
= 

(
l i j 

γ
, 

m i j 

γ
, 

r i j 

γ

)
(6)
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Table 1 

Adapted check-list item set for accessibility. 

Item ID Description of the item 

A1 Is the ED located within the main hospital building? 

A2 Is the ED entrance located in the most easily accessible part of the hospital? 

A3 Do patients arrived at the ED find easy parking? 

A4 Is there any reserved parking area for doctors of the ED? 

A5 Is the ED entrance easily visible and remarkable? 

A6 Are separate entrances available for ambulance and walk-in patients? 

A7 Is the entrance easily visible and remarkable for walk-in patients? 

A8 Is the triage room clearly visible for the walk-in patients? 

A9 Is the triage area represented by lights or lines? 

A10 Are patients separated according to different triage colors? 

A11 Is the ED patient reception area easily identified and recognized? 

A12 Is the ED waiting area in a position that the nurse/doctor at the triage can directly observe? 

A13 Is the treatment area easily and quickly accessible from the reception area? 

A14 Is a resuscitation area quickly accessible from the ambulance entrance? 

A15 Is the critical care area in direct access to the treatment area, waiting room, and the reception area? 

A16 Is access to a trauma care area quickly feasible from the entrance? 

A17 Is there easy access to the intensive care unit (ICU) from the ED? 

A18 Is there a specially reserved route from the ED to the ICU? 

A19 Is there a lift available from the ED to reach other departments? 

A20 Are the corridors suitable for wheelchairs and stretchers to be used to move patients to the main hospital building? 

A21 Is the orthopedic examination and plaster room away from the first treatment area? 

A22 Is the orthopedic examination and treatment room close to the radiological examination unit? 

A23 Is there any direct access from the treatment area to the resuscitation and radiological imaging units? 

A24 Is the laboratory easily accessible from the examination area? 

A25 Are there different windows available in the laboratory for the delivery of emergent lab samples? 

A26 Is there access to the psychiatric ward within the same building as the ED? 

A27 Is there a psychiatric room close to the ambulance entrance? 

A28 Is the nurse station positioned in a place where one can observe all patients? 

A29 Is the equipment in the nursing station easily accessible to the nursing staff? 

A30 Is the equipment and equipment stock at the nursing station adequate? 

A31 Is it possible to directly observe the pediatric care staff in the treatment area? 

A32 Are the toilets well isolated from the treatment area? 

A33 Are the fire exits clearly depicted? 

A34 Is the fire exit located in an easily accessible location? 

A35 Are all doors in the ED at least 1.5 m wide? 

A36 Are there patient admission and admission to the waiting room for outpatients? 

A37 For outpatients, is the Eye and ENT clinic close to the ED entrance? 

A38 Is the security station located in a location that can see 360 ° of the ED and allow emergency intervention? 

A39 Are there camera-observation devices in the police station that can monitor every part of the ED? 

Table 2 

Adapted check-list item set for physical spaces, structures and equipment. 

Item ID Description of the item 

PSE1 Is the ED building resistant to a major earthquake? 

PSE2 Is the total area of the ED capable of responding effectively to the varying number of arrivals? 

PSE3 Is the total number of beds in the ED capable of responding effectively to the number of arrivals? 

PSE4 Is the number of examination rooms in the ED capable of responding effectively to arrivals? 

PSE5 Is the number of toilets capable of responding to varying number of arrivals? 

PSE6 Is there enough space in the ED to be converted to bed in the event of a crisis? 

PSE7 Are a disinfection and shower area available near the ED entrance for a possible chemical and radioactive occurred? 

PSE8 Are the electrical panels outside the ED entrance? 

PSE9 Is there a triage room? 

PSE10 Are there two nurses in the triage area? 

PSE11 Does the triage area have enough space to respond to a high number of arrivals? 

PSE12 Is there a pediatric treatment room available for children? 

PSE13 Is there an isolated obstetrics and gynecology (OB-GYN) treatment room? 

PSE14 Is there an orthopedics and casting room in the ED? 

PSE15 Is there a room available for minor injuries? 

PSE16 Is there a room where public staff supervising the ED is constantly present? 

PSE17 Is the room where the officer in charge is adequate in terms of light, sound and lighting? 

PSE18 Is the security station located in the entrance of the ED? 

PSE19 Is there a treatment area for walk-in patients? 

PSE20 Is there a pharmacy inside the ED? 

PSE21 Are there separate toilets for men and women in the reception area? 

PSE22 Are there software-related infrastructures available to allow access to the patient’s medical history in the reception area? 

PSE23 Is there a quarantine room to block infectious diseases? 

PSE24 Is there a laboratory and blood bank in the ED? 

PSE25 Are there separate examination rooms for inpatients? 

( continued on next page ) 
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Table 2 ( continued ) 

Item ID Description of the item 

PSE26 Is there adequate equipment in the examination rooms reserved for inpatients? 

PSE27 Is there an Ear-Nose-Throat (ENT) treatment room? 

PSE28 Is there enough equipment in the eye clinic? 

PSE29 Is there a waiting area in the ED? 

PSE30 Is there a head nurse room available in the ED? 

PSE31 Is there a burn unit in the ED? 

PSE32 Is there an administration office in the ED? 

PSE33 Is there a designated administration area away from the treatment areas? 

PSE34 Is there a silent or counseling room designated within the ED? 

PSE35 Is there sound insulation between the consultation area and the examination rooms? 

PSE36 Is there a morgue? 

PSE37 Is the height of the stretchers 75 cm from the ground? 

PSE38 Is the square meter area per bed in the ED greater than 11.15 m 

2 ? 

PSE39 Are there outpatient care areas between 0.5 and 2.3 m 

2 ? 

PSE40 Is the area of the trauma room at least 23.23 m 

2 ? 

PSE41 Are the critical care and cardiopulmonary resuscitation (CPR) room larger than 23.23 m 

2 ? 

PSE42 Is the height of the nurse station box office at least 1 m above the ground? 

PSE43 Is a generator available for the ED? 

PSE44 Is there a separate isolated ventilation system for each treatment room? 

PSE45 Are there panels from floor to ceiling separating examination rooms? 

PSE46 Can the panels be removed for treatment area? 

PSE47 Is the lighting enough for the treatment area? 

PSE48 Is continuous monitoring of the isolated treatment rooms possible? 

