
ABSTRACT

BREMSER, GREGORY. Analyzing Scheduling Policies and Performance Impacts of a Small
Veterinary Practice with Discrete Event Simulation. (Under the direction of Brandon M. McConnell).

Pet ownership has increased in American households year over year since 2016, leading

to an increased demand for veterinarian services. Concurrently, the rate of new veterinarians

joining the workforce has remained stagnant. With the increased demands, veterinary clinics

require great efficiency in planning clinic operations to provide high-quality care, increase

profits, and decrease staffing-related stress. Simulation can be used to cheaply and safely

experiment with staffing levels and appointment schedules in a virtual environment to assess

the impact of potential changes. This research uses data from a veterinary clinic in Ankeny,

Iowa, to build a discrete event simulation using data collected both in-person and from the

clinic’s enterprise software. The model evaluates various appointment schedules at the current

and alternative staffing policies. Experimentation provides insight into how the clinic would

perform with changes in staffing and scheduled appointments. The results show that with

proper adjustments, the clinic can maintain high levels of patient care, and there are alternative

scheduling strategies that increase employees’ flexible work schedule opportunities to improve

employee satisfaction.
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CHAPTER

1

INTRODUCTION

1.1 Research Background and Motivation

During the COVID-19 pandemic, pet ownership surged, with approximately 23 million people

adopting pets (ASPCA 2021). This increase contributes to a growing demand for veterinary

care. An American Veterinarian Medical Association (AVMA) study reported that 67 million

American households have dogs and 37 million have cats (AVMA 2022). However, the number

of qualified doctors and staff at veterinarian clinics is not expanding at a rate that can keep

pace with these demand trends (Lloyd 2023). This mismatch has exacerbated the stress levels

among veterinary professionals and has led many to retire early or leave the profession entirely

due to the high strain on mental health (Garcia 2023). Alternatively, increased demand also

comes with the opportunity for higher revenues. In the last four decades, pet owners have been

spending more on pets and visiting veterinarians more often to ensure the health and longevity

of their pets (Garcia 2023). By strategically planning operations to prioritize staff health and

well-being, veterinary clinics have the potential to enhance both profitability and efficiency.

Given these increases in demand, it becomes imperative for veterinary clinics to likely

restructure their staffing and appointment policies. One approach that can facilitate this

analysis is Discrete Event Simulation (DES). DES is a method that can be used to analyze the

clinic’s operations to identify changes that can be made quickly and inexpensively without
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alternating the existing structure (Jacobson et al. 2013). By simulating various scenarios, DES

can help find effective strategies to help schedule efficiently, which will help reduce the turnover

of veterinary staff and provide better care for the patients.

Figure 1.1: Ankeny Animal Health Clinic (Google 2013)

1.2 Clinic Overview

Ankeny Animal Health Clinic (AAHC), depicted in Figure 1.1, is a small veterinary clinic that

serves as a view into how clinics across America are navigating the challenges described above.

Located in Ankeny, Iowa, a growing town of 72,000 people (Census 2022), just north of Des

Moines, the clinic specializes in treating dogs and cats. They provide care from routine wellness

check-ups to specialized surgeries. This clinic provides a valuable look at how a veterinary

business operates and evolves in the new post-pandemic environment.

Ankeny Animal Hospital clinic operates from 7:30 am to 5:30 pm and generally only takes

appointments as its business model, but it can handle same-day call-in appointments in

limited capacity. The patient will be referred elsewhere if the clinic cannot help with a same-

day call-in. Typically, they plan for 8–16 appointments in the morning and 10–17 afternoon

appointments, though this varies based on the daily staffing. The clinic has also blended drop-

off appointments with the standard appointment model. These appointments led to more

flexibility and options for their clientele.
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The physical interior of the clinic has a small reception area where only one animal can

wait for an appointment. In the event additional patients arrive early and have to wait, owners

are directed to wait in their vehicles to prevent any possible altercations and allow mobility

space in the reception area.

Once a patient is checked in and an examination room is available, they are guided by a

technician through the initial appointment procedures and then brought back to where the

appointment will take place. There are four examination rooms. Two examination rooms are

primarily used for small dogs and cats, one room is used for large dogs, and the last room

can accommodate any animal but doesn’t have the same specialized tools as the other rooms.

The clinic has a surgery room and a dental surgery room for patients requiring either type

of surgery. These kinds of surgeries need different large pieces of equipment, so they call for

separate rooms to ensure all the required tools can be properly stored and used when needed.

The clinic also has a lab to perform in-house tests and a holding area for patient recovery

following surgery. A room is also designated for x-ray requirements. X-rays are generally done

during normal appointments or prior to surgeries when needed. Since this time is already

accounted for in appointment times, this is not considered a separate appointment. Lastly, the

veterinarians have an office to do paperwork and prepare for appointments.

Figure 1.2: Ankeny Animal Health Clinic Reception Area

1.2.1 Appointments

There are many variations of scheduling that a clinic can incorporate. Some clinics may run an

all-walk-in appointment clinic. These kinds of clinics need large waiting areas and will have
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Figure 1.3: Lab Area to conduct tests in-house. Certain tests that the clinic can’t handle need
to be outsourced.

highly unpredictable fluctuations from high demand to low demand (Vandenberg 2024). Other

clinics will be all scheduled appointments, and others will use a combination of both. The policy

at Ankeny Animal Health Clinic is largely appointment-driven, but when able, the clinic will

accept emergency same-day appointments. If they cannot handle the emergency appointment

due to insufficient capacity or they do not have the proper emergency equipment to sufficiently

treat the injured animal, they will refer the patient to a clinic specifically for animal emergencies

(Vandenberg 2024). The research will primarily focus on the clinic’s standard policy of scheduled

appointments and variations of those schedules based on various demands throughout the

day.

The clinic separates appointments into four different categories: Wellness, Medical, Techni-

cal, and Surgical appointments. Table 1.1 shows the standard time lengths in minutes that the

clinic uses to plan schedules for a day for each of these appointment types. Wellness appoint-

ments usually take 15 minutes and are completed as a checkup for the patient. Typically, this

applies to new patients or a yearly checkup for patients with no significant health concerns.

The medical appointment is for specific health issues and concerns and is planned for 30
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Figure 1.4: Holding Area for Patient Rehab after surgery.

minutes. The third type of appointment is the technical appointment; technicians can per-

form the procedure in these appointments without the veterinarian’s direct supervision. Some

example procedures are nail trims, administering shots, and collecting specific samples for

testing in the lab. Lastly, the surgery appointments are the most complicated. The procedures

can vary due to the many different types of surgeries and the length of time the patient will

remain in the clinic. Further, only a few veterinarians can perform these appointments due

to the specialization, training, and certification required to perform the surgeries. Although

surgeries require the most scrutiny, training, and care to be performed, they are generally the

highest revenue-producing procedures the clinic completes. The main types of surgeries and

the percentage of the time they are performed can be seen in Table 1.2.

Table 1.1: Typical Appointment Totals

Appointment Type Planned Length in minutes
Wellness 15
Medical 30
Surgery See Table 1.2
Technical 3 – 15

Based on 307 appointment data points collected from the clinic, there are typically eleven

wellness appointments, ten medical appointments, three to four surgeries, and six technical

appointments daily. All surgery appointments are dropped off at the same time in the morning

at 0830 and later picked up in the afternoon.
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Table 1.2: Surgery Types and Length in Minutes

Surgery Type Length of Time
in Minutes

Percent of Occurrence

Spays 45 – 60 25
Neuters 30 – 40 19
Dental, Easy 30 – 45 7.3
Dental, Routine 60 – 90 14.6
Dental, Hard 90 – 120 7.3
Mass Removal, Easy 30 – 45 3.5
Mass Removal, Routine 60 7.1
Mass Removal, Hard 120 – 150 3.5
Other Various 12.2

1.2.2 Staffing

The clinic is typically staffed with two veterinarians and six technicians. There are two tech-

nicians to help every veterinarian with medical, wellness, and surgery appointments. Two

technicians are also needed to complete technical appointments, typically one to calm and

hold the patient while the other administers and completes the procedure. Other tasks that the

technicians complete for the clinic are helping run tests, preparing patients for surgery, con-

ducting initial tests and interviews with owners prior to wellness and medical appointments,

and conducting general upkeep of the clinic. Only one veterinarian can do surgeries, while

the other conducts wellness and medical appointments. Once the doctor completes all the

surgeries scheduled in the morning, that doctor can transition to doing wellness and medical

appointments in the afternoon.

The owner of AAHC detailed how the staff is utilized during a typical day. He described

that during a typical hour, a staff member will dedicate about 30–40 minutes of an hour to

appointments. The staffer then completes 10–15 minutes of ancillary tasks in the clinic. For

technicians, this may mean cleaning an area or running certain labs. For doctors, this generally

means preparing for their next patient by reading previous charts or writing notes on a patient

just seen. Finally, he says there usually is 5–10 minutes of idle time (Vandenberg 2024). Table 1.3

describes this breakdown in percentages that can be extrapolated across a whole day.

Also present with staffing is deciding on the optimal staffing configuration. A clinic must

assess whether or not it is overstaffed or understaffed and then identify the appropriate level of

staff for the clinic and its demands. There are possible negatives on both sides of staffing (Van-

denberg 2024). If there is overstaffing, employees may feel undervalued. This can cause em-

ployees to not perform as well at work, and they may seek ways to avoid the work they need to
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Table 1.3: Observed Utilization of Staff through a day (Vandenberg 2024).

