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ABSTRACT

Objectives: The task of the work was to develop models for servicing the queue of visitors in a pharmacy, conduct
simulations for a different number of pharmaceutical care points on the trading floor, analyze the results, and develop
recommendations for improving customer pharmaceutical care in a drugstore. Methods/Approach: The study aims to
improve customer pharmaceutical care in pharmacies by reducing customer queues using simulation modelling of the
queuing system in a pharmacy. System analysis, expert assessments, opinion polls, simulation and computer modelling,
and queuing theory were used. Results: Computer simulation models for servicing customer queues in pharmacies have
been developed, and computational experiments have been carried out for different times of customer appearance and
duration of service. Recommendations for applying the model were formulated, and the possibilities of its development
were indicated. Conclusions: The results can be used in organizing the work of pharmacies' sales areas to determine the
required number of working personnel, depending on the number of customers and other conditions. The practical
significance of the results lies in the fact that the proposed approach and models allow for improving the operation of
pharmacies: reducing the buyers waiting time for a service, minimizing queues, and determining the number of needed
operating services.
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INTRODUCTION

Comfortable service conditions play an essential role in the buyers' assessment of pharmaceutical service in a
pharmacy, their perception of the pharmacy and pharmacist as friendly helpers in health protection, and
consultants in the selection and use of medicines (Igun, 1987; Chewning & Schommer, 1996; Oparah &
Kikanme, 2006; Chornous & Fareniuk, 2021; Grazhevska et al., 2021). Fast service and no queues are a
significant part of a comfortable atmosphere for receiving pharmaceutical services. On the other hand,
determining the number of service windows, without their excess or shortage, is also crucial for the pharmacy's

correct organization of the service.
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An essential element in improving the quality of pharmacy customer service is reducing or eliminating
customer queues. Such optimization of the pharmacy operation is possible with simulation modeling of the
gueuing system in a pharmacy (considering the time of the appearance of customers and the duration of their
service by the pharmacist). To do this, it is necessary to consider the main criteria for the quality of customer
service in a pharmacy and determine the place among them of issues of speed of customer service, preventing
them from waiting for service, and eliminating queues of customers.

We should also study the features of the queuing theory for modeling queues concerning pharmacies. It is
necessary to select a practical computer program to simulate the queue at the pharmacy and to study its main
capabilities, features, and specifics of use for the task at hand. Next, you should develop models for servicing
the queue of visitors in a pharmacy and perform simulation modeling for a different number of service points
on the pharmacy trading floor. Finally, analyzing the simulation results and proposing recommendations for

pharmacy customer service organizations is necessary.

LITERATURE REVIEW

Generally, it is evident to everyone that the overall satisfaction of consumers (visitors, buyers) is a key, integral
indicator of the quality of services provided (Tichindelean et al., 2024; Petrova & Tairov, 2022; Dyachenko
et al., 2018; Nykyforov et al., 2021). It is also essential for the continuous improvement of the pharmacy and
strengthening its position in the competitive market of pharmaceutical services for the population (Larson &
MacKeigan, 1994; Horvat & Kos, 2010; Dorokhova & Dorokhov, 2017; Mikhno. Koval & Ternavskyi, 2020;
Zoidze & Abuselidze, 2023).

In the world, pharmacies are considered one of the medical institutions that are becoming an essential
source of medical services in society. In case of mild health problems, people quite often first go to a pharmacy
and not to medical institutions. In addition to dispensing, selling, and formulating medicines, the pharmacist
in the pharmacy also acts as a source of information about medicines for patients, providing cognitive services,
not just technical dispensing of medicines (Igbal et al., 2008; Pelicano et al., 2015; Melton & Lai, 2017).

Therefore, many studies are devoted to assessing visitors' satisfaction with service in pharmacies (Locker
& Dunt, 1978; Linder, 1982; MacKeigan & Larson, 1989; Larson et al., 2002). This satisfaction, although
subjective, is an important indicator of the quality of the services provided. It is essential to maintain constant
partnerships in the pharmaceutical care system for the population, which is most important for patients needing
long-term treatment (Pascoe, 1983; Tinelli, 2011).

Such satisfaction can be interpreted as a positive assessment of critical aspects of pharmaceutical services
in a pharmacy, a positive evaluative reaction of an individual resulting from the interaction of pharmacy staff
with a customer and corresponding to his expectations, needs, and requirements (Kucukarslan et al., 2012;
Okumura et al., 2014; Peters et al., 2016). General, intervention and cognitive services are often distinguished

when assessing the degree of customer satisfaction with pharmacy service. However, the criteria for such a
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service are not always clearly defined. Due to the recent increase in the number of such publications (where
customer satisfaction is assessed), it is advisable to take into account research related to the operation of
pharmacies concerning customer satisfaction, factors related to customer satisfaction and pharmacy choices,
identification of problem points and service disruptions, the quality of the services provided.

