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Abstract of Praxis 

A Queuing Simulation Model of Point-of-Care Diagnostics Testing in a Retail 

Pharmacy  
 

In 2015, the United States Food and Drug Administration (FDA) approved the 

first Clinical Laboratory Improvement Amendments (CLIA) waived molecular 

diagnostics point-of-care test for influenza, launching the shift from centralized 

diagnostic labs toward immediate near-patient testing. The ability to test patients and 

provide accurate results in under 30 minutes has proven to be invaluable in emergency 

rooms and urgent care centers. However, as demonstrated by the COVID-19 pandemic, 

the ability to quickly test residents of communities makes a significant difference in 

controlling outbreaks. The future of point-of-care testing will be widespread adoption in 

retail pharmacies such as Walgreens and CVS. 

This research uses queuing simulation modeling to deliver a decision support tool 

that identifies effective implementation strategies for point-of-care testing in retail 

pharmacies. Effective implementation is defined by the lowest operational costs, shortest 

patient queue times, and the lowest impact on pharmacy service times. The simulation 

model assists the pharmacy manager in making decisions to integrate point-of-care 

testing into the existing prescription drug dispensing and immunization workflows. This 

research tested five molecular point-of-care diagnostic devices with differing hands-on 

time integrated into the pharmacy drive-thru. In addition, different testing volumes were 

simulated and the impacts on queue and service times were assessed. Finally, drive-thru 

and in-store testing workflows were simulated and compared. 

The results show that devices with the lowest hands-on time have the lowest cost 

to operate and least impact to pharmacy service times. Devices with lower hands-on time 
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can also perform a higher volume of tests before affecting pharmacy service times as 

compared to devices with higher hands-on time requirements. Lastly, performing patient 

sample collection and testing inside the store instead of at the drive-thru will reduce the 

impact to drive-thru queue times and pharmacy service times. 
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Chapter 1—Introduction 

1.1 Background 

 Modern medicine is heavily reliant on diagnostic testing and the insights that it 

offers. Clinical chemistry uses diagnostic testing methods on human samples to help 

identify diseases, measure health metrics, and even personalize cancer treatments. 

Clinical chemistry includes techniques such as immunology, microbiology, coagulation, 

hematology, and molecular diagnostics (Rifai, 2018). Of them all, molecular diagnostics 

has experienced the most significant technological advancements in the last three 

decades. 

The technique of molecular diagnostics analyzes biological markers in an 

organism’s genome to diagnose and monitor disease, detect risk, and identify the ideal 

therapies for individual patients (Samadikuchaksaraei, 2016). The method most 

commonly used is polymerase chain reaction (PCR), which Dr. Kary B. Mullis invented 

in 1985 (Kossakovski, 2021; Samadikuchaksaraei, 2016). PCR is a technique where 

many copies of a short Deoxyribonucleic Acid (DNA) or Ribonucleic acid (RNA) 

sequence are made using synthetic primers, enzymes, and nucleotides. The process 

requires the isolation of a target genomic sequence and the application of heating and 

cooling cycles to make replicates of the target segment. This amplification technique 

increases the detectability of the target segment, allowing even trace amounts of 

biological material to be easily detected (Samadikuchaksaraei, 2016). The amplification 

technique revolutionized healthcare by diagnosing bacterial and viral infections even at 

the early stages. Molecular diagnostics also plays a role in clinical oncology, aiding in 

diagnosing hereditary cancers (Zhao et al., 2015). Today, many companies have 
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developed instrumentation running assays to detect influenza, strep, hepatitis, HIV, 

sexually transmitted infections, and much more (Kralik & Ricchi, 2017). 

 In the 1990s, PCR was a specialized technique requiring highly skilled scientists 

and segregated areas in laboratories to prevent contamination (Espy et al., 2006; Thermo 

Fisher Scientific, 2020). Advancements in instrumentation increased adoption in 

hospitals and centralized laboratories (Yang & Rothman, 2004). Conventional PCR 

techniques replaced bacteriological culture methods (Sintchenko et al., 1999) and allowed 

physicians to receive test results in 2-3 days (Mayo Clinic, 2021) instead of 3-7 days 

(Bambusch, 2013). At the same time, point-of-care (POC) testing, also known as near-

patient testing, was also gaining traction, starting with blood glucose meters 

(Lewandrowski, 2009). In the 2010s, the two concepts began to merge as companies, 

such as Roche Diagnostics, launched products that performed PCR testing in 20 minutes 

for influenza and strep next to the patient and outside the clinical laboratory setting 

(Hoffmann-La Roche, 2014). This ability to provide rapid and accurate results allowed 

physicians to take action and order the appropriate treatments much faster than previously 

possible. 

 As testing began shifting away from the central laboratory, the operator of the 

molecular diagnostic tests also shifted from the highly trained laboratory technicians to 

frontline staff such as doctors, nurses, and medical assistants. The operation of POC 

testing equipment needs to be less complex, easy to use, and error-proof. The Clinical 

Laboratory Improvement Amendments (CLIA) is the federal regulation that establishes 

quality standards for all laboratory testing. The FDA categorizes “CLIA waived tests” as 

the least complex and lowest risk to public health. To qualify for a CLIA waiver, device 
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manufacturers must show that untrained users can generate comparable results to trained 

users when provided with only Quick Reference Instructions (U.S. Food & Drug 

Administration, 2020). Furthermore, labs or clinics that want to perform CLIA waived 

tests must get a CLIA certificate of waiver from the Centers of Medicare & Medicaid 

Services (CMS) (Centers for Medicare and Medicaid Services, 2021).  

 In the United States, there are over 60,000 pharmacies, with approximately 

25,000 of them owned by the top four retail pharmacies, which are CVS, Walgreens, 

Walmart, and Rite Aid (U.S. Department of Homeland Security, 2020). However, as of 

2020, less than 16,000 pharmacies across the country have received CLIA certificates of 

waiver that would enable them to perform low complexity diagnostic tests (Klepser et al., 

2020). Retail pharmacies are often the first destination for sick patients seeking relief for 

symptoms making POC testing in this market an attractive proposition (Dalton & Byrne, 

2017).  

 There are clear benefits for pharmacies to offer molecular diagnostic tests. 

Patients can receive an immediate diagnosis and receive the appropriate pharmaceutical 

treatments in the same visit. Knowledge of infections also allows patients to respond 

appropriately to prevent community spread by self-isolating (Centers for Disease Control 

and Prevention, 2021b). The main challenges in retail pharmacy regarding adopting 

molecular diagnostics are state regulations, speed of the tests, cost, result accuracy, and 

ease of use (Kosack et al., 2017). 