Appointments 50 – 66%
Other Tasks 16.7 –25%
Idle Time 8.3 –16.7%

do because it doesn’t feel important, which can lead to a reduction in productivity overall. On

the other hand, if the clinic is understaffed, employees may feel burnt out and may feel that

they never have enough time to finish all their tasks (Vandenberg 2024). Both of these staffing

situations can lead to increased turnover and a turbulent clinic operation.

1.3 Research Questions

Veterinary clinics tend to be seen as recession-resistant during economic downturns because

people will still spend money caring for a pet, and new owners will get a pet to provide com-

panionship (Gilmartin and Zirkle 2023). Although resistant to economic hardships and in

high demand for services and work, the veterinary medicine profession faces many challenges.

These challenges are related to work-life balance, job stress, and a concerning trend where the

number of retiring veterinarians outpaces new graduates entering the workforce (Salois 2024).

To try and alleviate the demand with limited resources issues, we will attempt to address

the following questions with a simulation model based on the data provided by the Ankeny

Animal Health Clinic:

1. How does the current staffing policy react to various appointment demands? Does the

current staffing model efficiently and aptly handle differing numbers of appointments

day-to-day?

2. How do the appointment demand changes affect staff utilization, and how is utilization

affected across different staffing changes? Does the possible lack of technicians affect

the doctors’ ability to complete appointments?

3. What can future appointment and staffing policies look like to continue operating and

growing the clinic effectively?
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1.4 Literature Review

1.4.1 Veterinarian Profession

During the COVID-19 pandemic, significant and unexpected changes in consumer spending

occurred. This includes money spent on pets and at veterinarian clinics (Salois 2024). This

increased revenues for most clinics but added stress to animal care and staff health due to

increased demand. In turn, the increased demand and stress have led to a significant turnover in

many practices. Forty percent of veterinarians surveyed told the AVMA that they are considering

leaving the profession with the cited reason of mental health and work-life balance. Turnover

also incurs many hidden costs, including recruitment and training, loss of institutional memory,

and damage to the practice brand from well-liked doctors and staff leaving (Salois 2024).

These factors are exacerbated by the size of the incoming generation of veterinarians,

which cannot replace the retiring generation; turnover will continue to increase in veterinarian

practices unless productivity increases. Clinics can mitigate this challenge by optimizing staff

responsibilities and schedules (Salois 2024).

1.4.2 Employee Stress and Turnover in the Service and Health Industries

Occupational stress can come from work overload and role ambiguity (Gautam and Gautam

2024). This hints that both overstaffing and understaffing can be negative on an organization.

Occupational stress can not only cause general negative workplace experiences for workers

and clients alike, but it can also increase turnover intention in organizations (Gautam and

Gautam 2024). An increase in turnover has many negative effects on organizations due to a

loss of intangible knowledge and expertise, operational knowledge, customer satisfaction, and

service quality (Jian et al. 2022). Turnover can also have a quantitative cost associated with it.

For example, in the healthcare industry, hospitals, on average, lose four million dollars each

year due to turnover (Jian et al. 2022). Reducing turnovers can help an organization’s economics

and operational efficiencies.

1.4.3 Discrete Event Simulation (DES)

Discrete event simulation is a simulation method well-suited to planning healthcare services

and evaluating the performance impacts of potential changes (Gjerloev et al. 2024). A few

examples are scheduling staff and measuring equipment capacity (Katsaliaki and Mustafee

2011). A DES is carried out by increasing simulated time and updating the system state when

necessary at discrete intervals (Banks and Carson 1986). A key benefit is the ability to use
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probability distributions to account for the variations in the processing time that an entity can

experience at stations in the clinic (Seminelli et al. 2016). DES is an inexpensive way to test

multiple possible changes quickly and with accurate results without disrupting the real system

with time, tests, and unnecessary changes (Banks and Carson 1986).

1.4.4 DES in Veterinarian Practices

There is limited literature on simulation in veterinary practices. Steward and Standridge (1996)

demonstrate that veterinary clinic simulation can help make decisions, specifically, resource uti-

lization, personnel, demand, and scheduling. Steward and Standridge (1996) examine schedul-

ing issues and report that most clinics need to do their surgeries in the morning because the

clinics do not have the capability to keep patients overnight for longer recovery times. Since

a running veterinarian clinic cannot easily switch policies without possible unforeseen con-

sequences, a simulation can quickly evaluate alternative policies without risking the current

operation of the clinic. This demonstrates why simulation can be a powerful tool for assessing

a clinic.

1.4.5 DES in Healthcare

The narrow range of literature on simulation in veterinarian clinics does not thoroughly explore

scheduling and utilization of resources. Conversely, standard healthcare systems have been

studied extensively and have a large amount of published literature that can be considered in

regard to simulation (Gjerloev et al. 2024; Vázquez-Serrano et al. 2021; Ala et al. 2023; Seminelli

et al. 2016; Slocum et al. 2021; Richardson and Cohn 2018). Comparatively, there are many

operational similarities between veterinary clinics and human healthcare facilities. In general,

both have patients who need to schedule appointments ahead of time, ensuring organized and

timely care. Upon arrival, the patient enters the clinic and must check in with the receptionist

to ensure patient tracking and smooth patient flow. Then, a healthcare professional—a nurse or

a veterinary technician—will escort them to an examination room. Subsequently, a doctor will

then conduct the exam depending on the appointment, and, following the exam, the patient

will go and check out at the receptionist’s desk to finalize their transaction at the facility. Both

clinics need to decide how to staff and manage appointment loads according to the staffing

while still providing the best and most compassionate care possible to the patients (Ala et al.

2023). Inference from standard healthcare DESs can help identify key themes and ideas to

incorporate in modeling a small animal health clinic.

Many studies have used DES to evaluate medical clinics with the intent of helping make

staffing decisions, reduce staff overtime, or improve patient experiences (McKinley et al. 2020;
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Seminelli et al. 2016; Slocum et al. 2021; Vázquez-Serrano et al. 2021; Jacobson et al. 2013;

Hamrock et al. 2013). McKinley et al. (2020) describes the steps to create an effective simulation,

while Seminelli et al. (2016) and Slocum et al. (2021) describe different patient scheduling

methods that can be implemented in a DES. The interested reader should consult Vázquez-

Serrano et al. (2021) for a recent review on the simulation in healthcare literature.

1.4.6 Policies on Scheduling Patients and Staffing

Unsurprisingly, studies often focus on critical elements that clinics can influence and control:

staffing policies and demand scheduling strategies (Slocum et al. 2021; DeRienzo et al. 2017;

Mondal and Norman 2023).

Slocum et al. (2021) simulates various block scheduling policies at a chemotherapy clinic

to find easy-to-implement scheduling policies. The results from the simulation found that

there was a 24% reduction in patient wait time and a 66% reduction in nurse overtime. Slocum

et al. (2021) achieved this by focusing on a classification system for patients requiring different

chemotherapy treatments. Depending on the classification of the patient will determine the

amount of time and resources required to allocate and provide for that specific patient. The

chemotherapy clinic can then build a schedule based on the classification and maximize the

utilization of infusion chairs (Slocum et al. 2021). It is worth considering the possibility of

organizing the veterinary clinic’s schedule into a similar block pattern based on its four distinct

categories.

Using DES to try to optimize staff levels has proven effective in various healthcare appli-

cations. For instance, DeRienzo et al. (2017) apply DES to try and improve the staffing of a

neonatal intensive care unit (NICU). They find potential improvements to staffing that can

positively impact unit performance. Also, Mondal and Norman (2023) employ DES to reduce

patient monitoring (PM) time for psychiatric units, reducing staff hours, which, consequently,

lowers the risk of burnout while achieving cost savings for the hospital. These examples show

that DES is an effective tool in healthcare. They provide a glimpse at how adjustments in staffing

can improve patient outcomes and reduce staff stress, enhancing the hospital unit’s capabilities

and financial stability.

Similarly, exploring different staff levels to find veterinarian clinic improvements merits

investigation. This may be key to ensuring the future growth of the Ankeny clinic, and if designed

at a larger scale, can be implemented throughout the veterinary profession to ensure continued

positive growth in the field.
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1.5 Organization of the Document

The rest of the document is organized as follows Chapter 2 presents the simulation model and

initial experimentation, Chapter 3 explores alternative appointment schedules, and Chapter 4

provides concluding thoughts and ideas for future consideration.
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CHAPTER

2

METHODS

2.1 Data

The data was collected in person at the Ankeny Animal Health Clinic. The clinic uses software

to automatically collect all patients’ transaction data when they check in and out at the recep-

tionist desk. The raw data collected was the check-in time to the receptionist, the appointment

time, the check-out time based on when the payment happened, animal species, and what

type of appointment the visit was. Lastly, data was taken if the patient was late, early, or on

time. The collected data included a total of 307 separate appointments. Table 2.1 provides a

sample of the collected data.

Table 2.1: Sample of data collected. The positive numbers indicate how early a patient was for
their appointment.

Appointment Date and Time Check In Check Out Appointment Type Species Early/ Late (Min)
3 APR 23, 0800 0759 0820 Wellness Canine 1
3 APR 23, 0815 0808 0827 Medical Canine 7
3 APR 23, 0900 No Show – Medical Canine –
3 APR 23, 0930 0920 0934 Medical Feline 10
3 APR 23, 1000 0941 0953 Wellness Canine 19
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Collecting accurate information for surgery appointments was more challenging. The

method mentioned above did not accurately provide the surgery duration. The recording

system records the time a patient was in the clinic. This time in the clinic would include surgery

preparation, the surgery, and in-clinic recovery time. All surgeries arrive at 8:30 am and are

then conducted sequentially. The patients are then placed in a holding area to observe their

immediate recovery. The owners will then come and pick the patients up later that afternoon.

