
ABSTRACT 

MILES, LASTELLA. Resource Allocation for an Inpatient Pharmacy. (Under the direction of Dr. 
Julie Ivy).   
 

For some patients in healthcare facilities, the administration of medication is only permissible 

after an order has been prescribed by a physician and that prescription has been verified and recorded 

by a pharmacist within the inpatient pharmacy. Profiling an order involves interpreting the scanned 

comments from physicians, verifying that the order information is accurate and safe for the patient, 

and recording this information in the pharmacy computer system. In addition to order entry, the 

pharmacists are also responsible for preparing medication doses, monitoring the supply and medicine 

inventory levels, responding to hospital staff inquiries, and inspecting the work of pharmacy 

technicians. These various tasks increase the pharmacists’ workload and divert their focus from the 

order entry process.  It is hypothesized that the current staffing schedule does not allow the pharmacy 

to accommodate the variability in workload demand. The performance of current and new staffing 

polices based on this hypothesis were investigated via simulation. Improvements by all new 

operational policies over the current policy were analyzed. In the best performing policy, the balance 

among resource workload is smoothed and the overall turnaround time for entering orders into the 

system is decreased. 
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1. Introduction  

This chapter will introduce the medical environment in which this study was conducted. 

This will be followed by a problem statement and an overview of the pharmacy 

operations including order entry, order dispensing, other tasks that affect these processes, 

and staffing. The chapter will conclude with a comment on thesis organization. 

 

1.1. Background 

Novant Health is a non-profit healthcare system composed of an integrated facilities 

group including eight main hospitals,  six philanthropic foundations,  and nearly 359 

physician clinics, outpatient surgery and diagnostic centers, rehabilitation programs and 

community health outreach programs.  This healthcare system primarily serves people in 

Virginia, North Carolina, and South Carolina. The vision of the Novant Health 

organization is stated as follows: 

“We, the employees of Novant Health and our physician partners, will deliver the 

most remarkable patient experience, in every dimension, every time” (Company 

Information, 2011). 

To accomplish this mission, a staff of 26,500 doctors, nurses, and support staff work 

together to deliver superior medical care at all facilities. However, Novant Health 

facilities are among the many facilities in this country that face multiple challenges in our 

ever-changing health care system. Harper (2002) asserts that providing health care 

services is one of the most complex industries worldwide, facing consequences of 

increasing demand, limited financial resources, and competing social needs.    
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The Operational Improvement Department of Novant Health supports the provision of 

medical care in terms of planning, improving processes, and managing resources. One 

area of significant concern within the system is the quality of pharmaceutical operations. 

Pharmacy staff and administration report that increases in the number and complexity of 

medication orders places a strain on the service in the pharmacy which can negatively 

impact the quality of care. When census (the number patients in the hospital) increases, 

the pharmacy workload is increased, but the staff level does not change.  Therefore, each 

staff member has to work harder, which sometimes results in pharmacists having to work 

overtime.  The increased workload is often accompanied by more distractions, which 

increase the likelihood of errors being made. Hence, the goal of this project is to model 

the relationship between demand over time and pharmacy capacity with the objective of 

improving the inpatient pharmacy operations of the Rowan Regional Medical Center. Our 

study examines the inpatient pharmacy of this facility with aspirations that this 

framework could later be further developed and applied to additional Novant Health 

facilities. 

 

Rowan Regional Medical Center (RRMC) is a 268 bed facility located in Salisbury, 

North Carolina. Salisbury is the largest city in Rowan County with a population of more 

than 32,000 residents.  RRMC is one of two medical centers in Rowan County serving a 

population of approximately 140, 000 people. The alternative medical facility in this 

county, the W. G. (Bill) Hefner Veterans Affairs Medical Center, only provides services 

to eligible veterans enrolled in the Department of Veterans Affairs Health Care System. 
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RRMC was founded in 1936 as a private, not-for-profit institution, and is now a fully 

accredited general medical center through the Joint Commission on Accreditation of 

Healthcare Organizations.  

 

1.2. Problem Statement 

As issues in health care continually arise, the application of fundamental engineering 

practices for decision analysis has become more common (Barrett et al, 2008). 

Furthermore, managing pharmaceutical operations is known to be a primary hospital 

concern given that medication errors have the potential to do great harm to patients while 

imposing an enormous financial burden on health systems (Kuiper et al, 2007). The 

RRMC pharmacy manager has requested that a workload study be performed to 

determine if the pharmacy is properly staffed to handle order entry and the supporting 

processes of the inpatient pharmacy. The issue of adequate staffing can be a prevalent 

problem in any industry if not properly addressed. More specifically, healthcare staffing 

is a challenge under the pressure to contain costs, advance healthcare delivery, and 

manage complexities (Stansfield et al., 2011). 

 

The staff of the RRMC inpatient pharmacy consists of a director of pharmacy, a 

pharmacy supervisor, 14 full time clinical staff pharmacists, and 17 full time technicians.  

The director of pharmacy is responsible for the inpatient pharmacy and the outpatient 

pharmacy (the Rowan Prescription Center). The pharmacy supervisor shares 

responsibility for the management of the inpatient pharmacy. All pharmacists are 



4 
 

required to hold a Doctor of Pharmacy degree and are responsible for entering medication 

orders, checking medication, and performing clinical duties throughout the hospital. 

There is no education requirement for a technician. Previous pharmacy technician 

experience (retail or hospital) is preferred, but not required.  All pharmacy technicians 

receive training upon employment and certification by the National Pharmacy Technician 

Certification Board is required within one year. Technicians prepare medication and 

fluids, monitor inventory, deliver medication, and support pharmacists as necessary.   

 

The staffing model for the RRMC inpatient pharmacy includes decentralized pharmacists 

who are stationed on units to perform clinical duties and technicians who are dedicated to 

inventory, purchasing, and other duties. However, these roles are not considered in this 

study as they are outside of the scope. This project is focused on the order entry process, 

the staff members that support it, and any process that affects that staff support.  

Pharmacists are primarily responsible for entering and dispensing medication orders for 

hospital units and checking medications prepared and/or filled by technicians. Pharmacy 

technicians offer support by handling staff inquiries, stocking the pyxis machines, and 

preparing medications. These tasks occur simultaneously within the pharmacy.  In 

addition, there are frequent interruptions to pharmacy operations including visits and 

telephone calls from nurses and physicians concerning patient information, dosage 

requirements, and the availability of orders. As the responsibility and complexity of 

orders continue to increase, pharmacists have expressed that they feel overworked as they 

struggle to complete more work in the same amount of time.  
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The combination of patient severity and diagnoses is the driving force for the 

pharmaceutical demand. The inherent variability in this demand affects the workload of 

the pharmacy staff.  During flu season and other times when there is an increase in 

number of people hospitalized, the hospital census increases, thus there is more work for 

the pharmacy. The work of the pharmacy is also impacted by the hospital environment as 

described in the next section. 

 

1.3. Hospital Environment 

The hospital patient services are delivered in two towers and a lobby floor. The division 

of service is shown in Table 1.1. Each hospital service unit has at least one pyxis machine 

containing unit specific, patient specific, or emergency medications. The RRMC 

pharmacy operates 24 hours per day, providing services to patients in all of these areas. 

The main pharmacy operations include medication order entry and dispensing, 

intravenous and chemotherapy preparation, delivering medications, and maintaining the 

hospital’s medication inventory. 
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Table 1.1: Hospital Services 

Area Floor Unit Number of Beds 

Lobby Lobby 

Heart and Vascular Census Varies 
Endoscopy Census Varies 
Radiology Census Varies 
Outpatient Surgery Census Varies 

A Tower 

1 Emergency Department (ED) Census Varies 

2 
Medical/Surgery 17 
Women's Pediatric 17 

3 
Labor and Delivery 17 
Postpartum 19 
Nursery 21 

B Tower 

1 Intensive Care (ICU) 12 

2 
Rehabilitation 10 
Psychiatric  20 
Wound Care Census Varies 

3 

Surgical 19 
Dialysis Census Varies 
Joynt Camp 18 
Infusion Center Census Varies 

4 
Cardiac Telemetry 23 
Progressive Telemetry 19 
Coronary Care 8 

 

 

1.4. Pharmaceutical Operations  

The pharmaceutical operations in our study include order entry and the interacting 

processes. At RRMC, medication orders can be started, revised, or canceled (SRCs) by a 

physician. A “start” is a request for a new order. A revision is a change to an existing 

order including the frequency, dosage, or administration. A “cancel” is the 

discontinuation of an existing order. An order is defined as a prescription for a single 
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medication. When a physician writes an order for medication in a patient’s chart, the 

chart is placed in a queue at a designated location within the unit. A unit nurse scans 

these orders from the chart to the pharmacy via the Pyxis Connect system. The Pyxis 

Connect is the system by which pharmacists are able to view orders once they are 

scanned to pharmacy from nursing units; this system is linked with the order entry system 

used to enter medication orders (Horizons Meds Manager). The Pyxis Connect is also 

linked to the Pyxis Console. This console is located within the pharmacy department. It 

communicates to the pyxis machines on the units where medication is stored.  Once an 

order is received in pharmacy via the Pyxis Connect, it is listed by patient name in the 

queue of the waiting orders on the Pyxis Connect computer screen. A pharmacist in the 

pharmacy selects an order and verifies that the patient, medication, dose, and frequency 

information is correct in the Pyxis Connect. The pharmacist clicks on each of these items 

to annotate them with a red check mark indicating that they have been verified. Once the 

order has been verified, it is profiled (entered) into the Horizons Meds Manager (HMM) 

by the pharmacist. Orders viewed in Pyxis Connect are linked to the correct patient in the 

HMM and once a medication order is profiled for a patient, the medication is able to be 

pulled out of the pyxis machine on the unit where the patient is located.  Approximately 

95 percent of all medications are stocked within unit pyxis machines. If the medication is 

not stocked in the pyxis machine, a label is generated downstairs for the pharmacy to 

dispense the medication.  A pharmacist must locate the desired medication, prepare the 

required dose, and seal it with the printed label. This medication is sent to the unit via the 

hospital tubing system, picked up by a nurse from the unit, or delivered by a pharmacy 
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technician. Medications are often sent to the unit using the hospital tube system in urgent 

situations or if they are needed prior to a medication round being made.  If the medication 

is too big or is a medication that cannot be “tubed” (expensive medications, those unable 

to be shaken, etc) an individual from the unit will pick the medication up.  Staff pick-ups 

occur frequently on second and third shifts when there are fewer deliveries by 

technicians.    

 

1.4.1. Other tasks 

Currently there is one pharmacy technician allocated to support the pharmacists by 

preparing fluids, answering phone calls from hospital staff, handling window or door 

inquiries, and delivering medication on each shift. However, the pharmacist is also 

responsible for a number of other tasks. These tasks include: checking medications, 

machines and fluids to be prepared delivered by technicians, handling inquiries from 

other staff members, and more.  

 

1.4.2. Current Staffing 

The pharmacy is staffed on a shift wise basis. There are three first shift pharmacists and 

one first shift technician that work during the week (Monday – Friday). Each of the first 

shift staff members is schedule for 8.5 hours and allotted a 30-minute lunch break 

between 11:30 am and 1:00 pm. The weekly second shift schedule consists of two 

pharmacists and one technician that are scheduled for eight hours without a lunch break.  

The weekly third shift schedule consists of one pharmacist and one technician that both 
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work ten hours without a scheduled lunch break. The weekly pharmacist schedule is 

shown in Table 1.2 and the technician schedule is shown in Table 1.3. 

 

Table 1.2: Weekly Pharmacist Schedule (Monday – Friday) 

Staff Member Shift Hours 
Pharmacist 1 First 7:00 am – 3:30 pm 
Pharmacist 2 First 7:30 am – 4:00 pm 
Pharmacist 3 First 8:00 am – 4:30 pm 
Pharmacist 4 Second 12:00 pm –  8:00 pm  
Pharmacist 5 Second 2:30 pm – 10:30 pm 
Pharmacist 6 Third 10:00 pm – 8:00 am 

 
 

Table 1.3: Technician Schedule (Monday – Sunday) 

Staff Member Shift Hours 
Technician 1 First 7:30 am – 4:00 pm 
Technician 2 Second 2:30 pm – 10:30 pm 
Technician 3 Third 10:00 pm – 8:00 am 

 

The technician schedule remains constant each day (Monday – Sunday), however there 

are fewer pharmacists scheduled to work during the weekends. The weekend pharmacist 

schedule is shown in Table 1.4. 

 

Table 1.4: Weekend Pharmacist Schedule (Saturday and Sunday) 

Staff Member Shift Hours 
Pharmacist 1 First 7:00 am – 3:30 pm 
Pharmacist 2 First 8:00 am – 4:30 pm 
Pharmacist 3 First 8:30am – 5:00 pm 
Pharmacist 4 Second 2:30 pm – 10:30 pm 
Pharmacist 5 Third  10:00 pm – 8:00 am 
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As opposed to the six pharmacists scheduled Monday – Friday, there are only five 

scheduled on Saturday and Sunday. The 12:00 pm – 8:00 pm second shift pharmacist is 

not scheduled during the weekend. The lunch policy remains constant during the week 

and on weekends. 

