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Abstract. Community health centers (Puskesmas) play a crucial role in providing primary healthcare
services. However, long patient queues often reduce service efficiency and patient satisfaction. This study
analyzes queue performance at a Puskesmas outpatient clinic using the M/M/1 queuing model to evaluate
waiting time and service effectiveness. Data were collected through seven days of field observations,
recording patient arrival patterns and service times during operational hours. The results show that the
patient arrival rate is 0.2190 patients per minute, while the service rate is 0.2944 patients per minute. The
system operates under a stable condition with a utilization factor of 0.744. The average waiting time in
the queue is 9.87 minutes, whereas the total time spent in the system is 13.27 minutes, indicating that a
significant proportion of patient time is spent waiting for service. The originality of this study lies in its
empirical application of the M/M/1 queuing model to a real outpatient healthcare system in a Puskesmas
setting, providing practical performance indicators that can support operational decision-making in
primary healthcare services. However, the study is limited by a relatively short observation period of seven
days and data collected from a single healthcare facility, meaning the findings reflect local conditions and
cannot be generalized to other healthcare centers with different operational characteristics. The study
recommends improving workforce management and implementing a structured patient scheduling system
to reduce waiting time and enhance service efficiency.
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1 Introduction

A Community Health Center (Puskesmas) is a primary healthcare facility that serves as a medical care provider
for patients and the public, prioritizing preventive measures and health education to achieve the highest
possible level of public health within its area of responsibility [1]. In its role as an operational implementing
agency under the auspices of the regional health authority, Puskesmas has a vision and mission to provide the
best medical services for the welfare of the community in its working area [2]. Nevertheless, Puskesmas still
faces a major challenge in the form of long patient waiting times spanning from the initial registration phase
and medical treatment to pharmacy services a situation that can negatively impact patient satisfaction [3]. To
achieve its overarching goals, Puskesmas must continuously improve the quality of patient care, one of which
is by optimizing the queuing system to reduce waiting times and enhance operational efficiency. An effective
and efficient queuing system is crucial to ensure the smooth running of healthcare services, as long queues
can diminish patient satisfaction and potentially increase the risk of disease transmission [4].

A system can be defined as a unified entity formed by integrated parts or components that collaborate
systematically to achieve a specific goal [5]. A queue is a waiting line of patients or units requiring attention
from one or more service providers. This condition occurs when the demand for services exceeds the existing
operational capacity, forcing arriving patients to wait their turn because the service facility is currently busy
[6]. Queuing theory plays a critical role in decision-making regarding the determination of resources needed
to achieve optimal service by examining system components such as arrival patterns, service delivery
mechanisms, the number of provider facilities, and overall operational capacity [7]. The literature on queuing
theory indicates that mathematical modeling can be used to understand the behavior of service systems,
particularly under conditions where demand exceeds capacity [8].

To improve the quality of healthcare services at Puskesmas, a quantitative approach capable of
comprehensively evaluating the system is required. One widely used method is queuing theory, specifically
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the M/M/1 model approach, which illustrates an operational mechanism through a single service channel with
random arrival and service distributions [9]. The application of this model enables Puskesmas management to
analyze operational performance and determine the utilization rate of service facilities [10].

With this information, strategic measures such as the addition of medical personnel, adjustment of service
schedules, or the implementation of digital queuing systems can be formulated more accurately. Furthermore,
the integration of queuing theory with simulation methods, as demonstrated in a study at Puskesmas Karang
Joang, has proven to yield precise and reliable results as a foundation for policymaking in service management
[11]. In addition to highlighting technical aspects, it is also essential to consider patient perception, as long
waiting times can diminish the satisfaction of service users [12]. Thus, the application of an appropriate
queuing model can serve as a strategic solution to optimize service performance and patients comfort levels
at community health centers.

2 Research Methods

This study is classified as applied research that utilizes primary data factually collected at the Puskesmas
(Community Health Center). The acquired information encompasses the number of patient arrivals along with
the duration of service within a specific time period. The data processing was executed through the following
stages:

1. Conducting descriptive data analysis by presenting a graph of the average patient arrivals, as well as
collecting data on the number of patient arrivals and service durations at the Puskesmas over a specified
period.

2. Analyzing the queuing system to develop system performance measures using the following procedures:
a. Calculating the average number of arrivals (1) using the formula:

number of patients

= 1
long observation hours @
b. Calculating the average service duration (¢) using the equation:
u= total service time 2)

n
Subsequently, identifying the data to fulfill the steady-state condition (p = ﬁ < 1) [13].

3. Performing a Chi-Square Test to examine the goodness-of-fit for the arrival and service distributions
with the queuing model [14].