The appointment system records when the patient arrived and checked out but does not give

the exact length of time that the patient was in surgery. The design of the simulation only

requires to have the length of the surgeries. If surgery patient sojourn time is reduced enough

through policy changes, it may be possible to add an additional surgery, which is the highest

revenue-generating procedure.

For this reason, and following the literature from Kuhl et al. (2010), Slocum et al. (2021),

and Seminelli et al. (2016), the veterinarian surgeon was asked how much time is required for

the most common surgeries. Since different surgery types varied widely, it was determined to

separate the distributions by surgery type instead of attempting to aggregate all the surgeries

into one “surgery" category. Refer to Table 1.2 to see all the surgery types considered. The

surgeon was asked for the most likely, fastest, and slowest amount of time each specific surgery

required to support the construction of a generalized Beta distribution. To view the times that

the surgeon provided, Table 1.2 summarizes the data (Vandenberg 2024).

2.1.1 Cleaning Data

There were some inconsistencies in the data that had to be investigated, primarily for the

medical, wellness, and technical appointments. Some appointments are registered as zero

minutes in length. This is because the owner would pay for the service as soon as the patient

checked in; thus, there were zero minutes in the system, according to how the clinic’s proprietary

software records the time a patient stays in the system. The data indicates that this generally

only happens for quick technical appointments but is observed in rare cases for medical and

wellness appointments. Speaking with the clinic owner, he agreed that this happens more often

for technical appointments when the pet owner does not need to move with the patient to the

technical appointment area, where the short procedure takes place. Examples of a procedure

are when it is just a vaccine or nail clippings. The clinic owner specified that, at a minimum,

an appointment would take at least three minutes, and those under three minutes should be

deemed as inaccurate or as errors (Vandenberg 2024). All appointments under three minutes

were removed from the data since any appointment under three minutes was deemed an error

and did not accurately reflect the actual appointment data.
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Table 2.2: Distributions Used for Appointments

Appointment Type Distribution Type
Wellness 3 + Gamma(2.43, 6.73)
Medical 3 + Gamma(3.36, 6.37)
Technical 3 + Exponential(7.60)
How Early or Late Logistic(8.43,5.67)

2.2 Input Modeling

The reason to conduct input modeling is to manage the uncertainty in the data collected

and to be able to approximate and represent the services and systems modeled with a rea-

sonable amount of accuracy. To do this, probability distributions are fitted to the data. With

this understanding, the data from the clinic was analyzed to find appropriate distributions for

the appointments’ lengths in minutes. The distributions were selected based on the Pearson

Chi-Square goodness of fit test. The proprietary software @Risk was used to compare and find

distributions from the data collected. See the data Table 2.2 for the selected distributions. A

distribution also had to be found to fit the arrival times of the patients on how early or late they

were to an appointment. See Appendix C for specifics on how the distributions were found.

2.2.1 Surgery Duration

As described in Section 2.1, the surgery appointment distributions had to be found in a different

manner. Following Kuhl et al. (2010), a generalized Beta distribution best models the surgery

distributions by taking the form

a + (b −a )Beta(α1,α2), (2.1)

with the lower bound a , upper bound b , and two shape parameters, α1 and α2.

To create the Beta distribution, the minimum (lower bound), most likely (mode), and

maximum (upper bound) amount of time to do surgery was needed in order to find the shape

parameters as described in Kuhl et al. (2010).

Equation 2.1 is the generalized Beta form. To find the shape parameters, we calculate the

asymmetry ratio, r , using

r =
(b −m )
(m −a )

, (2.2)

where m is the most likely surgery duration obtained from the veterinarian surgeon, along

with the minimum and maximum durations, a and b , respectively. The shape parameters are
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Table 2.3: Surgery Distribution Times

Surgery Types Distributions Calculated Mean (Min)
Spays 45 + 15 Beta(1.05, 4.05) 48
Neuters 30 +10 Beta(1.09, 4.08) 32
Dental (Easy) 30 + 15 Beta(1.08, 4.07) 33
Dental (Routine) 60 + 30 Beta(1.03, 4.03) 66
Dental (Hard) 120 + 30 Beta(1.02, 4.02) 126
Mass Removal (Easy) 30 + 15 Beta(1.07, 4.07) 33
Mass Removal (Routine) 60 + 30 Beta(1.03, 4.03) 66
Mass Removal (Hard) 120 + 30 Beta(1.02, 4.02) 126

then

α1 =
(4+3r +4r 2)
(1+ r 2)

, (2.3)

and

α2 =
(1+3r +4r 2)
(1+ r 2)

. (2.4)

The results found are added to the generalized Beta form and attributed to the surgery appoint-

ments in the model. Table 2.3 summarizes the resulting distributions for surgery times found

using Equations (2.1–2.4).

Lastly, weighted paths are built in the simulation to decide which surgery appointment is to

happen during the day. Based on the percentages given in Table 1.2, the weights are attributed

to those surgeries. For example, a surgery patient will arrive through the source block and then

be given a 25% chance of being a spay surgery.

2.2.2 Non-Surgery Appointments

Three minutes were subtracted from all non-surgery data points based on the veterinarian

saying all appointments were three minutes or longer in length. After subtraction, the data is

better able to conveniently fit a distribution with a lower bound of zero. The residual appoint-

ment durations then had a distribution fitted according to the data. When the distribution was

attributed to the servers in the simulation, three minutes were added back onto the distribu-

tions to account for the three minutes subtracted earlier. See Table 2.2 for all the distributions

found for all appointments except surgeries.
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Table 2.4: Appointment Totals

Appointment Type
Number of Appointments by Model
Easy Base Hard

Wellness 8 11 13
Medical 8 10 11
Surgery 3 4 4

Technical 2 6 8

2.2.3 No shows and Variations in Arrival Time Distribution

The model attempts to mirror the clinic as closely as possible by also incorporating the data for

appointment no-shows and the variability in patient arrival times. From analysis of the data,

15 of the 307 (approximately 5%) appointments were no-shows. On analysis of the arrival time,

it was found that the average deviation from zero was approximately nine minutes early, with

only about 11% of patients being late.

Patients tend to arrive early to appointments, which can help the clinic with general flow and

efficiency. However, in the case of a significantly delayed appointment, the clinic will reschedule

the appointment. This ensures that late appointments do not interfere with other patients’

wait times and experience at the clinic. The no-show percentage and the distribution from

the arrival time were added as attributes to the patient entities in the simulation model (see

Table 2.2). With this information implemented, we can ensure that the simulation accurately

reflects the operational challenges faced by the clinic on a daily basis.

2.3 Identifying Appointment Schedules

The number of appointments per day was first analyzed to create the initial appointment

model. The initial effort was to find the average number of daily appointments. With the average

daily appointments, a “Base" schedule was built based on the clinic’s current appointment

policy (see Appendix B, Table B.1 for the base schedule created).

To test different appointment schedules, we first had to identify what kind of schedules to

test and how many of the various appointments to add to the schedules. We decided to test how

the staff can handle an "Easy" and a "Hard" schedule, along with an average "Base" schedule,

as seen in Table B.1. To create an easy and hard schedule, we used the raw appointment data

discussed in Section 2.1 to create box and whisker plots (as in Figure 2.1).

Two schedules were created from the plot. A hard schedule was the number of appointments

found in the third quartile of the data, and an easy schedule was the number of appointments
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Figure 2.1: (color online) Box and Whisker Plot Showing Number of Appointments by Type

found in the first quartile of the data. This resulted in an easy 21 appointment day and a hard

36 appointment day. In the collected data, we observed both a 35-appointment day and a 19-

appointment day as the two extremes. Given the resemblance of the actual schedules observed

with the data-driven generated schedules, it was determined that the method was effective in

creating easy and hard schedules. Table 2.4 summarizes the appointment totals for an easy,

base, and hard day. The interested reader can find the easy and hard appointment schedules

in Tables B.2–B.3 in Appendix B. For surgery appointments, only three kinds of appointment

totals were observed across all the days of gathered data. There were zero, three, and four

surgery appointment days. This rendered the box and whisker plot only to have those three

points. A zero appointment day only occurs when the surgeon has taken a day off. Since we

only consider days with a surgeon working, the zero appointment day can be ignored. Thus, it

was decided that an easy day would have three appointments, and a base and hard day would

have four appointments. This makes sense since surgeries are typically the highest revenue

appointments (Vandenberg 2024). This gives the clinic incentives to keep a high number of

these appointments, even on easy appointment days.
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2.4 Simulation Model

The model is created using the Simeo simulation software. Simio can be used to create dynamic

simulations and models and can be easily adapted to many systems. Patient movement through

the simulation is shown in Figure 2.2. It was determined that the scale of the clinic was negligible,

so the model is not built to the exact dimensions but is instead built according to resources

needed, capacity of rooms, and appointment times. Patients are modeled as entities in the

model and enter the clinic through a Simio source block that has the appointment schedule

built into it. The patients are then routed according to their appointment type to be treated

in separate areas. Medical and wellness appointments are treated in the same rooms, but

surgeries and technical appointments are treated in different clinic areas. Dental and general

surgeries are not separated into separate rooms in the simulation. This is because the doctor

cannot work on a dental patient and general surgery patient at the same time, so both rooms in

the actual clinic will never be used at the same time. All the surgery distributions are attributed

to the same server area in the simulation.