 

1.5. Contribution 

The objective of this study is to develop a model of the RRMC inpatient pharmacy with a 

goal of obtaining a balanced workload as measured by the utilization of resources. To 

support this idea and foster changes that produce positive results, we must first consider 

and analyze the current system. The successful identification, management and 

improvement of bottleneck resources that hinder order flow can lead to increased 

throughput. In this case, the pharmacy staff has already identified the order entry process 

as a bottle neck due to inadequate staffing levels. Thus, for this study, we will focus on 

managing people by proper staffing and workload distribution. Our goal is to optimize 

performance through the proper scheduling of resources (King, 2011).  

 

A discrete-event simulation model, written in Simio Modeling Software, was developed 

representing order entry and all supporting processes of the RRMC pharmacy. Model 

parameters were populated based on existing hospital data and expert opinion obtained 

from the staff. The simulation model is used to test the hypothesis that the pharmacy is 

understaffed. While there are no measures we can take to alter the pharmacy demand, our 

goal is to use existing data to create a balanced schedule to handle the time-varying 
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demand and in turn, help the pharmacy smooth the hourly utilization of resources and 

reduce the entry time associated with medication orders. Thus, it is our goal to answer the 

following essential research questions: 

1. Is there a workload balance in the pharmacy? 

2. If not, what improvements can be implemented that will help facilitate a 

balanced workload and minimize turnaround time for orders? 

The remainder of this thesis is organized as follows: Chapter 2 reviews previous literature 

on pharmaceutical operations, workload characterization, and simulation modeling. 

Chapter 3 examines data collected from the RRMC pharmacy and estimates the system 

parameters used to construct the simulation model. Chapter 4 develops the simulation 

logic and discusses modeling assumptions. Chapter 5 outlines the different scenarios 

tested. Chapter 6 examines the simulation output from each scenario. Chapter 7 discusses 

insights, limitations, and recommendations for future research. 
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2. Literature Review 

This chapter discusses the literature related to this thesis. 

 

2.1. Pharmaceutical Operations 

According to Kupier et al. (2007), the patient medication-use process can be primarily 

defined as the cycle of diagnosis, prescription, preparation, dispensing, administration, 

and monitoring. The successful function of this intricate, sensitive, and error-prone 

process depends heavily upon the constant interaction between doctors, nurses, pharmacy 

staff, information, and technology. Pharmacy staff members are primarily involved in the 

preparation and dispensation of medication through their vital role in interpreting, 

transcribing, preparing, and delivering medication. Kupier et al. argue that tasks being 

performed by workers burdened with the increased responsibility of performing several 

tasks simultaneously can produce medication errors that have the potential to do great 

harm to patients. The stress of performing multiple, repetitive tasks can be complicated 

by interruptions and distractions. However, process improvements and staff assignments 

have the potential to reduce medication errors.  

 

In 2005, the University of Minnesota Medical Center (UMMC) pharmacy department 

embarked on a fundamental practice model change for its campus in response to the 

following declaration from the American Society of Health-System Pharmacists:  
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 “Hospital and health-system pharmacists need to engage now in the development 

of a future practice model that is responsive to healthcare reform and the health 

system of the future.”  

Prior to the change, there was pressure to achieve cost reduction objectives, meet safety 

goals, and comply with regulatory requirements.  The model was inefficient and unable 

to accommodate the substantial increase in baseline training and skills of the pharmacist 

employed at UMMC. Staff pharmacists were responsible for medication distribution and 

sterile product preparation while technicians were responsible for medication preparation 

and delivery, automated dispensing machine replenishment, and inventory management. 

Furthermore, not all pharmacy services were available during weekends and evenings. A 

team of pharmacy staff members formed a task force to develop a process to meet 

patients’ pharmacy needs and further departmental safety, quality, and cost-saving goals. 

Order volume and clinical workload data was collected to assess the pharmacy workload 

by time, day and patient area. Since one barrier to providing optimal service was the large 

workload associated with the order process, incorporating additional pharmacists in the 

order-entry pool better distributed the work. Pharmacy services were expanded to ensure 

support of all the pharmaceutical care problems that can arise during the day. 

Productivity increased with the new model. The changes allowed better alignment of 

staff, expanded hours and services, more efficient medication distribution, and improved 

employee engagement (Knoer, Pastor, and Phelps, 2010).  
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As suggested by Knoer, Pastor, and Phelps, in our study we believe a scheduling change 

will improve the operations within the pharmacy. We will consider workload by day and 

time as well as the impact of incorporating additional staff members to handle this 

workload. We define workload as the proportion of time resources are required to 

perform tasks to support the system. 

 

2.2. Workload Characterization 

Workload characterization is one of the most important steps in the process of planning 

the capacity of a production site. Menasce (2003) argues that it is the first step in 

capturing essential workload features. In addition, representative workload models can be 

used to mimic system behavior and make comparisons of alternatives. In most industries, 

considering alternative scenarios to a current system is usually an exploratory analysis 

process. According to Calzarossa and Serazzi (1985), knowledge of workload 

fluctuations is fundamental in performance studies in which dynamic characteristics of 

resource demands must be taken into account. Calzarossa and Serazzi consider that the 

evolution of workload components over time is significantly dependent upon the input 

sequence of workload components and perhaps the schedule policies implemented by the 

system. The output of a system is also a function of the resources working together (or 

apart) to keep it going.  

 

Urban et al. (1996) define a team as a set of two or more individuals working in an 

interdependent fashion toward a common and meaningful goal. Thus, the nature of team 
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performance demands that the participating individuals strive to perform their team tasks 

effectively under potentially stressful circumstances, while maintaining their individual 

task performance. One criterion that defines a team is the continuous management and 

allocation of resources among members. Resource allocation refers to the team 

monitoring the resource needs of each member in order to optimally distribute the 

workload and maximize collective performance. Within the pharmacy, the team of 

resources considered is composed of pharmacists and technicians that perform supportive 

and individual tasks.  

 

Bi and Salvendy (1994) suggest that there should always be notable consideration of task 

allocation based on human mental workload and performance.  Scheduling complexity is 

known to be dependent on the task and busy time of the system as well as the utilization 

of resources. Responsibilities and demand that exceed the available capacity of workers 

can lead to decrements in performance. Dynamic models incorporating task arrival rates, 

complexity, uncertainty, and performance requirements can be used to configure 

scheduling simulators for advanced systems. The dynamic modeling form considered in 

this study is simulation modeling. 

 

2.3. Simulation Modeling 

Simulation modeling is widely used, traditionally in manufacturing sectors, to represent 

current operations, problems and potential solutions in many projects. With the 

significant constraints and restrictions in healthcare, simulation provides a worthy 
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method of seeking improvements that cannot be addressed solely by improvement teams 

and methods. Simulation-based problem-solving approaches can be used for decision 

support to obtain analytical information and improved performance in situations where 

system constraints exist (Eldabi et al., 2007).  

 

While the application of simulation modeling in healthcare is not as wide spread as in the 

military, manufacturing and logistics sectors; the increasing use of simulation techniques 

in healthcare system modeling has identified two main areas of use: the management of 

patient flow and resource allocation. Decision analysis in hospital based settings is 

becoming more common. The application of simulation modeling approaches has 

become more prevalent to support decision analysis. Simulation models have been used 

to study and forecast treatment options, examine performance, and assign resources 

(Barrett et al., 2008). Simulation techniques continue to increase in popularity because of 

their ability to be used for dynamic analysis where assumptions can be probabilistically 

re-scaled or removed at any time. This strength, as well as the proven value of simulation 

in other settings, suggests that simulation use in healthcare has the potential to be 

rewarding. Quantifiable feedback information from models, such as output data or 

animated behavior, can be a means of improving the understanding of the problem by 

supplying evaluative studies and direct experimentation (Baldwin et al., 2004).   

 

Simulation allows expanded knowledge of complex systems to be shared across multi-

disciplinary teams. Sophisticated models can consider several different interactions at 
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once, including uncertainty from multiple sources. Executable, interactive simulations 

provide a means of communication between stakeholders and engineers by presenting a 

realistic experience to explore the designs. Designers can use models to study system 

operations in relation to sensitive environmental factors and examine emergent behaviors 

under different conditions (Aughenbaugh and Paredis, 2004). 

 

In previous studies, simulation modeling has been presented as a decision support 

technique and some suggest that it can be a useful tool for understanding problems and 

enhancing systems in health care. Simulation modeling can facilitate informed decisions 

and demonstrate the consequences of potential courses of action. For example, the 

ABCSim simulation package (Tillal et al., 1999) was used to support the economic 

evaluation of an Adjuvant Breast Cancer (ABC) trial.  The role of simulation in this 

project was to model the current system by capturing the perceived relationships between 

the factors in treating adjuvant breast cancer, identify the important variables for data 

collection, and examine the different responses to change. The stages used for modeling 

were: problem structuring, modeling and implementation. The problem structure stage 

was used to identify problems and approaches to deal with them. The modeling stage 

consisted of developing and experimenting with the model. In the implementation stage, 

the outcomes of the study were put into practice. In this study, simulation supported the 

decision making process by allowing users to explore the problem through a flexible, 

adaptable and visual model. In addition, designers were able to predict the system’s 

responses to their proposed alternatives. 
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A simulation model designed to mimic the pharmacy system seems appropriate because it 

will provide a window to study the details of the current system and serve as a medium to 

make alterations to the system. This model can be used to answer pertinent questions 

about what would occur if changes were made without the costly expenses or difficulties 

of real life modifications. In order to understand, explain or improve a system, it is 

important to first understand the existing limitations and potential abilities (Kuiper et al., 

2007).  

 

In some cases, computer simulation has been used to enhance the decision-making 

process in hospitals. According to Buchanan (2003), simulation was used to assist in 

planning the reengineering process to change a hospital’s drug distribution from a 

decentralized pharmacist system to a robotic drug dispensing system. The investigation of 

this change was motivated by the high staffing costs for the decentralized pharmacists. A 

simulation model was developed to compare decentralized and centralized systems for 

drug dispensing. The activities that were studied were a subset of the activities 

pharmacists and technicians perform, limited to those involved in drug distribution. The 

daily workload was generated using a simulation of the order arrival patterns. The same 

arrival patterns were used for each system considered to measure the effects on the 

utilization of the employees. Through the comparative analysis of the current and 

alternative systems, it was determined that there would be a significant difference in 

efficiency using an alternative system.  
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In 2007, Paul Intrevado completed his thesis based on work performed at an inpatient 

pharmacy. Itrevado hypothesized that batch order preparation of intravenous (IV) 

medication could help smooth the arrival of medication orders which would reduce cycle 

time and permit a more flexible schedule of resources. He investigated the current and 

new operational policies based on this hypothesis via simulation. In the best performing 

policy, IV demand was smoothed and IV medication cycle time was reduced with 

significant potential to reduce waste of medication (Intrevado, 2007).     

 

For this study, we will consider the important aspects of workload characterization, as 

described by Calzarossa and Serazzi, and resource allocation to distribute workload in a 

simulation model.  Similar to the system developed for drug dispensing described by 

Buchanan, we will only consider the activities performed that have an impact on our 

interest, order entry. This study is similar to Intrevado’s 2007 study. However, our 

consideration of resource allocation is opposite to Intreavdo’s consideration of smoothing 

demand. Thus, the two studies approach the problem from opposite ends of the spectrum. 

In the next chapter, we discuss the inputs used to parameterize this model. 
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3. Input Analysis 

This chapter will address the analysis of raw data, data-mining techniques, and the 

resulting information for order entry and all interacting processes. The information is 

then used to parameterize the simulation model. 

 

3.1. Order Arrivals 

Historical records of medication orders entered in the RRMC inpatient pharmacy from 

January 1, 2011 to January 27, 2011 were obtained electronically via a Workload (Time 

of Day) Summary from the pharmacy manager. The data, shown in Table 3.1, contained 

all of the orders entered by pharmacists during each hour. The first and second columns 

indicate the date and hour in which the orders were sent to the pharmacy respectively. 

The third column indicates the count of orders for the specified date and hour. 

 

Table 3.1: Sample of Medication Order Data 

 

 

The data from this report was aggregated by day by hour and used to calculate the 

average number of orders entered for each hour of every day. The results are shown in 

Table 3.2.  

  

 

Date Hour Orders Entered 

01/01 00 60 

01/01 01 64 

01/01 02 63 
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Table 3.2: Hourly Order Arrivals by Day 

Hour Mon Tue Wed Thu Fri Sat Sun Avg. 
Std. 
Dev. 

