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Abstract 

In service industries, employee salaries and wages often constitute the largest portion of the costs to the 

company. This is very true in the case of an independent pharmacy, which employs pharmacists and 

pharmacy technicians. Thus, for pharmacies to cost effectively meet the increasing demand for 

pharmaceuticals, it is crucial that pharmacy managers efficiently allocate the pharmacy staff’s time. In the 

case of independent pharmacies, staff scheduling can be difficult due to the variation in the number of 

prescriptions that must be filled. In order to assist an independent pharmacy with its staff scheduling, this 

paper demonstrates the use of mathematical modeling to schedule staff and simulation to investigate 

alternative task assignments to increase the efficiency of pharmacy technicians.  

 

Keywords: Staff Scheduling, Mathematical Modeling, Simulation: application, Pharmacy Staff Scheduling 

 

1. Introduction 

Scheduling employees in service industries can often be more complex than in manufacturing. Unlike 

traditional manufacturing practices, shifts are not restricted to specific time periods (e.g., 9 AM to 5 PM), 

and overlapping shifts are used as a way of providing extra capacity at peak times. Furthermore, providing 

the efficient management of staff, considering time, demand, and cost, can yield an important advantage. 

Having too many employees may result in excess labor costs and having too few employees may result in 

poor customer service and risks the loss of future sales. From a competitive point of view, efficient staff 

scheduling has become extremely important when fairness and staff preferences are critical, customer needs 

are changeable, and staffing cost is the basic component of the total cost.  
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In service industries, employee salaries and wages often constitute a large portion of the costs to the 

company. Thus, as a company’s demand grows, the company must make a decision as to whether additional 

staff is needed, and if so, at what skill levels. Community pharmacies are a good example of this situation. 

Due to the increasing demand for pharmaceuticals, particularly from the growing elderly population, 

employment of pharmacists and pharmacy technicians is expected to grow at a rate of 25 to 32% through the 

year 2020 (Bureau of Labor Statistics [BLS], 2010). In 2010, approximately 62% of pharmacists and 73% of 

pharmacy technicians worked in community pharmacies that were either independently owned or part of a 

drugstore chain, grocery store, or department store (BLS, 2010). In the US, independently owned 

pharmacies are currently a $88.7 billion a year industry (National Community Pharmacist Association 

[NCPA], 2006). Independent pharmacies fill an average of 62,583 prescriptions annually (201 daily) and 

staff an average of 2.8 full-time equivalent (FTE) pharmacists (including the owner) and 3.7 FTE pharmacy 

technicians (NCPA, 2006). 

Pharmacy technicians can prepare prescribed medication for patients; however, by law a licensed 

pharmacist must check every prescription a technician prepares before it can be given to a patient. In 

addition, any questions regarding prescriptions, medication, or health matters are directed to the pharmacist 

who has approximately 6 years of university and pharmacy training.  

While there is a wide variety of service staff scheduling models in the published literature, there are very 

few studies, which focus on the modeling of pharmacy staff in community or hospital pharmacies. Five 

papers were identified. One paper discussed the scheduling of staff in a pharmacy chain in which the staff 

members could work at more than one location (Brown and Mesak, 1992). A second study considered the 

evaluation of hospital pharmacy staff and work scheduling through the use of simulation (Spry and Lawley, 

2005). A third study evaluated a simulation model for the management of operations in the pharmacy of a 

hospital (Mukherjee, 1995). A fourth study used simulation for optimum personnel assignment in a hospital 

pharmacy (Ishimoto, Ishimutsu, Koshiro, & Hirose, 1990) The last study describes a case study of an 

initiative to improve pharmacist satisfaction with work schedules (Reuppel, Scheider, & Lawton, 2003). 

Since none of these five studies considers the scheduling of staff in an independently owned pharmacy (i.e., 

an independent pharmacy), the intent of this paper is to define the basic elements needed for the independent 

pharmacy case and demonstrate the formulation of scheduling model(s) through a case study. Additionally, 

we used simulation to investigate whether assigning pharmacy technicians specific job activities during a 

shift could increase the number of prescriptions filled during a day.  