PSE49 Are fixed or portable oxygen cylinders available for each bed? 

PSE50 Is there a sink in every examination and treatment area? 

PSE51 Is there a multi-phone line at the nurse station? 

PSE52 Is it possible to access the internet from the ED? 

PSE53 Is the telecom system installed in the ED? 

PSE54 Is there an emergency button in the restrooms? 

PSE55 Is the call system installed for the cardiac resuscitation unit? 

PSE56 Is the fire alarm system installed for different areas of the ED? 

PSE57 Are fire extinguishers available in all ED spaces? 

PSE58 Are there enough electrical outlets for each area? 

PSE59 Do electrical outlets have a height of 36 cm? 

PSE60 Is there a system to report directly to the police or to the police? 

PSE61 Is there a portable X-ray in the cardiac resuscitation unit? 

PSE62 Is the laboratory capable of responding to routine tests (electrolyte level, blood sugar, urea, creatine)? 

PSE63 Are the different work and treatment areas of the ED under surveillance? 

PSE64 Is there a clean and dirty warehouse? 

Table 3 

Adapted check-list item set for patient accommodation. 

Item ID Description of the item 

PATA1 Is the waiting area enough to respond effectively to the number of patient demand? 

PATA2 Is there a caregiver available to assist patients at the ED entrance? 

PATA3 Are the heating and cooling systems in the waiting area adequate? 

PATA4 Is there a water dispenser in the waiting area? 

PATA5 Are there a few seats or chairs that can respond to the number of patient admissions in the waiting area? 

PATA6 Is there a newspaper magazine in the patient reception area? 

PATA7 Are the heating and cooling systems of the treatment area adequate? 

PATA8 Is there a nurse call system in each bed? 

PATA9 Does the waiting area paint consist of natural and vivid colors? 

PATA10 Are enough staffs working to meet patient expectations in the ED? 

PATA11 Is there a playroom for pediatric patients? 

PATA12 Are there enough seats or chairs for the companions? 

PATA13 Is there a mosque for relatives and patients? 

Table 4 

Adapted check-list item set for personnel accommodation. 

Item ID Description of the item 

PERA1 Is there a place specifically allocated to receive the results of radiological imaging results? 

PERA2 Do doctors have separate rest areas? 

PERA3 Is the heating and cooling systems of the resting area adequate? 

PERA4 Are there personal cabinets reserved for staff in the rest area? 

PERA5 Are restrooms available for staff in the rest area? 

PERA6 Are there private shower areas available for the staff to take a shower in the rest area? 

PERA7 Is there a refrigerator, sink and microwave in the rest area? 

PERA8 Is there a necessary communication infrastructure for telephone and internet access in the rest area? 

PERA9 Is there a dining area located within the rest area? 

PERA10 Is there a sleeping area within the rest area? 

PERA11 Is the lighting of the resting area adequate? 

PERA12 Is there a mosque in the resting area? 
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Table 5 

Adapted check-list item set for patient privacy. 

Item ID Description of the item 

PATP1 Is the visual and auditory privacy of the patient secured in the examination area? 

PATP2 Is the elevator allocated to a separate place from the waiting room? 

PATP3 Do the documents containing the patient’s medical history be kept out of the reach of other patients? 

PATP4 Are the areas designed suitable for establishing a reliable relationship between the doctor and the patient? 

Table 6 

Adapted check-list item set for personnel privacy. 

Item ID Description of the item 

PERP1 Is the staff work area properly isolated from the patient care area? 

PERP2 Are the locker rooms and cupboards for employees away from the patient care area? 

PERP3 Is the rest of the staff located in a place that patients cannot see? 

PERP4 Is there an appropriate space for staff to put personal belongings? 

PERP5 Are there separate entry-exit doors for personnel? 
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Step 5: Hereafter the matrix ˜ E , a total-relation fuzzy matrix is

alculated as follows. 

˜ 
 = 

⎡ ⎣ 

˜ t 11 . . . ˜ t 1 n 
. . . 

. . . 
. . . 

˜ t n 1 . . . ˜ t nn 

⎤ ⎦ (7) 

here ˜ t i j= = ( l 
′′ 
i j 
, m 

′′ 
i j 
, r 

′′ 
i j 
) 

atrix 
[
l 
′′ 
i j 

]
= E l x ( I − E l ) 

−1 (8) 

atrix 
[
m 

′′ 
i j 

]
= E m 

x ( I − E m 

) 
−1 (9) 

atr ix 
[
r 

′′ 
i j 

]
= E r x ( I − E r ) 

−1 (10) 

Step 6: After the computation of matrix ˜ T , ˜ ro i + ̃

 co j and 

˜ ro i − ˜ co j 
re computed. Here, ˜ ro i and 

˜ co j show the sum of the rows and

olumns of matrix ˜ T . Whilst ˜ ro i + ̃

 co j shows the importance of cri-

erion i , ˜ ro i − ˜ co j shows the net effect of criterion i . 

Step 7: Thereafter , ˜ ro i + ̃

 co j and 

˜ ro i − ˜ co j are defuzzified by us-

ng centre of area defuzzification style to determine the best non-

uzzy value with Eq. (11) . 

N V i j = 

u i j − l i j + m i j − l i j 

3 

+ l i j (11) 

Step 8: In the last step, the cause and effect relation diagram

re drawn by the aid of ˜ ro i + ̃

 co j and 

˜ ro i − ˜ co j . 

roposed two-stage methodology 

The process flow of the proposed two-stage methodology is

iven in Fig. 1 . Based on the framework presented, the problem

s structured in two stages. The first stage is to implement adapted

heck-list. In the second stage, items responded as “Yes” (means

hat the criterion is met) were also reviewed. The ones responded

s “No” (means that the criterion is not met) were removed from

he evaluation of the second stage. The first group items were

ransformed into a criterion set for the second stage. The selected

riteria were then analyzed using FDEMATEL method in order to

etermine the most critical criteria affecting ED ergonomic design

nd their interactions. 

ase study 

In this section, the two-stage methodology is applied to evalu-

te ED ergonomic design of a training and research hospital ED in

stanbul, Turkey. 
rganization of the observed ED 

The hospital where the observed ED is located has a history of

11 years. It is an educational and research hospital in Istanbul. The

D has three main areas, yellow, green and red, where about thir-

een patients can be treated at the same time. The ED face many

hortcomings regarding ergonomic design. The ergonomic evalua-

ion criteria can be monitored and analyzed in conjunction with

he causal-effect relations of the FDEMATEL method. 