0 61.50 48.25 86.25 77.50 87.00 61.50 60.50 68.93 14.77
1 58.75 28.00 51.50 50.75 53.67 63.75 38.25 49.24 12.25
2 45.00 43.25 70.25 61.25 34.00 40.50 38.75 47.57 13.16
3 27.25 29.25 45.00 42.75 39.67 62.25 33.75 39.99 11.87
4 52.50 30.00 35.50 21.75 40.33 37.50 30.75 35.48 9.65
5 29.25 32.75 32.25 40.00 39.00 42.50 38.75 36.36 4.90
6 29.75 20.00 49.25 47.75 59.67 35.50 59.25 43.02 15.08
7 73.25 65.75 78.50 114.75 70.67 49.00 27.50 68.49 26.88
8 156.50 138.00 165.50 184.25 138.00 108.25 87.50 139.71 33.30
9 249.25 155.50 153.00 259.00 176.67 132.75 67.75 170.56 66.57
10 266.25 161.00 178.50 231.50 162.33 96.50 73.00 167.01 68.32
11 231.75 137.00 166.00 149.75 174.67 93.25 80.50 147.56 51.20
12 141.50 124.50 177.75 190.25 127.67 85.00 83.75 132.92 41.20
13 186.25 183.00 172.50 191.00 249.33 98.50 73.50 164.87 59.74
14 176.75 154.00 186.00 288.75 217.33 78.25 83.00 169.15 74.03
15 157.25 143.75 159.75 172.50 202.67 79.50 99.25 144.95 42.49
16 147.00 101.00 83.25 118.00 125.33 71.75 73.00 102.76 28.66
17 131.50 116.75 111.25 95.25 95.00 82.25 65.00 99.57 22.31
18 132.75 90.75 69.50 105.00 109.00 72.25 42.25 88.79 30.05
19 75.25 100.25 77.75 71.50 54.00 44.25 73.50 70.93 17.94
20 46.25 62.00 48.00 51.50 45.00 62.00 41.50 50.89 8.16
21 48.75 62.00 76.50 58.50 64.00 44.50 34.25 55.50 14.04
22 64.00 60.00 65.25 61.25 74.00 68.75 43.50 62.39 9.57
23 48.25 51.75 57.00 64.25 57.33 34.00 64.25 53.83 10.55

Avg. 109.85 89.10 99.83 114.53 104.01 68.51 58.88     
Std. 
Dev. 73.80 50.80 53.68 75.99 63.77 25.63 21.01     

 

In addition to the average order arrival rate for each day by hour, we include the overall 

average and standard deviation for each day and hour of order entry. The high variability 

of order arrivals between days and hours confirms that our assumed Poisson order arrival 
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stream is reasonable since a high variability is a characteristic of the Poisson distribution. 

In the next section, we discuss the processes of order entry and dispensing. 

 

3.2. Order Entry and Dispensing 

To populate the time required for the order entry process, estimates of the minimum (30 

seconds) , most likely (one minute) and maximum (two minutes) values of time required 

were obtained from several members of the pharmacist staff. These estimates were then 

used in the calculation of the generalized beta distribution shown in Equation 3.1. The 

formulas and parameters used for these calculations are shown in Equations 3.3 – 3.6 and 

the results appear in Table 3.3. 

(3.1)  Order Entry Time = 0.5 + 1.5 * BETA(2.8, 4.6) 

Similarly, to populate the time required for the medication dispensing process, estimates 

of the minimum (one minute) , most likely (two minutes) and maximum (five minutes) 

values of time required were obtained from several members of the pharmacist staff and 

used in the calculation of a generalized beta distribution shown in Equation 3.2. 

Equations 3.3 – 3.6 were used in the calculation and the results appear in Table 3.3. 

 (3.2) Dispensing Time = 1 + 4 * BETA 2.2, 4.6  

 

Generalized Beta Distribution Calculation 

(3.3) a + b-a  BETA ( 1, 2) 

Where   a  the minimum value estimated by an "expert" 

b =  the maximum value estimated by an "expert" 
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m = the most common value estimated by an "expert" 

(3.4) r = 
b-m

m-a
   

 (3.5) 1=
4 + 3r2 + r2

1 + r2    

 (3.6) 2=
1 + 3r2 + 4r2

1 + r2   

 
Table 3.3: Process Estimates 

Process    r   

Order Entry 0.5 2 1 2 2.8 4.6 

Dispensing 1 5 2 3 2.2 4.6 

Call Process 0.25 2 0.5 6 1.5676 4.4054 

 

 

3.3. Other Duties 

To capture all essential elements of the workload associated with pharmacy order entry, 

this model also considers the interruptive processes that occur which can take 

pharmacists and their dedicated technicians away from their primary roles. These tasks 

are characterized as those that: 

a) Require a technician or a pharmacist  

b) Require only a technician 

c) Require a technician and a pharmacist  

d) Require only a pharmacist.  
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a) Technician or Pharmacist Tasks 

i. Phone Calls  

According to the staff, phone calls are received in the pharmacy approximately every 

three minutes. However, during several visits to the facility, it was observed that the 

pharmacy phone did not ring as frequently as originally estimated. Thus, the inter-arrival 

time of successive phone calls was recorded and evaluated using the Arena Input 

Analyzer.  A summary of the data obtained is shown in Table 3.4. 

 

Table 3.4: Call Inter-arrival Data Summary 

Number of Data Points 35 

Minimum Data Value 0 

Maximum Data Value 19 

Sample Mean 4.5 

Sample Standard Deviation 3.91 

 

According to the software analysis, the data was best fit by a Weibull distribution with 

shape parameter α=1.14 and scale parameter β = 4.7. A graph of the distribution 

summary information is shown in Figure 3.1 and Table 3.5 shows the corresponding 

distribution statistics. 

 

 

Figure 3.1: Weibull Distribution Fit  
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Table 3.5: Distribution Summary of Call Inter-arrivals 

Distribution Weibull 
Expression WEIB(4.7, 1.14) 

Square Error 0.003261 
Chi Square Test 

Number of Intervals 3 
Degrees of Freedom 0 

Test Statistic 0.691 
Corresponding p-value <0.005 

 

To model the time required to handle a phone call, estimates of the minimum (15 

seconds), most likely (30 seconds) and maximum (two minutes) values of time required 

were obtained from several members of the pharmacist staff. These estimates were then 

used in the calculation of a generalized beta distribution shown in Equation 3.7.  

(3.7) Call Processing Time = 0.25+1.75 * BETA 1.5676, 4.4054  

The formulas and parameters used for these calculations are shown in Equations 3.3 – 3.6 

and the results appear in Table 3.3. 

ii. Window and Door Inquiries 

Throughout the workday, the pharmacy receives visits from staff members picking up 

medication, delivering supplies, etc. These inquiries are primarily handled by technicians. 

However, they may require a pharmacist if a technician is not available. On first shift, the 

pharmacy receives about ten inquires per hour. However, on second and third shifts, the 

frequency decreases and the pharmacy receives between two and three inquires per hour. 

The arrival rate of these inquiries is modeled using a time varying arrival table with a rate 

of ten between the hours of 8:00 am and 4:00 pm and a rate of 2.5 between the hours of 

4:00 pm and 8:00 am. According to the pharmacy staff, these inquires take approximately 
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one minute to handle. Thus, the process time for these inquiries is modeled with an 

exponential distribution with a mean value of one. 

 

b) Technician Tasks 

i. Medication Rounds 

Daily, at the hours of 10:00 am, 11:00 am, 1:00pm, 3:30pm, and 9:00pm, the pharmacy 

technician is scheduled to make medication deliveries to the supported units. The 

schedule of these deliveries is modeled using a time varying arrival table with a rate of 

one arrival for each of the times listed above, while the rate for all other times is set at 

zero. Staff members report that these rounds require approximately 15 minutes of the 

technician’s time. Thus, their processing time is expressed by an exponential distribution 

with a mean value of 15.  

ii. Intravenous Preparation 

Between the hours of 3:00 pm and 10:00 pm, technicians prepare intravenous 

medications (IVs) every thirty minutes. The occurrence of this task is modeled by a time 

varying arrival table with a rate of two for every hour between 3:00 pm and 10:00 pm. 

Staff members estimate that the preparation time for IVs ranges between five and ten 

minutes. Thus, the processing time is represented by a uniform distribution with a 

minimum value of five and a maximum value of ten. 

iii. Call Outs 

It was also reported by the pharmacy staff that each technician is called out of the 

pharmacy at least once each day to replace a crash cart tray, deliver a stat medication, 
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load a new medication in a pyxis machine, fix a broken pyxis scanner, or find a missing 

medication on a nursing unit. The occurrence of these call-outs is modeled using an 

exponential inter-arrival time with a mean of eight hours and an exponential processing 

time with a mean value of 15 minutes.. 

 

c) Technician and Pharmacist Tasks 

i. Medications Not Loaded 

“Medications not loaded” (meds not loaded) are medications that are not stocked within 

the pyxis machine on the unit where the patient is located.  As a result, the pharmacy 

technician “pulls” these medications for the pharmacist to check & then loads them in the 

appropriate pyxis machine.  The pharmacist checks these medications for accuracy, 

quantity, expiration date, etc. Each night, at 10:30pm, the pharmacy runs a report of the 

medicines requested on the units that are not currently loaded in the unit pyxis.  Pulling 

these medications takes the technician about 1.5 hours, which is represented by an 

exponential distribution with a mean time of 90 minutes. After these medications have 

been pulled, the pharmacist check takes approximately 15 minutes, which is represented 

by an exponential distribution with a mean value of 15.  Once the medications are 

checked, they must be delivered by the technician, which takes about 45 minutes. This is 

represented by an exponential distribution with a mean value of 45. 

ii. Cart Fill 

The “cart fill” consists of the technician preparing the medications that are not stocked in 

the unit pyxis machines.  This occurs each morning at 2:00 am. This process requires 



28 
 

about one hour of time and is represented by an exponential distribution with a mean of 

60 minutes. After the fill is complete, a pharmacist must check the cart preparations for 

accuracy, quantity, expiration date, etc. The pharmacist check takes approximately 15 

minutes, which is represented by an exponential distribution with a mean value of 15. 

iii. Cart Update 

The “cart update” is a report printed to update the “cart fill” with any medications entered 

between 2:00 am and 7:00 am that are not stocked in the unit pyxis machines.  These 

medications are prepared by the technician and then checked by the pharmacists for 

accuracy, quantity, expiration date, etc.  This process occurs each morning at 7:00 am, 

and requires about 20 minutes of time for the technician to prepare, which is represented 

by an exponential distribution with a mean value of 20.  After the fill is complete, the 

pharmacist check takes approximately ten minutes, which is represented by an 

exponential distribution with a mean value of ten. 

 

d) Pharmacist Tasks 

i. Pyxis Checks 

At 9:00 am, 11:00 am, 1:00 pm, 3:00 pm, and 4:00 pm each day, a pharmacist must check 

the medications pulled to be refilled at the Pyxis Medstations. The schedule of these 

checks is modeled using a time varying arrival table with a rate of one arrival for each of 

the times listed above, while the rate for all other times is zero. Staff members report that 

these checks require approximately 15 to 20 minutes to complete. Thus, the processing 
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time is expressed by a uniform distribution with a minimum value of 15 and a maximum 

value of 20. 

ii. IV Checks 

Pharmacists are responsible for checking all the IVs prepared in the pharmacy IV room. 

This task is performed approximately one time every 30 minutes between the hours of 

8:00 am and 10:00 pm. This is represented by a time varying arrival table with a rate of 2 

between the hours of 8:00 am – 10:00 pm and a rate of zero for the rest of the day. The 

time to complete an IV check is estimated to be three minutes, which is represented by an 

exponential distribution with a mean value of three. 

iii. Fluid Checks 

First shift pharmacists are responsible for checking the fluids to be delivered to the Pyxis 

Medstations. This task is performed approximately every 1.5 hours. This is represented 

by a time varying arrival table with a rate of 0.67 between the hours of 8:00 am – 4:00 

pm and a rate of zero for the rest of the day. The time to complete a fluid check is 

estimated to be three minutes, which is represented by an exponential distribution with a 

mean value of three. 

iv. Narcotics Checks 

First shift pharmacists are also responsible for checking the narcotics stored in the 

computerized pharmacy safe. This task is performed approximately every three hours. 

This is represented by a time varying arrival table with a rate of 0.33 between the hours 

of 8:00 am – 4:00 pm and a rate of zero for the rest of the day. The time to complete a 
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narcotics check is estimated to be 15 minutes, which is represented by an exponential 

distribution with a mean value of 15. 

  



31 
 

4. Simulation Modeling 

This chapter describes the simulation modeling assumptions, resources, and work flow.  

 

4.1. Modeling Assumptions 

The pharmacists and the pharmacy technicians are both responsible for tasks that affect 

order entry including medication rounds, medication checks, staff inquiries, and more. 

The importance and time required for these tasks varies based on the assignment. A 

phone call may take only 1 minute, while a medication round requires at least 15 minutes. 

In addition, some tasks have high priorities and may be processed based on this fact 

rather than the traditional first in, first out basis. Thus, the first object waiting in the 

queue may not always be the first one processed. This is similar to the logic used in 

emergency rooms, where the order of service is also a function of patient severity. 

Entering a stat order, for instance, takes precedence over entering a non-stat order since 

stat orders are associated with the need for immediate attention. Furthermore, it is 

understood that a staff member will answer a phone call or open the door for a visitor 

before leaving his/her station to check or deliver medication. Therefore, the model was 

constructed based on the priorities for the tasks included in the system shown in Table 

4.1.   
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Table 4.1: Task Priorities 

Priority Task(s) 
6 Stat orders  
5 Phone calls and window/door inquiries 
4 Normal orders  
3 Rounds,  Dispensing  

2 
Fluid Checks, Pyxis Checks, Narcotics Checks, IVs, Cart 
Updates, Cart Fills, Meds not loaded 

1 Call outs 
 

The priorities are shown in order, with 6 being the highest and most important. In our 

system, resources are always allocated to handle the most important tasks first. 

