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Abstract. The goal of this work is to utilize a simulation model to reduce waiting
times before examinations in emergency departments. Different types of arrivals
to an emergency department, basic processes, and possible queues are explained.
The implementation is conducted in the Rockwell Arena software and some re-
lated details are provided. The validity of the simulation model is demonstrated.
Then scenarios are developed based on limited boosting of resources to reduce
waiting times. It is analyzed how waiting times can be reduced. Also, it is dis-
cussed that which resources should be increased for this aim. The Process Ana-
lyzer software is used for the analysis of the scenarios, whose details are given. It
is also analyzed how the utilization rate of resources changes in scenarios. Data
from the literature are used for experimental results. Since the analyzes are based
on generalizable approaches, they can be applied in similar emergency depart-
ments. The results show that with a reasonable increase in resources, it is possible
to significantly reduce waiting times. The implications that may be useful in the
management of emergency departments are presented.
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1 Introduction

Diminishing the waiting time of patients has always been a substantial matter in health
management topics. One of the major reasons for this is that high waiting times neg-
atively affect patients’ perception of service quality [1–3]. Emergency departments
(EDs) are among the most dynamic health units, and the reduction of waiting times be-
comes more vital there [1]. Simulation is consistently among the methods used for the
analysis of dynamic and complex environments such as EDs [4–14].

The outline of the work is shown in Figure 1. A simulation model that is developed
by the author in the Rockwell Arena software is applied to decline patients’ waiting
times in an ED. Main processes in EDs like registration, triage, and examination are
included in the model. Usually, there are limited resources to carry out the processes,
so waiting queues form in front of them. The aim of this study is to reduce the waiting
times before examinations. Although data from a case study in the literature is used
for experimental results, the simulation model is generalizable. Thus, it can be applied
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in many alike EDs. There are many articles in the literature that deal with an alike
topic with a similar method. But unlike the others, this study tries to find a solution to
reduce waiting times by considering all the resources used for registration, triage, and
examination processes. Different than many studies, the details of the simulation model
are presented, making it usable by others for similar situations. Therefore, it is thought
that the article contributes to those who read it for administrative purposes, along with
the literature.

Fig. 1. Outlines of the study.

The other chapters of the study are such that in Section 2 details about the system,
and simulation model are described. The experimental results are given and discussed
in Section 3. Conclusions are provided in Section 4, as well as the future works.

2 Description of the System and the Simulation Model

As seen in Figure 2, patients come to an ED either by ambulance or through their own
means. In an ED, patients are tagged with the colors red, yellow, and green, which are
high, intermediate, and low-risk patients, respectively. Some EDs use additional colors,
which are not the subject of this article. Figure 2 shows the processes that are focused
on, in this study.

Fig. 2. General flows in an ED [2].

Also, the relevant queues are seen in Figure 2, which are the waiting queues for the
admission part, triage, and examination. Admission is only for patients who come with
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their own means. Since the condition of the patients arriving by ambulance is serious,
they are directly tagged in red and are transferred to the resuscitation unit quickly. Red
zone patients are taken under intensive care and observation after the resuscitation pro-
cess. Other patients are first registered in the admission part, and then they go to the
triage department and are tagged as green or yellow. In fact, some of the patients who
do not come by ambulance may pass through the triage and be tagged as red. Patients of
the yellow area are usually kept under observation after the examination process. This
may be true for green-tagged patients as well but for a small proportion of them. They
usually just get out of the ED after a basic examination. But most of the yellow zone
patients experience some medical analysis and tests after the first examination. In Fig-
ure 2, intensive care, observation, medical analysis processes are not shown because,
this study, just focuses on reducing the time that patients wait before the examination.
Since there is no waiting for red zone patients, here only the waiting times of patients
in green and yellow areas are implied. Though to illustrate the general processes in an
ED, some details are also given in the following sections.

In the next parts of this section, some details of the simulation of the system in
the Arena software are discussed. A method as in Figure 3 is used to adjust the time.
In Figure 3 (a), when each entity arrives into the system, the time is assigned as an
attribute to it. The used variable H for this purpose is shown in Figure 3 (b).

Fig. 3. Time adjustment.

Arrivals of patients into the system begins as in Figure 4 (a), the details of which
are given in Figure 4 (b). Arrivals are set by defining a variable as in Figure 4 (c). This
variable has 24 lines, each showing the time in seconds between patients’ arrivals to the
ED within an hour of the day.

Arrival types shown in Figure 2 are separated by a decision module in Figure 4 (d).
Patients arriving by ambulance go directly to the red area from the route in Figure 4 (e),
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Fig. 4. Arrivals to the ED.

but others move to the admission and register there as in Figure 4 (f). On all figures, the
pink elements are made using the station & route modules in the Arena.