 

2. Independent Pharmacy Staff Scheduling Problem 

In general, the process of building a staff schedule is made up of three tasks: customer demand estimation, 

shift selection, and employee assignment. Estimating customer demand includes the translation of the 

anticipated demand into the number of employees needed throughout the week for each time interval. With 

respect to scheduling pharmacy staff, the major factor in forecasting customer demand is based on the 

anticipated number of prescriptions to be filled. Lin, et al. (1996) used a work sampling procedure to 

determine the types of work activities completed by pharmacists and pharmacy technicians during their 

work shifts in community pharmacies. This study found that approximately 61% of pharmacists’ and 

pharmacy technicians’ time was allocated to working with prescriptions (receiving, data entry, filling, 

checking, & dispensing). Thus, we proposed a staff-scheduling model to optimize the assignment of 

pharmacists and technicians based on the number of prescriptions to be filled. However, it is difficult to find 

published standards as how many prescriptions a pharmacist or a pharmacy technician can fill per hour or is 

permitted to fill per hour. The numbers that do exist can vary drastically from state to state in both their 

presentation and magnitude. For example, the State Board of Pharmacy of North Carolina has published a 



European International Journal of Science and Technology                   Vol. 2 No. 9              November, 2013 

 
 

103 

suggested range of 10 to 20 prescriptions per pharmacist per hour (North Carolina Board of Pharmacy 

[NCBP], 1997). Gianutsos (2013) stated that Iowa had set a guideline of not more than 14.2 prescriptions an 

hour per pharmacist while The California Pharmacists Association proposed contract requested that 

pharmacists not routinely dispense more than an average of 15 prescriptions per hour. In Table 1, basic 

statistics for the hourly number of prescriptions filled on Mondays in a southern Indiana independent 

pharmacy are presented for the year 2006. If we assume that a pharmacist can fill on average 15 

prescriptions in an hour, then additional pharmacists or pharmacy technicians must fill the remaining 

prescriptions in an hour. Therefore, depending on the scheduling practices of a particular pharmacy, staffing 

requirements can be built off of the mean, median, 3rd Quartile or another statistic of the number of 

anticipated prescriptions to be filled.  

 

Table 1. Number of Prescriptions Filled per Hour on Mondays in 2006 for a Single Independent Pharmacy 

Pharmacy Open Hours 
Number of Prescriptions 

Mean Standard Deviation Third Quartile 

08:00-09:00 AM 20.6 11.0 27.8 

09:00-10:00 AM 26.0 13.2 35.0 

10:00-11:00 AM 23.9 11.7 32.8 

11:00-12:00 PM 21.9 10.5 29.0 

12:00-1:00 PM 21.3 11.2 30.8 

1:00-2:00 PM 20.8 10.3 28.0 

2:00-3:00 PM 22.8 9.5 29.0 

3:00-4:00 PM 21.2 11.5 29.0 

4:00-5:00 PM 20.1 10.7 28.8 

5:00-6:00 PM 14.6 10.1 22.8 

6:00-7:00 PM 8.2 6.8 13.0 

7:00-8:00 PM 3.8 5.1 6.8 

 

Pharmacists at independent pharmacies often have shifts that seldom change from week to week, since very 

few pharmacists are employed at an independent pharmacy due to their associated high salaries. Therefore, 

the following discussion only considers the scheduling of pharmacy technicians within the pharmacy area 

and it is assumed that the demand covered by the pharmacist(s) is removed from consideration prior to the 

staffing of technicians. Pharmacy technicians are assigned to daily shifts where each shift is characterized by 

a start time and a finish time, and since split shifts are not allowed, an employee can only work one 

contiguous shift in a day. 

The overriding goal of the independent pharmacy staff scheduling problem (IPSSP) is to complete all 

jobs (fill prescriptions, answer medication questions, restock inventory, etc.) at minimum cost without 

compromising safety or service. In addition, from the pharmacists’ and technicians’ points of view, the 

resulting schedules must also provide a suitable team of staff which observes work regulations and ensures 

that preferred and undesirable shifts are distributed fairly. 