pplication of the two-stage methodology 

heck-list implementation results and recommendations for the ED 

Due to the scarce of data, the methodology uses experts’ judg-

ents. The linguistic assessment of experts is practical in deal-

ng with conditions that are defined in quantitative expressions.

herefore, to obtain a linguistic assessment, it was contacted with

 group of medical staff. The group comprises of doctors, nurses

nd technicians. The experts were asked to assess the relationships

mong the evaluation criteria (simplified item definitions) accord-

ng to the linguistic scale. Since there were several medical experts

ssessed the criteria, a group consensus is followed through the

tudy. Firstly, experts designed the item sets for each of six head-

ngs and implemented it. At the end of the implementation, 63

tems have not been met (about 46% of all items). The ED has met

he expectations in terms of 74 items which approximately corre-

pond to 54% of all items. According to the results, 20 yes and 16

o answers were taken in the accessibility subheading. In order

o understand the ED ergonomic design and suitability, items have

een examined more closely. 

ccessibility. The ED building consists of three buildings within the

ospital. The illuminated plates depicting the location of the ED

re available and visible from all areas of the hospital. There is no

ign inside the ED demonstrating the patient reception area. A wel-

ome desk and triage area are located on the left side of the en-

rance. Corridors and doors are in anthropometric dimensions suit-

ble for stretcher and wheelchair passages. Orthopedic examina-

ion and plaster room are located within the yellow area and easy

o reach. Also, a radiological imaging unit is positioned directly op-

osite the orthopedic examination room. It is possible to reach the

ellow area directly with the doors from the resuscitation located

n the section called red area and from the patient reception areas.

here is no fire exit door in the ED. The entrance and exit are re-

lized through a single door. New points must be created for the

re exit and personnel entry/exit. There is no psychiatry, eye or

NT clinic in the ED. Children are placed in an emergency place

ecause the issues related to pediatrics are automatically disabled.
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STAGE 1: CHECK-LIST STAGE 2: FDEMATEL METHOD

Determination of experts from
medical staff

Design of each item set as a Y/N
question

Implementation of check-list

Decreasing the number of items in
the first stage and determination of

them as a criteria set

Construction of fuzzy scale and obtain
evaluation of experts

Construction of normalized fuzzy
direct-relation matrix

Calculation of fuzzy total-relation
matrix

Analysis of the model with the
defuzzified roi+coj and roi-coj values

Construction of the cause and effect
relation diagram

Fig. 1. Flowchart of the two-stage methodology. 
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The security unit is positioned in a room opposite the ED entrance.

Therefore, there is no way to see it anywhere. In summary, it is not

possible to consider the ED of the observed hospital as ergonom-

ically accessible. Yet, ergonomic intervention is required in many

areas. 

Physical spaces, structures and equipment. According to the results

obtained from the check-list implementation, under the physical

spaces, structures and equipment, 41 yes and 23 no answers were

received. Earthquake strengthening and physical restoration of the

ED building was performed in 2011. In the light of this informa-

tion, the building is earthquake-resistant. Although the total area

of the ED is large, the waiting area and outpatient admissions

area are not large enough to meet patient demand. The num-

ber of examination rooms for outpatient admissions is insufficient.

The toilet is situated in the yellow area just opposite the patient

treatment units and is not dedicated for staff. That is not isolated

from the treatment areas. No emergency button is available in the

toilets. 

There is a triage area in the ED. However, only one responsi-

ble nurse works in the triage process. The triage area serving only

two tolls is not capable of responding to the number of patients

with varying demand. There is one duty officers’ room in the ED.

It is functional in terms of fundamental ergonomic criteria such as

heat, lighting and sound. In the ED, a yellow area is available. The

nurse station in the yellow area is located on the left side of the

entrance. It is not possible to observe all the treatment rooms from

this area. Only two nurses serve in this area. According to the in-

terviews with working nurses, they indicate that the yellow area

is insufficient in terms of personnel and equipment. There is no

dedicated management office for the ED. The management office

is located within the main hospital building, away from the ED.

The red area contains burn and revitalization unit. There are four

beds and four electroshock devices in the revitalization unit. 

Furthermore, 15 beds are fully equipped in the emergency in-

tensive care unit located in the red area. For each bedside area,

3 m 

2 is arranged. According to the international standards of

11.52 m 

2 per bed, it is ergonomically wholly inadequate. The lab-

oratory located in the yellow area is capable of responding to all

required tests. The personnel in charge mentioned the absence of

the system to inform the security units directly in the ED. The

morgue of the hospital is located on the minus third. Within

the yellow area, direct access to other departments is possible via

the lift. In summary, although the ED contains the necessary equip-

ment in terms of physical spaces, structures and equipment, it does
ot provide a good picture in terms of ergonomic suitability of the

quipment. 

atient accommodation. Under the patient accommodation sub-

eading, three yes and ten no responses were received in the

heck-list. There are two waiting areas at the entrance of the ED.

he first one is the waiting area where the patients are hospital-

zed. The heating system in this area is adequate. There is no small

osque in the ED. 

ersonnel accommodation. Six yes and six no responses were re-

eived regarding the personnel accommodation. In the ED, there is

 room with 30 m 

2 in size for the physicians to rest in the yel-

ow area. There is no separate dining area and sleeping area in

he room. The room can meet the basic ergonomic criteria such

s heat, light and sound. 

atient privacy. Relating to patient privacy, only four yes responses

ere received. It can be said that patient privacy is well protected.

n the ED, the patient’s medical history and personal records can

e accessed via a computer in the patient reception area. 

ersonnel privacy. On the other hand, only five no responses were

eceived regarding personnel privacy. There are separate lockers in

he restroom for doctors and nurses. However, there is no closet

or patient-carrying staff where they can put their personal be-

ongings. There are no particular entry-exit doors for the person-

el in the ED. In order to ensure the privacy of the staff, the rest-

ng rooms should be located outside the treatment areas. Personal

abinets must be provided for all personnel. Briefly, it is inferred

hat the ED is not in a good position in terms of personnel privacy.

mplementation of FDEMATEL and cause-effect relation analysis 

After implementing check-list, we reviewed the items that were

et the expectations in the first stage. In this context, the evalu-

tion criteria determined for the second stage of the study were

iven in the Appendix. Abbreviations of “A, PSE, PATA, PERA and

ATP” denote criterion identity code given by the headings of “Ac-

essibility, Physical spaces, structures & equipment, Patient accom-

odation, Personnel accommodation and Patient privacy”. 