1.2 Research Motivation 

Retail pharmacies and their pharmacists are the cornerstones of many 

communities providing vital services to improve the health of their customers. Having 
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accurate diagnostics allows patients to get the correct treatment quickly without waiting 

for results from a central lab. In 2020, the percentage of pharmacies that have CLIA-

waived certification was only 27.6% (Klepser et al., 2020), demonstrating that adoption 

of testing as a pharmacy service offering is still low and an underutilized opportunity. 

Diagnostic device companies have identified this as an attractive market and are 

designing instruments for the pharmacy setting focusing on speed, cost, and ease of use 

(Nicholson et al., 2014). These CLIA-waived devices will deliver test results in under 20 

minutes, along with low complexity software that untrained users can operate (Zhang et 

al., 2021). Respiratory diseases like the annual influenza virus generate demand 

seasonally for testing due to the availability of pharmaceutical treatments (e.g., 

Oseltamivir) that are effective when detected early (Aoki et al., 2003). However, the 

Coronavirus Disease 2019 (COVID-19) pandemic created a massive demand for testing 

as hospitals and laboratories were overloaded (Grimm, 2020). In 2020, Congress 

approved $2 billion for expanding healthcare services in response to the COVID-19 

pandemic, including testing (Health Resources and Services Administration, 2021). With 

government funding, pharmacies began offering COVID-19 testing to alleviate the strain 

on the healthcare system. Testing in pharmacies proved to be a massive success, but the 

testing operated independently and was not integrated into the pharmacy workflow 

(Bomey, 2020). The COVID-19 testing workflow at pharmacies is set up in a temporary 

drive-thru setting with its dedicated staff and infrastructure. Although successful, this 

testing method is not sustainable in the long term without continued government 

assistance due to high labor costs and low reimbursements (Hawryluk, 2021). Pharmacies 

were able to experience the success of COVID-19 testing and see the growing awareness 
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and interest in diagnostic results from their customers. Consequently, retail pharmacies 

see market opportunities to sell diagnostics and seek to understand the best way to 

implement this service offering into the pharmacy workflows. 

1.3 Problem Statement 

POC testing in retail pharmacies for infectious diseases is sparsely implemented 

and underutilized (Gubbins et al., 2017), preventing immediate diagnosis, proper 

treatment, and reduction of community spread (Goode et al., 2019).  

Of the over 60,000 pharmacies in the United States, only 27.6% are certified to 

perform CLIA-waived testing. However, an estimated 91% of Americans live within five 

miles of a pharmacy (Herbin et al., 2020). Therefore, pharmacies are ideal for local 

communities to gain access to diagnostic testing, but very few pharmacies have any 

molecular testing. Having access to accurate test results reduces community spread 

(Gubbins et al., 2017). However, the optimized method of implementing POC testing in 

retail pharmacies and the impact to drug dispensing and immunization workflows are 

unknown. 

1.4 Thesis Statement 

A queuing simulation model combining POC testing with the drug dispensing and 

immunization workflows is needed as a decision support tool to help pharmacy managers 

implement a workflow strategy that minimizes wait times and operating costs. 

 Current COVID-19 testing in pharmacies is performed as an independent 

operation from the prescription pick up/drop off workflow. Because pharmacies have not 

integrated molecular testing into their existing pharmacy workflow, a simulation model is 

needed to evaluate different scenarios of implementation to identify the optimal method. 
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1.5 Research Objectives 

The research objective is to compare different POC testing implementation 

methods using molecular testing for COVID-19 in a pharmacy setting. By isolating and 

modifying specific variables within the simulation, parameters can be quickly adjusted to 

determine optimal patient wait times and staff labor cost, thereby identifying the most 

efficient workflow strategy for implementing molecular testing within a pharmacy 

setting. 

1.6 Research Questions and Hypotheses 

Research questions have been developed to identify the critical parameters that 

affect the issues discussed above. 

RQ1: How much hands-on time is acceptable in a point-of-care testing device for 

a retail pharmacy? 

RQ2: Can a retail pharmacy add diagnostic testing to their daily workflow 

without increasing queuing and service times? 

RQ3: What workflow model is most effective in adding point-of-care testing to 

the existing retail pharmacy workflow? 

H1: A retail pharmacy requires the point-of-care device to have less than one 

minute of hands-on time per test to maintain labor costs, queue times, and 

service times. 

H2: A retail pharmacy can integrate diagnostic testing via scheduled 

appointments without increasing average wait or service times.   

H3: Patient wait times are the lowest with drive-thru diagnostic testing. 
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1.7 Scope of Research 

The scope of the research involves molecular diagnostics in the retail pharmacy 

setting. There are other POC devices in immunology, but none offer the sensitivity of 

results that come with molecular diagnostics. Many activities occur within pharmacies 

throughout the day. However, the workflows modeled in the simulation focus on the 

main functions of a retail pharmacy. These include the prescription drop-off and pickup 

workflow, immunizations, over-the-counter consultations, and a drive-thru window 

workflow for prescription pickup. New workflows that do not currently exist in the 

pharmacy are also modeled, including drive-thru and in-store diagnostic testing. 

1.8 Research Limitations 

Several important assumptions were made in the development of the simulation 

model. The timings of activities in the pharmacy were based on direct interviews with 

retail pharmacists, and the workflows were defined by feedback from expert opinion. The 

simulation is modeled after a specific Walgreens pharmacy in Phoenix, Arizona, which 

represents a common pharmacy layout and footprint. However, retail pharmacies vary in 

size across the United States, leading to differences in patient volume and the number of 

employees. Therefore, the findings in this study may not apply to pharmacies that differ 

significantly from the one that was modeled. 

1.9 Organization of Praxis 

The praxis is organized into five chapters. Chapter 1 introduced the research topic 

by providing background information about the research problem, research motivation, 

problem statement, thesis statement, research objectives, research questions, and 
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hypotheses. In addition, Chapter 1 outlines the scope of the research and research 

limitations. The chapter concludes with a review of the organization of the praxis.  

Chapter 2 documents the literature review, which details the history of molecular 

diagnostics testing technology, the current range of molecular diagnostics instruments in 

the market, and an overview of the centralized clinical diagnostics market. In addition, 

the chapter describes the state of the POC molecular diagnostics market and its 

opportunity in the retail pharmacy industry. Furthermore, Chapter 2 includes an overview 

of CLIA waivers for pharmacies, emergency use authorization, COIVD-19 testing 

methods, COVID-19 testing in pharmacies, and the future of POC testing in pharmacies. 

The chapter also describes the challenges of testing in pharmacies, such as regulatory 

requirements and challenges made apparent by the COVID-19 pandemic. 