To summarize, the appointment schedules are created by the method explained in Sec-

tion 2.3. Patients are assigned an appointment type and enter the source block at their appoint-

ment time based on the appointment schedule. The patients then flow through the model and

receive treatment based on the input modeling distributions found according to their appoint-

ment type. The clinic’s Doctors and technicians are modeled as resources used to complete

these appointments. The primary output data that will be analyzed from the results was the

staff members’ utilization and the total time in the system for each patient by appointment

type.

2.4.1 Simulation Model Assumptions

The model makes several assumptions:

1. The travel distance in the clinic is negligible and not modeled.

2. The non-appointment and general clinic administration and upkeep tasks are not ac-

counted for in the model but will be considered during the analysis and interpretation of

the results.

3. There are no same-day emergency call-in appointments where an owner calls ahead of

time to get their pet seen. This is not a limiting assumption.

4. The model does not consider drop-off appointments. With this type of appointment,

a patient is dropped off in the morning and picked up later in the afternoon once the
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Figure 2.2: Simulation Model

owner is available. In the event one of these appointments is scheduled, the veterinarian

will typically complete the examination when they have time throughout the morning or

lunch hour. These appointments generally go quicker because the owner can not request

additional aid or medical services. Since this and same-day emergency appointments

are relatively rare and the objective was to analyze a typical day, they were ignored.

5. Due to the many different types of surgeries, not all could be modeled. These are referred

to as "other" in Table 1.2. Since this became very broad and each individual surgery was

rare, they were not modeled and not included in the weights for the model. The weight

from the "other" category was evenly and proportionally distributed back to the other

surgeries.

2.5 Verification and Validation

The model is based on the data collected in the clinic to create what a typical day looks like.

Throughout the model’s development, processes and statistics were verified through expert

input from the veterinarian owner of the clinic and with comparison to the raw data collected.

The owner also looked at the flow of the model and agreed it was similar enough to the actual

clinic. Incrementally building the model and asking for input reduced model development

time and ensured fewer possible errors in the final results.

Two methods were used to validate the final base model: expert validation and compari-

son testing. The approach to final validation is similar to verification. The expert was again

consulted to confirm the results to validate the model.
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Table 2.5: Displays the observed means and utilization as reported by the owner versus what
was observed from the base simulation results

Observed Data Simulation
Utilization

Doctor 1 50 – 66 % 66%
Doctor 2 50 – 66 % 59%
Technician 50 – 66 % 45%

Sojourn Time Mean (Min)
Medical 24.4 26.4
Wellness 19.3 19.3
Technical 10.6 11.2
Surgery NA NA

The model’s output data was also compared to the raw data collected to validate the model.

The two key performance indicators that were compared were the patient sojourn time and

the staff utilization. When comparing the results with raw data and the anecdotal utilization of

the staff, which the owner provided, they match comparatively. Refer to Table 2.5 to see the

entire verification.

Following a pilot experiment of 750 replications of the base schedule, the owner also vali-

dated that the results resembled the actual operation of the clinic when only considering these

four appointment types.

2.6 Experiment Testing Staffing Levels

In addition to testing how the current staffing policy would handle the different appointment

schedules, variation in staffing was also tested. Other staffing variations were tested to see how

the key performance indicators would react compared to the base model and the two new

schedules developed. The number of Doctors remained consistent at two, but the technicians

varied from four on a low staffing day, six on a typical staffing day, and eight on a high staffing day.

The reason for the even number of technicians is that the clinic policy is to have two technicians

per Doctor. The additional technicians are used to complete the technical appointments and

other clinic tasks. It is important to note that while staffing will vary, the same schedules of

easy, base, and hard appointment schedules will be experimented on over the 750 replications.

See appendix

The appointment schedules remained the same when testing the staffing policies. Ideally,

we would like to observe the effect the appointment schedules have on the variations in staffing,
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specifically with the utilization and sojourn time of the patients.

2.7 Results and Analysis

The bar charts in this section show the results and comparison of the different models with the

various staffing levels. The raw model data can be found in Appendix E. We calculate and depict

95% confidence intervals for the means based on default Simio settings (Smith and Sturrock

2023). With 750 replications of each simulation, it was determined that the half-widths became

small enough to be reasonably confident in the mean provided.

2.7.1 Utilization

In general and unsurprisingly, the results show that there is lower staff utilization with a higher

staff level and fewer appointments. With low staffing and base or high appointment schedule,

the utilization can be argued to be too high, especially when considering the other tasks in the

clinic that are not modeled. See Figures 2.3, 2.4, and 2.5 for the utilization comparison for the

technicians, Doctor 1, and Doctor 2, respectively.

An interesting result is that the number of technicians does not affect the utilization of

Doctors. Although utilization rises as the schedule’s appointment volume increases, Doctor

utilization remains constant through the staffing changes. The original hypothesis was that the

Doctors would have to wait for the technicians to complete their technical appointments for the

Doctors to complete their appointments. In actuality, the results are interpreted to mean that

the Doctors do not typically have to wait for technicians to start appointments, regardless of the

model. This makes sense in the actual clinic because Doctors are the highest-paid employees.

If a technician’s assistance is delayed from an appointment with a Doctor, the costs to the clinic

will be much higher than if a technician has to postpone their technical appointment for a few

additional minutes.

The technician staff are the most affected by the policy changes. As appointments increase

and staffing is reduced, utilization rises dramatically from high to low staffing models. The low

staff policy can easily handle an easy appointment day but may struggle with base and hard

appointment schedules. In the low staffing models, utilization is at 50%, 70%, and 75% for the

easy, base, and hard appointment days. Due to the model only accounting for the work the

technicians do in an appointment and not the other ancillary tasks needed to get done in the

clinic, the utilization may be too high for the base and high appointment day schedules. When

adding in the utilization from the other clinic tasks that need to be performed, technician

utilization may be as high as 85% or 90%. If any variability occurs in the system, patient sojourn
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time may spike to unacceptable levels, and significant delays could occur.

The clinic could consider prioritizing the ancillary tasks that need to be completed and

deciding that specific tasks could be dropped or moved to an easier day if required. The other

option would be only to have base staffing for the base and hard appointment days.

Another observation is that Doctors are well utilized regardless of the model. If Doctors were

the only staff to be concerned with, I would recommend always scheduling hard days because

this would make them the most cost-effective. When considering the technical staff with the

Doctors, I suggest having six technicians working if it is a hard day. For a base appointment day,

the clinic should do some serious analysis of the ancillary tasks that can be dropped. If they are

able to find some efficiencies, I recommend using a low staff level for base days. If they cannot

find the efficiencies, then a base staff level will be more than sufficient. For a low appointment

day, I recommend using four technicians. The results do not support the need to have eight

technicians working in the model under the current tested conditions. It is advisable to remove

this option due to being unnecessary.

Figure 2.3: (color online) Technician utilization compared by the staffing levels and the three
different models

2.7.2 Sojourn Time

Next, we analyze the sojourn time of the various patients with different appointment types.

Sojourn time increases for all appointments when there is low staffing on base and hard

days, but when staff is at a base or high level, sojourn time remains relatively stagnant. This
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Figure 2.4: (color online) Dr.1 utilization compared by the staffing levels and the three different
models

Figure 2.5: (color online) Dr.2 utilization compared by the staffing levels and the three different
models

indicates that patients must wait for technicians in the low staffing models. When low staffing

is compared to the base and high staffing levels in the base and hard models, there is a time in

system increase of 22%, 260%, 14%, and 16% in the wellness, technical, surgery, and medical

appointments, respectively. This, along with the rest of the technical appointments compared

to the day’s demand, can be seen in Figure 2.8. Technical appointments are severely affected

by changes in staffing.
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On an easy day, there would be only a slight increase in sojourn time across all appointments,

as seen in Figure 2.6 and 2.7. I recommend using only four technicians on an easy day. If the

goal is to minimize the sojourn time on the base and hard days, I use the base amount of

technicians needed. The clinic would need to do a cost-benefit analysis to see if it is worth the

additional sojourn time and possibly causing patient dissatisfaction while using a low staff for

the base and hard schedule days.

A reminder for the surgery sojourn times, the model categorizes appointment days into

three types: easy days, with three surgeries planned, and base and hard days, where four

surgeries are scheduled. All surgery patients arrive simultaneously and have to wait one at a

time for the Doctor to complete the surgeries ahead of them. Patients are then retrieved later

in the afternoon by their owners. The sequential processing results in varying sojourn time

between patients in the model, with the first patient typically experiencing shorter times in

the system. The first patient in the queue could have a much shorter surgery sojourn time

than the average sojourn time reported. This is deemed acceptable for the model. By having a

more average duration result from the surgeries, we can assess whether the clinic can benefit

from adjusting the number of surgeries scheduled per day, which can create better operational

efficiency and patient care. See Figure 2.9 to see the surgery sojourn time across all the models.

2.7.3 Quartile Analysis of the Sojourn Times

Although the means of the appointment times gleaned valuable insight into how staffing levels

affect different demand schedules, it is also important to learn what the tails of the replication

distribution look like to get a complete understanding of the risks and other possible outcomes

of a staff policy change. In this section, only the base appointment schedule will be examined

against the three staff levels. This is done because the easy and hard schedules are both similar

in distribution to the base schedule. The charts in this section encompass the lower percentile

of 5% to the upper percentile of 95%. They also show the minimum and maximum results of

the replications along with the mean and median. The mean is represented in the yellow box.