First, the evaluation criteria for ED ergonomic design as pro-

ided in the Appendix are assessed in terms of the relationship

sing the fuzzy linguistic scale of Table 7 . According to the consen-

us of evaluators consisting of ED stakeholders (ED executive, doc-

ors, nurses, laboratory technicians), Table 8 shows the linguistic
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Table 7 

The evaluation scale of ED ergonomic design with triangular fuzzy numbers. 

Linguistic terms Triangular fuzzy numbers 

No influence (No) (0, 0, 0.25) 

Very low influence (VL) (0, 0.25, 0.5) 

Low influence (L) (0.25, 0.5, 0.75) 

High influence (H) (0.5, 0.75, 1) 

Very high influence (VH) (0.75, 1, 1) 
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ssessments of evaluators’ consensus on the accessibility criteria

or ED ergonomic design. The results of FDEMATEL for the acces-

ibility criteria for ED ergonomic design are only given in the pa-

er due to the space limitations. Accordingly, Table 9 demonstrates

he initial direct-fuzzy matrix. After having established the ini-

ial direct-fuzzy matrix, the normalized direct-relation fuzzy ma-

rix is constructed by using the Eqs. (4 )–( 6 ), respectively. Table 10

llustrates the normalized initial direct-relation fuzzy matrix. After

hat, the total-relation fuzzy matrix can be calculated by applying

qs. (7 )–( 10 ). In that context, Table 11 provides the total-relation

uzzy matrix accordingly. 

In the light of the above outcomes, the fuzzy values of ˜ ro i , ˜ co j ,˜ o i + ̃

 co j and 

˜ ro i − ˜ co j can be obtained as illustrated in Table 12 .

fter this step, defuzzification process is performed to convert the

uzzy numbers into crisp values. By using Eq. (11) , the crisp values

f the ˜ r i , ˜ c j , ˜ ro i + ̃

 co j and 

˜ ro i − ˜ co j , provided in Table 13 , can be

ound to build up cause-effect relation diagram. In the last stage,

he cause and effect relationship diagram can be depicted based

n the above outcomes. 

In conclusion of the results of defuzzified values of ˜ ro i , ˜ co j ,˜ o i + ̃

 co j and 

˜ ro i − ˜ co j , Fig. 2 provides the cause-effect relation dia-

ram. According to the diagram, two groups named cause and ef-

ect factors are analyzed in terms of ED ergonomic design. 
able 8 

he linguistic assessment of evaluators’ consensus on the accessibility criteria for ED ergo

Criteria A1 A4 A5 A6 A7 A8 A10 A12 A14 A15 

A1 No VH H No L L VL L VL VL 

A4 L No L L L L VL L L No 

A5 VH H No VH VH VH H VH L L 

A6 VH H VH No H H L H L L 

A7 H L VH H No L L H VL VL 

A8 L L VH VH VH No VL VH L L 

A10 VH H H VH H H No L VH H 

A12 VL L VL L L H VL No No No 

A14 VH VH H VH H L VH L No VL 

A15 H H H H H L VH VH VH No 

A17 L H L L H L VH H VH H 

A19 VL VL No No No No L H L L 

A20 L L No L L No VL VH VL VL 

A22 VL L No No L VL VL L No No 

A23 VH H H L VH VH L L L VH 

A24 H L H VL H H VL H H VH 

A25 VL VL L L VL L VL H H H 

A29 No VL L No No VL H H H VH 

A35 H H VH H H H VH VH VH H 

A36 L H L H VH VL H VH VH VH 

able 9 

he fuzzy initial direct-relation matrix. 

Criteria A1 A4 A5 A6 

A1 (0,0,0.25) (0.75,1,1) (0.5,0.75,1) (0,0,0.25) 

A4 (0.25,0.5,0.75) (0,0,0.25) (0.25,0.5,0.75) (0.25,0.5,0.75) 

A5 (0.75,1,1) (0.5,0.75,1) (0,0,0.25) (0.75,1,1) 

A6 (0.75,1,1) (0.5,0.75,1) (0.75,1,1) (0,0,0.25) 

… … … … …

A25 (0,0.25,0.5) (0,0.25,0.5) (0.25,0.5,0.75) (0.25,0.5,0.75) 

A29 (0,0,0.25) (0,0.25,0.5) (0.25,0.5,0.75) (0,0,0.25) 

A35 (0.5,0.75,1) (0.5,0.75,1) (0.75,1,1) (0.5,0.75,1) 

A36 (0.25,0.5,0.75) (0.5,0.75,1) (0.25,0.5,0.75) (0.5,0.75,1) 
In the next section, the detailed discussion on these two groups

bout to what degree they are crucial for ED ergonomic design. 

iscussion 

ro i values demonstrate the effects of each criterion on other cri-

eria as given in Table 8 . The largest impact on ED ergonomic de-

ign has been observed by “A35: Determination of all door widths

n the ED at least 1.5 m” (2.15), “PSE6: Sufficiency of the surge ca-

acity for a possible crisis or disaster” (1.88), “PATA2: Availability

f assistance staff at reception for guiding patients” (1.89), “PERA2:

vailability of a separate physician resting area” (2.42) and “PATP3:

vailability of a designated area for storing patient files away from

nother patients’ reach” (0.12). “A22: Closeness of the orthopedic

xamination and casting rooms to the radiology suite”, “PSE16:

vailability of a room for the public staff supervising the ED”,

PATA3: Availability of an air-conditioning system in the waiting

rea”, “PERA1: Availability of a dedicated area for viewing imaging

esults” and “PATP1: Securability of the patients’ visual, auditory,

nd olfactory privacy within each treatment area” had the lowest

mpact on ED ergonomic design. 

co j values represent the effect of other criteria on each criterion.

he results showed that, as compared with other criteria, “A12:

vailability of the entrances and the waiting area in direct obser-

ation area of the triage nurse/doctor” (2.26) and “PERA1: Avail-

bility of a dedicated area for viewing imaging results” (2.46) had

he most significant impact while “PSE6: Sufficiency of the surge

apacity for a possible crisis or disaster” (0.76) had the smallest

mpact. 