 

All human resources (technicians and pharmacists) in the simulation are modeled such 

that they arrive at work promptly and do not miss any days. No other resources are 

modeled. While the pharmacy reports an arrival stream of orders processed, there is no 

information to distinguish between orders that are more urgent (stat orders) and those that 

are not. However, it is estimated by staff that approximately 5 percent of orders are stat 

orders. Thus, five percent of all incoming orders are assigned the highest priority value 

and the remaining 95 percent receive a lower priority value as shown in Table 4.1. In 

addition, some pharmacist tasks such as dosage calculations and special physician or 

nurse inquiries that occur during first shift are handled by decentralized pharmacists 

external to the RRMC pharmacy inpatient area. Pharmacists in the inpatient area seldom 

handle these responsibilities, thus these are not captured in the simulation.  
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4.2. Resources 

The RRMC inpatient pharmacy operations considered are staffed by dedicated 

pharmacists and technicians during each shift. During the first shift, there are three 

pharmacists and one technician; during second shift, there are two pharmacists and one 

technician; during third shift, there is one pharmacist and one technician. The hourly 

representation of the resources used in the model is shown in Table 4.2.  

 

Table 4.2: Model Resources 

Resource Days Shift Hours Lunch 
Pharm1 Mon – Sun First 7:00 am – 3:30 pm 11:00 am – 11:30 am 

Pharm2 
Mon – Fri 
Sat – Sun 

First 
7:30 am – 4:00 pm 
8:30 am – 5:00 pm 

12:30 pm – 1:00 pm 

Pharm3 Mon - Sun First 8:00 am – 4:30 pm 12:00 pm – 12: 30 pm 

Pharm4 Mon – Fri Second 12:00 pm – 8:00 pm None 

Pharm5 Mon – Sun Second 2:30 pm – 10:30 pm None 

Pharm6 Mon – Sun Third 10:00 pm – 8:00 am None 

Tech1 Mon - Sun First 7:30 am – 4:00 pm 11:30 am – 12:00 pm 

Tech2 Mon - Sun Second 2:30 pm – 10:30 pm None 

Tech3 Mon - Sun Third 10:00 pm – 8:00 am None 
 

All pharmacists can perform any task deemed a pharmacist task or a 

pharmacist/technician task during their scheduled shift. Similarly, all technicians can 

perform any task deemed a technician task or a pharmacist/technician task during their 

scheduled shift. If a pharmacist or technician is not scheduled, he/she performs no tasks. 

All subsequent technician and pharmacist shift schedules overlap so that there is no time 

in which there is no technician or pharmacist scheduled. 
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4.3.  Simulation Flow 

The simulation represents the work flow of the RRMC inpatient pharmacy order entry 

process and other processes that directly affect it. Operations outside of these will not be 

represented because they do not impact the preparation of medication orders. The 

following sections describe the processes captured in this simulation. 

 

4.3.1. Order Entry and Dispensing 

The order entry process is defined by the occurrences from the time an order arrives to 

the pharmacy via the Pyxis Connect queue, until the time it is available to be pulled from 

the pyxis system or dispensed by a pharmacist. Figure 4.1 illustrates the flow of orders 

through the system. 

 

 

Figure 4.1: Order Entry and Dispensing  

 

All orders arrive according to the rate listed in the order arrival table. Data is entered into 

this table by day (Monday – Sunday) and by hour. Upon arrival, all orders are assigned 
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one of two order priority values (6 for stat, 4 for all others) to reflect that five percent of 

all orders are stat orders. The discrete, random assignment shown in Figure 4.2 illustrates 

that 95 percent of orders receive a priority value of 4 (normal) and 5 percent of orders 

receive a priority value of 6 (stat).  

 

 

Figure 4.2: Order Priority Assignments 

 

An order can only be entered by a pharmacist. Thus, when an order arrives and proceeds 

to the order entry process, it attempts to seize the first available pharmacist resource for 

processing. All pharmacists are listed in a pharmacist resource list. When no pharmacist 

is available, orders wait in the order entry queue. To ensure stat orders receive priority 

over normal orders, this queue is serviced according the largest value first ranking rule 

based on the order priority. Resources are allocated between processes based on the same 

logic. 

 

An estimated 95 percent of all medications ordered are available within the pyxis system. 

However, when an ordered medication is not available in the system, it must be prepared 

by a pharmacist within the RRMC inpatient pharmacy. According to the staff members,  



36 
 

dispensing orders is a secondary concern in comparison to order entry, unless the 

medication is a stat order. Therefore, pharmacists do not stop entering orders to dispense 

them on a case by case basis unless they are needed immediately. For the dispensation of 

non-stat orders, the pharmacists wait until the order entry queue is “manageable” as 

judged by the entering pharmacist. Figure 4.3 shows the logic for this process.  

 

 

Figure 4.3: Dispensing Decision Logic 

 

After an order has been entered, the system checks the 95 percent probability that the 

order is available in the pyxis. If the order is available, the entering pharmacist is done 

with the order and it is considered completed. If the order is not available in the pyxis, 

dispensing must occur before the order is considered competed. Based on priority, if the  

order is a stat order, the pharmacist will dispense the order before he/she continues to  
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enter other orders. Pharmacists wait until the queue of orders to be entered is manageable 

before they stop to dispense non-stat orders. Thus normal orders to be dispensed wait in a   

queue for the dispensing process until a pharmacist is available. Currently, only 

pharmacists dispense orders. 

 

4.3.2. Technician or Pharmacist Tasks 

Both the pharmacists and the technicians are equally qualified to handle certain tasks 

within the RRMC inpatient pharmacy. However, these tasks are limited to answering 

phone calls and responding to the pharmacy window and door inquiries. Figure 4.4 

illustrates the flow of calls and inquiries through the system. 

 

 

Figure 4.4: Inquiry and Call Processing  

 

Inquiries and phone calls arrive in two arrival streams since they have two separate 

arrival distributions as specified in Chapter 3. In addition, since both entity types have 

different process estimates, the processing times associated with the discussion in 
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Chapter 3 are assigned at the arrival source. An example of this assignment is illustrated 

below in Figure 4.5. 

 

 

Figure 4.5: Example Process Time Assignment 

 

All calls and inquiries are defined as entities in the system with a priority value of 5. 

Once a call or inquiry is released from its arrival stream, it proceeds to the “staff process” 

for service. This “staff process” is shown in Figure 4.4 and refers to the time when either 

a pharmacist or technician will handle a phone call or inquiry. While both types of staff 

members can handle these tasks, it is preferred that the dedicated technician manage these 

tasks when available. Thus, the process must seize a resource from the staff list using a 

“preferred order” selection goal. This goal specifies that the resources in the list should 

be seized in the order that they are entered. Thus, the staff list contains all staff members, 

with the technicians listed first. This logic ensures that, when possible, a technician will 

always handle a call or inquiry before a pharmacist. This frees the pharmacists to 

continue dedicated order entry. After calls and inquiries are serviced according to their 

respective processing times, they exit the system. 
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4.3.3. Technician Tasks 

In addition to handling phone calls and inquiries, technicians are responsible for 

delivering medication on rounds, preparing IVs, and leaving the pharmacy to provide 

additional unit support. As explained in Chapter 3, medication deliveries (rounds) occur 

five times daily at 10:00 am, 11:00 am, 1:00 pm, 3:30 pm, and 9:00 pm. IV preparation 

occurs every 30 minutes on second shift only, and technicians may be called out of the 

pharmacy approximately once a day to replenish supplies, repair equipment or make a 

special delivery. Figure 4.6 shows the flow of rounds, and call-outs, and intravenous 

preparation through the system.  

 

 

Figure 4.6: Technician Responsibilities 

 

Rounds are defined as entities in the system with a priority value of 3, IVs to be prepared 

have a priority value of 2, and call-outs have a priority value of 1. Before exiting their 

individual arrival source, these entities are assigned an individual technician service time 
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corresponding to the distribution of processing time described in Chapter 3. All of these 

entities are serviced by a technician. However, if a technician is not available, these 

entities wait in the service queue for a technician. Entities waiting in this queue are 

serviced according to the largest value first ranking rule based on priority, which means a 

medication round would be completed before an IV is made and an IV is made before the 

technician leaves the pharmacy because of a call-out. Once a technician becomes 

available, the entities are processed for a specified technician time and then exit the 

system. 

 

4.3.4. Technician and Pharmacist Tasks 

There are some tasks that technicians are qualified to perform, if a pharmacist verifies the 

work. These tasks are related to medication handling and include: “meds not loaded”, 

“cart updates” and “cart fills”.  Pulling “meds not loaded” refers to the technician 

retrieving medication from the pharmacy inventory that is not stocked in the pxis 

machine on the patient unit. The “cart fill” consists of the technician filling the 

medications that are out of stock in the unit pyxis machines. The “cart update” is a report 

printed to update the “cart fill” for any medications entered from 2:00 am to 7:00 am that 

are out of stock in the pyxis machines.  Figure 4.7 represents the flow of these entities 

through the simulation model.  
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Figure 4.7: Technician Responsibilites That Require Pharamacist Approval 

 

Each entity type is defined in the system with a priority value of 2 and arrives through a 

separate arrival streams since the “med not loaded” arrival is at 10:30 pm, the “cart 

update” is at 2:00 am, and the “cart fill” is at 7:00 and all of these tasks require different 

amounts of time as specified in Chapter 3. Before exiting the individual source, all 

arriving entities are assigned a technician service time, as well as a pharmacist service 

time. Medications that are not loaded (meds not loaded) must be pulled by a technician, 

checked by a pharmacist, and then delivered by a technician. Cart updates and cart fills 

must be prepared by a technician and then checked by a pharmacist. To ensure these 

entities follow the correct paths to receive proper service, logical conditions are coded 

into the paths for selection.  Once entities proceed to receive their technician service, they 

are processed on a largest value first ranking rule based on priority value. After receiving 

technician service, the entity’s technician service time is set to zero. The entity’s next 

step is determined by the evaluation of the link weights coded into the paths from the 
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technician service to the exit and pharmacist service.  The link weight for the path to exit 

is based on whether the entity has already been checked by a pharmacist (pharmacist time 

is zero.) Note that we defined this variable as the model entity’s pharmacist service time 

and set this value according to the parameters outlined in Chapter 3 at the entity’s source. 

Thus, if an entity has a pharmacist service time that is not equal to zero, it will not be 

allowed to travel this path. The link weight to the path for pharmacist checks is based on 

whether the pharmacist check has not been completed (pharmacist time not zero). 

Furthermore, because of the differences in service routing, we must determine if entities 

require additional service. After the pharmacist checks are completed, we check to see if 

an entity must be delivered (is a med not loaded). Meds not loaded are assigned a new 

value for technician service time to represent delivery and the priority level is increased 

to 3 to ensure the technician completes delivery before moving on to other tasks. After 

pharmacist checks are completed, entities proceed to exit if they have no additional 

technician time, or they are routed back to technician service. Once delivery is complete, 

meds not loaded exit the system. 

 

4.3.5. Pharmacist Tasks 

There are four types of checks associated with pharmacy operations that are the 

responsibility of the inpatient pharmacists. These checks include monitoring the pyxis, 

narcotics, fluids, and intravenous preparation as discussed in Chapter 3.  Figure 4.8 

represents the flow of these entities through the system.  
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Figure 4.8: Pharmacist Responsibilities 

 

All of these entities are defined in the system with a priority value of 1. Before exiting an 

individual arrival source because they have separate arrival rates, these entities are 

assigned an individual pharmacist service time according to the processing distributions 

described in Chapter 3. These tasks are handled by a pharmacist as represented by the 

“pharm service” process in Figure 4.8.  If a pharmacist is not available, these entities wait 

in the service queue for a pharmacist. Since all of these tasks have the same priority level, 

entities waiting in this queue are serviced according to a first come, first served basis 

once a pharmacist becomes available.  

 

In this chapter, we have described the flow of all entities in our simulation model used to 

characterize the operations within the pharmacy. In the next chapter, we discuss our 

design of experiments for the model. 
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5. Experimental Design 

This chapter will discuss the metrics used to evaluate the results of the system as well as 

the experimental designs used to test the pharmacists’ claim and our recommendations 

for operational improvement. This study was conducted with two primary goals and one 

secondary goal. The first goal was to model the operations described to determine if there 

is workload balance among shifts and investigate the pharmacists’ belief that they are 

over-worked.  If there is in fact a lack of balance and unreasonable demand upon 

resources, the second goal is to make suggestions to address this problem. Finally, we 

will quantify the impact of our estimated improvements on the turn-around time of orders 

in the system. We also give attention the number of orders entered per hour to determine 

if the pharmacists are exceeding the maximum Novant standard of 45 orders entered per 

hour by pharmacists.   

 

5.1. Performance Measures 

The measures investigated to study the above interests include the workload balance 

based on resource utilization and the number of orders entered in an hour by a 

pharmacist. For each pharmacist and technician resource in the system, the simulation 

model automatically reports a scheduled utilization value based on the time the resource 

spends processing entities with respect to the scheduled working hours. To measure the 

balance between shifts, the output statistic shown in Equation 5.1 was created for each 

shift to calculate the average utilization for the pharmacists on each shift. In equation 5.1, 

the term pij represents the utilization of pharmacistj during shifti, n represents the total 
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number of pharmacists scheduled to work shifti, and μj  is defined as the pharmacist 

utilization for shiftj. 