Chapter 3 describes the simulation tool and model pharmacy that was built. This 

chapter describes the pharmacy workflows simulated as well as the input values for the 

model. Specifically, the chapter describes the (a) simulation tool, (b) in-store 

prescription, (c) drive-thru prescription, (d) electronic prescription, (e) immunization, (f) 

over-the-counter consultation, (g) drive-thru testing, and (h) in-store testing workflows. 

The chapter concludes with a description of the various PCR based POC devices 

compared and the scenarios tested.  

The analysis performed on the outputs of the simulated model is presented in 

Chapter 4, followed by a discussion and conclusion of the research findings in Chapter 5. 

Chapter 4, the results section, presents the research findings using graphs and tables and 

the text. Chapter 5 also includes a discussion of the recommendations for areas of future 

research and contributions of the results to the current body of knowledge.   
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Chapter 2—Literature Review 

2.1 Introduction 

Advancements in molecular diagnostics have expanded the technique's usage 

from specialized research laboratories to high-volume testing in centralized labs (Leroux, 

2006). Over the last two decades, centralized labs have experienced significant growth 

(Leroux, 2006). Effective logistics allow large quantities of patient samples from 

surrounding hospitals to be transported to the centralized labs for testing. These labs can 

process higher volumes of tests and typically deliver test results in 24 hours (Quest 

Diagnostics, 2021) at a lower cost than hospital labs (Washington, 2019). Although 

centralized labs maintain the largest market share of the In Vitro Diagnostics (IVD) 

industry, advancements in decentralized testing have been a primary driver in the global 

molecular diagnostics market (Pray et al., 2021). Decentralized or point-of-care (POC) 

testing occurs when tests are performed outside the central lab and closer to the patient, 

often resulting in faster results (Rifai, 2018). Some pharmacies have begun offered POC 

diagnostic testing services on Clinical Laboratory Improvement Amendments (CLIA) 

waived devices (Bonner, 2019). In recent years, there has been a significant increase in 

pharmacies applying for CLIA certificates of waiver (Klepser et al., 2020). Pharmacists 

can deliver fast results and appropriate care with prescriptions or alternative treatments 

(Herbin et al., 2020). However, incorporating diagnostic testing into the pharmacy 

workflow has not been widely adopted even as more POC molecular diagnostic devices 

have come on the market. 
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2.2 Molecular Diagnostics Testing Technology 

2.2.1 History of PCR 

The fundamental technology behind molecular diagnostic testing is polymerase 

chain reaction (PCR) (Klepser & Klepser, 2018). Dr. Kary B. Mullis, a chemist at Cetus 

Corporation, discovered PCR in the early 1980s and filed a patent for the technology in 

1985 (Kossakovski, 2021; Samadikuchaksaraei, 2016). The PCR technique enables 

scientists to make many copies of a template Deoxyribonucleic Acid (DNA) by applying 

heating and cooling cycles to a mixture of the template DNA, oligonucleotides, and 

polymerase enzyme (Rifai, 2018). PCR was so revolutionary that Dr. Mullis was awarded 

the Nobel Prize in Chemistry in 1993. The technique provided a new way of identifying 

even trace amounts of DNA and allowed disease diagnosis from small amounts of human 

samples (Rifai, 2018). In 1992, Hoffmann-La Roche, a Swiss pharmaceutical company, 

purchased the rights to the PCR patent from Cetus Pharmaceuticals for $300 million and 

formed the division of Roche Molecular Diagnostics (Kossakovski, 2021). In 2020, 

Roche Molecular Diagnostics generated 3.76 billion Swiss francs (CHF) through the 

sales of PCR-based instruments and diagnostic test kits (Pray et al., 2021). Market 

analysts estimated that the total global molecular diagnostics market in 2020 was valued 

at $36.2 billion and will experience a compound annual growth rate of 3.9% from 2021 to 

2028 (Grand View Research, 2021). Much of that growth is attributed to the rising 

demand for POC testing, which offers faster results and treatment benefits. 

2.2.2 Traditional PCR 

 PCR aims to make many copies of a target DNA snippet through amplification 

(Rifai, 2018). The reaction occurs in vitro and begins with heating the reaction mixture 
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containing the target DNA strand to approximately 95°C to denature the double helix 

causing it to separate into two single strands (Rifai, 2018). The mixture is cooled to about 

56°C for the annealing step, where the enzyme “taq polymerase” attaches to the single 

strands. The final elongation step typically occurs at 72°C, where nucleotides are added 

to each strand. They are built back into individual double helixes, resulting in two copies 

of the original target DNA snippet. By repeating this heating and cooling cycle 30-40 

times, a user can generate over one billion copies from a single segment of DNA (Rifai, 

2018). Adding reverse transcriptase enzyme produces complementary DNA (cDNA) 

from Ribonucleic acid (RNA) templates, enabling RNA targets to be amplified with the 

PCR technique (Rifai, 2018).  

 At the end of the thermocycling steps after DNA replication, detection of the 

presence of the target DNA is determined. This process allows detection techniques, such 

as gel electrophoresis, to be effective even when starting with trace amounts of target 

DNA. With this classical method, PCR provided only qualitative determinations of the 

presence or absence of the target DNA strand. Additional detection techniques include 

attaching fluorescent labels to primers during the amplification and measuring the 

fluorescence value after PCR (Rifai, 2018). Further advancements in technology, namely 

real-time PCR, enabled analysis of the growth rate during each heating and cooling cycle.  

2.2.3 Real-Time PCR 

In the mid-1990s, scientists made advancements in the PCR technique by 

developing a method to detect PCR products during the thermocycling reaction. This 

method is called real-time PCR and uses fluorescence probes and optical sensors to 

quantify the amount of PCR product during amplification (Saunders & Lee, 2013). The 
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technique works by detecting the fluorescence signal after each heating and cooling cycle 

and monitoring the growth of the fluorescence emitted by the fluorophores. Over the next 

decade, the technique was widely adopted for various medical applications, including 

early cancer detection, detection of adverse drug reactions, virology, bacteriology, and 

fungal infections (Deepak et al., 2007).  

2.2.4 Melt Curve Analysis 

 In the late 1990s, melt curve analysis was developed by applying heat and 

increasing the temperature to PCR products after amplification, which causes the double-

stranded DNA to dissociate. By monitoring the fluorescence signal of fluorophore-

labeled DNA probes as the DNA dissociates, the fluorescence signal will experience a 

decline (Saunders & Lee, 2013, p. 3). The temperature at which 50% of the DNA 

dissociates is called the melt temperature. The melt temperature of a DNA strand is based 

on its length and composition. This technique allows specific identification of DNA 

segments by comparing the resulting melt temperatures and is sensitive enough to detect 

single-nucleotide polymorphisms. 