As seen in Figure 5 (a) and (b), the station module in Arena is used for the accep-
tance zone, in which, as in Figure 5 (c) and (d), the registration process is done by the
admission staff. Then, patients are sent to the triage area from the route shown in Figure
5 (e).

The triage section also starts with a station module as seen in Figure 6 (a). The
process in Figure 6 (b) is done by a triage nurse shown in Figure 5 (d). With the decision
module in Figure 6 (c), patients are divided into red, yellow, and green tagged ones.
Their percentage is given in the experimental results section. As an example, Figure 6
(d) shows the patients tagged in red. They are then sent to the respective area by the
route modules, shown in Figure 6 (e).

Patients who are tagged as green or yellow in the triage section enter the exam-
ination area as shown in Figure 7 (a). Using the decision module in Figure 7 (b),
they are directed to specific areas. The doctor-nurse teams that examine these patients
are the same, but the yellow-tagged patients have priority, which is provided by the
Hold module in Figure 7 (c). The condition used in this module is as follows: SET-
SUM(Examination Doctors,5) < 4 && SETSUM(Examination Nurses,5) < 4 && SET-
SUM(Examination Beds,5) < 4 && NQ(Yellow Examination Process.Queue)==0. This
represents the waiting area for the green examination, where patients wait there until at
least one examination team is free and there are no patients waiting in the yellow area.
In the Arena software, SETSUM symbolizes the number of busy resources, while NQ
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Fig. 5. Acceptance and registration part of the ED.

Fig. 6. Triage unit of the ED.
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stands for the number of entities waiting in a queue. The values 4 and 5 are respectively
the number of resources and the related index. The condition adequately represents
the priority of patients of the yellow zone over green ones and the situation in which
resources are more focused when a patient comes to the yellow zone.

Fig. 7. Examination processes in the green and yellow zones.

Figures 8 (a), (b) and (c) show the red, observation, and exit zones, respectively,
although, as mentioned before, these parts do not affect the outputs of this study. The
resources in the red and observation zones are different from the green and yellow
examination zones. Even when necessary, a team is called from the other parts of the
ED and/or nearby health units for the red zone, because patients in this area can never
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be kept waiting and should be subjected to an immediate resuscitation process. This is
shown as the resuscitation and intensive care unit (ICU) process in Figure 8 (a). Red
zone patients are directed to observation zone after the resuscitation process. Patients
go out of the ED, through the components shown in Figure 8 (c).

Fig. 8. (a) Red, (b) observation and (c) exit zones.

Expressions are defined for the outputs of the simulation, as seen in Figure 9 (a),
(b), (c) and (d), and they are employed as seen in Figure 9 (e). They are characterized
as user-defined outputs.

Fig. 9. Defining outputs and the simulation model.
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3 Experimental Results

For experimental results, data from a case study from the literature is operated, where
there are multiple EDs but only the data for one of them is used. The time between
arrivals at the chosen hospital is as in Table 1, i.e. the variable shown in Figure 4 (c) is
filled with the mentioned values in Table 1 [2].

About 8% of patients arrive at the ED by ambulance, which is represented in Figure
4 (d). As seen in Figure 5 (d), the number of resources in admission, triage, and exam-
ination zones are two, one, and four, respectively. The examination team consists of a
doctor, a nurse, and the facilities necessary for the examination. In Figure 5 (d), these
are defined separately, but it is also possible to collect them all under one examination
resource. Furthermore, in Figure 4 (d), the needed facility is named as examination bed,
which actually means all the requirements for the examination.

As seen in Figure 5 (c), the distribution of the registration process is Normal(1,0.2).
Like admission, the triage process shown in Figure 6 (b) also is according to Nor-
mal(1,0.2) distribution. In the Triage section, 3%, 12%, and 85% of the patients are
tagged as red, green, and yellow, respectively, which is shown in Figure 6 (c). Com-
monly, patients who are tagged as green in EDs are more than yellow ones, but in the
case study, it is the opposite. The reason for this and related details can be found in
reference [2].

As shown in Figure 7 (d), the duration of the examinations in the green area is
according to Normal(4,1.5) distribution. In the yellow zone, the period of the examina-
tions follows Normal(5,1.5) distribution [2].

The data is employed within the simulation model illustrated in Section 2. The sim-
ulation period is 30 days, i.e. one month, the warm-up period is the first 3 days, and the
number of repetitions is 3 times. For the validity of the gained results, a comparison is
made with the relevant study in the literature. For this aim, the monthly total number
of green, yellow, and red patients, utilization rate of resources, waiting times of green
and yellow tagged patients are used. They are reported in the literature as 18723, 2297,
15872, 554, 68.17, 9.88, and 0.54, respectively [2], which are found 18852, 2202,
16130, 520, 69.24, 9.61, and 0.54. Therefore, it can be said that the simulation is valid.
The waiting times are in minutes.
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26 scenarios are designed based on increases of up to two units in the resources,
which are admission staff, triage nurses, and examination teams. So, in total, there are
27 cases with the current situation. A maximum increase of two units in resources can
be interpreted as a constraint. But it should be considered that in real life, these increases
are not easy. The results of the scenarios are acquired from Process Analyzer. For this
aim, the file of the Arena model whose validity has been approved is used inside of the
Process Analyzer software. As seen in Figure 10, resources are selected in the Controls
part, while simulation outputs are selected on the side of Responses.

