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ABSTRACT. Background: Hospital layout is one important factor affecting hospital service quality and, 

consequently, patient satisfaction. Generally, the layout is designed based on the experience of the hospital specialists 

without any systematic approaches.  

Purpose: Due to the increasing number of patients, the case study hospital has built a new multi-floor building to move its 

Outpatient Department (OPD) to operate there. Therefore, this study aims to apply the Activity Relationship Analysis 

(ARA) and simulation to design a new OPD layout.  

Methodology: Data of the previous system were analyzed using the ARA. The results were then used to design three 

scenarios (A, C, and D) and the other three scenarios (B, E, and F) were proposed by hospital specialists. Then, six layouts 

were evaluated using simulation tests and the efficiencies of the designs were measured by an average total service time 

per patient. 

Results: The simulation results showed that the average total service time of scenario A, D, E, and F were lower than 

scenario B and C. While the average total service time at the sub-service unit of D was the longest compared to scenario 

A, E, and F. These results demonstrated that scenario A, E, and F were the most efficient layouts. However, when 

considered thoroughly by the hospital specialists, scenario A was eventually selected. 

Conclusion: This study can contribute to scientific literature as it demonstrates the application of the ARA and simulation 

in the design of the multi-floor layout, an aspect under-researched in existing studies. This study also provides the practical 

implication suggesting that these techniques should be used together in the layout designs because they can help to 

determine the correctness and efficiency of the layout design before actual implementation.  
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INTRODUCTION 

Hospital layout is one important factor 

affecting the hospital service quality [Arnolds 

and Gartner, 2018; Benitez et al., 2019; 

Elshafei, 1977; Gosavi et al., 2016; Jamali et 

al., 2020; Sower et al., 2001; Ward et al., 2005; 

Zhao et al., 2009], especially the Outpatient 

Department (OPD) layout that includes several 

service units. An efficient OPD layout can 

promote the efficient flows of staff and patients 

by minimizing distances of travel, making 

efficient use of spaces, and providing optimal 

functional adjacencies. Accordingly, the 

efficient OPD layout can reduce the patient’s 

waiting time and increase the level of patient 

satisfaction with the hospital service quality 

[Boonmee et al., 2021; Luo et al., 2017; Tsui 

and Fong, 2018]. 

Many approaches are used in the facility 

layout design [Boonmee and Kasemset, 2019], 

for example, Activity Relationship Analysis 

(ARA), simulation, optimization, heuristics, 

lean manufacturing, decision-making analysis, 

SERVPERF theory, and SHELL model. In 

addition, some of these approaches have been 

combined to design the facility layout in many 

previous studies, for instance, optimization and 

simulation [Vahdat, 2019], lean manufacturing, 

SERVPERF theory [Soriano‐Meier, 2011], and 

heuristics and ARA [Motaghi et al., 2009].      
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The case study hospital of this research is 

a community hospital located in Chiang Mai 

province, Northern Thailand. The hospital 

provides healthcare services to approximately 

600-700 patients per day. While the number of 

patients is constantly increasing, the hospital 

has built a new building to improve its services 

and prepare itself for the increasing number of 

patients. The hospital decided to move its OPD 

to operate in the new building and increased 

service capacity from single-floor to double-

floor operation. This hospital previously 

designed its OPD layout based mainly on the 

experiences of the hospital specialists without 

any systematic methods. As a result, it wanted 

to apply systematic approaches in the design of 

its new OPD layout. 

The hospital aimed to design its new OPD 

layout to minimize the service time and, 

subsequently, the waiting time of the patients. 

The design of the layout thus needs to consider 

the relations and share of resources (e.g., 

facilities and human resources) between service 

units. Among many design approaches, the 

ARA is a technique that considers the degree of 

closeness and relations between service units in 

the layout; therefore, this technique was 

selected and applied in the layout design in this 

research. This research also applied the 

simulation technique in the selection of the 

appropriate layout because the simulation 

technique can help to evaluate the efficiency of 

the alternative layouts before actual 

implementation.  