Most studies have shown a fairly high level of satisfaction with pharmacies and their staff (pharmacists).
In general, customer satisfaction with a pharmacy can be considered in two aspects: from the point of view of
the pharmacy's convenience and the pharmacist's work. Convenience includes the physical presence of a
pharmacy, its location, waiting time at the pharmacy (speed of service), opening hours of the pharmacy,
confidentiality, availability of drugs and other goods, reasonable prices, and availability of a parking space
(Ware et al., 1983; Rabbanee et al., 2015).

Aspects of the work of the staff themselves include the availability of a pharmacist, professional
competencies (providing information about a medicine, counselling, solving problems with medicines,
consulting on health issues, professional relations between a pharmacist and a patient), the availability of
special services (related to monitoring the state of the body, chronic diseases, refusal smoking, health
promotion), as well as the appearance of the pharmacist (pharmacy staff). As a rule, most patients are satisfied
with the information provided by the pharmacist about medicines, the availability of medicines and the range
of products, the location of the pharmacy, the professional competence of the pharmacist, and the relationship
between the pharmacist and the patient (Volume et al., 2001; Porteous et al., 2006).

On the other hand, patients were least satisfied with the waiting time and queues at the pharmacy and
certain issues of confidentiality of service. It was confirmed that the socio-demographic data of visitors
(gender, age, income, educational level) are related to their satisfaction with the quality of service. Considering
the factors associated with the choice of a pharmacy, it is necessary to highlight its location, personnel
attributes, prompt service, the correctness of professional advice, and pharmacist recommendations regarding
drugs and medical supplies. It has been confirmed that the sex, age, income, and education of pharmacy visitors
influence their assessment of the service.

As also shown in (Wazaify et al., 2008), customers are usually satisfied with a pharmacy, either in terms
of convenience or in terms of pharmacist performance and its various characteristics. Most buyers are also
quite satisfied with the availability of medicines, the variety of assortments, the pharmacy's location, the staff's
professional competence, and their attitude toward customers. On the other hand, the least satisfactory aspects
were confidentiality and service waiting time, which confirms the need to reduce it.

From September to December 2021, an Internet survey of pharmacy visitors in Kharkiv (Ukraine) was
conducted. The responses of respondents who visited the pharmacy at least once in three months were
considered. Interviewed respondents aged 18 and over, and 140 participants were accepted. Initially, a larger
number of respondents were asked to participate in the survey. However, those who disagreed with the
informed consent form were excluded from the study. In addition, pharmacy staff were excluded from this

study. For the survey, we used questions developed based on similar studies conducted in Slovakia, other
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countries of Europe, the Middle East, and others (Gastelurrutia et al., 2006; Villako & Raal, 2007; Minarikova
et al., 2016; Kanovsky et al., 2017; Kevrekidis et al., 2018; Dorokhova et al., 2018).

The questions were provided in Ukrainian and Russian languages for the convenience of the respondents.
Participants were advised that their participation is voluntary and that their responses remain confidential.
Without dwelling on all the statistical results of the research data given in the publication (Dorokhova &
Dorokhov, 2021), it should be noted in a generalized form that the confirmation that satisfaction with the
pharmacy has two aspects: the pharmacy's convenience and the pharmacist's work. Convenience includes the
very existence of a pharmacy, its location, speed of service, opening hours, privacy, availability of drugs,
reasonable prices, and availability of a parking space. Aspects of work include a pharmacist's availability,
competence, advice on medicines, health matters, relations with the patient, body monitoring services, and
staff appearance. Confidentiality and service waiting times were unsatisfactory.

MATERIALS AND METHODS

Queuing systems consisting of clients and service devices are everywhere in practical life. These are waiting
lines at schools, hospitals, bookstores, libraries, banks, post offices, gas stations, theaters, etc. Everywhere,
there are problems with queues; queues are very common in our daily lives. The system of queue functioning
can be described by a flow of service units that form a queue (or join it if the service is unavailable at a given
time) and leave the system after service. The queue length (more precisely, the probability distribution of the
gueue length) can be obtained using a given probability distribution of the process of claims arrival and their
satisfaction (servicing).