4. Analyzing the characteristics and the M/M/1 queuing system model using the following procedures [15]:
a. Calculating the probability that the service facility is idle (P,) using the equation:

A
Po=1-- (3)
U
b. Calculating the average number of patients in the entire service system (L) using the equation:
A
L=—— 4
= 4
c. Calculating the average number of patients in the queue (L) using the equation:
AZ
L,=— (5)
(TR
d. Calculating the average waiting time in the system (W) using the equation:
1
W=—— 6
=7 (6)
e. Calculating the average waiting time to receive medical service in the queue (W) using the
equation:
Wy = — (7)
T u(u -2
5. Drawing conclusions regarding the service quality at the Puskesmas based on the research and analysis
results.
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3 Result and Discussion

3.1 Data Description

The primary data utilized encompass the number of patient arrivals and service durations at a healthcare
facility in Padang City. The data were collected daily with an observation period of 3 hours, specifically from
9:00 AM to 12:00 PM. The average patient arrivals over 7 days at 1-hour intervals are presented in Figure 1.
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Fig 1. Average Patient Arrivals at 1-Hour Intervals
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Based on Fig 1, the estimated average patient arrivals reached their peak between 09:00 and 10:00 AM. The
arrival rate and medical service duration were subsequently applied as the basis for calculations, referring to
these peak time conditions. This approach is predicated on the fact that patient volume increases during peak
service periods; thus, if not managed properly, it can lead to congestion and increasingly longer queues.

3.2 Data Analysis

Data Collection of Patient Arrivals and Service Rates

A descriptive statistical analysis of the patient arrival data and service durations at the Puskesmas during the
09:00 — 12:00 period over a 7-day timeframe is presented in Table 1 below.

Table 1. Recapitulation of the quantity of patient arrivals and the estimated average duration of medical services

Average Patient Service

No Day Time Period (Hours) Patient Arrivals (1) Time (1)
09.00 - 10.00 20 3.09
1 Monday 10.00 - 11.00 15 3.56
11.00 - 12.00 12 3.35
09.00 - 10.00 21 2.49
2 Tuesday 10.00 - 11.00 14 3.39
11.00 - 12.00 8 3.45
09.00 - 10.00 17 3.28
3 Wednesday 10.00 - 11.00 13 4.14
11.00 - 12.00 9 3.47
09.00 - 10.00 13 3.45
4 Thursday 10.00 - 11.00 14 3.39
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Average Patient Service

No Day Time Period (Hours) Patient Arrivals (1) Time (1)
11.00 - 12.00 8 3.45
09.00 - 10.00 14 3.17
5 Friday 10.00 - 11.00 10 4.42
11.00 - 12.00 8 5.07
09.00 - 10.00 16 2.45
6 Saturday 10.00 - 11.00 12 3.40
11.00 - 12.00 9 4.20
09.00 - 10.00 17 2.39
7 Monday 10.00 - 11.00 14 3.00
11.00 - 12.00 12 3.20
Total 276 71.33

The data indicate that the number of patient arrivals varies hourly and daily, with a total of 276 patients during
the 09:00—-12:00 period. The average service time also differs, ranging from 2.39 to 5.07 minutes per patient.
Peak hours typically occur between 09:00 and 10:00, whereas service times tend to be longer between 11:00
and 12:00. It is crucial to consider these variations to improve service efficiency and the queuing system at
the Puskesmas. It should be noted that the data used in this study were collected over a seven-day observation
period at a single Puskesmas. Therefore, the findings reflect the operational characteristics of the observed
healthcare facility and should not be generalized to other Puskesmas or healthcare institutions with different
service capacities, patient volumes, and operational procedures.

Steady-State Analysis

1. Average Patient Arrivals

Based on Equation (1), the average patient arrival rate is obtained as follows:
A = 0.2190 patient/minute

This result indicates that, on average, approximately 0.2190 patients arrive at the clinic every minute, which
is equivalent to about 13.14 patients per hour. This value represents the average demand for healthcare
services during the observation period.

2. Average Patient Service Time
Based on Equation (2), the average patient service rate (i) is obtained as follows:
u = 0.2944 patient/minute

This result indicates that the general practitioner is able to serve approximately 0.2944 patients per minute,
or about 17.66 patients per hour. Since the service rate is higher than the arrival rate (u > A1), the service
facility has sufficient capacity to accommodate incoming patients during the observation period.

Referring to the information obtained from field observations over a full week at a Puskesmas Ambacang

Padang, the value of p (the utilization rate or the probability that the medical facility is busy) was determined.

A 0.2190

= —0.744
cu 1(0.2944) 0.7440

p=

Because p < 1, the system is considered to be in a steady-state phase. This finding confirms that the arrival
rate of patients is lower than the capacity of patients that can be served.