 (5.1) μi=
∑ pij

n
j=1

n
  

The first shift pharmacist utilization (μ1  includes the average utilization for pharmacist 

1, pharmacist 2, and pharmacist 3; the second shift pharmacist utilization (μ2  includes 

the average utilization for pharmacist 4 and pharmacist 5, and the third shift pharmacist 

utilization (μ3  is the average utilization for pharmacist 6.  For the experiments, any 

additional pharmacist’s utilization is included in the average for their respective shift.  

 

The turn-around time for an order is defined as the difference between the time an order 

arrives at the pharmacy via the Pyxis Connect system and the time the order has been 

entered into the Horizons Meds Manager by a pharmacist. A tally statistic was created to 

monitor this time. Equation 5.2 shows the calculation of this statistic. In equation 5.2, 

TNOW represents the current simulation time, TOAi is defined as the time of arrival for 

orderi, and Ti is defined as the order entry turn-around time of orderi. 

(5.2) Ti = TNOW - TOAi 

We also distinguish between the turn-around times for normal versus stat orders. Thus, 

after we record the overall turn-around time, we record separate values for the normal 

and stat turn-around times as well. 
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In addition, the pharmacy manager stated that there is a Novant goal that the number of 

orders entered per hour by any pharmacist should not exceed 45. The pharmacy manager 

has stated that this metric is currently not being monitored because they have not yet 

found an easy way to do this. To accommodate for this in the system, a state variable and 

tally statistic was created to record the number of orders processed by a pharmacist each 

hour. Each time a pharmacist resource is seized to process an order, a state variable 

(representing the number of orders processed by the pharmacist in that hour) is 

incremented by one. At the end of each hour, the tally statistic is used to record the total 

number of orders entered by the pharmacist for that hour. The state variable is then reset 

to zero and the order count begins for the next hour.  

 

5.2. Verification and Validation of the Simulation Model  

Given our limited ability to record observations and obtain data measurements, the data 

used to parameterize the model was primarily provided via expert opinion. Based on 

pharmacy staff input, the preliminary simulation model only consisted of the order entry, 

dispensing and call processes with only the six pharmacist resources to handle this 

workload. In this model, calls were expected to arrive every two to three minutes and 

require as much as 10 minutes. Only the overall hourly workload and the weekly 

pharmacist schedule were provided. Order entry was estimated to require as much as 20 

minutes, while dispensing could require as much as 45 minutes. All data and assumptions 

were modeled based on the provided data. The results from these assumptions suggested 

that the pharmacists were overburdened, with all pharmacist utilizations greater than 100 
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percent. This suggested that pharmacists were constantly working, with significantly 

lengthy processing and queue times. In addition, the maximum number of orders entered 

during an hour by any pharmacist was 20.   

 

The discussion of the preliminary model and results led to the increased participation 

from the pharmacy staff. New information about staffing patterns, demand, and processes 

affecting order entry was provided. In addition, there were opportunities to make limited 

observations of the system and collect revised system estimates from the staff. The 

pharmacy director also provided data from the RRMC Scorecard for January – May, 

2010 that was used to set a baseline value of an average of 40 orders entered per hour by 

each pharmacist. The new data was used to parameterize the current model based on 

observations and more detailed, realistic expert opinion. This model was considered 

validated once the following conditions were met: 

1. The simulation operations mirrored the operations of the pharmacy as described 

and approved by the pharmacy manager and supervisor.  

2. The output closely approximated the baseline indication that pharmacist enter an 

estimated average of 40 orders per hour.   

The verification of the simulation model was accomplished by testing extreme regions of 

the input parameters (stress testing). Output conditions were based on a simulation run 

length of 672 hours, the equivalent of month in pharmacy operation time. 
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5.3. Experiments 

The goal of these experiments is to improve the workload balance within the pharmacy 

while maintaining or improving the order entry time. A total of six modified scenarios 

were considered. These scenarios were developed by varying schedule modifications 

and/or redistributing task assignments.  Unless specifically stated, all other inputs remain 

unchanged, and evaluation is based on impact to the results of the base case.  

 

5.3.1.  Base Case: Current Scenario  

The objective of this scenario is to simulate current operations in the RRMC inpatient 

pharmacy to establish baseline performance from which future modifications will be 

measured. The resource schedules used for the current scenario are shown in Table 5.1. 

 

Table 5.1: Current Schedule  

Resource Schedule 
Pharmacist 1 7:00 am - 11:00 am, 11:30 am - 3:30 pm, Monday - Sunday 

Pharmacist 2 
7:30 am - 12:30 pm, 1:00 pm - 4:00 pm, Monday - Friday 
8:30 am -12:30 pm, 1:00 pm - 5:00 pm, Saturday and Sunday

Pharmacist 3 8:00 am - 12:00 pm, 12:30 pm - 4:30 pm, Monday - Sunday 
Pharmacist 4 12:00 pm - 8:00 pm, Monday - Friday 
Pharmacist 5 2:30 pm - 10:30 pm, Monday - Sunday 
Pharmacist 6 10:00 pm - 8:00 am, Monday - Sunday 
Technician 1 7:30 am - 11:30 am, 11:30 am - 4:00 pm, Monday - Sunday 
Technician 2 2:30 pm - 10:30 pm, Monday - Sunday 
Technician 3 10:00 pm - 8:00 am, Monday - Sunday 
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Currently, there are always three pharmacists and one technician scheduled on first shift. 

Each of these staff members is schedule for 8.5 hours, including a 30-minute lunch break. 

Second shift consists of two pharmacists and one technician during the week, and one 

pharmacist and one technician during the weekends. Third shift is always staffed with 

one pharmacist and one technician. Second shift staff members work eight hours and 

third shift staff members work ten hours. Staff members that work second or third shift 

are not given a scheduled lunch break. 

 

5.3.2. Scenario 1: Balance Daily Resources  

In the current pharmacist schedule, there is one fewer pharmacist to handle orders, 

dispensing, and verification on the weekends. The first scenario was designed to balance 

the daily resources available in the system by considering the same schedule for 

pharmacists Monday – Sunday. Four of the six pharmacists (Pharmacist 1, 3, 5, and 6) 

schedules remain constant, while the schedule for pharmacist 2 and pharmacist 4 

changes. The revised schedules for these pharmacists are shown in Table 5.2.  

 

Table 5.2: Balance Daily Resources Revised Schedules  

Resource Schedule 
Pharmacist 2 7:30 am - 12:30 pm, 1:00 pm - 4:00 pm, Monday – Sunday  
Pharmacist 4 12:00 pm - 8:00 pm, Monday - Sunday 

 

In the first scenario, to consider the impact of a static daily schedule, there is no 

difference between the staffing patterns on any day of the week.  
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5.3.3. Scenario 2: Extra Third Shift Pharmacist  

The second scenario seeks to improve the balance of resources between shifts. In the 

current weekly schedule, there are three pharmacists on first shift, two pharmacists on 

second shift, and one pharmacist on third shift. For this case, we made no changes to the 

current schedules but explore the affect of adding one additional pharmacist resource to 

the weekly third shift. The schedule for this additional resource is shown below in Table 

5.3 

 

Table 5.3: Extra Third Shift Pharmacist Schedule  

Resource Schedule 
Pharmacist 7 10:30 pm - 8:30 am, Monday - Friday 

 

In the second scenario, there will be three pharmacists on first shift (Monday – Sunday), 

and two pharmacists on second and third shifts (Monday – Friday, only one on the 

weekends). We decrease the number of days per week that there is only one third shift 

pharmacist from seven (Monday – Sunday) to two (Saturday and Sunday). 

  

5.3.4. Scenario 3: Daily Balance with Extra Third Shift Pharmacist  

The third scenario is a combination of scenarios 1 and 2. Here, we balance the resources 

available in the system by considering the same schedule for pharmacists Monday – 

Sunday and add one additional resource to the third shift. Four of the six pharmacists 

(Pharmacist 1, 3, 5, and 6) schedules remain constant, while the schedules for pharmacist 

2 and pharmacist 4 change and an additional resource (Pharmacist 7) is added. The 
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revised resource schedules for pharmacists 2 and 4 are shown with the schedule for 

pharmacist 7 in Table 5.4. 

 

Table 5.4: Daily Balance with Extra Third Shift Revised Schedules  

Resource Schedule 
Pharmacist 2 7:30 am - 12:30 pm, 1:00 pm - 4:00 pm, Monday – Sunday  
Pharmacist 4 12:00 pm - 8:00 pm, Monday - Sunday 
Pharmacist 7 10:30 pm - 8:30 am, Monday - Sunday 

 

In the third scenario, there will always be three pharmacists on the first shift and two 

pharmacists on the second and third shifts. Therefore, there will be no difference in the 

staffing patterns on any day of the week.  

 

5.3.5. Scenario 4: Balanced Days and Shifts  

The fourth scenario builds on Scenario 3. In addition to balancing the pharmacist 

resources between days, we seek to add balance to the pharmacist resources between 

shifts. We add an additional pharmacist resource to third shift (Pharmacist 7) and 

maintain the same schedule for each resource for each day. For this scenario, each 

pharmacist is scheduled for a shift of 8.5 hours and is allotted a 30-minute lunch break. 

Two of the original six pharmacists (Pharmacist 1 and 3) schedules remain the same, 

while the schedule for pharmacists 2,4,5 and 6 change and an additional pharmacist 

resource (Pharmacist 7) is added. The revised and additional resource schedules are 

shown in Table 5.5. 
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Table 5.5: Revised Balanced Days & Shifts Schedules  

Resource Schedule 
Pharmacist 2 7:30 am - 12:30 pm, 1:00 pm - 4:00 pm, Monday – Sunday  
Pharmacist 4 2:30 pm – 7:00 pm, 7:30 pm - 11:00 pm, Monday - Sunday 
Pharmacist 5 3:00 pm – 8:00 pm, 8:30 pm - 11:30 pm, Monday - Sunday 
Pharmacist 6 10:30 pm – 2:30 am, 3:00 am -  7:00 am, Monday - Sunday 
Pharmacist 7 11:00 pm – 4:00 am, 4:30 am -  7:30 am, Monday - Sunday 

 

In the fourth scenario, there are no differences between the staffing patterns on any day of 

the week and there will always be three pharmacists on first shift and two pharmacists on 

the second and third shifts. We also consider the effects of an equal shift policy, 

including a 30-minute lunch break for all pharmacists. 

 

5.3.6. Scenario 5: Alter Task Assignments  

Scenario 5 differs from those mentioned previously in that we make no schedule changes 

and add no additional resources. Instead, we consider the redistribution of tasks among 

pharmacists and technicians. In an attempt to balance the workload between these two 

types of resources, we assign some of the previously defined pharmacist tasks to the 

pharmacy technicians since pharmacists appear to have more responsibilities than 

technicians. These tasks include: checking the pyxis, checking the narcotics, checking the 

fluids, and dispensing non-stat orders. 

 

5.3.7. Scenario 6: Task Assignment And Change Third Shift Pharmacist  

Scenario 6 realigns the assignment of duties within the facility, changes the schedule for 

pharmacist 6, and includes an additional third shift pharmacist. As mentioned in Scenario 
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5, we allow technicians to relieve pharmacists from the duties of checking the pyxis 

machines, checking the narcotics, checking the fluids, and dispensing non-stat orders. In 

addition, we alter the schedule for the current third shift pharmacist and add an additional 

pharmacist on this shift. The new third shift schedule is shown in Table 5.6 

 

Table 5.6: Altered Third Shift Schedules  

Resource Schedule 
Pharmacist 6 10:00 pm – 4:30 am, Monday - Sunday 
Pharmacist 7 1:30 am – 7:30 am, Monday - Sunday 

 

In Scenario 6, we divide the single ten hour third shift into two shorter shifts (6.5 and 6 

hours) with a four hour overlap. In addition, we attempt to balance the workload between 

technicians and pharmacists. 
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6. Results 

This chapter will summarize and compare the results of the base case and each of the six 

scenarios discussed in Chapter 5. The output obtained in our base case is used to confirm 

our expectations and the input from expert opinion. Thus, each scenario is compared to 

the base case for improvement comments.  

 

Pharmacy operations were simulated such that the start-time begins at 12:00 am on a 

Monday. This choice of start was chosen to correspond with the data entry of the order 

arrival table. The rate of arrivals generated from this order arrival table in the simulation 

model always begins with the first entry, regardless of the start time. Data was entered 

into this table starting with the average arrival rate for Mondays at 12:00 am. Therefore, 

this start time was selected to match the time of the first entry since the data varies by day 

and hour, and there is no way to offset the selection of the first entry from the table. A 

replication length of four weeks (672 hours) was selected to represent one month of 

pharmacy time. The results presented are based on ten replications which provided 

confidence intervals within 5% of the output averages. In addition, because the pharmacy 

operates 24 hours a day, a one week warm up period was used to offset the effects of the 

simulation model starting empty and idle. This warm up period selection was verified to 

be sufficient by successive runs of the simulation. 