A large queue indicates poor service or the need for additional service resources (devices). Little or no
gueue indicates a surplus of service devices. Queue time is the amount of time the customer spends in the
gueue before the start of the service. The waiting time in the system is the total time that the client spends in
gueues in general, in the case of several stages of service. The arrival process describes the number of
customers arriving per unit of time, also called the arrival rate. It can be described by various standard and
custom probability distributions. The service time distribution characterizes the number of clients served by
the service device per unit of time. The required probability distributions also describe it.

The number of servers in the queue system determines the single server model, where there is only one
service device in the system, and the multi-server model, where the system has several parallel channels, each
with one independent service point. While probabilistic representations of customer arrivals are a fair,
reasonable assumption, the reality is that service request rates and service rates are only more expected than
probabilistic. In addition, in many practical situations, the parameters of the arrival rate of requests and the
rate of their service are often unclear and cannot be expressed in exact numbers. Thus, linguistic expressions
for these parameters, such as “the average arrival rate is approximately 5 minutes” and “the average service

rate is approximately 10 minutes”, are much more realistic under these conditions.
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We used ExtendSim software (https://extendsim.com/) as a program for practical computer simulation of
customer service in a pharmacy. Its advantages are a convenient graphical interface, various initial elements
for building a model in an interactive mode, and the ability to use previously created models for calculations
in the cloud without the need for the program itself on the user’s computer. A significant advantage is the
availability of a free trial version, which we used (https://extendsim.com/products/trials/trialpro). Despite its
limitations, we consider this software quite functional, allowing us to obtain relevant results. The ExtendSim
software product is a world-famous and widely used interactive simulation environment for various systems
and processes. It can simulate various continuous, discrete events, discrete systems, processes, and agent-based
systems (Dorokhova et al., 2018).

Next, we will sequentially consider the tools and elementary blocks of the described program, which we
will use in the further modeling of queues in a pharmacy, as well as some of their settings and characteristics.

Model development begins with placing the element shown in Figure A.1. This block controls the
simulation time. This time, in turn, determines the number of clients who have appeared in the pharmacy;
namely, it stops the work of the model either after the expiration of the time or upon reaching a specified
number of events - in our case - the occurrence of customers. It should be noted that there may be more new
clients - in our model, two or three clients may appear simultaneously during one event.

The next element applied is shown in Figure A.2. It generates events - in our case - the appearance of clients
at the pharmacy in the system. You can set probability distributions according to various statistical laws; in
our case, a triangular distribution is specified and determined by the minimum, maximum, and most expected
time intervals between client appearance events.

Another element, used several times in the model, is shown, along with its settings window, in Figure A.3.
This element is used wherever it is necessary to set certain probabilistic dependencies to change some
parameters of the operation of the model blocks. In the case shown in the figure, this element sets the
probabilities for one, two, or three clients to appear during the same event. It is possible to set the probabilities
tabularly or use the selected probability distribution law with the necessary user-entered distribution
parameters.

To fix the queue's state in the model, the element is shown in Figure A.4. In this element, you can see the
average length of the queue to a server, the average waiting time for being in the queue, and their maximum
values. There is also information about the number of servicing that have passed and the total time when the
servicing device was busy and working. Another option for using the block already discussed above, where
the probabilities of different values of the parameters are set, is shown in Figure A.5. In this case, it is used for
branching, an arbitrary choice by the client, of one of the equally possible options, free windows for service.

The branching itself, the client's choice of one of the two free windows for servicing, is provided by the
branching block shown in Figure A.6. The described branching and equiprobable choice blocks in the model
for four pharmaceutical care points are used three times, which provides an equiprobable choice of one of the

four pharmaceutical care windows by the client.
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When simulating, you can specify, as shown in Figure A.7. The desired probability distribution of
pharmaceutical care times corresponds to practical situations when different clients require different
pharmaceutical care times or set a fixed service time in a specific window to simplify the model.

The service itself is simulated by the block shown in Figure A.8. The service time can be set in the block
interface. At the end of the model, information about the number of clients served is displayed, as well as the
part of the total simulation time the window was working. In the figure, the operating time is 40% of the total
time. From here, you can judge the workload and the intensity of this service window.

An auxiliary unit for accumulating statistics on the operation of all servicing devices is shown in Figure
A.9. As you can see, the first device performed four services, the second - five, the third - four, and the fourth
- three services. In this case, in the model, we set an equiprobable choice of one of the free service windows
by the client with the same service time for all windows. The program can use an auxiliary block to obtain a
graphical representation of the model's results, particularly graphs of the time dynamics of the queue length
and the total number of clients served by each pharmacy window.