Regarding level of interaction ( ro i + co j ), “A12: Availability of

he entrances and the waiting area in direct observation area of

he triage nurse/doctor” (4.01), “PSE62: Be equipped of the lab
nomic design. 

A17 A19 A20 A22 A23 A24 A25 A29 A35 A36 

L No L No No L VL L VL VL 

No No No L L L No No L VL 

L L H L L L L No L L 

VL L H L L L No No L L 

VL VL VH H H VL L L VL VL 

VL VL VL No No No L VL L L 

H L L VL VL H No VH L H 

No L VH VH H L VH VH VH VH 

H No No No No VL VL H No No 

VH VL No VL VL L No No No No 

No VH H H H L L L No No 

VH No VH VH VH VH VH L H H 

VL No No H VH L VL No VL H 

No VL L No VH H VL No No No 

VH No L L No No L H L L 

VH L No No VH No No No VL No 

VH H VH VH VH VH No VH VL VL 

VH H L L VH H H No No VH 

VH VH VH L H VL No L No VL 

VH No No L VL H No No H No 

… A25 A29 A35 A36 

… (0,0.25,0.5) (0.25,0.5,0.75) (0,0.25,0.5) (0,0.25,0.5) 

… (0,0,0.25) (0,0,0.25) (0.25,0.5,0.75) (0,0.25,0.5) 

… (0.25,0.5,0.75) (0,0,0.25) (0.25,0.5,0.75) (0.25,0.5,0.75) 

… (0,0,0.25) (0,0,0.25) (0.25,0.5,0.75) (0.25,0.5,0.75) 

… … … … …

… (0,0,0.25) (0.75,1,1) (0,0.25,0.5) (0,0.25,0.5) 

… (0.5,0.75,1) (0,0,0.25) (0,0,0.25) (0.75,1,1) 

… (0,0,0.25) (0.25,0.5,0.75) (0,0,0.25) (0,0.25,0.5) 

… (0,0,0.25) (0,0,0.25) (0.5,0.75,1) (0,0,0.25) 
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Table 10 

The fuzzy normalized initial direct-relation matrix. 

Criteria A1 A4 A5 A6 … A25 A29 A35 A36 

A1 (0,0,0.01) (0.04,0.06,0.06) (0.03,0.04,0.06) (0,0,0.01) … (0,0.01,0.03) (0.01,0.03,0.04) (0,0.01,0.03) (0,0.01,0.03) 

A4 (0.01,0.03,0.04) (0,0,0.01) (0.01,0.03,0.04) (0.01,0.03,0.04) … (0,0,0.01) (0,0,0.01) (0.01,0.03,0.04) (0,0.01,0.03) 

A5 (0.04,0.06,0.06) (0.03,0.04,0.06) (0,0,0.01) (0.04,0.06,0.06) … (0.01,0.03,0.04) (0,0,0.01) (0.01,0.03,0.04) (0.01,0.03,0.04) 

A6 (0.04,0.06,0.06) (0.03,0.04,0.06) (0.04,0.06,0.06) (0,0,0.01) … (0,0,0.01) (0,0,0.01) (0.01,0.03,0.04) (0.01,0.03,0.04) 

… … … … … … … … … …

A25 (0,0.01,0.03) (0,0.01,0.03) (0.01,0.03,0.04) (0.01,0.03,0.04) … (0,0,0.01) (0.04,0.06,0.06) (0,0.01,0.03) (0,0.01,0.03) 

A29 (0,0,0.01) (0,0.01,0.03) (0.01,0.03,0.04) (0,0,0.01) … (0.03,0.04,0.06) (0,0,0.01) (0,0,0.01) (0.04,0.06,0.06) 

A35 (0.03,0.04,0.06) (0.03,0.04,0.06) (0.04,0.06,0.06) (0.03,0.04,0.06) … (0,0,0.01) (0.01,0.03,0.04) (0,0,0.01) (0,0.01,0.03) 

A36 (0.01,0.03,0.04) (0.03,0.04,0.06) (0.01,0.03,0.04) (0.03,0.04,0.06) … (0,0,0.01) (0,0,0.01) (0.03,0.04,0.06) (0,0,0.01) 

Table 11 

The fuzzy total-relation matrix. 

Criteria A1 A4 A5 A6 … A25 A29 A35 A36 

A1 (0,0.03,0.13) (0.05,0.08,0.18) (0.03,0.07,0.17) (0,0.03,0.08) … (0,0.03,0.11) (0.02,0.04,0.13) (0,0.03,0.12) (0,0.03,0.12) 

A4 (0.02,0.05,0.15) (0.01,0.03,0.13) (0.02,0.05,0.15) (0.02,0.05,0.07) … (0,0.01,0.09) (0,0.02,0.1) (0.02,0.04,0.12) (0,0.03,0.11) 

A5 (0.05,0.11,0.22) (0.04,0.09,0.23) (0.01,0.05,0.18) (0.05,0.1,0.12) … (0.02,0.06,0.16) (0.01,0.03,0.14) (0.02,0.06,0.17) (0.02,0.06,0.17) 

A6 (0.05,0.1,0.21) (0.04,0.09,0.22) (0.05,0.1,0.21) (0.01,0.04,0.11) … (0,0.02,0.13) (0.01,0.03,0.13) (0.02,0.06,0.16) (0.02,0.06,0.17) 

… … … … … … … … … …

A25 (0.01,0.06,0.18) (0.01,0.06,0.19) (0.02,0.07,0.19) (0.02,0.07,0.08) … (0.01,0.03,0.13) (0.05,0.09,0.17) (0.01,0.04,0.14) (0.01,0.05,0.15) 

A29 (0.01,0.05,0.16) (0.01,0.06,0.19) (0.02,0.07,0.19) (0.01,0.04,0.08) … (0.03,0.07,0.16) (0.01,0.03,0.13) (0.01,0.03,0.13) (0.05,0.08,0.17) 

A35 (0.04,0.1,0.23) (0.04,0.1,0.24) (0.06,0.11,0.22) (0.04,0.09,0.11) … (0.01,0.03,0.14) (0.02,0.06,0.17) (0.01,0.04,0.14) (0.01,0.05,0.16) 

A36 (0.03,0.08,0.19) (0.04,0.09,0.21) (0.03,0.07,0.19) (0.04,0.08,0.12) … (0.01,0.02,0.12) (0.01,0.03,0.13) (0.03,0.07,0.17) (0.01,0.03,0.13) 

Table 12 

The fuzzy values of ˜ ro i , ˜ co j , ˜ ro i + ̃

 co j and ˜ ro i − ˜ co j . 