2.2.5 Isothermal Amplification 

 A more modern technique of DNA amplification is isothermal amplification, in 

which many research advancements occurred in the 1990s and 2000s. There are many 

methods of isothermal amplification, including “nucleic acid sequence-based 

amplification (NASBA), loop-mediated isothermal amplification (LAMP), helicase-

dependent amplification (HDA), rolling circle amplification (RCA), multiple 

displacement amplification (MDA), and recombinase polymerase amplification (RPA)” 

(Zanoli & Spoto, 2013, p. 19). Unlike PCR, which requires repeated cycles at multiple 
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target temperatures to facilitate denaturation, annealing, and extension of the nucleic 

acids, isothermal amplification is performed at one low reaction temperature (Zhao et al., 

2015).  

Isothermal methods allow for rapid diagnosis of viral, bacterial, and parasitic 

diseases and require less time than PCR. Thermal denaturation of the double-stranded 

DNA is not required and can be combined with reverse transcription to amplify RNA 

targets. Devices running isothermal amplification require less power than PCR 

instruments due to the elimination of temperature cycling. However, isothermal methods 

often require more complex primer designs requiring special software. Due to this 

complexity, the manufacturing costs of isothermal reagents can be higher than the 

reagents for PCR. Another drawback is that devices that perform isothermal amplification 

do not allow for multiplexing (testing multiple targets at once). A CLIA-waived POC 

device currently on the market is the ID NOW by Abbott Laboratories. This instrument 

uses isothermal amplification and can generate a positive test result in as little as five 

minutes and confirm negative results in 13 minutes (Abbott, 2020). 

2.3 Overview of Molecular Diagnostics Instrumentation 

The molecular diagnostics market grew primarily due to advancements in 

instrumentation and enabling automation of nucleic acid preparation and 

amplification/detection. The function of nucleic acid preparation is to perform nucleic 

acid isolation and separate DNA/RNA from other cellular and biological material, which 

may inhibit the PCR process (Rifai, 2018). Before the availability of automation 

equipment, laboratory technicians performed nucleic acid purification manually with 

many precise pipetting steps, which were time-consuming and labor-intensive. 
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Instrumentation enabling the automation of nucleic acid preparation enabled wider 

adoption of molecular diagnostics as it reduced labor costs and human errors (Tan & 

Yiap, 2009).  

Examples of modern nucleic acid preparation systems include the Tecan Freedom 

EVO VacS, Roche MagNAPure, and Qiagen QIAsymphony (Greub et al., 2016). When 

used for medical diagnostics, these systems take human samples such as blood, urine, and 

swabs in collection media and perform steps including lysis, nucleic acid capture, wash, 

and elution. The output is the target DNA or RNA strands in an elution buffer called 

eluate. To set up the process for PCR, the eluate is combined with reagents containing 

oligonucleotides, enzymes, primers, and probes. This material is then ready for PCR 

amplification and detection (Rifai, 2018). 

Advanced real-time PCR amplification and detection devices include Applied 

Biosystems QuantStudio, Agilent AriaMx, and Roche LightCycler Systems (Johnson, 

2021). These devices include thermocyclers that heat and cool the sample for 

amplification, often controlled by thermoelectric cooler modules. These real-time PCR 

instruments also include optic modules with a light source, dichroic mirrors, and band-

pass filters to excite the fluorophores. In addition, they incorporate cameras or 

photodiodes to detect and quantify the fluorescence emitted by the excited fluorophores 

attached to the PCR product. 

To deliver full automation in the nucleic acid isolation and amplification/detection 

processes, companies have developed all-in-one systems that eliminate sample transfer 

steps between devices that run the two processes. These combined systems, such as the 

Roche cobas 6800/8800 systems, Abbott Alinity M, and the NeuMoDx 288 Molecular 
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System, reduce handling steps, labor costs, human error, and time-to-result (Kogoj et al., 

2021). 

2.4 Centralized Clinical Diagnostics 

The largest segment within molecular diagnostics is the centralized clinical 

diagnostics market, responsible for 85.7% of the revenue in 2020 (Grand View Research, 

2021). This segment includes hospital labs and centralized reference labs that receive 

samples from local hospitals, emergency rooms, urgent care clinics, and physician offices 

for processing. The advantages of centralized diagnostics include increasing testing 

efficiency and lowering operational costs (Brey, 2020). Centralized labs can use high 

throughput diagnostics systems, often delivering hundreds of results in a single shift. 

Currently, there is a shortage of highly skilled laboratory technicians across the United 

States (Funnye Doby, 2016). Centralizing diagnostic testing in just a few locations with 

high throughput devices will help mitigate this resource strain. 

2.5 Point-of-care Market 

Decentralized POC testing is becoming one of the fastest-growing segments in the 

clinical diagnostic space (Clearstate, 2017). In 2015, the US Food and Drug 

Administration approved the first Influenza A/B test CLIA-waived, real-time PCR test on 

the Roche cobas Liat system, which offers “lab-quality PCR results in ~20 minutes” 

(Brooks, 2015, p. 1). Since then, many CLIA-waived POC devices have been launched in 

the market, including the Abbott ID NOW, Thermo Fisher Accula, Cepheid Xpert 

Xpress, and Quidel Sofia 2, with the goal of capturing opportunities in near-patient 

testing (Ravi et al., 2020).  
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The ability to provide test results in under 20 minutes allows healthcare providers 

to deliver appropriate treatment far quicker than samples collected and sent to a central 

laboratory, which can take more than a day (Lab Tests Online, 2015). Having diagnostic 

results while the patient is still present provides significant value to the speed and quality 

of the treatment (Herbin et al., 2020). Often respiratory illnesses have similar symptoms 

but vastly different treatments (Abed & Boivin, 2006). Timely and appropriate treatment 

can significantly impact a patient’s health (Aoki et al., 2003). In the case of influenza, 

which causes approximately 48,000 deaths in the United States annually (Herbin et al., 

2020), an antiviral administered in the first 12 hours of infection can reduce the duration 

by 41% more than the intervention at 48 hours (Aoki et al., 2003). In addition, fast 

diagnosis of Group A Strep can reduce improper antibiotic prescription rates from 58% to 

27% (Worrall et al., 2007), which helps mitigate the growing antibiotic resistance of 

bacterial infections. During the COVID-19 pandemic, immediate results helped both 

symptomatic and asymptomatic patients decide on isolation measures and significantly 

reduced community transmission (Centers for Disease Control and Prevention, 2021b). 

For POC testing to be successful and widely adopted, the test must deliver a result 

in under 30 minutes. Further, the system must be CLIA-waived and easy to use as it is 

will likely be run by individuals not trained as laboratory technicians (U.S. Food & Drug 

Administration, 2020). The test must provide a clear qualitative result without any 

interpretation needed by the operator. 