Although the ARA and simulation are 

widely used in the facility layout design. Two 

main gaps can be identified. Firstly, the 

simulation is rarely applied in the hospital 

layout design because most studies use it 

mainly for evaluating the performance of the 

healthcare operational system [Boonmee et al., 

2020; Gallagher et al., 2016; Günal and Pidd, 

2011; Katsaliaki and Mustafee, 2011; Kasemset 

et al, 2021; Murphy, 2013; Sepúlveda, 1999]. 

Secondly, limited studies combine these two 

approaches in the design of the multi-floor 

layout, especially the hospital layout. 

Therefore, the objective of this research was to 

use the ARA and simulation to design, propose 

and evaluate the most efficient OPD layout for 

a case study hospital. 

THEORY 

Activity Relationship Analysis (ARA)  

The ARA is one technique in Systematic 

Layout Planning (SLP) [Francis, et al., 1992]. It 

is often applied in the initial stage of the SLP to 

design the facility layout [Muther, 1955] and 

includes two main tools, namely Activity 

Relationship Chart (ARC) and Activity 

Relationship Diagram (ARD).  

Firstly, the ARC is a tabular means of 

displaying the degree of closeness among all 

pairs of activities, areas, or departments 

[Muther, 1955]. The degree of closeness can be 

evaluated using quantitative data – such as 

frequency of movements – or qualitative data – 

such as perspectives of specialists [Affifah, 

2019]. The symbols, including A, E, I, O, U, 

and X, are used to represent the degree of 

closeness, where A is Absolutely necessary; E 

is Especially important; I is Important; O is 

Ordinary closeness; U is Unimportant; and X is 

Undesirable.  

Secondly, the ARD is a block diagram 

developed from information in the ARC 

[Tompkins, 2010; Sugandhi and Bharule, 

2016]. It reflects the strength of the relationship 

between activities, areas, or departments to be 

placed into the layout by a number of joining 

lines [Muther, 1955]. For instance, four joining 

lines (degree of closeness = A) indicated a need 

to have two activities located close together, 

while one line (degree of closeness = O) 

indicates a lesser priority on placing the 

activities close to each other. 

Simulation 

A simulation is a process of designing a 

model of a real-world system and conducting 

experiments to evaluate the model performance 

before actual implementation [Law 1998; 

Boonmee and Kasemset, 2019]. The simulation 

is often used in improvement activities because 

it helps to deal with complicated systems and 

requires few assumptions [Nanda and Sudhir, 

1996]. It is also used to learn non-existing 

systems to predict the outputs of actions and 

developments that are expensive to conduct 

experiments in the real world [Lagergren, 1998; 

Boonmee et al., 2020]. The steps of the 
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simulation are as follows: formulate the 

problem and plan the study; collect the data and 

formulate the simulation model; check the 

accuracy of the simulation model; select the 

simulation software and construct a computer 

program; test the validity of the simulation 

model; plan the simulation to be performed; 

conduct the simulation runs and analyze the 

outputs statistically; and present 

recommendation to management [Hillier and 

Lieberman, 2015]. 

The output analysis is one important step 

in the simulation study [Kelton et al., 2010]. 

The simulation results are simply the observed 

samples of the random variables. This inference 

or predictions about a system can be done either 

by hypothesis testing or confidence interval 

(CI). CI indicates the range of likely value of 

the measure at any significant level (α) [Hillier 

and Lieberman, 2015]. The output from the 

simulation runs provides statistical estimates of 

the desired performance measure for each 

system configuration of interest. (1- α) % CI on 

mean is calculated based on equation (1) 

(Montgomery and Runger, 2014). 
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The comparison can be conducted at any 

α-level when intervals of outputs are not 

overlapped, compared situations can be claimed 

that they are significantly different. 

METHODS 

Data collection  

The OPD service system of the case study 

hospital is separated into two main groups: 

medical and supporting service units. The 

medical unit consists of examination rooms for 

six departments, including Pediatric ( PED) , 

General Practitioner (GP) , Medicine (MED) , 

Ear nose and throat (ENT), Surgical (SUR), and 

Orthopedic ( ORTHO) . While supporting 

service units include pre-checking, registration, 

Vital Sign (V/S) checking, history taking, X-

Ray, laboratory (Lab), medical procedure room, 

payment, and pharmacy. Data of the existing 

service system were collected, including 

service- operation flows, operation time, 

number of patients and arrival rates, number of 

officers (including doctors, nurses, technicians, 

and support operators) , existing OPD layout 

(one floor), and related limitations. Data of the 

new area were considered, including the new 

floor plan of the OPD area ( two floors) , the 

number of rooms, and the distance between 

each unit.  The patient’ s operation flow was 

presented in Figure 1. 