Medical and wellness appointments had a similar distribution across their base and high

staffing levels. Where there was a large distinction with the low staffing replications. As observed

in Figure C.2 and Table 2.6 for the medical appointment, low staffing had an upper percentile

of 48 minutes, while base and high staffing had an upper quartile of 37 minutes. Similarly, for

wellness appointments, the upper percentile was 38 minutes for low staff, whereas the base

and high staffing were 28 minutes. This shows how large the distribution varies, not only in the

mean value of the appointments but through the percentiles.

The technical appointment distributions show the largest discrepancy between the base
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Figure 2.6: (color online) Wellness patient sojourn times. Wellness appointments are typically
planned for 15 minutes.

Table 2.6: Medical Distribution Values for a Base Day

Low Staffing Base Staffing High Staffing
Min 13.1 13.1 13.1
Max 96.1 63 63

Lower 18.3 17.3 17.3
Upper 48 37 37
Mean 29.7 25.6 25.6

Median 27.6 24.6 24.6

and high staffing and the low staffing. Observing Figure 2.12 and Table 2.8, the upper percentile

of the low staffing is 58 minutes, whereas for the other staffing options, it is at 17 minutes.

This could indicate that there are instances where the clinic could not complete the technical

appointments because of the staff levels. With such a large variation, it would be useful to look

at the utilization quartiles of the technicians as well. Looking at Figure 2.13 and Table 2.9 shows

that utilization is elevated at the upper quartile to a point where customer satisfaction may be

affected, especially when considering other clinic tasks that need to be completed.

Surgery sojourn times remain relatively consistent across the three staffing levels. Low staff
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Figure 2.7: (color online) Medical patient sojourn times. Medical appointments are typically
allotted 30 minutes.
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Figure 2.8: (color online) Technical patient sojourn times. Technical appointments are planned
for short procedures without the supervision of a veterinarian and planned for 5–15 minutes.

Figure 2.9: Surgery Sojourn: Appointments vary wildly based on the surgery. See Table 1.2
for all surgery times.
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Figure 2.10: (color online) Base Model Medical Sojourn time distributions

Table 2.7: Wellness Distribution Values for a Base Day

Low Staffing Base Staffing High Staffing
Min 10.5 8 8
Max 82.8 52.8 52.8

Lower 13.3 12.1 12.1
Upper 38.6 28.5 28.5
Mean 23 18.9 18.9

Median 21.1 18 18

metrics are longer due to the possibility that there are not enough technicians to immediately

begin surgery appointments when the patient is ready. Also, note that the different surgeries

vary in time drastically and that the patients wait in the system one at a time to be served. This

can help explain the wide range of sojourn times across the replications.

2.7.4 Overall Analysis and Possible Improvements

If the clinic’s goal is to maximize utilization without breaking the system, the clinic should

only schedule hard days when six technicians are expected to work. Otherwise, for the easy

days, I recommend having four technicians work to maximize both utilization and revenue.

Although not tested, three technicians may be enough to ensure that the easy appointment

schedule will still be comfortably completed. This assumption is based on the observation that
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Figure 2.11: Base Model Wellness Sojourn time distributions

Table 2.8: Technical Distribution Values for a Base Day

Low Staffing Base Staffing High Staffing
Min 6 5 5
Max 146 24 24

Lower 11 6.7 6.7
Upper 58 17 17
Mean 28 11 11

Median 24 10.5 10.5

four technicians are only utilized 50% of the time, which falls below an acceptable utilization

threshold.

The results suggest using six technicians if the clinic tries to minimize client time in the

system. If the clinic is willing to allow additional waiting time, a low technician level could also

be manageable, but the clinic would have to possibly handle dissatisfaction more often from

patients.

Overall, if the clinic wants to compromise within the existing policies, it is recommended

to have six technicians staffed for the base and hard appointment schedules while using the

low level of staffing on the easy appointment days.

Possible improvements to the schedule will be explored in Chapter 3 through the analysis

of the results. One observation that will be analyzed further is the technical appointments and

the technicians. From the results, there is a possibility that the need for base-level staff will
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Figure 2.12: Base Model Technical Sojourn time distributions for a Base Day

Table 2.9: Technician Utilization Distribution for a Base Day

Low Staff Base Staff High Staff
Min 40 26 19
Max 90 56 42

Lower 50 33.5 25
Upper 76 50 37
Mean 62 41 31

Median 62 41 31

disappear if some efficiencies can be found. Depending on the significance and implemen-

tation feasibility of the efficiencies, all appointment schedules could be managed with four

technicians. The idea will be to reduce the utilization of the technicians by grouping technical

appointments so they only happen in the afternoon. Currently, technical appointments happen

throughout the day. Suppose they are only scheduled to be conducted in the afternoon. Will

the resulting scheduling allow technicians to more efficiently complete the surgeries in the

morning and then do the same with technical appointments in the afternoon?

The other observation that will be tested is the surgery appointments. The current model

has all the patients arriving at the same time in the morning, causing the patients to wait one

at a time for the surgeon, which results in long sojourn time. In the second scenario, what will

be explored is what happens if we build two surgery blocks. One block of two appointments is
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Figure 2.13: Technician Utilization Distribution for a Base Day

Table 2.10: Surgery Sojourn Values for a Base Day

Low Staffing Base Staffing High Staffing
Min 48 46 46
Max 307 275 275

Lower 98 90.5 90.5
Upper 242 222 222
Mean 159 143 143

Median 151 134 134

scheduled in the morning, and one is scheduled in the afternoon.
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Figure 2.14: Base Model Surgery Sojourn time distributions
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CHAPTER

3

ALTERNATIVE SCHEDULING STRATEGIES

In this chapter, two alternative scheduling strategies are examined in detail. Another staffing

option of five technicians was also considered. The discussion will begin by outlining the

design principles behind each strategy, focusing on the specific objectives and considerations

that went into their development. Following this, we will analyze the results obtained from

implementing each schedule. Specifically, this will encompass the quantitative outcomes of

changes in sojourn time and staff utilization. Through this approach, the chapter aims to

provide a nuanced understanding of how different scheduling strategies can impact clinic

operations and identify potential avenues to improve overall clinic performance.

In general, the questions to be explored through schedule manipulation and then answered

will be:

1. Will shifting technical appointments to only being in the afternoon improve the utilization

of technicians to the point where low staffing would be feasible for other scheduled

demands?

2. Could the implementation of a block surgery policy where the surgeries are separated

into a morning and afternoon block improve not only surgery but other appointments

sojourn time? Will utilization also decrease for the technician staff due to the morning

stress being distributed throughout the day?
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3.1 Alternative Scheduling Design

An attempt to improve operational efficiency was made by finding better scheduling strategies,

specifically with regard to staff utilization and patient sojourn time. The proposed approach

involves blocking appointments at different times throughout the day to address two main

objectives.

The first goal is to attempt to reduce staff utilization to possibly reduce the needed staff

while maintaining the same level of appointments and customer service. This goal seeks to cut

operational costs and boost profits by maintaining the service level with an improved staffing

model.

The second goal is to reduce the patients’ sojourn time. Through strategic appointment

blocking inspired by Slocum et al. (2021), the intention is to allocate sufficient time for complex

or unpredictable appointments, thereby ensuring smoother transitions between patients and

reducing wait times.

The general rules for these new schedules are to maintain the same number of appointments

and staffing tested in Chapter 2 but shift when certain appointments happen to try to reduce

staff utilization and sojourn time. The following strategies were developed in conjunction with

the goals and rules described above.

3.1.1 Strategy One Overview

To try to address some inefficiencies in scheduling, strategy one looks specifically at when the

technical appointments occur during the day. The current policy allows technical appoint-

ments to be scheduled throughout the day, including the mornings when technicians work on

surgeries. This can cause conflicts for the technicians, as they will have to manage both surgery

and technical appointments simultaneously. Due to the complexities of surgery, unforeseen

issues may arise, lengthening the surgery time. This can cause issues if there is a technical

appointment patient is waiting for a technician.

Strategy one moves all technical appointments to the afternoon. If all the technical appoint-

ments are moved to later in the day, the conflict between surgeries and technical appointments

should not occur. The anticipated results of implementing this strategy are a reduction in the

technicians’ workload in the morning, which can improve efficiency elsewhere in the clinic, and

then, in the afternoon, technicians can focus on technical appointments. Patient satisfaction

should also increase due to a more predictable appointment flow.

Recall that technicians also still need to assist with wellness and medical appointments.

Although strategy one is looking to reduce technician utilization and improve technical ap-

pointments, this approach may also introduce trade-offs by potentially increasing the sojourn
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times of the other appointments. This shows the complexities of schedule planning and fully

understanding the risks and trade-offs that a strategy may provide.

Note that strategy one will not be testing the easy appointment schedule as all the technical

appointments are already scheduled in the afternoon for the base model easy appointment

day.

3.1.2 Strategy Two Overview

Strategy two attempts to rearrange the surgery appointments to reduce the stress of busy

mornings. The idea is to divide the surgery times into two separate blocks: one at the existing

8:30 am time slot and another at a new 12:30 pm time slot. The surgeries will be redistributed

evenly across these two blocks, with two surgeries scheduled for the morning and two in the

afternoon for the base and hard scheduled days. For an easy day, there will be two in the

morning and one surgery in the afternoon.