2.6 Retail Pharmacy Market 

 More CLIA-waived devices are entering the market, and an increased number of 

hospitals, emergency rooms, urgent care clinics, and physician offices are adopting POC 
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testing (Scott, 2020). However, one potential market that has not widely incorporated 

POC testing in the workflow is pharmacies (Gubbins et al., 2014). According to the 

United States Department of Homeland Security (DHS), there are 61,892 pharmacies 

across 50 states as of March 2020 (U.S. Department of Homeland Security, 2020). An 

estimated 91% of Americans live within 5 miles of a pharmacy (Herbin et al., 2020). The 

prevalence of pharmacies makes them ideal locations for implementing POC testing. 

Pharmacies are “often the first place people go to with their healthcare questions” and are 

frequently the only healthcare provider available to patients in rural and underserved 

communities (Hippensteele, 2020, p. 1).  

Besides expanding access to disease diagnosis, other clinical benefits for 

implementing POC testing at pharmacies include the ability to provide immediate results 

and treatment while reducing unnecessary antibiotic prescriptions, especially for Group A 

Streptococcal pharyngitis (Gubbins et al., 2017). A recent study implemented a disease 

management program in a community pharmacy using a Roche Diagnostics cobas Liat 

system, a CLIA-waived real-time PCR POC device, to test influenza A/B and Group A 

Strep. The program followed testing and treatment protocols similar to those found in 

collaborative practice agreements. The results found that pharmacists could offer early 

detection and appropriate treatments for influenza and strep while minimizing the misuse 

of antibiotics (Klepser et al., 2019). 

In an annual survey performed by Gallup, pharmacists rank near the top as the 

most honest and ethical profession (Reinhart, 2020). Therefore, it comes as no surprise 

that patients establish strong, trusting relationships with their community pharmacists. 

Patients would be comfortable getting testing services from their local pharmacy. 
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Furthermore, in 2015 a Deloitte study predicted that POC tests would exceed 

immunizations as a driver of revenue for community pharmacies (Klepser & Klepser, 

2018).  

2.7 CLIA Waiver for Pharmacies 

For pharmacies to perform specific low-risk CLIA-waived tests, they must first 

apply for a CLIA Certificates of Waiver through the Centers for Medicare & Medicaid 

Services (CMS) (Zikry et al., 2021). CMS provides a complete guide on how to obtain a 

CLIA-waiver and register the pharmacy as a laboratory. One challenge is that the 

certification for becoming a CLIA-waived testing facility requires approval at a state 

level. Currently, different states have different rules in terms of eligibility for a CLIA-

waiver and the authorization for pharmacists to order diagnostic tests for the patient 

instead of requiring a physician (Gubbins et al., 2017). 

The COVID-19 pandemic accelerated the prevalence of pharmacies obtaining 

CLIA-waivers as “the U.S. Department of Health and Human Services authorized 

licensed pharmacists to order and administer FDA authorized COVID-19 tests” (Klepser 

et al., 2020, p. 1). In fact, “the total number of pharmacies with a CLIA-waiver grew 

from 10,626 (17.94%) locations in 2015 to . . . 15,671 (27.63%) locations in 2020” 

(Klepser et al., 2020, p. 1). This 45% growth in pharmacies with CLIA-waivers pushed 

pharmacies past home health agencies and skilled nursing facilities to become the 

second-highest category of facilities with CLIA-waivers only behind physician offices 

(Klepser et al., 2020). Once a pharmacy receives a CLIA-waiver, they have access to 

4,417 CLIA-waived devices, as of June 2021, approved by the FDA for testing a wide 

range of targets, including infections, glucose, and cholesterol (U.S. Food and Drug 
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Administration, 2021b). Three hundred ninety-one of those are CLIA-waived diagnostic 

tests for bacterial and viral disease: Influenza A/B, Streptococcus, Chlamydia, Neisseria 

Gonorrhoeae, Respiratory syncytial virus, HIV, Hepatitis, and H. Pylori (U.S. Food and 

Drug Administration, 2021b). 

2.8 Emergency Use Authorization 

 The emergency use authorization (EUA) provision was added by the FDA in 2004 

and has been used as a response to anthrax, H1N1 (swine flu), Middle East Respiratory 

Syndrome (MERS), Ebola, and Zika virus (Zuckerman, 2021). EUA is used as a 

temporary response to a health crisis where the FDA uses a lower standard of review to 

help speed up the availability of medical products, including drugs, vaccines, and 

diagnostic tests. In February 2020, as a response to COVID-19 being declared a public 

health emergency, the FDA announced they would grant diagnostic test manufacturers 

EUA to manage the spreading pandemic (Zuckerman, 2021). Usually, FDA approval 

requires manufacturers to prove the accuracy of the devices and test them. However, due 

to the shortage of COVID-19 tests in February 2020, the FDA did not require 

manufacturers to validate the tests before market. In fact, in May 2020, the FDA allowed 

companies to sell their COVID-19 tests even 15 business days before submitting EUA 

applications. By January 2021, 203 COVID-19 PCR or saliva tests received EUA 

(Zuckerman, 2021). 

2.9 COVID-19 Test Methods 

When it comes to battling the COVID-19 pandemic, several testing methods are 

available to diagnose COVID-19 in patients (Touma, 2020). These methods include 

laboratory-based Nucleic Acid Amplification Test (NAAT), POC NAAT, antigen, and 
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antibody testing. Laboratory-based “nucleic acid testing using reverse transcription-

polymerase chain reaction (RT-PCR) is the gold standard for diagnosing COVID-19” 

(Touma, 2020, p. 949). Although laboratory-based NAATs generally have higher 

sensitivity than POC NAAT tests, the disadvantage is that results can take less than an 

hour to more than a day to receive results. This is because laboratory-based NAATs tests 

need to be sent to a centralized laboratory for processing (Centers for Disease Control 

and Prevention, 2021d). By testing near the patient, POC NAAT tests reduce the time-to-

result while using the same techniques (RT-PCR and isothermal amplification) as the 

larger laboratory-based NAAT devices. As of March 11
th

, 2021, there are nine CLIA-

waived PCR based COVID-19 tests by device manufacturers including Cepheid, Abbott 

Diagnostics, Roche Molecular Systems, Cue Health, and BioFire (Community Care of 

North Carolina, 2021). 