The developed models presented in the next section combine the above blocks with the given initial values
obtained during direct observation of the client's visits to the pharmacy. Further modeling consists of changing
the input parameters and analyzing the results obtained in this case: changes in the length of queues, the number
of clients served by one window (one pharmacist), the load of service personnel - the time the pharmacist is

busy and idle when there are no visitors.

RESULTS

Before presenting the developed models for servicing queues in a pharmacy, it is necessary to consider several
points that have determined such service options precisely and certain initial data for modeling. The
overwhelming majority of Kharkiv pharmacies have 2, and more often, 3 or 4 pharmaceutical care windows.
Although they do not always function, depending on the availability of clients at a particular moment, there is
staff in the pharmacy at the workplace, and, as needed, service is carried out in all, from one to four windows.
To receive medicines ordered via the Internet, a separate window, as a rule, is not allocated, and such clients
are served in a general queue, without priority, like ordinary clients.

Many places in the city have a large flow of people. For example, the “Kholodnaya Gora” bus terminal and
the corresponding section of the pedestrian zone between the two exits of the “Kholodnaya Gora” metro
station, there are several (5-7) pharmacies at a very short distance. A similar situation is observed at the
“Prospekt Gagarina” metro station. In this case, a fairly significant part of potential clients who, upon entering
a pharmacy, pay attention to the queue, and if it is available or large, leave this pharmacy and go to other

pharmacies in the neighborhood. This is especially true for the search and purchase of widely used drugs.
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Therefore, the emergence of a queue of pharmacy clients waiting for access to the pharmacist to the service
window can have a noticeable negative impact on both the number of clients and the very image of the
pharmacy. Thus, queuing is highly undesirable, and preventing this condition becomes an important task.

It should be noted that we modeled the situation of one standard queue, which is typical for pharmacies, in
contrast, for example, to supermarkets. There, separate queues are immediately formed and functioned for each
service cash desk device, which is associated with the movement of carts around the hall and preliminary
laying out (unloading) of the purchased products on the conveyor belt to the cashier. In this case, several
independently moving queues are formed at once. In the case of pharmacies, there is often one queue. Different
service windows are also often actually close by.

It is also necessary to dwell on the features of collecting primary data for modeling: numerical parameters
of the simulated processes. It is rather challenging to obtain accurate statistical information about the processes
of a pharmacy. This is hindered by the closed nature of commercial and corporate information and the
reluctance to provide it due to fears of competition and external control. Even the presence of an observer who
collects statistical or other information in the trading premises directly or directly next to it is most often
suppressed by the pharmacy staff and becomes difficult to fulfill.

Therefore, the numerical data necessary for modeling, such as intervals of the appearance of clients at the
pharmacy and service time, were collected by us through external observation for a certain limited period of
time and, therefore, do not claim to be statistically valid but are only of a model nature. As a result, step by
step, we have built models of service shown in Figures B.1 — B4. Namely, these models had one queue and

one to four service windows.

VOTOZOY .
Clignts Enter |

piak
[l eiek Exp. Distrib.
Exp. Distrib.

Figure 1. The model with the possibility of returning and leaving the client
Source: proposed and elaborated by authors
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or leaving because of the long queue, shown in Figure 1. The model with the possibility of a client leaving
because of the unacceptable length of the queue, the number of clients in it, or excessive waiting time while
standing in the queue is the most complex.

However, detailed simulation experiments were not carried out with it because this model requires a much
more considerable amount of input data, which can only be collected empirically by observations directly
inside the pharmacy's trading floor, which, for the reasons already stated, is very difficult, especially with the
existing quarantine restrictions on stay people in retail space.

Simulation experiments were carried out for all proposed models, the results of which are presented in the
next section. During the simulation, the input parameters were changed: the number of working service
windows, the time the pharmacist served a client, the intervals of new clients to the pharmacy, and the number
of clients who appeared at once. This simulation allows you to determine the required number of service

windows and the maximum allowable service time.

DISCUSSION
To conduct simulation experiments, we will consider two main options for servicing clients: one queue and
one or several servicing devices. The modeling was carried out sequentially for a set of average client service
times of duration: 2, 5, 9, and 14 minutes. The average interval between clients' appearance was 15, 10, 4, and
1 minute. Simulations were carried out for cases from 1 to 4 service windows.

We recorded the percentage of time the service devices were busy and the average length of the queue if

this queue appeared. Some of the results obtained are shown in Tables 1 and 2.

Table 1. Results of the simulation experiments (service time 14 and 9 minutes).