The redistribution of the surgeries should "smooth" the workload from the busy mornings

to throughout the entire day. The expected outcome is to see a reduction in sojourn time for

surgeries and technical appointments because the resources are more balanced for the entire

day.

A few assumptions and potential impacts need to be considered for strategy two. If pets

need additional observation for rehab after surgery in the afternoon, they can stay overnight

at the practice in the holding area of the clinic. Another assumption is that the animals have

completed all pre-surgery preparation prior to the surgery, although acknowledging that it may

be more difficult. For example, many procedures require the animals not to eat for 24 hours

before surgery. This can be done more easily if the patient is taken to the clinic first thing in

the morning. Lastly, further analysis of the impacts would need to be done to see if this is

economical for the clinic or if there is a demand for owners to drop off pets in the afternoon.

However, simulation results should demonstrate if this approach at least alleviates the staff

stress and patient time in the clinic and warrants further consideration of other factors.

3.1.3 Alternate Schedule Construction

To see the morning and afternoon appointment blocks, see Table 3.1 for strategy one and

Table 3.2 for strategy two. To see the full appointment schedule for these new strategies, see

Appendix B, for all the appointment schedule scenarios.

Lastly, we introduced a new staffing level of five technicians to test these strategies. The

reason for this choice is that through the testing and analysis in Chapter 2, there was a large

variation in the results between the low and base staffing levels. Four technicians failed to
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provide the operational stability needed for them to run the clinic, but six technicians seemed to

exceed the capacity needed. It is worth investigating to see if five technicians create a potential

ideal zone for the clinic, offering a balance for staff use. The five technicians are included in the

following results, along with the low (4), base (6), and high (8) staffing levels from Chapter 2.

Table 3.1: Strategy One: Number of Appointments in Morning and Afternoon Appointment
Blocks

Easy Day Base Day Hard Day
AM PM AM PM AM PM

Wellness 5 4 6 5 6 7
Medical 3 2 5 5 5 6
Technical 0 4 0 6 0 8
Surgery 3 0 4 0 4 0

Table 3.2: Strategy Two: Number of Appointments in Morning and Afternoon Appointment
Blocks

Easy Day Base Day Hard Day
AM PM AM PM AM PM

Wellness 5 4 6 5 6 7
Medical 3 2 5 5 5 6
Technical 1 3 4 2 4 4
Surgery 2 1 2 2 2 2

3.2 Results and Analysis

The strategies will be compared individually to the base results to assess the impacts and

effectiveness of the new staffing and scheduling policies. This comparison aims to identify

each strategy’s strengths and weaknesses and provide insights into potential benefits over the

base model.

The evaluation process will use statistical analysis tools and the simulation results. The

error bars depicting 95% confidence intervals for the mean provided in the bar charts will

permit visualization of t-tests to tell if there is a statistically significant change. A change is
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deemed statistically significant if the bars do not overlap with the base model, which in this

case would overlap with the horizontal axis on the bar chart.

3.2.1 Strategy One Results versus the Base

The results from strategy one provided intriguing results. Contrary to the initial assumption,

utilization remained relatively unchanged across all the model runs, including the technical

staff. Upon reflection, this makes sense. The overall volume of scheduled work remains the

same between the schedules did not change, so the result is consistent with what has been

observed in the previous simulation. The original premise was that the technician’s busyness

caused doctors delays in appointments where both technicians and doctors are required to

complete the procedure. This suggests that the clinic is either running at an efficient level or

there are other factors causing inefficiencies. See Appendix E, Table E.4 for details on the staff

utilization percentage change from the base model.

What changed was the sojourn time for some of the appointments. This suggests that the

reorganization of tasks does have an effect on the patient experience. The largest reduction in

sojourn time came from the technical appointments, showing that a restructured appointment

strategy can improve patient flow for certain tasks. Figure 3.1 shows the reduction in the sojourn

time from strategy one from the base model, illustrating the impacts of schedule changes.

3.2.2 Strategy Two Results Versus the Base

Strategy Two provided results that were partially consistent with those of Strategy One. The uti-

lization, again, did not change significantly. However, a change can be observed in the sojourn

time for some appointments, specifically the surgery and technical appointments. The surgery

sojourn time was lowered in all the Strategy Two models, and the technical appointments

reduced time in the four and the five technician staffing levels. See Figure 3.2 for all the sojourn

time changes.

The change in surgery times can be attributed to the even surgery split in the mornings

and afternoons. This reduces the waiting time for treatment, and patient care is enhanced by

minimizing waiting for the procedure. In the base model, the doctor can only work on one

patient at a time, so the patients in line build up a long sojourn time.

This strategy change appears to create a smoother operation in the clinic and can also be

viewed as scheduling flexibility for pet owners. This strategy allows owners to decide when to

pick up their pets based on their schedule. This will also reduce boarding maintenance time,

where technicians typically have to spend time providing primary care—such as bathroom

breaks, cleaning, and providing food and water—and instead spend time on other critical tasks.
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Figure 3.1: (color online) Scenario One: Reduction in Sojourn Time. The positive value is the
reduction in appointment times in minutes. The technical staffing is depicted in the horizontal
axis.
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Lastly, the redistribution of surgery times allows the clinic to better cater its service offerings

to the patients. For example, if patients need a longer observation time, the clinic can decide to

observe afternoon patients overnight. This option could allow the clinic to do more complicated

and expensive surgeries. However, some considerations about overnight staffing and associated

costs would have to be made.

Similarly, suppose the clinic does not want to do overnight observations of patients. In

that case, the clinic can choose to do surgeries that generally are faster in the afternoon and

can be completed and rehabilitated before the end of the day. For example, neuters and spays

are relatively quick and with a lower risk of complications because they are some of the most

completed surgeries. These could be good options for afternoon procedures.

Technical appointments also see a positive impact from this strategy, particularly under

a four-technician staffing day. From the analysis, the clinic would benefit from exploring the

potential of these schedule changes. The clinic would need to do some additional analysis

to see if this strategy would be feasible and align with the goals of the business, but there are

many possible upsides. The model shows the possibility of improving sojourn time, improving

patient flexibility and care, and offering more enhanced healthcare options. Exploring this

strategy could enhance the clinic’s competitiveness and economic standing in the local area.

3.2.3 Five-Technician Staffing

Lastly, the five-technician staffing variation did not produce results as anticipated. Utilization

was reduced from the low staff variation, but sojourn did not reduce across the appointments.

This can be attributed to the requirement that all appointments require at least two technicians

to complete. While four technicians are occupied with appointments, the fifth technician

remains cannot begin an appointment until one of the other appointments is complete. This

operational constraint results in sojourn times similar to the four-technician staffing level.

With these findings, it is not advisable to use this staffing level unless there are clinic pol-

icy adjustments regarding the minimum number of technicians who can work on certain

appointments.

3.2.4 Summary of Results

The results found in these strategies allowed us to answer the questions from the beginning of

the chapter. Through experimentation, it was found that strategy one did not reduce utilization

in any significant way, but it did improve sojourn time, especially when considering technical

appointments. Strategy two also did not reduce utilization but reduced sojourn time in all

appointments. The results were comparable to strategy one, except for surgery appointments.
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Figure 3.2: Scenario Two: Reduction in Sojourn Time. The positive values are the reduction in
appointment times in minutes. The technical staffing is depicted in the horizontal axis.

Surgery appointments had large reductions in sojourn time due to patients only having to

wait behind one other appointment instead of three. Strategy two would require additional

business analysis and a deeper observation of customer satisfaction metrics due to the large

changes in operations required to implement this strategy effectively.
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CHAPTER

4

CONCLUSION AND FUTURE WORK

4.1 Conclusions

The experimentation in this research observed the effects of strategic appointment scheduling

and staffing on a veterinarian clinic’s operations. By observing a mixture of differently planned

strategies and staffing, the research shows that operations can be improved. First, the paper

looked at how the model handles the schedule across three separate days: an easy, base, and

hard appointment day. This is then also compared against different technician staffing totals

of low, base, and high staffing, which translates to four, six, and eight technicians, respectively.

A staffing level of five technicians was added when simulating the additional scenarios to try

and find an ideal zone for staffing. This research shows that clinics have the opportunity to

improve their policies to still meet their business goals while supporting the well-being of the

staff and the patients.

Staffing Recommendations The analysis of the results would recommend using low staffing

for an easy appointment day. With the low staffing, utilization for technicians is at 49% while for

the doctors is at 52% and 42%. Even when considering the additional tasks needed throughout

the day, there is enough unused time to feel confident it will all get completed. There may

be the opportunity to change the policy to two technicians per doctor and use only three
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technicians for the easy day. The utilization should still be low enough to feel comfortable,

but some procedures may need to change to account for a doctor only having one technician

helping with appointments. The low appointment schedule could be viewed as a "break" day,

providing an opportunity for clinic staff to complete other accumulating tasks after a sequence

of hard days. The trade-off of this schedule with a low staff is that fewer appointments translate

to less revenue and possibly a more considerable backlog as new customers continue to call in

for appointments.

Low staffing can still be used for a typical "base" day if only looking at the utilization,

which approaches 70% for technicians. Assuming the general clinic upkeep remains around

10–15% of the technician’s day, operations are expected to continue smoothly. However, issues

arise when looking at sojourn time for technical appointments. Analyzing the low staffing

base model results, the technical appointment time jumps to 30 minutes, which is over a

200% increase. The significant jump in time would require the clinic to evaluate the trade-offs

between reduced staffing and the impact of technical sojourn time. If extended sojourn times

are deemed unacceptable, base staffing would be ideal, but the utilization may be lower than

ideal. Sojourn time remains consistent once base staffing is used, regardless of the appointment

schedule.