Fig. 10. Using the Process Analyzer software to analyze scenarios.

The obtained results are presented in Table 2. In the first column of the table, sce-
narios are denoted by S. The numbers of resources are written in the second, third, and
fourth columns. In this table, the waiting times are in minutes. As seen, waiting times
in both green and yellow zones fall significantly, especially as the number of examina-
tion teams is supplemented. Increases in the resources of admission and triage staff also
reduce waiting times.

As seen in Figure 11, there is no significant dissimilarity between scenarios in terms
of the utilization rate of resources. There are scenarios like S-23, S-25, and S-26, which
look that have better results regarding the waiting times. However, it can be said that
the results don’t alter broadly after S-18. Therefore, for the employed data, it can be
declared that raising by two units the number of resources that conduct examinations
causes a substantial improvement. Thus, for example, applying S-18, savings can be
made in resources compared to S-26. Obviously, these results may be different for other
case studies.

4 Conclusion and Future Works

Since waiting times in healthcare units, especially in EDs, affect patients’ perception
of quality, reducing them has always been among the goals of managers. This paper
describes the general processes and possible queues in an ED. On this basis, a simula-
tion model is utilized within the Rockwell Arena software. Unlike many studies in the
literature, details of the simulation process in Arena are given. The queues that a patient
waits in for an examination and the resources used there are determined. Unlike many
others, this study only focuses on decreasing waiting times for examinations. Though,
some other relevant parts are also expressed.
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Fig. 11. Variations of (a) utilization rate of resources, average waiting times in (b) yellow and (c)
green zones according to the scenarios.
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In an ED, patients are tagged as red, yellow, or green. Patients who are labeled
as red, cannot be kept waiting, as they urgently need resuscitation. Therefore, wait-
ing times for them are not considered. In this study, waiting times are for green- and
yellow-tagged patients. The sections that these patients wait are the queues before reg-
istration, triage, and examination. In these areas, the resources that affect waiting times
are the registration staff, triage nurses, and teams of doctors and nurses performing ex-
aminations. In addition, the facilities required for the examination are also among the
influencing resources. Therefore, to decline waiting times, the appropriate level of these
resources must be found. But as in many optimization problems, there are constraints as
well. In particular, it may not be easy to increase the number of doctor-nurse teams and
the required facilities. Besides, it should be noted that in this study, waiting times are
only the time before starting the examination for the green and yellow-tagged patients.
They may be directed to other parts of the ED or even be kept under observation after
the initial examination, whose analysis is not the subject of this paper. Another study
will be conducted on these processes, in the future.

Scenarios about increasing resources impacting the waiting times of patients are
designed and implemented in the Process Analyzer software. An upper limit has been
defined for the proliferation of the resources because it can be difficult to increase staff.
Likewise, physical facilities need to rise as well when the examination teams are in-
creased, which may not be easy. For the used case study, the most significant improve-
ment in waiting times occurs when the doctor-nurse team performing the examination
is increased. However, boosting triage and admission staff alike resulted in a reduction
in waiting times. These results are valid for both green and yellow zones patients. Since
the urgency of yellow zone patients is higher than green tagged patients, it is even more
important for them to lessen waiting times.

The described simulation model represents a general case and can be used for sim-
ilar EDs. Although dissimilar results may be obtained for different case studies, the
method can be generalized.

The rate of patients’ arrival to an ED varies according to different time intervals.
Therefore, waiting times alter throughout the day. In this case, it may make sense to
change resources over time. In future studies, it is planned to conduct a study based
on this idea. In addition, for the case study used in this work, the reason why there is
no improvement in the utilization rate of the resources may be due to the fact that the
crowdedness is in certain time intervals, which will be investigated in future works.

Registration, triage, and examination are between influential processes in an ED,
and the level of resources used for them affects waiting times. In this work, unlike
many studies in the literature, a model is developed to reduce waiting times by focusing
on these processes and related resources. Different than many papers, details about the
model are provided. on the other hand, it should be emphasized that one of the main
limitations of this work is that only some aspects of specific activities are included in
the presented scenarios. In future studies, the model will be generalized by considering
more processes. Moreover, it is planned to design a more comprehensive simulation
model, including more than one ED. In this case, considering the distance of the pa-
tients to EDs, an example of the applications of the sectorization problems [15] in



12 Aydin Teymourifar

health management will be presented.
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