Client appearance Average busy Average Client appearance Average busy Average
intervals (minutes) time (%) of queuclength intervals (minutes) time (%) ot: quene length
Betpieell yices {peoplc) service devices (people)
service time 14 minutes service time O minufes
L service window 1 service window
15 97 1
10 100 2 Ll £ !
4 100 9 4 _ 100 6
2 service windows 2 service windows
15 60 0 10 55 0
10 70 1 4 80 3
4 90 7 1 85 =10
3 service windows
10 55 0 3 gervice windows
4 60 5 4 65 2
4 service windows 1 80 =10
15 20 0 4 service windows
4 By 2 4 60 1
1 70 >10 1 85 =10

Source: Author's results.
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the current number of service windows or the load time of the service window became close to the limit. The
recommended variant of the number of service windows was highlighted in the tables with a light green fill.

As a result of all the simulation experiments carried out, it is possible to recommend a certain (one or
another) number of service points in a pharmacy. Based on numerical simulation experiments conducted with
the developed models, it is possible to determine various possible service options and time characteristics of
both pharmaceutical care service in the pharmacy and the work of the pharmacy staff themselves.

Further, based on this, we can develop recommendations for improving the service. Recommendations on
the best number of service windows in a pharmacy, developed based on analysis of the results of simulation
experiments described above, depending on the intensity of the arrival of clients and the time of their service
by pharmacists, are presented in Table 3.

Table 2. Results of the simulation experiments (service time 5 and 2 minutes).

Client appearance | Average busy Average Client appearance| Average busy Average queue
intervals (minutes) | time (%) of queue length intervals (minutes)|  time (%) of length (people)
service devices (people) service devices
service time 5 minutes service time 2 minute
1 service window 1 service window
10 66 0 4 90 1
4 100 3 1 100 >10
2 service windows 2 service windows
4 80 2 4 37 0
1 85 >10 1 84 >10
3 service windows 3 service windows
4 55 1 4 30 0
1 80 >10 1 80 11
4 service windows 4 service windows
4 40 0 4 25 0
1 85 >10 1 70 6

Source: Author's results.

Table 3. Recommended number of service windows in the pharmacy.

Client appearance Pharmacist service time (minutes)
intervals (minutes) 14 9 5 2
15 1 1 1 1
10 20r3 lor2 lor2 1
4 4 3or4 3or4 2or3or4
1 impossible impossible impossible 4

Source: Author's results.

CONCLUSIONS

To summarize, we can note the following points. With a low or medium intensity of the flow of clients - about
10 minutes between appearances or more - it is enough to have 2 windows with the constant work of one and
the periodic connection of the second, if necessary. If the intensity of clients' arrival is more than average or
high, with an appearance interval of 7 minutes or less, then it is necessary to use three windows constantly.

Finally, in the case of an interval of 2 minutes or less, it is required to enable the fourth window, which in this
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case still does not exclude the occurrence of queues of up to 5 clients.

Further, it is possible to develop a model to take into account the actual behavior of clients: their departure
or refusal of service due to a long queue or waiting time, the availability of priority service for privileged
clients, repeated service, and other practical situations.

It should be noted that modeling queues in queuing systems of various levels, complexity, service areas,
economics, and business is a fairly common methodology. However, this approach has practically not been
used previously to improve pharmaceutical services for the population in retail pharmacies.

At the same time, creating models for queuing in a pharmacy that considers the specifics of pharmaceutical
services makes it possible to develop management and organizational solutions that improve service, increase
customer satisfaction, and optimize the economic indicators of retail pharmacy establishments. Thus, the
practical implications of the described approach are both to improve the quality of service and customer
satisfaction and to increase the efficiency and effectiveness of pharmacy staff.

As a theoretical implication, a fairly consistent and straightforward methodology for constructing models
of increasing complexity using practical and accessible computer software can be identified. This makes it
possible to develop and use such models in practice, taking into account specific conditions and with minimal
requirements for developers and users of such models in the process of pharmaceutical service management.

Among the significant limitations of the model, it is necessary to indicate the need for careful preliminary
preparation and generalization of the initial statistical information. It may also be necessary to consider local
features of drug supply processes, for example, the specific procedure for selling individual drugs in a retail
pharmacy network, the payment system, receiving prescription drugs, etc. In each specific case and situation,
it is necessary to fine-tune the initial models to the real processes and conditions of pharmaceutical services.

In general, modeling queues in pharmacies can significantly improve both service and economic results in

providing pharmaceutical services to the population.
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APPENDIX A. ExtendSim elements used to simulate service in a pharmacy
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APPENDIX B. Queuing models under study.

Figure B.1. The initial model with 1 service Figure B.2. Model with 2 service windows
window

et} -
Exp. Distrt.

Figure B3. Model with 3 service windows Figure B4. Model with 4 service windows
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