Data Distribution Testing

1. Chi-Square Test for Patient Arrivals
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The Chi-Square testing method was applied to examine the goodness-of-fit between the patient arrival data
distribution and the Poisson distribution. This test is essential to ensure that patient arrival patterns can be
mathematically modeled using the appropriate distribution. The proposed hypotheses are:

H, : The patient arrival data follows a Poisson distribution.
H, : The patient arrival data does not follow a Poisson distribution.

The analysis results demonstrate a calculated Chi-Square value ¥2,;cy1qteq 1S 3-2022. Based on the Chi-Square
distribution table at a significance level of @ = 0.05, the tabulated Chi-Square value xZ,;;, is 3.841. Because
Xeaicuatea < Xtapie> the null hypothesis H, is accepted. From this explanation, it can be concluded that the
recapitulation of patient arrival data at the community health center follows a Poisson distribution.

2. Chi-Square Test for Medical Service Duration

Furthermore, the Chi-Square evaluation method was also conducted to test whether the duration of medical
treatment follows an exponential distribution pattern, as is commonly used in queuing theory to represent
inter-arrival times and service duration. The proposed hypotheses are:

H, : The duration of patient medical treatment aligns with an exponential distribution.
H, : The duration of patient medical treatment does not fit an exponential distribution pattern.

From the data processing results, the calculated Chi-Square value x2,;1ateq 15 2.3318. The tabulated value
Xeapie at @ = 0.05 is 5.991. Since xZ, cutatea < XZabie> the null hypothesis Hy is not rejected. In other words,
patient service times at the community health center can be assumed to follow an exponential distribution.

Justification of M/M/1 Assumptions

The M/M/1 queuing model was selected based on the characteristics of the service system observed at the
General Practitioner Clinic of the Puskesmas. Patient arrivals were assumed to follow a Poisson distribution,
while service times were assumed to follow an exponential distribution, as confirmed by the Chi-Square
goodness-of-fit tests. The single-server assumption was satisfied because only one general practitioner
provided services during the observation period. In addition, patients were generally served according to the
First-In-First-Out (FIFO) discipline, and no priority-based service mechanism was observed. The assumptions
of an infinite calling population and unlimited queue capacity were adopted as standard approximations in
queuing theory. Based on these service characteristics and statistical test results, the M/M/1 model was
considered appropriate for analyzing the queuing system at the Puskesmas Ambacang.

Queuing Theory Analysis
1. The probability that the system is empty is calculated using Equation (3).

2
Py =1—==0.2559
u

Thus, the obtained value of indicates that there is a probability of 0.2559 that there are no patients in the
system, meaning the service facility is currently idle.
2. The average number of patients in the entire service facility is calculated using Equation (4).
A
L= m = 2.9067
Based on the calculation, L is obtained as 2.9067, which means that, on average, there are approximately
3 patients within the system, either currently being served or waiting.
3. The average number of patients in the queue is calculated using Equation (5).
2

L,=———=21627
T u(u—-2)
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From the above calculation, L, is obtained as 2.1627, indicating that a significant portion of patients are
in a waiting state prior to receiving service.
4. The average waiting time in the system is calculated using Equation (6).

1

W =——=13.2698

-1
The result for the average time in the system is W = 13.2698, meaning patients spend approximately
13.27 minutes from arrival until the completion of service.

5. The average waiting time to receive medical service in the queue is calculated using Equation (7).

W, = ———==9.8732

T uu-2)
From the calculation results, W is obtained as 9.8732 minutes. This indicates that a portion of the patient's
time is spent waiting before receiving service.

Limitation of Study

The limitations of this study are as follows:

1. The analysis was based on data collected over a relatively short observation period of seven days.
Consequently, the data may not fully capture long-term variations in patient arrival patterns and
service times.

2. The study was conducted at a single Puskesmas and focused on the General Practitioner Clinic.
Therefore, the findings reflect the local characteristics of the observed service system.

3. The results should not be generalized to other healthcare facilities, as differences in patient volume,
staffing levels, service procedures, and operational policies may affect queueing performance.

4. The study employed the M/M/1 queuing model based on the observed service conditions. Different
queueing models may be more appropriate for healthcare facilities with multiple service channels or
more complex service structures.

4 Conclusion

Based on the analysis of the M/M/1 queuing model at the Puskesmas polyclinic, an average patient arrival rate
(1) of 0.2190 patients/minute and a service rate (1) of 0.2944 patients/minute indicate that the system is in
a stable condition (p < 1). However, the relatively long waiting time in the queue (9.87 minutes) signifies
the need for efficiency improvements, such as staff training or patient schedule management. This condition
demonstrates that although the system is operating stably, service efficiency still needs to be enhanced to
minimize patient waiting times. Several efforts that can be undertaken include improving staff performance
through training, increasing the number of service personnel during peak hours, and organizing patient arrival
schedules to be more evenly distributed. With these improvements, it is expected that the service quality at
the Puskesmas will increase, leading to improved patient satisfaction.
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