Simulation Model   

Collected data were used to develop the 

simulation model using Arena software.  Data 

input to the simulation model mainly applied 3 

standard statistical distributions:  constant 

( CONS) , triangular ( TRIA) , and uniform 

(UNIF) distributions for each operation time as 

presented in Figure 1. For example, one patient 

at pre- checking may spend one of three 

operation times as 5 (min) , 10 (mode) , or 15 

( max)  seconds as TRIA distribution.  The 

characteristic of each standard distribution can 

be found in Kelton et al. (2010). 
The simulation model is separated into 

four sections (shown in Figure 1) as follows: 

Section 1:  This section represents the 

general primary operations when patients arrive 

at the hospital for OPD. The patient arrival rate 

is different depending on each period from 7:00 

AM to 4: 00 PM.  To create patients for the 

simulation model, the arrivals are created based 

on exponential distribution with different mean 

values for each hour. 

There are three types of patients: (1) New 

Patient (NP), (2)  Registered Patient with 

Appointment (RPA), and (3) Registered Patient 

without Appointment (RPOA) . All patients 

have to pass three operations:  pre- checking, 

registration, and V/S checking, respectively.  

Section 2:  In this section, each type of 

patient is assigned to different operation flows. 

RPA have the highest priority and they are sent 
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to three possible operations –  diagnosis, lab 

testing, or X-ray – following the detail of their 

appointment records. While NP and RPOA are 

sent directly to do history taking. 

Section 3:  This section is the diagnosis 

section at the OPD.  Patients are assigned to a 

specific diagnosis separately based on each 

medical unit, including PED, GP, MED, ENT, 

SUR, and ORTHO.  After finishing the 

diagnosis by doctors, patients may be assigned 

to have more lab testing, X- ray, or medical 

procedures, then they might return to have 

diagnosis again. 

Section 4:  When patients finish their 

medical service at OPD following section 3, 

they normally go to carry out the payment, 

receive medicine at the pharmacy, and then go 

out of the system.  In case of additional 

treatment is needed, patients may be admitted 

to the In- Patient- Department (IPD)  or 

transferred to other hospitals for further 

treatment.  

 

Fig. 1. Operational flow chart at OPD (time unit: second) 

http://doi.org/10.17270/J.LOG.2022.677


Boonmee C., Kasemset C., Phongthiya T., 2022. Layout design of outpatient department:  simulation study and 

implementation. LogForum 18 (2), 185-196, http://doi.org/10.17270/J.LOG.2022.677 
  

 

  

189 

Verification and validation of the model 

were conducted when the simulation test ran 

with a run length of 9 hours and 64 replications. 

Test results were also discussed together among 

the researchers and the hospital management 

team.  From September to November 2019, the 

number of patients served at OPD was 

approximately 660 persons per day, so the 

results from simulation presented the number 

out as 652 to 663 persons per day using a 95% 

CI of the mean. The results from the simulation 

were not significantly different compared with 

the real data at the significance level (α)  0.05 

because the 95% CI of mean included the value 

from the real system.  In conclusion, the 

proposed simulation model can be used to 

represent the real system.  

Test scenarios and limitations of the new 

area  

The layout of the OPD in the new area is 

separated into two floors.  The first floor 

consists of seven examination rooms, one Lab, 

one X- ray, two medical procedure rooms, one 

registration centre, one pharmacy, and one 

financial counter.  The second floor consists of 

eight examination rooms, one Lab, and two 

medical procedure rooms. Examination Rooms 

need to be assigned exactly to each department 

as follows:  4 rooms for MED; 2 rooms for GP; 

2 rooms for ENT; 2 rooms for ORTHO; 1 room 

for PED; and 1 room for SUR.  