Lastly, for a hard day, the utilization of technicians if there is low staffing is at 75%. This

may be too high to be reliably used when considering other clinic tasks. It is advisable that the

clinic looks at what non-essential tasks could be reduced or removed for a hard appointment

day if they want to use a low staffing level. Otherwise, the base staffing becomes the best

choice to ensure the completion of all tasks without straining the staff resources too high. The

base staff provides a more manageable workload and ensures that the sojourn time for the

technical appointments remains close to ten minutes. While the low staffing option is not

unfeasible for a hard schedule day, the clinic needs to analyze how to prioritize tasks and what

additional responsibilities need to be deferred if the technicians get overwhelmed with their

appointments. It is advisable to keep the base staffing if the clinic cannot create strategies and

policies to alleviate these possible stressors and reduce turnover in the long run for the clinic.

Appointment Scheduling Next, this paper experimented with blocking different appoint-

ments into different time periods during the day. The purpose was to see if utilization and

sojourn time could be improved to the point that either staff could be reduced or that sojourn

time could be reduced enough to add another appointment and possibly increase revenue. The

appointment volume remained the same as the models tested in Chapter 2, with the primary

adjustment being the movement of certain appointments to different periods of the day. Also

added to the test is having a five-technician staffing option.
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All technical appointments were scheduled exclusively in the afternoon in the first alterna-

tive strategy tested. This schedule attempts to alleviate the technicians’ stress in the morning.

In the base model, technicians must help with all appointments, whereas in this strategy, tech-

nicians can focus on surgeries in the morning and technical appointments in the afternoon.

Despite these changes, the utilization remained relatively unchanged from the base model.

A notable change in sojourn time is observed, with a reduced technical time of nearly 8 and

12 minutes in the models using low staffing for both the base and hard appointment days.

This may suggest a solution that the clinic can implement if they want to schedule a low staff

regularly for hard appointment days.

The second strategy explored redistributing the surgery appointments from only being in

the morning to having a morning and afternoon block. The change was aimed at finding a

balance of the workload throughout the day. The results showed that the utilization remained

generally the same, but the most significant difference was the surgery appointment sojourn

time. Surgery patient sojourn time was reduced in all models and staffing levels by over 30

minutes.

On the surface, this initially seems advantageous, and this approach should be implemented.

However, when considering the base model where all the surgery patients arrive at the same

time in the morning, a realization occurs that there will always be longer sojourn time due to

the sequential patient processing. This is because the doctor can only work on one patient

at a time, causing the following patients to wait and extending the average sojourn time. By

distributing surgeries, the sojourn time is reduced because there is only one patient in the

queue awaiting treatment at any time. This method can give the clinic flexibility if they want to

explore other options to make this strategy more feasible.

Implementing this block strategy for surgeries offers the clinic and owners flexibility in

scheduling. The clinic can potentially explore the addition of more complex surgeries that

require longer recovery times by using the afternoon time slot for those procedures. Similarly,

owners can better plan when to have these surgeries completed according to their schedules.

Clinics will need to do some feasibility analysis and consider if the associated costs are worth

the possible improvements.

Lastly, the additional testing of five technician staff levels resulted in some mixed results.

Some results actually returned worse than the low technician level. After some contemplation,

the results are most likely due to the policy that every procedure requires at least two technicians

to be completed. Utilization will still be relatively high with five technicians because, in the

model, the fifth technician is seized and being utilized even though the appointment cannot

be completed. That technician has to wait for one of the other technicians to be released to

complete the appointment. This problem extends then to sojourn time as well. Similar to
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the three-technician discussion earlier in this chapter, the clinic would need to reevaluate its

appointment policy to possibly make this option more viable.

If clinics can reduce daily staffing but maintain appointment throughput, they will retain

revenue, reduce costs, and allow better flexibility for staff scheduling. For example, the clinic

could employ six technicians but be able to rotate them and provide hours that may be better

for their work-life balance. The same could be said for doctors. Suppose the clinic can generate

more revenue from implementing this policy. In that case, it may be able to hire a part-time

veterinarian to help take the workload off of the other doctors. Using this DES method shows

that clinics can test the complexities of scheduling and staffing to improve worker retention

while still maintaining their service to meet the growing demand of the veterinarian business.

4.2 Future Work

This research examines one small clinic in the suburban setting of Des Moines, Iowa. The

results could be used in similar-sized clinics and demands to make generalized assumptions.

The direct applicability of these results to other veterinary practices may not translate. Practices

whose size, location, or services available, such as a large city clinic or a 24-hour emergency

clinic, will need a more tailored model with those unique characteristics considered.

Although this research presents some business considerations for the implementation of

the alternate schedules, a more in-depth analysis should be completed to truly get a sense of

the scope of changes the clinic may encounter. The clinic should look at both the qualitative

and quantitative side of these possible changes.

A variable that would be worth considering is how the clinic would handle emergency

appointments. Although rare in the Ankeny clinic’s current operations, emergencies do come

in, and the clinic treats the patients if it is equipped for the emergency. An analysis would need

to be done on how frequently emergencies occur and then how to queue emergencies in the

system. This could be done with a prioritization method where the emergency appointment

will be treated once the next doctor is available and the other appointments are moved back in

the queue. The rate of emergencies could be increased or decreased to better understand how

the clinic could currently handle emergencies, and then policies could be developed around

those results to better handle emergencies.

Investigating the long-term effects of certain schedules presents a promising area for future

research. A more robust DES that can simulate the clinic dynamics and schedules over a period

of multiple days could offer better insights into the sustainability and operational effectiveness

of the various scheduling configurations. A way to consider doing this is by inserting an easy

appointment day among a period of hard appointment days to see the long-term benefits or
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issues that can arise. Additional metrics would also be worth consideration. For example, the

percentage of time a patient is still in the system when the clinic is supposed to close. With

this information, the clinic can better anticipate the possible amount of overtime needed over

a period of time. Also, it may be valuable to employ conditional value at risk (CVAR) styled

metrics at the tails of the sojourn results, which could provide better insights into the expected

worst-case scenarios the clinic can see.

To build these multi-day schedules, either a similar schedule could be built based on the

methods described in this research, or the schedules could be automatically generated based

on the distributions of the appointments seen through the collected data. This can allow a

more dynamic look at the varying demands the clinic can see and can provide a better way to

understand how different days can affect staff utilization and patient care.

Furthermore, variable staffing would be a topic of interest to investigate further. The ability

to adjust staffing based on the time of day or to the planned demand could offer the clinic

other ways to improve operational efficiencies. An example of this is having more staff in the

mornings to handle the high morning demand and then reducing the staff in the afternoon

when demand tends to decrease. This approach could reduce the clinic’s costs and provide

more flexible scheduling for the staff.

Lastly, a more detailed look at the clinic’s staffing policies for appointments could be made.

This refers to how the current clinic policy has two technicians assigned to every appointment.

The simulation could show how the system reacts to a different amount of technicians assigned

to appointments. A more detailed investigation into the data of different appointments would

need to be done. For example, maybe technical appointments with only a shot being adminis-

tered could be completed with one technician. This could be possible to model but may be

harder to identify through the current data collected.
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APPENDIX

A

ACRONYMS

A summary of all acronyms is documented in Table A.1.

Table A.1: A summary of acronyms used in alphabetical order.

Acronym Abbreviation

Ankeny Animal Health Clinic AAHC

American Society for the Prevention of Cruelty to Animals ASPCA

American Veterinarian Medical Association AVMA

Conditional Value at Risk CVAR

Discrete Event Simulation DES

Key Performance Item KPI

Subject Matter Expert SME
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APPENDIX

B

APPOINTMENT SCHEDULES

This appendix contains the typical appointment schedule (Table B.1) along with the Easy

(Table B.2) and Hard (Table B.3) schedules taken from clinic data. Also included in this appendix

are the alternate scenarios tested. Scenario one’s base and hard schedule can be found in Tables

B.4 and B.5. Scenario two’s easy, base, and hard schedules can be found in Table’s B.6, B.7,

and B.8 respectively.
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Table B.1: Typical Appointment Schedule

Appointment
Times

Appointment
Types

Entities

8:00 am Wellness 1
8:15 am Medical 1
8:30 am Surgery 4
8:45 am Wellness 1
9:00 am Medical 1
9:15 am Technical 1
9:30 am Wellness 1
9:45 am Medical 1
10:00 am Technical 1
10:15 am Wellness 1
10:30 am Medical 1
10:45 am Technical 1
11:00 am Wellness 1
11:15 am Medical 1
11:30 am Technical 1
11:45 am Wellness 1
12:00 pm Medical 1
12:15 pm Technical 1
12:30 pm Wellness 1
12:45 pm Medical 1
1:00 pm Technical 1
1:15 pm Wellness 1
1:30 pm Medical 1
2:00 pm Wellness 1
2:15 pm Medical 1
2:45 pm Wellness 1
3:00 pm Medical 1
3:30 pm Wellness 1
3:45 pm Medical 1
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Table B.2: Easy Appointment Schedule