Rapid antigen detection assays, such as the Quidel Sofia 2 SARS Antigen Test, 

also played an important role in the fight against COVID-19 (Slabodkin, 2020). The FDA 

granted EUA for many antigen tests to implement in asymptomatic and symptomatic 

persons within five days of onset of a patient’s symptoms. Most COVID-19 antigen tests 

are POC tests, and unlike NAAT tests that detect viral genetic material, antigen tests 

detect if a “sample contains proteins found on the surface of the coronavirus, enabling the 

delivery of results in minutes rather than days” (Slabodkin, 2020, p. 1). As of March 11
th

, 

2021, there are 10 CLIA-waived antigen tests for COVID-19 from device manufacturers, 

including Quidel, Becton Dickinson, LumiraDX, and Abbott Diagnostics (Community 

Care of North Carolina, 2021). These antigen tests are low-cost, highly specific, and fast 

diagnostic tests but suffer from a high false-negative rate due to lower sensitivity than 



21 

 

nucleic acid testing (Touma, 2020). In addition, antigen tests will experience false 

positives when “used in communities where the prevalence of infection is low” (Centers 

for Disease Control and Prevention, 2021d). The CDC shared a graphic (Figure 2-1) to 

the public explaining that one study showed 20% of patients with symptoms and a 

confirmed COVID-19 diagnosis received a negative rapid antigen test result highlighting 

the lower sensitivity of the test method (Pray et al., 2021). 

 

 
 

Figure 2-1 Center of Disease Control Antigen Test Information (Pray et al., 

2021, p. 1) 

Note. Antigen tests can give incorrect results (Pray et al., 2021).  

 

In response to these disadvantages, the CDC recommends that negative COVID-

19 antigen test results receive confirmation through additional NAAT testing (Centers for 

Disease Control and Prevention, 2021e). As shown in Figures 2-2 and 2-3, the CDC even 

provides testing algorithms for using antigen tests for SARS-CoV-2 in congregate living 

and community settings. Confirmation with NAAT testing is recommended for both 
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positive and negative antigen results because it is the “most sensitive test method 

available” (Centers for Disease Control and Prevention, 2021e, p. 1). 

 

Figure 2-2: Antigen Test Algorithm for Congregate Living Settings (Centers 

for Disease Control and Prevention, 2021d, p. 1) 

 

Note. NAAT confirmation is recommended for both positive and negative antigen 

results in congregate living settings. 

 

 

Figure 2-3: Antigen Test Algorithm for Community Settings (Centers for 

Disease Control and Prevention, 2021d, p. 1) 

 

Note. NAAT confirmation is recommended for negative antigen results in 

community settings.  

 

The third testing technique used during the pandemic is antibody testing, an 

immunoassay serological test (Pray et al., 2021). This technique detects antibodies in the 
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blood, which are proteins produced by the body to fight off infections. The human body 

produces antibodies specific to the infection it combats and therefore can be distinguished 

by the paratope configuration on the protein's surface. These tests can detect whether a 

person was previously infected with COVID-19 but cannot be used to diagnose an active 

infection (U.S. Food and Drug Administration, 2021a). Antibodies usually develop 1 to 3 

weeks after infection, and the CDC does not recommend using antibody testing to 

determine if someone can return to work or school (U.S. Food and Drug Administration, 

2021a). Antibody tests are available using both laboratory-based devices such as the 

Abbott Alinity i and smaller POC lateral flow immunochromatographic test devices such 

as the Assure Tech Assure COVID-19 IgM/IgG Rapid Test (U.S. Food and Drug 

Administration, 2021c).  

In April 2020, the FDA began granting EUA for serology tests (U.S. Food and 

Drug Administration, 2021c). The main use case for the antibody testing was to detect the 

immunity levels of a population and was thought by government officials to be useful in 

evaluating the lifting of COVID-19 restrictions (U.S. Food and Drug Administration, 

2021c). By the end of April 2020, the FDA had received notifications from 164 

manufactures that they had introduced serology tests, and by May 2020, over 200 

serology test developers submitted an EUA (Shuren & Stenzel, 2021). The FDA later 

determined that because the antibody response takes time to build up after an infection, 

COVID-19 antibody tests “should not be used to diagnose or exclude acute COVID-19 

infection(s)” (U.S. Food and Drug Administration, 2021a, p. 1). By February 2021, “the 

FDA had removed listings for 225 [antibody] tests from [their] website, issued 15 



24 

 

warning letters, and placed 88 firms on import alert for violations” (Shuren & Stenzel, 

2021, p. 1). 

Furthermore, in May 2021, the FDA stated that “authorized SARS-CoV-2 

antibody tests should not be used to evaluate a person’s level of immunity or protection 

from COVID-19 at any time, and especially after the person received a COVID-19 

vaccination” (U.S. Food and Drug Administration, 2021a, p. 1). Because of the 

significant limitations of antibody testing and the statements from the FDA that 

contradict the original use case, the technique of antibody testing is not widely used. 

Even though antibody-testing devices are available in a POC format, pharmacy managers 

rarely consider antibody testing as a potential service offering in the store. 

2.10 COVID-19 Testing in Pharmacies 

During the COVID-19 pandemic, the U.S. Department of Health and Human 

Services (HHS) wrote a memo allowing pharmacists to order and perform COVID-19 

tests. In response, many state governors granted pharmacists the authority to order and 

administer COVID-19 testing without the need to coordinate with the patient’s primary 

care provider (Hippensteele, 2020). For example, in May 2020, the California 

Department of Consumer Affairs and State Board of Pharmacy allowed “pharmacists to 

collect specimens for COVID-19 tests and order tests for consumers” (Newsom, 2020, p. 

1) to meet Governor Newsom’s goal to test 60,000 California residents per day 

(Hippensteele, 2020). This proved strategically successful in combatting the pandemic by 

limiting the travel distance of potentially infected individuals, thereby reducing spread 

and providing faster results. 
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In 2020, the Health Resources & Services Administration (HRSA) provided 

health centers across the nation with nearly $2 billion to cover the cost of the pandemic 

response (Health Resources and Services Administration, 2021). Expanding the 

availability of COVID-19 testing was a key area of investment by the federal government 

and covered by the Coronavirus Preparedness and Response Supplemental 

Appropriations Act (CPRSA), Coronavirus Aid, Relief, and Economic Security (CARES) 

Act, and Paycheck Protection Program and Health Care Enhancement Act (PPPHCEA) 

(Health Resources and Services Administration, 2021). This government funding allowed 

pharmacies to quickly set up drive-thru testing operations, hire additional staff to operate 

the testing sites, and acquire testing equipment and supplies. These initiatives 

successfully promoted testing in pharmacies while simultaneously reducing the strain on 

hospitals and emergency rooms, especially during the infection peaks (Zikry et al., 2021). 