 

3. Case Study 

In this case study, the tasks of shift selection and employee assignment to shifts are not combined, but rather 

solved as a sequence of two optimization models. Thompson (1996) has criticized such a two model 

approach in staff scheduling. His criticism was based on the fact that by separating the task of shift selection 

from employee assignment, the availability of employees is not considered in the shift selection and may 
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lead to a case where employees are not available to cover the shifts selected. However, because the staff size 

is typically small for an independent pharmacy and the open hours are limited (12 – 14 hours), most, if not 

all, full-time employees are available for all shifts. 

The information for this case study was collected from an independent pharmacy in southern Indiana. 

This pharmacy has a staff consisting of 2.2 FTE pharmacists and 4.5 FTE pharmacy technicians. At this 

pharmacy, there was never more than one pharmacist assigned to work a shift and no more than three 

pharmacy technicians working at any one time. (Regulations require one pharmacist for every three 

pharmacy technicians present within the pharmacy area). The number of prescriptions filled per hour was 

available for each day in 2006. An example of the number of prescriptions that are needed to be filled on a 

Monday was given in Table 1 by hour of the day, in the Independent Pharmacy Staff Scheduling Problem 

section. Similar information was acquired for each day of the week. This information was used to determine 

the number of pharmacy technicians needed for each open hour of the pharmacy. (The number of employees 

needed was based on a pharmacist filling 15 prescriptions per hour and a pharmacy technician filling 10 

prescriptions per hour.)  We assumed that the available shift durations on a day ranged from 7 to 9 hours and 

began and ended on the hour. The following model (Model 1) was solved for each day of the week to 

determine the set of pharmacy technician shifts needed to cover the anticipated demand for a typical week. 

 

3.1. Mathematical Models 

The proposed models for the IPSSP seek to optimize the following three primary objectives: (i) to minimize 

the number of shifts assigned each day, (ii) to minimize the number of surplus workers assigned each week 

(i.e., minimize over coverage of shift periods), and (iii) to maximize employee work time preferences. The 

proposed models do not consider the minimization of wages since this assignment favors the less 

experienced pharmacy technician who typically is paid a lower wage; however, by minimizing the number 

of surplus pharmacy technicians we are essentially minimizing the number of employee-hours paid. 

 

Model 1: 

Parameters: 
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In this formulation, the objective function (1) minimizes the number of pharmacy technician shifts needed to 

adequately cover the forecasted demand and the penalty cost associated with over coverage of a shift period 

(i.e., over coverage is acceptable but penalized). Constraint (2) insures that the number of technicians 

present is at a level, which meets or exceeds the required demand. Constraint (3) insures that the number of 

technicians present in a period never exceeds 3. Constraint (4) ensures that no shift is partially assigned and 

Constraint (5) ensures that any excess technician work periods are nonnegative and integer. The shifts 

generated from Model 1 were then translated into the weekly shift requirements that must be covered by the 

pharmacy technicians in Model 2.  

 

Model 2: 

Parameters: 
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Rjd = the number of pharmacy technicians needed to work shift j on day d 

gjd = number of periods (hours) in shift j on day d 

sd = total number of shifts types to cover on day d 

t = total number of pharmacy technicians available for assignment to shifts 

maxi = the maximum number of hours that pharmacy technician i will work at regular wage during a 

week 

mini = the minimum number of hours that pharmacy technician i is guaranteed to be paid during a 

week 

E = penalty per period (hour) of excess work periods assigned to pharmacy technicians 
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In Model 2, the objective function (6) maximizes the pharmacy technicians’ preferences for weekly shift 

assignments and minimizes (through soft constraints) the weighted number of excess hours assigned to a 

pharmacy technician. Constraint (7) guarantees that all required shifts are assigned to a pharmacy technician. 
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Constraints (8) and (9) place restrictions on the maximum and minimum number of time periods (hours) a 

pharmacy technician i can work in a week. Assignment of more periods than the maximum allowed for a 

pharmacy technician will cause a penalty to be added to the objective function. Finally, Constraints (10) - 

(11) identify the type and bounds associated with each variable in the model. 