Appointment
Times

Appointment
Types

Entities

8:00 am Wellness 1
8:30 am Surgery 3
9:00 am Wellness 1
9:15am Medical 1
9:45 am Wellness 1
10:00 am Medical 1
10:30 am Wellness 1
10:45 am Medical 1
11:15 am Wellness 1
11:30 am Medical 1
12:00 pm Wellness 1
12:15 pm Technical 1
12:30 pm Technical 1
12:45 pm Wellness 1
1:00 pm Medical 1
1:15 pm Wellness 1
1:45 pm Medical 1
2:15 pm Medical 1
2:45 pm Medical 1
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Table B.3: Hard Appointment Schedule

Appointment
Times

Appointment
Types

Entities

8:00 am Wellness 1
8:15 am Medical 1
8:30 am Surgery 4
8:45 am Wellness 1
9:00am Medical 1
9:15 am Technical 1
9:30 am Wellness 1
9:45 am Medical 1
10:00 am Technical 1
10:15 am Wellness 1
10:30 am Medical 1
10:45 am Technical 1
11:00 am Wellness 1
11:15 am Medical 1
11:30 am Technical 1
11:45 am Wellness 1
12:00 pm Medical 1
12:15 pm Technical 1
12:30 pm Wellness 1
12:45 pm Medical 1
1:00 pm Technical 1
1:15 pm Wellness 1
1:30 pm Medical 1
1:45 pm Wellness 1
1:50 pm Technical 1
2:00 pm Wellness 1
2:15 pm Medical 1
2:45 pm Wellness 1
3:00 pm Medical 1
3:15 pm Wellness 1
3:20 pm Technical 1
3:30 pm Wellness 1
3:45 pm Medical 1
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Table B.4: Scenario 1 Base Schedule: Moving technical appointments to the afternoon

Appointment
Times

Appointment
Types

Entities

8:00 am Wellness 1
8:15 am Medical 1
8:30 am Surgery 4
8:45 am Wellness 1
9:00 am Medical 1
9:30 am Wellness 1
9:45 am Medical 1
10:15 am Wellness 1
10:30 am Medical 1
11:00 am Wellness 1
11:15 am Medical 1
11:45 am Wellness 1
12:00 pm Medical 1
12:05 pm Technical 1
12:15 pm Technical 1
12:30 pm Wellness 1
12:40 pm Technical 1
12:45 pm Medical 1
1:00 pm Technical 1
1:15 pm Wellness 1
1:25 pm Technical 1
1:30 pm Medical 1
2:00 pm Wellness 1
2:10 pm Technical 1
2:15 pm Medical 1
2:45 pm Wellness 1
3:00 pm Medical 1
3:30 pm Wellness 1
3:45 pm Medical 1
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Table B.5: Scenario 1 Hard Schedule: Moving technical appointments to the afternoon

Appointment
Times

Appointment
Types

Entities

8:00 am Wellness 1
8:15 am Medical 1
8:30 am Surgery 4
8:45 am Wellness 1
9:00am Medical 1
9:30 am Wellness 1
9:45 am Medical 1
10:15 am Wellness 1
10:30 am Medical 1
11:00 am Wellness 1
11:15 am Medical 1
11:45 am Wellness 1
12:00 pm Medical 1
12:15 pm Technical 1
12:30 pm Wellness 1
12:45 pm Medical 1
1:00 pm Technical 1
1:15 pm Wellness 1
1:20 pm Technical 1
1:30 pm Medical 1
1:45 pm Wellness 1
1:50 pm Technical 1
2:00 pm Wellness 1
2:05 pm Technical 1
2:15 pm Medical 1
2:40 pm Technical 1
2:45 pm Wellness 1
3:00 pm Medical 1
3:15 pm Wellness 1
3:20 pm Technical 1
3:30 pm Wellness 1
3:40 pm Technical 1
3:45 pm Medical 1
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Table B.6: Scenario 2 Easy Schedule: Creating two surgery blocks, a morning block, and an
afternoon block.

Appointment
Times

Appointment
Types

Entities

8:00 am Wellness 1
8:30 am Surgery 2
9:00 am Medical 1
9:15am Wellness 1
9:45 am Medical 1
10:00 am Wellness 1
10:30 am Technical 1
10:45 am Wellness 1
11:15 am Medical 1
11:30 am Wellness 1
12:00 pm Technical 1
12:15 pm Wellness 1
12:30 pm Medical 1
12:30 pm Surgery 1
12:45 pm Wellness 1
1:00 pm Technical 1
1:15 pm Medical 1
1:45 pm Technical 1
2:15 pm Wellness 1
2:45 pm Wellness 1
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Table B.7: Scenario 2 Base Schedule: Creating two surgery blocks, a morning block, and an
afternoon block.

Appointment
Times

Appointment
Types

Entities

8:00 am Wellness 1
8:15 am Medical 1
8:30 am Surgery 2
8:45 am Wellness 1
9:00 am Medical 1
9:15 am Technical 1
9:30 am Wellness 1
9:45 am Medical 1
10:00 am Technical 1
10:15 am Wellness 1
10:30 am Medical 1
10:45 am Technical 1
11:00 am Wellness 1
11:15 am Medical 1
11:30 am Technical 1
11:45 am Wellness 1
12:00 pm Medical 1
12:15 pm Technical 1
12:30 pm Wellness 1
12:30 pm Surgery 2
12:45 pm Medical 1
1:00 pm Technical 1
1:15 pm Wellness 1
1:30 pm Medical 1
2:00 pm Wellness 1
2:15 pm Medical 1
2:45 pm Wellness 1
3:00 pm Medical 1
3:30 pm Wellness 1
3:45 pm Medical 1
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Table B.8: Scenario 2 Hard Schedule: Creating two surgery blocks, a morning block, and an
afternoon block.

Appointment
Times

Appointment
Types

Entities

8:00 am Wellness 1
8:15 am Medical 1
8:30 am Surgery 2
8:45 am Wellness 1
9:00am Medical 1
9:15 am Technical 1
9:30 am Wellness 1
9:45 am Medical 1
10:00 am Technical 1
10:15 am Wellness 1
10:30 am Medical 1
10:45 am Technical 1
11:00 am Wellness 1
11:15 am Medical 1
11:30 am Technical 1
11:45 am Wellness 1
12:00 pm Medical 1
12:15 pm Technical 1
12:30 pm Wellness 1
12:30 pm Surgery 2
12:45 pm Medical 1
1:00 pm Technical 1
1:15 pm Wellness 1
1:30 pm Medical 1
1:45 pm Wellness 1
1:50 pm Technical 1
2:00 pm Wellness 1
2:15 pm Medical 1
2:45 pm Wellness 1
3:00 pm Medical 1
3:15 pm Wellness 1
3:20 pm Technical 1
3:30 pm Wellness 1
3:45 pm Medical 1
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APPENDIX

C

DISTRIBUTION ANALYSIS

C.1 Wellness Appointment Distribution selection

Figure C.1 is based on 111 data points after appointments that are less than three minutes

removed. The Pearson Chi-square test returned good values and had a P-value of 0.268.

C.2 Medical Appointment Distribution selection

Figure C.2 shows the distribution for medical appointments. The selection is based on 81 data

points. It ranked the highest in the @Risk distribution of fit tests with a P-value of 0.451 for the

Pearson Chi-square test.

C.3 Technical Appointment Distribution selection

Figure C.3 shows the distribution for technical appointments. The selection is based on 52

data points and a high ranking on the goodness of fit tests run on @Risk. The data presents

an exponential fit with many short appointments—zero to ten minutes in length—and a few

longer appointments that exceed 10 minutes.
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Figure C.1: Wellness Appointment Time Distribution

Figure C.2: Medical Appointment Time Distribution
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Figure C.3: Technical Appointment Time Distribution

C.4 Distribution of Patient Arrivals

Lastly, Figure C.3 shows the distribution for technical appointments. The selection is based

on 260 patients’ arrival times, based on minutes away from being on time. Negative minutes

represent how many minutes late a patient was and positive minutes show how many minutes

early a patient was. Again, appointments under three minutes were deemed an administrative

error and removed from this data set. The logistic distribution generally fits the data well with

long tails to account for some appointments that were very late or early. It ranks high on the

Pearson Chi-square test. The p-value was p < 0.05, but the distribution was still the best fit that

worked in Simio.
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Figure C.4: Variation in Arrival Times Distribution (negative times indicate late arrivals).
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APPENDIX

D

EXPERIMENTS

In this section, the experiments will be shown in figures. Each experiment was run for 750

replications.

Figure D.1: The original schedules experiments run
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Figure D.2: The experiments run with the alternative schedules developed
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APPENDIX

E

RESULTS

This appendix will show the raw results and differences between the other models. In general,

the results will be laid out as follows:

1. Easy Model Results

2. Base Model Results

3. Hard Model Results

4. Scenario one results

5. Scenario two results

E.1 Easy Model Results
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Table E.1: Easy Model Results
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E.2 Base Model Results

68



Table E.2: Base Model Results
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E.3 Hard Model Results
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Table E.3: Hard Model Results
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E.4 Strategy One Results

Figure E.1: (color online) Scenario 1: Change in Utilization from the base model

72



Figure E.2: (color online) Scenario 1: Change in Utilization from the hard model
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Table E.4: Scenario 1: Base Model
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Table E.5: Scenario 1: Hard Model

75



Figure E.3: (color online) Scenario 2: Change in Utilization from the easy model

E.5 Strategy Two Results
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Figure E.4: (color online) Scenario 2: Change in Utilization from the base model

Figure E.5: (color online) Scenario 2: Change in Utilization from the hard model
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Table E.6: Scenario Two: Easy Model
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Table E.7: Scenario Two: Base Model
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Table E.8: Scenario 2: Hard Model
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