 

For the discussion of each scenario, we consider the utilization of resources and the turn-

around time of orders. There is no solitary standard for a minimum or maximum 
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threshold value for utilization. Instead, these interests are usually based on the study in 

question and judged at the discretion of the modeler. Thus, for this study we will consider 

utilization values greater than 80 and less than 60 percent to be grounds for concern. The 

number of orders per hour by each pharmacist is discussed before the close of this 

chapter.   

 

6.1.1. Base Case 

The results from the base case justify the pharmacists’ complaint that they are over-

burdened. The first and second shift pharmacist average utilizations are relatively high 

(87.834 and 90.291 percent, respectively) and the third shift pharmacist utilization is 

close to 100 percent (98.162). Each of these measures is well above our threshold of 80. 

In addition, technicians on each shift appear to be underutilized with average utilization 

values all less than 60 percent. Furthermore, the fact that none of the confidence intervals 

for average resource (pharmacist and technician) utilization overlap indicates that the 

difference between shifts and workers is significant. Thus, there is a lack of balance 

within the pharmacy as it appears that the pharmacist overload increases between shifts 

and technicians are idle for a large percentage of their scheduled work hours. Despite, 

this conclusion, the pharmacy performs well within the Novant standards of a 15 minute 

turn-around time for stat orders and a 45 minute turn-around time for non-stat orders with 

average turn-around times of 2.056 and 28.541 minutes, respectively. The results for the 

base case are presented in Table 6.1 
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Table 6.1: Base Case Results 

Interest Average Half-width 

1st Shift Pharmacist Utilization 87.834 0.537 

2nd Shift Pharmacist Utilization 90.291 0.437 

3rd Shift Pharmacist Utilization 98.162 0.602 
Technician 1 Utilization 38.673 1.042 
Technician 2 Utilization 52.920 2.346 
Technician 3 Utilization 34.002 1.315 
Normal Turn Around Time (min) 29.950 1.579 
Stat Turn Around Time (min) 2.056 0.024 
Turn Around Time (min) 28.541 1.493 

 

The results presented for the base case suggest that there is a need for additional 

pharmacist resources and/or a balance of workload between shifts (first, second, and 

third) as well as roles (pharmacists and technicians). 

 

6.1.2. Scenario 1 

The results of Scenario 1 in comparison with those from our base model suggest that a 

static schedule of resources for each day (Monday – Friday) does not accomplish the goal 

of improved balance between shifts or resources. This change produces a slight 

improvement in the utilization of the first and second shift pharmacists, however the turn-

around time for orders and the utilization values for all other resources show no 

significant improvement. The results from Scenario 1 are shown in Table 6.2 with the 

results from the base case for comparison. 
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Table 6.2: Base Case and Scenario 1 Results 

Interest 
Base Case Scenario 1 

Average Half-width Average Half-width 

1st Shift Pharmacist Utilization 87.834 0.537 85.943 0.756 

2nd Shift Pharmacist Utilization 90.291 0.437 80.764 0.539 

3rd Shift Pharmacist Utilization 98.162 0.602 96.639 0.699 
Technician 1 Utilization 38.673 1.042 37.982 1.352 
Technician 2 Utilization 52.920 2.346 53.816 2.809 
Technician 3 Utilization 34.002 1.315 33.694 1.581 
Normal Turn Around Time (min) 29.950 1.579 26.924 2.649 
Stat Turn Around Time (min) 2.056 0.024 2.033 0.035 
Turn Around Time (min) 28.541 1.493 25.661 2.512 

 

The lack of significant improvement by considering the same schedule between 

weekdays and weekends causes us to explore whether a difference exists in the demand 

for orders between the two.  Figure 6.1 shows a graphical depiction of the demand for 

orders per hour between days.  

 

 

Figure 6.1: Daily Order Arrivals Over Time 
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The visual analysis of the graph of demand over time between days shows that the order 

demand on weekends is relatively smooth, without the steep increase in order demand 

between 7:00 am and 4:00 pm exhibited during the week. Thus we conclude that, given 

all other factors remain constant; adding additional pharmacists to the schedule on 

weekends is not likely to achieve our goals since the inpatient census is lower on the 

weekend which results in a lower demand for orders on the weekend than the demand 

during the week.    

 

6.1.3. Scenario 2 

In Scenario 2, the addition of an extra third shift pharmacist significantly improves the 

utilization of pharmacist on all shifts and reduces order turn-around time. The turn-

around time for non-stat orders is decreased by approximately 50 percent. Table 6.3 

shows the results for Scenario 2 and the base case.  

 

Table 6.3: Base Case and Scenario 2 Results 

Interest 
Base Case Scenario 2 

Average Half-width Average Half-width 

1st Shift Pharmacist Utilization 87.834 0.537 83.022 0.465 

2nd Shift Pharmacist Utilization 90.291 0.437 88.173 0.227 

3rd Shift Pharmacist Utilization 98.162 0.602 63.160 0.586 
Technician 1 Utilization 38.673 1.042 37.801 0.855 
Technician 2 Utilization 52.920 2.346 54.226 2.721 
Technician 3 Utilization 34.002 1.315 33.067 1.842 
Normal Turn Around Time (min) 29.950 1.579 16.739 1.286 
Stat Turn Around Time (min) 2.056 0.024 1.750 0.020 
Turn Around Time (min) 28.541 1.493 15.985 1.222 
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While the improvements of Scenario 2 confirm the need for additional pharmacist 

assistance on third shift, the lack of workload balance in this scenario suggests the need 

for further analysis. With this change, the average third shift utilization (63.16 percent) is 

well below the average first and second shift utilizations (83.022 percent and 88.173 

percent, respectively) and the gap between the workload of technicians and pharmacists 

still prevails. This is not a likely recommendation, given that our primary measure is not 

satisfied and implementing this policy would increase the resource cost due to the salary 

of the additional pharmacist.  

 

6.1.4. Scenario 3 

Scenario 3, static daily staffing and an additional third shift pharmacist, further affirms 

our hypothesis that an additional resource on third shift is a likely consideration. This 

combination shows the greatest reduction in turn-around time of all orders thus far. 

Furthermore, including this additional resource with the combined consideration of 

balanced days so that the pharmacist ratio among first, second and third shifts is always 

3:2:2, decreases the utilization of all pharmacist shifts. The results from Scenario 3 are 

shown in Table 6.4 with the results of the base case. 
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Table 6.4: Base Case and Scenario 3 Results 

Interest 
Base Case Scenario 3 

Average Half-width Average Half-width 

1st Shift Pharmacist Utilization 87.834 0.537 80.851 0.457 

2nd Shift Pharmacist Utilization 90.291 0.437 79.667 0.571 

3rd Shift Pharmacist Utilization 98.162 0.602 56.147 0.958 
Technician 1 Utilization 38.673 1.042 38.589 0.822 
Technician 2 Utilization 52.920 2.346 52.830 3.939 
Technician 3 Utilization 34.002 1.315 32.385 1.679 
Normal Turn Around Time (min) 29.950 1.579 12.682 1.111 
Stat Turn Around Time (min) 2.056 0.024 1.582 0.012 
Turn Around Time (min) 28.541 1.493 12.121 1.056 

 

Unfortunately in this scenario, we see no improvement in the utilization of our 

technicians. Thus, our lack of balance between resources types is still an issue. In 

addition, this policy may be unattractive to the pharmacy staff, as it will require all 

pharmacists to be scheduled for more nights and weekends. 

 

6.1.5. Scenario 4 

In Scenario 4, we observe that the static daily staffing policies based on identical shift 

lengths and schedule considerations with the addition of one third shift pharmacist 

decreases the utilization of all pharmacists and slightly reduces turn-around time for all 

orders. However, the results from this scenario prove no better in than others in 

improving the balance between shifts or technicians and pharmacists. The results from 

Scenario 4 are shown in Table 6.5 with the results of the base case. 
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Table 6.5: Base Case and Scenario 4 Results 

Interest 
Base Case Scenario 4 

Average Half-width Average Half-width 

1st Shift Pharmacist Utilization 87.834 0.537 85.470 0.348 

2nd Shift Pharmacist Utilization 90.291 0.437 82.631 0.440 

3rd Shift Pharmacist Utilization 98.162 0.602 63.545 1.324 
Technician 1 Utilization 38.673 1.042 37.956 1.523 
Technician 2 Utilization 52.920 2.346 50.194 1.989 
Technician 3 Utilization 34.002 1.315 34.031 3.128 
Normal Turn Around Time (min) 29.950 1.579 28.140 1.586 
Stat Turn Around Time (min) 2.056 0.024 1.692 0.014 
Turn Around Time (min) 28.541 1.493 26.812 1.510 

 

In this scenario, the significant lack of balance between shifts as well as pharmacists and 

technicians, negates the success of decreased pharmacist utilization. Furthermore, as 

previously stated, there is no basis to suggest that the cost associated with scheduling   

more workers is worth this improvement. In addition, the potential challenges associated 

with completely changing the second and third shift schedules is a hindrance.   

 

6.1.6. Scenario 5 

As shown by Scenario 5, the redistribution of tasks within the pharmacy has the potential 

to improve the balance between shifts and resources in the pharmacy. Without any 

additional resources or schedule changes, resource utilizations are improved for each shift 

of pharmacists and technicians. There is also an increase in the balance, as the technician 

and pharmacists utilizations all shift to values closer to our thresholds of between 60 and 

80 percent. The results from the base case and Scenario 5 are shown in Table 6.6. 
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Table 6.6: Base Case and Scenario 5 Results 

Interest 
Base Case Scenario 5 

Average Half-width Average Half-width 

1st Shift Pharmacist Utilization 87.834 0.537 78.387 0.481 

2nd Shift Pharmacist Utilization 90.291 0.437 80.269 0.547 

3rd Shift Pharmacist Utilization 98.162 0.602 92.162 0.744 
Technician 1 Utilization 38.673 1.042 65.092 1.191 
Technician 2 Utilization 52.920 2.346 64.181 2.998 
Technician 3 Utilization 34.002 1.315 41.170 1.672 
Normal Turn Around Time (min) 29.950 1.579 28.271 5.677 
Stat Turn Around Time (min) 2.056 0.024 2.424 0.236 
Turn Around Time (min) 28.541 1.493 26.971 5.408 

 

In Scenario 5, the stat order turn-around is increased slightly, but there is no indication 

that any other performance measures are hindered. Turn-around times for all orders are 

still within the Novant standards. The utilization for the third shift pharmacist is still an 

area of concern but, it should be noted that assigning some of the pharmacists’ auxiliary 

tasks to the technicians, achieves improvements without any schedule changes. This 

scenario allows pharmacist to focus more on dedicated order entry. 

 

6.1.7. Scenario 6 

Scenario 6 combines the redistribution of tasks and the implementation of scheduling 

changes for the third shift.  Reducing the scheduled hours of pharmacist 6 and adding an 

additional pharmacist on third shift achieves a balance between pharmacist shifts and 

improves the balance between technicians and pharmacists as well as overall turn-around 

times. The results from the base case and Scenario 6 are shown in Table 6.7. 
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Table 6.7: Base Case and Scenario 6 Results 

Interest 
Base Case Scenario 6 

Average Half-width Average Half-width 

1st Shift Pharmacist Utilization 87.834 0.537 77.717 0.305 

2nd Shift Pharmacist Utilization 90.291 0.437 80.179 0.773 

3rd Shift Pharmacist Utilization 98.162 0.602 74.652 0.839 
Technician 1 Utilization 38.673 1.042 64.225 1.483 
Technician 2 Utilization 52.920 2.346 67.309 3.339 
Technician 3 Utilization 34.002 1.315 58.296 0.034 
Normal Turn Around Time (min) 29.950 1.579 20.320 3.134 
Stat Turn Around Time (min) 2.056 0.024 2.210 0.287 
Turn Around Time (min) 28.541 1.493 19.411 2.980 

 

As shown in Table 6.7, the 95 percent confidence intervals for the utilization of all 

resources are within our thresholds for five of the six considerations. Unlike the base 

case, where all resources produced concern, only the third shift technician is slightly 

outside our 60 to 80 percent threshold. Turn-around times for all orders are still within 

the Novant standards, no schedule changes are necessary, and this scenario allows 

pharmacists to focus more on dedicated order entry. 

 

6.1.8. Orders Entered Per Hour 

The pharmacy manager stated that there is currently no method for tracking the number 

of orders each pharmacist enters per hour. Thus, while this is not a primary concern, this 

data was tracked to see if the pharmacy staff is achieving the Novant goal of a maximum 

of 45 orders entered per hour by a pharmacist. The average and maximum number of 

orders entered by a pharmacist each hour is shown for the base case in Table 6.8. 
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Table 6.8: Base Case Average and Maximum Orders Entered Per Hour 

Orders Entered Per Hour 

Pharmacist  Average Half-width Maximum Half-width 
Pharmacist1 41.4271 0.2654 57.4 0.6032 
Pharmacist2 35.9351 0.1785 57.8 0.5642 
Pharmacist3 32.8512 0.2364 57.7 0.8953 
Pharmacist4 40.2358 0.5473 57.5 0.6952 
Pharmacist5 36.9524 0.4698 58.1 0.7113 
Pharmacist6 40.3905 0.7277 58.9 0.7872 

 

As these results show that, while the average number of orders entered per varies 

between pharmacists, the maximum always exceeds the recommended value (45). The 

average is of no concern, but the maximum consistently exceeding the threshold is 

viewed as either an indication that the pharmacists are overworked (in respect to this 

goal) or a suggestion that this policy may need to be updated in alignment with current 

pharmacy practices. The results for this measure were not presented with each scenario 

because they were not of primary interest and no scenario tested resulted in a reduction in 

the maximum number of orders entered. While Novant administrators may have set this 

goal in hopes of reducing the likelihood that a pharmacist is overworked, it is impractical 

to suggest that a worker in any service industry will keep track of the number of 

customers served and then stop work when a threshold value of customers served in a 

particular time period has been reached, especially when customers continue to arrive. 