As an illustration of the benefit of modeling the staffing of the technicians at this pharmacy, an average 

of 3 hours of pharmacy technician time was saved on each day, Monday through Friday. This corresponded 

to a savings of approximately $8800 annually in technician wages. An additional benefit to this time savings 

was that many of the pharmacy technicians were crossed trained to work at other locations outside of the 

pharmacy area (such as a store clerk/cashier). Therefore, the saved hours could be more efficiently applied 

to other areas of the store, and if needed, the technician could be called to the pharmacy to help fill 

prescriptions, similar to the use of a floating nurse in a hospital. 

 

3.2. Simulation 

The mathematical models were developed based on the simplifying assumptions of known customer demand 

and known prescription fill rates. In reality, the routings associated with filling prescriptions at this 

independent pharmacy are quite complex, since there is more than one type of prescription customer and 

customers have varying priorities. For example, prescriptions can arrive via phone, fax, walk-in drop off, 

and drive through drop-off; and customers may choose to wait for their prescriptions to be filled or return at 

a later time. Due to the alternative prescription routings it is difficult to model these processes empirically. 

Therefore, simulation was used to investigate alternative pharmacy technician task assignments in an effort 

to increase prescription throughput during a day. Using this simulation model it was also possible to 

estimate the mean waiting time of prescription customers, as well as other performance measures. Figure 1 

gives the flow of prescription filling operations in this independent pharmacy. Additionally, Figure 2 depicts 

the prescription area layout. 

 

 
Figure 1. Flowchart of the prescription filling process 
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Figure 2. Prescription area layout 

 

The number of new and refill prescriptions were collected from historical data to develop appropriate 

distributions for the simulation model. The remainder of the data was collected from the head pharmacist 

based on his knowledge about the operations of the pharmacy. In an effort to increase efficiency, four 

scenarios were considered. These scenarios were developed in an effort to reduce the number of technicians 

needed during a shift period. The scenarios included: 

 Scenario 1: One technician dedicated to data entry and two technicians dedicated to filling 

prescription and waiting on customers.  

 Scenario 2: Two technicians allowed completing data entry, filling prescriptions, and waiting on 

customers. 

 Scenario 3: Two technicians dedicated to data entry and one technician dedicated to filling 

prescriptions 

 Scenario 4: One of three technicians was dedicated to data entry during peak customer demand only.  

(Peak demand changed depending on the day of the week.) 

For each scenario fifty replications of a one year simulation were completed. Table 2 reports the mean and 

standard deviation for the number of prescriptions filled by the technicians in a day for each scenario.  

ANOVA results identify a significant difference among the Scenarios at a 5% significance level. Post hoc 

analysis found that Scenario 4 yielded a statistically higher mean prescription filling average than the other 

three scenarios.  Therefore, for the case of when three technicians are working, only during peak customer 

demand periods should a technician be dedicated to data entry. 

 

Table 2. The mean and standard deviation for the number of prescriptions filled in a day for four scenarios  

(Based on 50 replications of a 1-year period) 

 

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Mean 195.1 190.5 186.1 210.4 

Standard Deviation 4.2 3.7 4.1 4.7 
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4. Conclusion 

In this paper a set of basic mathematical models and a simulation model are presented that can be used to 

schedule pharmacy technicians in an independent pharmacy and test prescription filling procedures. Both 

types of models can be further adapted to meet the needs of a specific pharmacy. For example, the 

mathematical models can be adapted to include soft constraints which: (i) utilize available contract 

pharmacy technicians, (ii) assign pharmacy teams to the same shift (when possible), and (iii) balance 

undesirable shifts. The importance of keeping the mathematical models simple is that it aids in the 

acceptance of the methodology by a pharmacy manager who is typically not schooled in mathematical 

modeling. In addition, due to the small staff and the restricted hours that a pharmacy is open, the size of the 

proposed models allows them to be solved by spreadsheet solvers. This may further aid in the acceptance of 

this methodology by the pharmacy managers since spreadsheets are a common tool used for other processes 

within the pharmacy. Simulation can be further utilized to look at various objective measures, such as 

customer waiting time for proposed staff schedules generated from the proposed mathematical models.  
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