To assign examination rooms, ARC and 

ARD were used to evaluate the relationship 

between rooms.  The relationships between 

rooms were rated using the degree of closeness: 

A, E, I, O, and U. A means that two rooms have 

to be located close to each other.  E means that 

two rooms should be located close to each 

other, but after putting A.  I and O are 

considered after E respectively, while U shows 

an unimportant relationship which can be last 

considered, and the rooms can be located 

independently. 

From Figure 2, considering all 

departments, pairs of departments with 

relationships can be ranked as MED- GP ( E 

level), MED-PED (O level), PED-GP (O level), 

SUR-ORTHO (O level), SUR-ENT (O level), 

and ORTHO- ENT ( O level) .  Accordingly, 

MED and GP should be located close to each 

other, but ignoring this is still acceptable.  In 

addition, all departments can be classified into 

two groups: MED-PED-GP and SUR-ORTHO-

ENT.  Not only the degree of closeness was 

considered, but the discussion among hospital 

specialists was also taken into account for 

designing test scenarios.  Subsequently, six 

scenarios were designed in Table 1.  

Table 1. Detail of each test scenario. 

Scenario 1st Floor (7 rooms) 2nd Floor (8 rooms) Note 

A MED – 4 rooms* 

GP – 2 rooms*  

PED – 1 room 

SUR – 1 room 

ENT – 2 rooms  

ORTHO – 2 rooms 

MED – 4 rooms 

GP – 2 rooms  
ENT – 2 rooms  

ORTHO – 2 rooms 
SUR – 1 room 

PED – 1 room 

- Bold letters indicate the plan 
according to the results from 

relationship analysis. 

- (*) indicates pair of MED and GP. 
- Scenario B, E, F were designed 

based on the hospital specialists’ 

perspectives. 
 

B MED – 3 rooms* 

GP – 2 rooms* 
ORTHO – 2 rooms 

MED – 1 room 

SUR – 1 room 
ENT – 2 rooms  

PED – 1 room 

C MED – 2 rooms 
ENT – 2 rooms  

ORTHO – 2 rooms 

SUR – 1 room 

MED – 2 rooms* 

GP – 2 rooms*  

PED – 1 room 

D GP – 2 rooms 

ENT – 2 rooms  

ORTHO – 2 rooms 

SUR – 1 room 

MED – 4 rooms 

PED – 1 room  

 

E GP – 2 rooms 

ENT – 2 rooms  

ORTHO – 2 rooms 
PED – 1 room 

MED – 4 rooms 

SUR – 1 room 

F GP – 2 rooms 

ORTHO – 2 rooms 

SUR – 1 room 
PED – 1 room 

MED – 4 rooms 

ENT – 2 rooms  
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Fig. 2. Activity relationship chart and relationship diagram of OPD 

 

RESULTS 

Simulation tests were conducted with the 

same initial parameters, 9 hours per day with 64 

replications, 95% CI of mean total time in the 

system of all scenarios, as compared in Figure 

3. 

As shown in Figure 3, scenarios B and C 

were dominated by F because F has less mean 

time than B and C significantly, scenarios B and 

C can thus be eliminated. While scenario A, D, 

E, and F were further considered because their 

intervals overlapped (which means they are not 

significantly different) .  Then, performance 

measurements for all departments were 

compared using 95% CI of mean comparison as 

in Figure 4. 

The comparison results ( shown in Figure 

4)  presented no significant differences among 

A, D, E, and F for most departments excluding 

PED.  If considering only PED, the mean time 

of scenario D is longer than the scenario A, E, 

and F significantly. Hence, the scenario D was 

dominated.  Thus, the appropriate solutions 

were A, E, or F. 

Considering A, E, and F, similar design 

issues can be noticed as follows. 

- 4 rooms of MED should be located on 

the same floor. 

- PED should be located on the 1st floor. 
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Fig. 3. 95% CI of mean total time in system comparison. 

 

 

Fig. 4. The interval plot of average time in a system A, D, E, and F (95% CI). 