Criteria ro i co j ro i + co j ro i -co j 

A1 0.24 0.85 2.78 0.60 1.48 3.69 0.85 2.33 6.46 −0.36 −0.63 −0.91 

A4 0.23 0.76 2.53 0.60 1.51 3.92 0.83 2.27 6.45 −0.37 −0.75 −1.39 

A5 0.64 1.53 3.77 0.61 1.43 3.68 1.25 2.96 7.44 0.03 0.09 0.09 

A6 0.51 1.30 3.64 0.55 1.32 1.88 1.07 2.62 5.52 −0.04 −0.02 1.76 

A7 0.43 1.25 3.22 0.66 1.54 3.88 1.09 2.79 7.1 −0.23 −0.29 −0.65 

A8 0.41 1.13 3.04 0.50 1.30 3.52 0.91 2.43 6.56 −0.09 −0.17 −0.49 

A10 0.67 1.56 3.83 0.46 1.28 3.41 1.13 2.85 7.24 0.21 0.28 0.43 

A12 0.57 1.36 3.30 0.79 1.77 4.23 1.36 3.13 7.53 −0.22 −0.41 −0.92 

A14 0.46 1.11 2.97 0.55 1.35 3.50 1.01 2.45 6.47 −0.09 −0.24 −0.52 

A15 0.51 1.20 3.13 0.49 1.22 3.30 0.99 2.42 6.43 0.02 −0.02 −0.18 

A17 0.63 1.46 3.74 0.60 1.38 3.44 1.23 2.84 7.18 0.02 0.08 0.30 

A19 0.60 1.37 3.39 0.31 0.87 2.73 0.91 2.23 6.12 0.29 0.50 0.65 

A20 0.31 0.94 2.75 0.55 1.26 3.29 0.86 2.2 6.04 −0.24 −0.33 −0.54 

A22 0.19 0.63 2.34 0.47 1.16 3.24 0.66 1.79 5.58 −0.28 −0.54 −0.90 

A23 0.62 1.47 3.72 0.60 1.39 3.53 1.23 2.86 7.25 0.02 0.08 0.19 

A24 0.49 1.18 3.27 0.45 1.20 3.40 0.94 2.38 6.66 0.04 −0.02 −0.13 

A25 0.61 1.50 3.53 0.28 0.81 2.65 0.89 2.32 6.18 0.33 0.69 0.88 

A29 0.59 1.36 3.46 0.39 0.93 2.82 0.98 2.29 6.28 0.21 0.42 0.64 

A35 0.78 1.73 3.95 0.28 0.88 2.79 1.06 2.61 6.74 0.50 0.85 1.16 

A36 0.59 1.36 3.44 0.34 0.96 2.89 0.94 2.32 6.34 0.25 0.40 0.55 
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for routine lab tests” (3.69) and “PERA2: Availability of a sepa-

rate physician resting area” (4.40) had the most significant level

of interaction with other ED ergonomic design criteria, respec-

tively. On the other hand, “A22: Closeness of the orthopedic ex-

amination and casting rooms to the radiology suit” and “PSE17:

Adequateness of the officer room in terms of sound, lighting etc.”

had the smallest level of interaction with other criteria. Regard-

ing the type of interaction ( ro i − co j ), criteria with minimum ro i 
value and co j value are considered as effect criteria ( Fig. 3 ). In

summary, the ED ergonomic design criteria can be assessed under

four different zones, as proposed in the study of Mohammadfam

et al. [13] . 

The most important criteria affecting ED ergonomic design are

placed in zone-1. For the accessibility of the ED, “A35: Determi-

nation of all door widths in the ED at least 1.5 m”, “A10: Follow-

ing of a line system”, “A17: Accessibility of the ICU from the ED”,

“A23: Availability of direct access to the imaging suit, and the re-

suscitation room from the treatment area” and “A5: Visibility of

entrance at the ED” are the most crucial criteria and therefore, ac-
ions plan and corrective-preventive activities must be fulfilled to

mprove these criteria. As in Çelik and O ̆gulata [4] , compliance of

he entrance doors to the relevant standards has been observed as

he first priority in the solution proposals . In zone-2, there ex-

st five cause criteria that are less important than the first group

laced in zone-1. These include “A25: Availability of a different

indow for delivery of emergent lab samples at the laboratory”,

A6: Availability of separate entrances for ambulance and walk-in

atients”, “A19: Availability of dedicated elevators in case facili-

ies are not in the same level as the ED”, “A29: Readiness and ac-

essibility of the equipment in the nursing station to the nursing

taff” and “A36: Availability of direct access of the reception and

aiting areas to the hospital for outpatient referral”. These criteria

hould be considered secondary in the priority ranking of correc-

ive actions. “A25: Availability of a different window for delivery of

mergent lab samples at the laboratory” is the second most crucial

ausal criterion since it ranks second place among all criteria with

n ro i − co j value of 0.63. It also has a significant influence on the

hole ED ergonomic design process in terms of accessibility. 
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Fig. 2. The cause-effect relation diagram of accessibility criteria for ED ergonomic design. 

Fig. 3. The cause-effect relation diagram of physical spaces, structures & equipment criteria for ED ergonomic design. 
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Table 13 

The defuzzified values of ˜ ro i , ˜ co j , ˜ ro i + ̃

 co j and ˜ ro i − ˜ co j . 