2.11 Future of POC Testing in Pharmacies 

  A major benefit for pharmacies offering POC testing is providing rapid responses 

to disease states by “offering prescription treatments, such as antivirals like oseltamivir 

for influenza” (Zikry et al., 2021, p. 1). Pharmacies offer the convenience of a medical 

diagnosis and treatment in a single visit with longer opening hours than physician offices 

(Collins, 2021). Furthermore, the pharmacists could also generate revenue by 

recommending over-the-counter products that offer relief to patients even if they had a 

negative test result but are experiencing symptoms (Collins, 2021). Unfortunately, the 

two greatest challenges for adopting diagnostic testing in pharmacies are state legislation 

and test reimbursement (Collins, 2021).  
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As of June 2021, only the state of Idaho allows pharmacists to treat strep and 

influenza based on a rapid diagnostic test result (Collins, 2021). Sixteen states currently 

require pharmacists to collaborate with physicians before ordering tests and prescribing 

treatments to patients (Collins, 2021). In addition, the states of Virginia and Utah have 

bills under review by their respective governors that would allow pharmacists to test and 

treat patients (Collins, 2021). The COVID-19 pandemic emergency authorization by the 

HHS allowing pharmacists to order and perform COVID-19 tests helps demonstrate to 

lawmakers that pharmacists can effectively provide testing services that benefit the 

public. 

In May 2020, “CMS made provisions for pharmacies to become Medicare labs 

and receive reimbursement for processing COVID-19 tests” (Collins, 2021, p. 1). 

However, it remains challenging to expand reimbursement to other tests such as strep and 

influenza, thereby reducing confidence that testing can be a consistent revenue stream for 

pharmacies (Collins, 2021). Many state legislations and payers are slow to recognize 

pharmacists as healthcare providers, which stifles reimbursement and limits the business 

case for many pharmacies to implement diagnostic testing (Collins, 2021).  

In January 2021, a survey conducted by Nature found that 90 of 100 

immunologists predict that COVID-19 would not be eradicated but instead become 

endemic, much like the influenza virus (Torjesen, 2021). Viral RNA undergoes a process 

called antigenic drift, where frequent mutations allow the virus to evade the antibodies 

produced through immunizations or prior infections, making it very difficult to eradicate 

(Pokorski, 2016). If this proves true, the COVID-19 virus will continue to affect people 
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annually worldwide, and the demand for COVID-19 testing will remain. This puts 

pharmacies in an ideal position to continue offering diagnostic tests to the public. 

2.12 Challenges of Testing Implementation in Pharmacies 

During the COVID-19 pandemic, COVID-19 testing facilities set up by retail 

pharmacies were often physically separated from the store and operated independently 

from the everyday pharmacy workflows (Bomey, 2020). Dedicated staff was present to 

check patients into their appointments, collect patient samples, and process them on the 

molecular diagnostic devices (Repko, 2020). Many retail pharmacies like CVS and 

Walgreens set up curbside or drive-thru testing facilities in their store parking lots 

(Repko, 2020). This allowed patients to remain in their vehicles and minimize exposure 

to those administering the COVID-19 test. However, some pharmacy testing operations 

had 15 to 18 employees, including pharmacists and technicians, operating it full time 

based on the demand for tests (Repko, 2020). This came at a high added labor cost but 

was made possible due to funding through government pandemic response initiatives 

such as the CPRSA, CARES, and PPPHCEA Act (Health Resources and Services 

Administration, 2021). However, as government funding weans, pharmacies will need to 

find a more cost-effective way to run diagnostic testing in the store to maintain this 

service offering. 

To integrate POC molecular testing into the long-term business strategy of the 

pharmacy as a revenue generator, pharmacies will need to run the diagnostic testing 

operations far more efficiently than they did in response to the COVID-19 pandemic. The 

goal is to bring the testing into the store and integrate the molecular testing workflow into 

the pharmacy operations workflow. For a POC device to be adopted by pharmacies, “it 
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must not be unduly disruptive to the existing pharmacy workflow or consume an 

excessive amount of pharmacist time” (Klepser et al., 2014, p. 1). The activities to be 

managed in the store include handling testing appointments, creating test orders, and 

integrating payment of the molecular test.  

 Speed and cost are two major factors contributing the most to the successful 

integration of molecular testing in pharmacy operations. The testing speed relies on both 

the time-to-result of the instrumentation and the hands-on time required by the operator 

to perform the test. The greater the hands-on time required by the instrument, the higher 

the time spent by the staff operating the testing device. This leads to the staff having less 

time available to perform other pharmacy activities such as filling prescriptions. 

Furthermore, the cost of paying a pharmacist is far greater than that of a pharmacy 

technician. Therefore, it is more cost-effective for pharmacies to maximize pharmacy 

technicians to perform routine activities including operating CLIA-waived POC testing 

devices.  

2.13 Pharmacy Simulation Modeling 

 Patient queue and wait times in pharmacies is a well-researched subject globally. 

In a pharmacy, patient satisfaction is heavily influenced by the wait times experienced 

(Alam et al., 2018). Some methods of reducing patient wait times include implementing 

automated queuing technology, automated filling and dispensing machines, different 

pharmacy infrastructure, and computer simulation modeling (Alam et al., 2018). Alam 

(2018) found that simulation modeling could be used as a decision support tool that 

“estimates the impact on the system by replicating dynamic changes, capturing stochastic 

events and random behavior” (p. 837). For example, Malaysian hospital pharmacists used 
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simulation software and identified that a shortage in staffing was responsible for the 

extended patient wait times, which they were able to resolve successfully (Alam et al., 

2018). In another study, simulation modeling showed that adding staff to a hospital 

pharmacy in Indonesia would not reduce the wait times significantly enough to warrant 

the additional cost of resources (Mawadati et al,. 2020). Testing this theory by simulation 

saved on cost and time from hiring staff only to realize the benefits to pharmacy 

customers were minimal. 

 Researchers in Iran assessed the workflows in a military hospital in 2013. They 

used simulation modeling of the pharmacy to find solutions to reduce the average queue 

lengths and wait times (Bahadori et al., 2014). The research showed that simply by 

reallocating some existing employees across the pharmacy, to the more time-consuming 

task of filling prescriptions, significantly decreased the queue length and wait times 

(Bahadori et al, 2014). Simulation modeling can help identify bottlenecks in the 

pharmacy workflows and quickly tests methods to mitigate them. 

 Not only can staffing and pharmacy workflows be evaluated quickly with 

simulation modeling, different pharmacy infrastructure and layouts can be tested as well. 