This may be an indication of why this measure is not monitored within the pharmacy. 
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6.1.9. Summary 

In summary of all previous scenarios discussed in this chapter, the base case confirmed 

the pharmacists’ premise that they are over-burdened. It also shows a lack of balance 

between shifts and that pharmacists are overburdened while technicians are underutilized. 

However, the pharmacy is still within the Novant standards for order turn-around.  

 

In our first scenario, we consider a static schedule of resources for every day (Monday – 

Sunday) under the assumption there is no significant difference between the average 

order demand for the week and the weekend and the decreased weekend pharmacist staff 

may be a significant contributor to the overload and imbalance. However, the results of 

this scenario suggest that our assumption may be incorrect since the static schedule does 

not improve our balance, utilization values are only improved slightly, and there is no 

significant is improvement in order turn-around time. Furthermore, while this scenario 

does not achieve our goal, these results prompt the graphical analysis of the order arrival 

data. In this analysis, we see that both the variation and average demand for orders is 

lower during the weekend than it is during the week. This explains the pharmacy logic in 

scheduling fewer pharmacists on the weekends. 

 

In Scenario 2, we note that increasing the weekly schedule of third shift pharmacists from 

one to two significantly improves the utilization of all pharmacists as well as order turn-

around times. We also note that this scenario has no impact on the lack of balance 

between pharmacists and technicians in our system. Thus, our goal is not accomplished. 
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Our third scenario, including an additional third shift pharmacist and using the same 

schedule Monday – Sunday, shows great promise in reducing the turn-around time of 

orders and reduces the utilization of first, second, and third shift pharmacists. 

Unfortunately, as with the aforementioned scenarios, there is no improvement in balance. 

This does not appear to be a likely recommendation since it is hard to justify improving 

the workload of pharmacists by scheduling them for more night and weekend shifts while 

technicians are still underutilized.   

 

In Scenario 4, an equal pharmacy shift policy is examined. All pharmacists are scheduled 

to work 8.5 hours and receive a 30-minute lunch break. While this scenario also 

decreases pharmacist utilization and reduces turnaround, there is no balance achieved. It 

is also important to note that this scenario would call for the complete redefinition of the 

second and third shift schedules, which might warrant complaints from the staff.  

 

Scenario 5 is the only scenario in which we make no changes to the current schedule or 

staffing policies. Instead, we shift some of the workload of the over-burdened 

pharmacists to the under-utilized technicians. This is the first scenario in which we note a 

significant balance in the workload among the technicians and pharmacists. Our sixth and 

final scenario is characterized by a shift in some aspects of workload from pharmacists to 

technicians and the revision of the third shift schedule. This scenario shows the best 

potential for achieving our primary goal of obtaining a better balance of workload within 

the pharmacy. In addition to relieving pharmacists of some auxiliary duties so they can 
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focus on order entry and decreasing the idle time of technicians, we also remain well 

within the Novant order turn-around standards. We also divide the current long, desolate 

third pharmacist shift into two shorter, overlapping shifts which might be appeasing to 

staff members.  Both of these changes are within the control of the pharmacy and should 

produce no substantial cost. Thus, these experiments suggest that the combination of the 

redistribution of tasks between technicians and pharmacists and additional pharmacist 

support on third shift is the best scenario presented to achieve our goal and improve 

pharmacy operations overall. 
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7. Insights, Limitations, and Future Research 

This chapter outlines the insights gleaned from the simulation output presented in the 

previous chapter, the limitations to this study, and concludes with a discussion of 

potential future research.  

 

7.1. Insights 

The first insight gained from this study is that the pharmacists are indeed over-worked. 

Under current operations, the issue of work overload for pharmacists is most severe for 

the third shift. During this shift, the auxiliary tasks that occur require large amounts of the 

pharmacists’ time and occur when there is only one pharmacist available. In addition, all 

pharmacy technicians are underutilized.  Thus, there is a need for change within the 

pharmacy.  

 

There is progression from the base case in all scenarios. As our final scenario suggests, 

shifting some of the responsibility within the pharmacy to technicians and revising the 

third shift schedule presents many possible improvements for pharmacy operations. 

Shifting responsibility frees pharmacists to focus on their dedicated role of order 

profiling. Allowing the technicians to perform tasks previously considered as pharmacist 

tasks, increases the cross-training of technicians and enhances the team concept within 

the pharmacy. Revising third shift so it includes two pharmacists that work an average of 

6.25 hours may be better for workers than the traditional ten hour lone stretch. With the 

revision, there are only 5.5 hours when the pharmacy operations are controlled by two 
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resources and this time is broken up in two distinct intervals of 2.5 and 3 hours as 

opposed to the 8.5 hours in the current operations.  

 

Experimentation during the construction of the simulation model suggests that the system 

is sensitive to the percentage of medications available in the unit pyxis machines. 

According to the pharmacy staff, currently approximately 95 percent of all medications 

are available within the unit pyxis machines. To test the sensitivity to this input, the 

percentage of medications available in the pyxis machines was varied while all other 

factors remained constant. The results from this test are shown in Table 7.1 

 

Table 7.1: Sensitivity Analysis Results 

Percent In 
Pyxis 

Utilization Turn-around 
Time (hrs) 1st Shift 2nd Shift 3rd Shift 

70 100.55 +/- 0.09 100.17 +/- 0.02 100.24 +/- 0.02 87.42 +/- 1.94
80 100.54 +/- 0.12 100.16 +/- 0.01 100.23 +/- 0.01 34.20 +/- 1.00

95 (Current) 87.83 +/- 0.54 90.29 +/- 0.44 98.16 +/- 0.60 0.50 +/- 0.03 
100 80.36 +/- 0.29 82.01 +/- 0.60 90.87 +/- 0.47 0.33 +/- 0.002

 

The variability in our interests (resource utilization and overall turn-around time for 

orders) shows that the system is indeed sensitive to the percentage of medications 

available in the pyxis. This indication is in compliance with the performance of our 

system since a smaller percentage of medications in the pyxis means more dispensing 

(increased workload) for pharmacists and we see an increased utilization of resources. 
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In analysis of the turn-around time for orders, the focus was to ensure that the average 

value was within the standards dictated by the hospital. While the average turn-around 

time for orders is well within the hospital standards (45 minutes for normal orders and 15 

minutes for stat orders), we also considered the maximum turn-around time for orders.  

The average and half-width value for the maximum turn-around time for normal and stat 

orders for each scenario is shown in Table 7.2. 

 

Table 7.2: Maximum Order Turn-around Time  

Scenario Normal (hrs) Stat (hrs) 
Base Case 4.12 +/- 0.56 0.53 +/- 0.14 
Scenario 1 3.78 +/- 0.73 0.79 +/- 0.30 
Scenario 2 2.25 +/- 0.29 0.35 +/- 0.15 
Scenario 3 1.96 +/- 0.29 0.16 +/- 0.02 
Scenario 4 3.3 +/- 0.26 0.36 +/- 0.07 
Scenario 5 4.53 +/- 1.03 2.04 +/- 0.65 
Scenario 6 3.17 +/- 1.27 1.48 +/- 0.78 

 

The average and half-width for these results shows that the range for the maximum order 

turn-around time does not meet the hospital standards for any scenario mentioned. In 

addition, further testing of the current model suggests that the only solution to ensure that 

the maximum turn-around times meet the hospital standards is to include additional 

pharmacist resources; however the addition of more resources significantly decreases the 

utilization of all shifts as well as the balance among shifts. Thus, the consideration of 

average turn-around time is sufficient for this study. 
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7.2. Limitations  

The administrative policies and procedures of the healthcare facility presented a 

limitation for this study. Due to confidentiality and federal regulations, only certain 

information was granted. There was little or no access to statistical data related to 

productivity, quality, errors, and costs because of hospital policies. There were also times 

when the presence of visitors within the pharmacy was prohibited. In addition, it was 

sometimes hard to relay the necessity of certain information to the pharmacy staff. 

During initial visits, the staff was disengaged from the project and inquiries for this study 

were considered interruptions.  They seemed irritated by the presence of a visitor asking 

questions and recording the answers. There was an initial limitation in the staff 

recognizing their value in the study. However, after the modeling concepts were 

explained and previewed by the staff, they began to understand why their accurate 

opinion was necessary. They gained interest in supplying helpful information for the 

project when they realized it was being conducted for their benefit.  

 

7.3. Future Research 

Given the nature of this thesis, there are many opportunities available for future research. 

Using historic demand patterns to forecast the need for order entry could prove beneficial 

in balancing the staff to accommodate the workload. Future work could also involve 

characterizing the frequency and type of order entry and incorporating this information 

into the staffing patterns. It would also be beneficial if we could relate the workload 

burden to the frequency and severity of medication errors. Currently, this data is not 
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available, but if it becomes available, then exploring these factors would enrich our 

model. In addition, an extensive version of this model with optimization capacity could 

be developed where studies could seek to minimize the variance in balance among staff 

members and examine the cost/benefit analysis of any staffing changes in terms of costs. 

Such a model, could allow us to qualitatively compare scenario results, optimize 

parameters and use numerical ranking to select the best scenario.  
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Simulation Documentation Report 
 
Model Entity States  
DiscreteState (TechTime): Holds the processing time for entities to be serviced by a 
technician.  
DiscreteState (PharmTime): Holds the processing time for entities to be serviced by a 
pharmacist. 
DiscreteState (ProcessTime): Holds the processing time for entities to be serviced 
pharmacist or a technician. 
 
 
Elements  
Timer1 (Timer): Hourly timer to signal orders per hour. TimeOffset: 60 
TurnAroundTime (TallyStatistic): Turnaround time for orders 
NormTurnAround (TallyStatistic): Turnaround time for non-stat orders 
StatTurnAround (TallyStatistic): Turnaround time for stat orders 
FirstShiftUtilization (OutputStatistic): Average utilization for first shift pharmacists. 
Expression: (Pharm1.Capacity.ScheduledUtilization + 
Pharm2.Capacity.ScheduledUtilization + Pharm3.Capacity.ScheduledUtilization)/3 
SecondShiftUtilization (OutputStatistic): Average utilization for second shift 
pharmacists. Expression: (Pharm4.Capacity.ScheduledUtilization + 
Pharm5.Capacity.ScheduledUtilization)/2 
ThirdShiftUtilization (OutputStatistic): Average utilization for third shift pharmacists. 
Expression: Pharm6.Capacity.ScheduledUtilization 

 
Processes 
OrderEntry_Processing 

Seize 1 resource from PharmList 
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OrderEntry_Processed 
TurnAround (Tally), Value: TimeNow - ModelEntity.TimeCreated 
Decide Stat Order, Condition:ModelEntity.Priority==6 

True: StatTurnAround (Tally), Value: TimeNow - ModelEntity.TimeCreated 
False: NormTurnAround (Tally), Value: TimeNow - 
ModelEntity.TimeCreated 

Decide In Pyxis, Probability = 0.95 
True: Release 1 resource from PharmList 
False: Decide Stat Order, Condition:ModelEntity.Priority==6 

True: Delay for Dispensing, DelayTime: 1+4*(Random.Beta(2.2,4.6) ) 
Release 1 resource from PharmList 

False: Release 1 resource from PharmList 
Decrease Priority, Assign ModelEntity.Priority = 3 
Transfer from CurrentStation to Input@Dispensing 

 
 

PharmServer_Processed 
Decide MNL, Condition: ModelEntity.name == MNL.name 

True: Assign ModelEntity.TechTime = Exponential(45), ModelEntity.Priority 
= 3 
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Model Entities  
Name Information 

Call 
Max Number in System: Infinity 
Initial Priority: 5 

CallOut 
Max Number in System: 2500 
Initial Priority: 1 

Fill 
Max Number in System: 2500 
Initial Priority: 2 

Fluid Check 
Max Number in System: 2500 
Initial Priority: 2 

Inquiry 
Max Number in System: 2500 
Initial Priority: 5 

IV 
Max Number in System: 2500 
Initial Priority: 2 

IV Check 
Max Number in System: 2500 
Initial Priority: 2 

MNL 
Max Number in System: 2500 
Initial Priority: 2 

NarcCheck 
Max Number in System: 2500 
Initial Priority: 2 

Order 
Max Number in System: Infinity 
Initial Priority: 1 

Pyxis Check 
Max Number in System: 2500 
Initial Priority: 2 

Round 
Max Number in System: 2500 
Initial Priority: 3 

Update 
Max Number in System: 2500 
Initial Priority: 2 
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Sources 
Name Information 