Criteria ro i co j ro i + co j ro i -co j 

A1 1.29 1.92 3.21 −0.6 

A4 1.17 2.01 3.18 −0.8 

A5 1.98 1.91 3.89 0.07 

A6 1.82 1.25 3.07 0.57 

A7 1.63 2.03 3.66 −0.4 

A8 1.53 1.77 3.3 −0.2 

A10 2.02 1.72 3.74 0.31 

A12 1.75 2.26 4.01 −0.5 

A14 1.51 1.8 3.31 −0.3 

A15 1.61 1.67 3.28 −0.1 

A17 1.94 1.81 3.75 0.14 

A19 1.78 1.3 3.09 0.48 

A20 1.33 1.7 3.03 −0.4 

A22 1.05 1.62 2.68 −0.6 

A23 1.94 1.84 3.78 0.1 

A24 1.65 1.68 3.33 −0 

A25 1.88 1.25 3.13 0.63 

A29 1.8 1.38 3.18 0.42 

A35 2.15 1.32 3.47 0.83 

A36 1.8 1.4 3.2 0.4 
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In zone-3, there are criteria which are affected zone-1 and

zone-2 criteria while they affect zone-4 criteria. Since effect cri-

teria are easily impacted by the other criteria and, it may be still

necessary to analyze effect criteria which can lead to severe con-

sequences in the accessibility aspect of ED ergonomic design. With

respect to the cause-effect relation diagram, for example, the ef-

fect criteria of “A24: Accessibility of the ED lab from all treatment

areas”, “A15: Availability of the critical care area in direct access

of the treatment area, waiting room and the reception”, “A8: Vis-

ibility of triage room and location in the path of walk-in patients’

entrance” and “A14: Availability of a resuscitation area” have high

ro i − co j value which indicates that they are slightly affected by

the other criteria among the whole process. For zone-3 criteria,

the third line of corrective-preventive action plans must be con-

sidered for ED ergonomic design. In zone-4, there exist two effect

criteria depicted as “A7: Visibility of entrance for walk-in patients”

and “A12: Availability of the entrances and the waiting area in di-

rect observation area of the triage nurse/doctor”. These criteria are

placed at the last priority order, and they may be improved indi-

rectly. 

Similar analysis and discussion are performed for the remain-

ing criteria set provided in Table 8 . According to the results ob-

tained, “PATP1: Securability of the patients’ visual, auditory, and

olfactory privacy within each treatment area” and “PATP3: Avail-

ability of a designated area for storing patient files away from

another patients’ reach” are considered in casual criteria group.

On the other hand, each of “PATA2: Availability of assistance staff

at reception for guiding patients”, “PATA3: Availability of an air-

conditioning system in the waiting area” and “PATA7: Availability

of an air-conditioning system in the treatment areas” are placed

in effect criteria group. They all have a higher score of ro i + co j .

When the ED ergonomic design is considered in terms of person-

nel accommodation, it is seen that all the criteria are placed in

the effect group. They all have a positive ro i + co j value. “PERA2:

Availability of a separate physician resting area” and “PERA4: Avail-

ability of private lockers reserved for staff in the resting area” have

scores of 4.40 and 4.37, respectively. It means that these criteria are

affected more than others. According to the results obtained from

the cause-effect relation diagram of physical spaces, structures &

equipment criteria for ED ergonomic design ( Fig. 3 ), the follow-

ing implications are obtained: “PSE3: Sufficiency of the number of

beds for annual patient demand” has more impact on the entire

ED ergonomic design process. Following this result, “PSE59: Place-

ment of the electrical outlets properly at a height of 36 cm” is the
econd most important causal criterion since it ranks second place

mong all criteria with an ro i + co j value of 3.38. 

In the light of cause-effect relation diagram, “PSE62: Be

quipped of the lab for routine lab tests” and “PSE35: Isolation of

he counseling room acoustically from the treatment areas” have

he first and second highest ro i + co j values in the whole process.

herefore, they are the most important effect criteria. 

The obtained findings from the two-stage methodology are so

lose to the results of the guidelines that include procedures and

olicies regarding the use and design of emergency departments.

n a guideline by the Department of Health and Human Services

5] in State of Victoria (Australia), standards about the room de-

ign and equipment are described too close to our results. Accord-

ng to that guideline, doors should be either extra-wide or 1 ½ door

ize with a viewing panel and be outward opening. Also, door han-

les should move in a downward motion or can be non-ligature. In

he current study, the criterion of “A35: Determination of all door

idths in the ED at least 1.5 meters” was identified as a criterion

hat affected mostly accessibility of the ED. Also, other cause cri-

eria have emerged as important criteria that were drawn up in

any guidelines [2 , 5 , 10] . 

For practical implications, this study provides a guide for stake-

olders in ED ergonomic design. The two-stage methodology, with

ts four-zone structure, determines the most important ED er-

onomic design criteria and their interactions. Therefore, decision-

akers of the observed ED may consider the corrective-preventive

ctions towards the most important criteria and improve their

D performance. The methodology of this study can also be

dapted for any EDs apart from Turkey and design recommenda-

ions can be useful for the EDs of other countries. To this end,

t can be obtained more efficient processes of emergency care

elivery . 

Evaluation of ED ergonomic design can be performed by various

ulti-criteria decision-making (MCDM) methods. In this study, we

refer FDEMATEL since it can identify the interdependence among

riteria. Unlike DEMATEL, AHP is another choice. However, there

s an assumption in AHP that elements are independent. One of

he advantages of FDEMATEL is its demonstrating ability of the

ausal relationships between criteria in a visual style. This ability

f FDEMATEL enables stakeholders understanding the results and

uantifying the strengths of relationships [1 , 7 , 13] . Benefiting from

he usefulness of adapted check-list method and the strengths of

DEMATEL, this study is composed of a two-stage methodology.

t is the first attempt in the literature that determines the most

mportant criteria and their interactions in ED ergonomic design

ased on expert’s assessments and FDEMATEL’s causal and effect

iagrams. 

onclusion 

In this study, a two-stage methodology is proposed for the eval-

ation of ED ergonomic design. In the first stage of this method-

logy, an adapted check-list was implemented to evaluate ED er-

onomic design in a training and research hospital ED located in

stanbul, Turkey with 137 items on six main headings with the

pinions of medical staff. In the second stage, a fuzzy decision-

aking method called FDEMATEL is applied to determine casual

nd effect criteria for the observed hospital ED through a de-

reased number of items assessed in the first stage. Considering

he interdependence among items, FDEMATEL method reflects the

ausal and effect relationships among criteria. 