 

DISCUSSION 

From the simulation tests, scenarios A, E, 

and F were selected to be the appropriate 

solutions.  Therefore, these three layouts were 

presented to the hospital management team for 

final decision and selection.  From the meeting 

among researchers and the hospital team, layout 

A was selected to be implemented. It is because 

in scenario A, MED and GP – the units that 

work together highly frequently – were placed 

close to each other on the same floor. Then, the 

1st floor includes MED (4 rooms) , GP (2 

rooms) , and PED (1 room) , while the 2nd floor 

includes SUR ( 1 room) , ENT ( 2 rooms) , and 

ORTHO (2 rooms). 

Average time per person in the hospital 
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For the real implementation of the 
scenario A, the following issues were 

considered: 

(1) The proportion of patients between the 

1st and 2nd floors were imbalanced at a ratio of 

75.2% and 24.8%.  

(2) All rooms on the 1st floor are occupied 

and three rooms on the 2nd floor are available 

for future service extension.   

(3) Support units including X- ray, 

registration centre, pharmacy, and financial 

counter were set on the 1st floor.  When the 

number of patients increases, some supporting 

units should be added, especially X- ray, which 

currently operates with high utilization ( more 

than 95% from simulation results).  

Practice Implementation  

Since the end of 2019, the new building of 

the hospital case study has been operated and 

scenario A was implemented. Nevertheless, the 

hospital has more service data of OPD, the plan 

was therefore adjusted from scenario A as 

follows:   

(1) For the 1st floor, the rooms for GP were 

increased from 2 to 4 rooms and the rooms of 

MED were decreased from 4 to 3 rooms 
because every patient who comes to the hospital 

without obvious symptoms will be served at GP 

before they are sent to other departments. Thus, 

GP was determined to have more examination 

rooms on the first floor.  PED with a less strong 

relationship compared to GP and MED was 

moved to the 2nd floor due to the limited number 

of rooms on the 1st floor (7 rooms). 

( 2)  For the 2nd floor, the rooms for SUR 

and ENT were the same as scenario A, which 

were 1 and 2 rooms, respectively.  The rooms 

for ORTHO were increased from 2 to 3 rooms. 
Including 1 relocation room of PED, the 2nd 

floor utilized 7 of 8 rooms.  The remaining one 

room was occupied for the new department 

since the hospital extended the OPD service 

unit. 

(3) In addition, to reduce the 
overcrowding problem, support units including 

the registration centre and financial counter 
were set up on the 2nd floor to serve the patients. 

CONTRIBUTION, IMPLICATIONS AND 

LIMITATIONS 

This study can contribute to academic 

literature because it demonstrates the 

application and combination of the ARA and 

simulation technique in the design of a multi-

floor OPD layout. This aspect is limited in 

existing studies because most studies focus 

mainly on the application of these techniques in 

a single floor layout design. 

In terms of the practical implication, the 

results of this study show how the ARA and 

simulation successfully help to design the 

hospital layout which can be applied in other 

contexts. As known, to design the hospital 

layout based mainly on the experience of the 

hospital specialists, all important aspects may 

not be included in the design, such as the 

relations and flows between different service 

units. Once the layout is implemented and not 

suitable for the hospital, it is difficult to modify 

and, if modified, it is costly. On the other hand, 

when the design techniques, such as the 

simulation and ARA, are applied, all aspects are 

considered systemically. In addition, the 

simulation can help to determine the 

correctness and efficiency of the design before 

actual implementation. The simulation can 

further help to investigate any effects resulting 

from the change of some conditions. For 

example, if the number of patients increases, 

the simulation runs can demonstrate whether or 

not the designed layout is still suitable for those 

number of patients or it needs to be modified. 

In hospitals, especially in developing 

countries like Thailand, the patients normally 

go to the hospital without appointments with 

the doctors and they sometimes need medical 

investigation and treatment from different 

healthcare service units at a time. This situation 

may lead to a high unplanned number of 

patients in the hospital waiting for medical 

treatment. Hence, the ARA technique that 

considers the relations between different 

service units and the use of hospital resources is 

suggested to be used in the layout design of this 
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kind of hospital, as demonstrated in this 

research.  

Different hospitals may have differences 

in the relations between healthcare service 

units, the use of resources, and the limitations 

of areas. The OPD layout designed in this 

research was also based on those of the case 

study hospital. According to these different 

conditions, further studies that apply 

approaches similar to this research may have 

different layouts depending on the conditions of 

the hospitals they consider. 
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