Calls 

Entity: Call  
Time Offset/Interarrival Time: Weibull (1.14, 4.7) minutes 
Before Exiting: ModelEntity.ProcessTime = 0.25 + 1.75 
Beta(1.5676, 4.4054)  
Paths: To Input@Either 

CallOuts 

Entity: CallOut 
Time Offset/Interarrival Time: Exponential(8) hours 
Before Exiting: ModelEntity.TechTime = Exponential(8) 
Paths: To Input@Tech 

FChecks 

Entity: FluidCheck 
Arrrival Mode: Fluid Checks Table 
Before Exiting: ModelEntity.PharmTime = Exponential(3) 
Paths: To Input@Pharm 

Fills 

Entity: Fill 
Time Offset: 2 hours 
Interarrival Time: 24 hours 
Before Exiting: ModelEntity.TechTime = Exponential(60), 
ModelEntity.PharmTime = Exponential(30) 
Paths: To Input@Pharm 

IChecks 

Entity: IVCheck 
Arrival Mode: IV Checks Table 
Before Exiting: ModelEntity.PharmTime = Exponential(3) 
Paths: to Input@Pharm 

Inquiries 

Entity: Inquiry 
Arrival Mode: Inquiries Arrival Table 
Before Exiting: ModelEntity.processTime = Exponential(1) 
Paths: To Input@Either 

IVs 

Entity: IV 
Arrival Mode: IV Arrival Table 
Before Exiting: ModelEntity.TechTime =  Uniform(5,10) 
Paths: To Input@Tech 

MNLs 

Entity: MNL 
Time Offset: 22.5 hours 
Interarrival Time: 24 hours 
Before Exiting: ModelEntity.TechTime = Exponential(90), 
ModelEntity.PharmTime = Exponential(15) 
Paths: To Input@TechService 
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NChecks 

Entity: NarcCheck 
Arrival Mode: Narc Checks Table 
Before Exiting: ModelEntity.PharmTime = Exponential(15) 
Paths: To Input@Pharm 

Orders 

Entity: Order 
Arrival Mode: Order Arrival Table 
Before Exiting: ModelEntity.Priority = Discrete(4, 0.95, 6,1) 
Paths: To Input@OrderEntry 

PChecks 

Entity: Pyxis Check 
Arrival Mode: Pyxis Checks Table 
Before Exiting: ModelEntity.PharmTime = Uniform(5,10) 
Paths: To Input@Pharm 

Rounds 

Entity: Round 
Arrival Mode: Rounds Arrival Table 
Before Exiting: ModelEntity.TechTime = Exponential(15) 
Paths: To Input@Tech 

Updates 

Entity: Update 
Time Offset: 7 hours 
Interarrival Time: 24 hours 
Before Exiting: ModelEntity.TechTime = Exponential(20), 
ModelEntity.PharmTime = Exponential(10) 
Paths: To Input@TechService 
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Servers 
Name Information 

Dispensing 

Initial Capacity: 5 
Ranking Rule: Largest Value First (Model Entity.Priority) 
Processing Time: 1 + 4 Beta(2.2, 4.6) 
Secondary Resource: PharmList 
Paths: To Input@OrderSink 

Either 

Initial Capacity: 6 
Processing Time: Model Entity.ProcessTime 
Secondary Resources: List of Staff 
Paths: From Output@Calls, From Output@Inquiries, To 
Input@EitherSink 

Order Entry 

Initial Capacity: 5 
Ranking Rule: Largest Value First (Model Entity.Priority) 
Processing Time: 0.5 + 1.5 Beta (2.8, 4.6) 
Secondary Resource: Pharm List 
Add On Processes: OrderEntry_Processing, OrderEntry_Processed 
Paths: From Output@Orders, To Input@OrderSink 

Pharm 

Initial Capacity: 5 
Processing Time: ModelEntity.PharmTime 
Secondary Resource:PharmList 
Paths: From Output@PChecks, From Output@FChecks, From 
Output@IChecks, From Output@NChecks, To Input@PharmSink 

Pharm Service 

Initial Capacity: 5 
Processing Time: ModelEntity.PharmTime 
Secondary Resource:PharmList 
Add on Processes: PharmServer_Processed 
Before Exiting: ModelEntity.PharmTime = 0 
Paths: From Output@TechService, To Input@BothSink, To 
Input@Tech Service 

Tech 

Initial Capacity: 3 
Ranking Rule: Largest Value First (Model Entity.Priority 
Processing Time: ModelEntity.TechTime 
Secondary Resource: Tech List 
Paths: From Output@Rounds, From Output@CallOuts, 
FromOutput@IVs, To Input@TechSink 

Tech Service 

Initial Capacity: 3 
Ranking Rule: Largest Value First (Model Entity.Priority 
Processing Time: ModelEntity.TechTime 
Secondary Resource: Tech List 
Before Exiting: ModelEntity.TechTime = 0 
Paths: From Output@MNLs, From Output@Fills, From 
Output@Updates, FromOutput@PharmService, To 
Input@BothSink, To Input@PharmService 
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Lists  
StaffList  PharmList  TechList 
Tech1  Pharm1  Tech1 
Tech2  Pharm2  Tech2 
Tech3  Pharm3  Tech3 
Pharm1  Pharm4   
Pharm2  Pharm5   
Pharm3  Pharm6   
Pharm4     
Pharm5     
Pharm6     
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Rate Tables  
Order Arrivals 

Hr Rate Hr Rate Hr Rate Hr Rate Hr Rate Hr Rate Hr Rate
1 61.5 25 48.3 49 86.3 73 77.5 97 87 121 61.5 145 60.5 
2 58.75 26 28 50 51.5 74 50.8 98 53.7 122 63.8 146 38.3 
3 45 27 43.3 51 70.3 75 61.3 99 34 123 40.5 147 38.8 
4 27.25 28 29.3 52 45 76 42.8 100 39.7 124 62.3 148 33.8 
5 52.5 29 30 53 35.5 77 21.8 101 40.3 125 37.5 149 30.8 
6 29.25 30 32.8 54 32.3 78 40 102 39 126 42.5 150 38.8 
7 29.75 31 20 55 49.3 79 47.8 103 59.7 127 35.5 151 59.3 
8 60.25 32 47.3 56 74.8 80 109 104 65.7 128 45.5 152 24.5 
9 141.5 33 125 57 136 81 154 105 93 129 51.3 153 75 

10 206.25 34 136 58 130 82 193 106 105 130 73.3 154 53.5 
11 208.75 35 148 59 154 83 163 107 129 131 74.5 155 68.8 
12 178 36 118 60 157 84 119 108 141 132 58.8 156 66.5 
13 125 37 121 61 159 85 165 109 92.3 133 70.5 157 72.3 
14 157.25 38 166 62 155 86 169 110 172 134 71.5 158 64.3 
15 162 39 135 63 170 87 246 111 121 135 55.3 159 64.5 
16 138.75 40 93 64 146 88 159 112 173 136 50.3 160 73.3 
17 111.25 41 57.5 65 83 89 116 113 123 137 44.5 161 53 
18 108.75 42 76.8 66 111 90 93.5 114 95 138 68 162 65 
19 112 43 49 67 64.3 91 101 115 109 139 72.3 163 42.3 
20 62 44 39.8 68 77.8 92 71.5 116 54 140 44.3 164 73.5 
21 46.25 45 48 69 48 93 51.5 117 45 141 62 165 41.5 
22 48.75 46 62 70 76.5 94 58.5 118 64 142 44.5 166 34.3 
23 64 47 59.8 71 65.3 95 61.3 119 74 143 68.8 167 43.5 
24 48.25 48 51.8 72 57 96 64.3 120 57.3 144 34 168 64.3 
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All Other Arrivals 

Hr Inquiries Rounds IVs 
Pyxis 

Checks 
IV 

Checks 
Fluid 

Checks 
Narc 

Checks 
1 2.5 0 0 0 0 0 0 
2 2.5 0 0 0 0 0 0 
3 2.5 0 0 0 0 0 0 
4 2.5 0 0 0 0 0 0 
5 2.5 0 0 0 0 0 0 
6 2.5 0 0 0 0 0 0 
7 2.5 0 0 0 0 0 0 
8 2.5 0 0 0 0 0 0 
9 10 0 0 0 2 0.67 0.33 
10 10 0 0 1 2 0.67 0.33 
11 10 1 0 0 2 0.67 0.33 
12 10 1 0 1 2 0.67 0.33 
13 10 0 0 0 2 0.67 0.33 
14 10 1 0 1 2 0.67 0.33 
15 10 0 0 0 2 0.67 0.33 
16 10 1 2 1 2 0.67 0.33 
17 2.5 0 2 1 2 0 0 
18 2.5 0 2 0 2 0 0 
19 2.5 0 2 0 2 0 0 
20 2.5 0 2 0 2 0 0 
21 2.5 0 2 0 2 0 0 
22 2.5 1 2 0 2 0 0 
23 2.5 0 0 0 0 0 0 
24 2.5 0 0 0 0 0 0 
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Resources 
Name Information 

Pharm1 
Capacity Type: Work Schedule 
Work Schedule: Pharm1Schedule 
Ranking Rule: Largest Value First (ModelEntity.Priority) 

Pharm2 
Capacity Type: Work Schedule 
Work Schedule: Pharm2Schedule 
Ranking Rule: Largest Value First (ModelEntity.Priority) 

Pharm3 
Capacity Type: Work Schedule 
Work Schedule: Pharm3Schedule 
Ranking Rule: Largest Value First (ModelEntity.Priority) 

Pharm4 
Capacity Type: Work Schedule 
Work Schedule: Pharm4Schedule 
Ranking Rule: Largest Value First (ModelEntity.Priority) 

Pharm5 
Capacity Type: Work Schedule 
Work Schedule: Pharm5Schedule 
Ranking Rule: Largest Value First (ModelEntity.Priority) 

Pharm6 
Capacity Type: Work Schedule 
Work Schedule: Pharm6Schedule 
Ranking Rule: Largest Value First (ModelEntity.Priority) 

Tech1 
Capacity Type: Work Schedule 
Work Schedule: Tech1Schedule 
Ranking Rule: Largest Value First (ModelEntity.Priority) 

Tech2 
Capacity Type: Work Schedule 
Work Schedule: Tech2Schedule 
Ranking Rule: Largest Value First (ModelEntity.Priority) 

Tech3 
Capacity Type: Work Schedule 
Work Schedule: Tech3Schedule 
Ranking Rule: Largest Value First (ModelEntity.Priority) 

 
Sinks 

Name Information 
Both Sink Paths: From Output@TechService, From Output@PharmService 
Either Sink Paths: From Output@Either 
Order Sink Paths: From Output@OrderEntry, From Output@Dispensing 
Pharm Sink Paths: From Output@Pharm 
Tech Sink Paths: From Output@Tech 
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Schedules  
Name Information 

Tech1 Schedule 
Days: 1 
Cycle Item – Start: 07:30, End 11:30, Value = 1 
Cycle Item – Start: 12:00, End 16:00, Value = 1 

Tech2 Schedule 
Days: 1 
Cycle Item – Start: 14:30, End: 22:30, Value = 1 

Tech3 Schedule 
Days: 1 
Cycle Item – Start: 22:00, End: 08:00, Value = 1 

Pharm1 Schedule 
Days: 1 
Cycle Item – Start: 07:00, End: 11:30, Value = 1 
Cycle Item – Start: 12:00, End: 15:30, Value = 1 

Pharm2 Schedule 

Days: 7 
Cycle Item – Start: 07:30, End: 12:30, Value = 1 (Days 1 – 5) 
Cycle Item – Start: 13:00, End: 16:00, Value = 1 (Days 1 – 5) 
Cycle Item – Start: 08:30, End: 12:30, Value = 1 (Days 6 – 7) 
Cycle Item – Start: 13:00, End: 17:00, Value = 1 (Days 6 – 7) 

Pharm3 Schedule 
Days: 1 
Cycle Item – Start: 08:00, End: 12:00, Value = 1 
Cycle Item – Start: 12:30, End: 16:30, Value = 1 

Pharm4 Schedule 
Days: 7 
Cycle Item – Start: 12:00, End: 20:00, Value = 1 (Days 1 – 5) 

Pharm5 Schedule 
Days: 1 
Cycle Item – Start: 14:30, End: 22:30, Value = 1  

Pharm6 Schedule 
Days: 1 
Cycle Item – Start: 22:00, End: 08:00, Value = 1 

 
ResPharm: Sub-classed resource used to automatically provide pharmacist statistics. 

Properties 
TimeIntervalRecordOrders (Expression), DefaultValue = 1, 
UnitType = Time 

States SteNumberOrdersProcessed (Integer State) 

Elements 
TallyNumberProcessedHour (Tally Statistic) 
Timer1, Offset: TimeIntervalRecordOrders, Interval: 
TimeIntervalRecordOrders 

 
Processes  
OnOrderTally, Triggering Event: Timer1.Event 

Decide on shift, Condition: Capacity>0 
True: Tally NumberProcecessedHour, Value = steNumberOrdersProcessed 

Assign steNumberOrdersProcessed=0 
False: Assign steNumberOrdersProcessed=0 