In conclusion of the first stage of the methodology, several sug-

estions are offered that the ED needs interventions on accessibil-

ty, patient and personnel accommodations and personnel privacy.

he findings of the second stage show what the most important
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asual and effect criteria in the categories of accessibility, phys-

cal spaces, structures and equipment, patient and personnel ac-

ommodation, and patient and personnel privacy are. Moreover, a

our-zone structure on the results of FDEMATEL makes it easy to

nderstand the most serious criteria affecting ED ergonomic de-

ign, their interactions with other criteria and their priority lev-

ls in suggesting possible corrective actions. The obtained results

evealed that the most important causal criteria regarding acces-

ibility concern determination of all door widths in the ED at

east 1.5 m and direct connection of the entrances and the waiting

rea with triage nurse/doctor. In the category of physical spaces,

tructures & equipment, sufficiency of the number of beds for an-

ual patient demand has been appeared as the most impacted

riterion on the entire ED ergonomic design process. Besides, ob-

ained results are found so close to the results of the guidelines,

ncluding procedures and policies regarding the use and design

f emergency departments in some developed countries as the

SA and Australia. The methodology and application results of this

tudy can be adapted to any emergency departments from other

ountries. 

The study has an important limitation. The number of criteria

ssessed through the FDEMATEL stage exceeds twenty in both ac-

essibility and physical spaces, structures & equipment criteria. For

his reason, the number of pair-wise questions that experts needed

o respond has increased considerably. It may adversely affect the

illingness of experts and the accuracy of their responses. There-

ore, more decreased criteria pool can be considered for future

tudies. 
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PPENDIX. Evaluation criteria for ED ergonomic design 

Criteria Definition of the criteria 

A1 Location of the ED within the main hospital building 

A4 Availability of particular parking areas reserved for on call 

physicians close to the entrance 

A5 Visibility of entrance at the ED 

A6 Availability of separate entrances for ambulance and walk-in 

patients 

A7 Visibility of entrance for walk-in patients 

A8 Visibility of triage room and location in the path of walk-in 

patients’ entrance 

A10 Following of a line system 

A12 Availability of the entrances and the waiting area in direct 

observation area of the triage nurse/doctor 

A14 Availability of a resuscitation area 

A15 Availability of the critical care area in direct access of the 

treatment area, waiting room and the reception 

A17 Accessibility of the ICU from the ED 

A19 Availability of dedicated elevators in case facilities are not in the 

same level as the ED 

A20 Suitability of corridors for wheelchairs and stretchers 

A22 Closeness of the orthopedic examination and casting rooms to 

the radiology suit 

A23 Availability of direct access to the imaging suit, and the 

resuscitation room from the treatment area 

A24 Accessibility of the ED lab from all treatment areas 

A25 Availability of a different window for delivery of emergent lab 

samples at the laboratory 

A29 Readiness and accessibility of the equipment in the nursing 

station to the nursing staff

A35 Determination of all door widths in the ED at least 1.5 m 
Criteria Definition of the criteria 

A36 Availability of direct access of the reception and waiting areas to 

the hospital for outpatient referral 

PSE1 Earthquake-resistance of the ED building 

PSE2 Sufficiency of the total area of the ED for annual patient demand 

PSE3 Sufficiency of the number of beds for annual patient demand 

PSE6 Sufficiency of the surge capacity for a possible crisis or disaster 

PSE8 Placing of the electrical panels outside the ED entrance 

PSE9 Availability of a triage room 

PSE12 Availability of an examination room for pediatric patients 

PSE13 Availability of an isolated OB-GYN treatment room 

PSE14 Availability of an orthopedics and casting room in the ED 

PSE15 Availability of a procedure or minor operating room designated 

in the ED 

PSE16 Availability of a room for the public staff supervising the ED 

PSE17 Adequateness of the officer room in terms of sound, lighting etc. 

PSE18 Location of the security stationed in the ED at the entrance 

PSE19 Availability of a treatment area for walk-in patients 

PSE20 Availability of a pharmacy near the ED 

PSE25 Availability of separate examination rooms for the inpatients 

PSE26 Availability of enough equipment in the examination rooms 

reserved for the inpatient patients 

PSE29 Availability of a designated waiting area 

PSE30 Availability of a head nurse room in the ED 

PSE31 Availability of a burn care room in the ED 

PSE33 Availability of a designated administration area away from the 

treatment areas 

PSE34 Availability of a silent or counseling room designated within the 

ED 

PSE35 Isolation of the counseling room acoustically from the treatment 

areas 

PSE36 Availability of a morgue 

PSE37 Height of gurney as 75 cm 

PSE39 Availability of outpatient care areas as 0.5 to 2.3 m2 areas 

PSE42 Setting the height of the nursing station counter at least 1m 

PSE43 Availability of a generator for the ED 

PSE45 Availability of separating wooden panels from ceiling to the floor 

available in the treatment area 

PSE46 Be removed of the panels to increase the available treatment area 

PSE47 Sufficiency of lighting in the examination and treatment areas 

PSE49 Availability of a central O2 supplying system with outlets 

available at least for every high-acuity bed 

PSE51 Availability of access to multiple phone lines in the nurses’ 

station 

PSE52 Availability of access to the internet in the ED 

PSE53 Availability of a telecom system installed in the ED 

PSE56 Availability of a fire alarm system installed in different areas of 

the ED 

PSE57 Availability of fire extinguishers in all ED spaces 

PSE58 Availability of enough electrical outlets in each treatment area 

PSE59 Placement of the electrical outlets properly at a height of 36 cm 

PSE62 Be equipped of the lab for routine lab tests 

PSE64 Availability of proper storages for clean and dirty equipment 

within the ED 

PATA2 Availability of assistance staff at reception for guiding patients 

PATA3 Availability of an air-conditioning system in the waiting area 

PATA7 Availability of an air-conditioning system in the treatment areas 

PERA1 Availability of a dedicated area for viewing imaging results 

PERA2 Availability of a separate physician resting area 

PERA3 Adequateness of the heating and cooling systems of the rest area 

PERA4 Availability of private lockers reserved for staff in the resting area 

PERA8 Be equipped of the resting area with communication facilities 

such as phone and internet 

PERA11 Sufficiency of lighting in the resting area 

PATP1 Securability of the patients’ visual, auditory, and olfactory privacy 

within each treatment area 

PATP2 Separateness of the path to the elevator from the main crowded 

areas 

PATP3 Availability of a designated area for storing patient files away 

from another patients’ reach 

PATP4 Availability of a designated area for confidential patient-doctor 

interactions 
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