For example, researchers in China evaluated which configuration of queues and service 

windows offered optimized patient queue and wait times (Dan et al., 2016). They found 

that the single-queue multi-window configuration showed improved efficiency over the 

multi-queue multi-window layout in their pharmacy (Dan et al., 2016). Changes to layout 

and pharmacy infrastructure can be quickly tested with simulation modeling before 

incurring any construction costs.  
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 Finally, new equipment can be easily introduced to a pharmacy and the impacts to 

queue and wait times observed through software simulations. For example, researchers in 

Japan used a discrete event simulation model to introduce fully-automated One-Dose 

Package systems for drug dispensing and prescription fulfillment (Furushima et al., 

2018). With the new equipment, the simulation model showed that patient wait times 

were significantly reduced by 50% (Furushima et al., 2018). Using simulation bypasses 

the need to spend resources for new equipment and redesign of workflows before gaining 

insights to patient wait times. 

2.14 Summary and Conclusion 

 Molecular diagnostic testing is projected to be an important revenue stream for 

pharmacies in the very near future (Klepser & Klepser, 2018) . Although pharmacies 

have performed testing during the COVID-19 pandemic, they were at very high labor 

costs and not sustainable without government funding. Pharmacies must strategically 

integrate the diagnostic testing workflow into the existing activities within the pharmacy 

and ideally without the increase in labor costs. It would be valuable to determine the most 

efficient method of integrating the testing workflow in terms of speed and labor costs 

within pharmacies. A simulation model can be employed to immediately and 

economically assess a variety of testing devices and testing workflows to determine the 

configuration that is least impactful to queue and service times.  
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Chapter 3— Methodology 

3.1 Introduction 

Due to the Coronavirus Disease 2019 (COVID-19) pandemic, retail pharmacy 

chains across the United States began performing diagnostic point-of-care (POC) testing 

to relieve the testing burden on emergency rooms. The pharmacies set up molecular 

diagnostic testing, using systems such as the Abbott ID NOW, often in parking lots 

outside of the pharmacy and independent from the prescription handling workflows 

(Repko, 2020). Due to the high prevalence and transmissibility of COVID-19, 

pharmacies did not integrate testing in the actual stores as a preventative measure. They 

did not want potentially infectious patients in the proximity of healthy customers and 

employees. Therefore, pharmacies set up outdoor drive-thru testing facilities to enable 

social distancing. Collection and processing of patient samples took place in temporary 

infrastructure like tents and climate-controlled containers. 

One example of a pharmacy that provided diagnostic testing of COVID-19 was 

Walgreens Store #5893 in Phoenix, Arizona (U.S. Representative Ruben Gallego, 2020). 

Patients registered for testing appointments via the Walgreens website or mobile app. 

Upon arrival at the drive-thru, staff would check the patient in and complete any 

additional paperwork. Next, a pharmacist guided the patient to self-collect a nasal swab 

sample. The samples are then processed on the Abbott ID NOW rapid test equipment 

(Holland, 2020). Patients received their results electronically via e-mail. 

This testing setup was labor-intensive and Walgreens dedicated staff solely for the 

COVID-19 test effort. For patients that met CDC testing criteria, the testing was free of 

charge (Holland, 2020). For retail pharmacies that set up COVID-19 testing, the 
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equipment, tests, and labor cost to run the testing were reimbursed by government 

agencies through the CPRSA, CARES, and PPPHCEA Acts. Without federal funding, 

running an independent diagnostic testing facility would not have been a sustainable 

business model due to the dedicated staff required to collect and process patient samples 

on the instruments. 

Pharmacy operations experts believe that post-pandemic diagnostic testing can 

become a significant revenue generator (Klepser & Klepser, 2018). However, at this time, 

no strategy exists where testing is integrated into the current pharmacy workflow, which 

is dominated by prescription filling. The ideal diagnostic testing model for a pharmacy is 

where CLIA-waived testing devices can be in the pharmacy and operated by the existing 

pharmacists and technicians on staff. Furthermore, by limiting the amount of hands-on 

time required to operate a diagnostic device, additional labor costs required would also be 

minimized. Beyond minimizing costs, patient satisfaction is also an important metric at 

retail pharmacies. Therefore, integrating a testing workflow into pharmacies that results 

in little to no increase in patient wait times is essential in ensuring patient satisfaction. As 

a result, conducting a research study using a simulation tool to identify the optimal 

method for implementing molecular testing within a pharmacy with the lowest patient 

wait times and labor costs is warranted.  

This chapter provides an overview of the research methodology. Namely, the 

simulation tool, as well as the in-store, drive-thru, and electronic prescription workflows 

are described. Further, the immunization, over-the-counter consultation, drive-thru 

testing, and in-store testing workflows are discussed. Finally, the simulation scenarios 

used to gain insight on the research questions of this praxis are outlined. 
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3.2 Simulation Tool 

The simulation tool FlexSim Healthcare 2021 was used to model the pharmacy, 

which features 3D object modeling of process flows (Appendix A). Firstly, a real-world 

pharmacy was modeled in the simulation tool, and standard pharmacy workflows were 

created before adding any testing workflows. Six standard pharmacy workflows were 

modeled in the tool, including in-store prescription pickup, in-store prescription drop-

offs, drive-thru prescription pickups, electronic prescriptions, immunizations, and over-

the-counter consultations. Next, diagnostic testing workflows were modeled, including 

both drive-thru and in-store testing. 

 The Walgreens pharmacy in Phoenix, Arizona was used for the model. The 

pharmacy consisted of three cashier stations, a consultation window, a drive-thru 

window, three prescription filling stations, multiple drug storage shelves, and several 

workbenches, as shown in Appendix A. The simulation model included deterministic 

input values for workflow steps provided by Walgreens pharmacists and expert opinion 

from a former Vice President of Operations of Rite-Aid. The pharmacy and drive-thru 

hours on weekdays for Walgreens store #5893 are 9 am to 9 pm (Walgreens, 2021). The 

pharmacy is closed daily between 1:30 pm to 2 pm for a meal break. A typical staff 

schedule is described in Table 3-1. 

Table 3-1. Walgreens Pharmacy Staff Schedule 

Staff Description Shift Hours Meal Break 

Pharmacist 9:00 am – 9:00 pm 1:30 pm – 2:00 pm 

Technician #1 9:00 am – 5:00 pm 1:30 pm – 2:00 pm 

Technician #2 1:00 pm – 9:00 pm 6:00 pm – 6:30 pm 

Technician #3 3:00 pm – 7:00 pm N/A 
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For the simulation model, the staff repeated this schedule each day. In addition, 

the pharmacist stayed 15 minutes past 9:00 pm to ensure patients arriving shortly before 

closing were still assisted. 

3.3 In-Store Prescription Workflow 

A majority of in-store pharmacy visits consist of customers picking up and 

dropping off prescriptions. Figures 3-1 and 3-2 illustrate workflow diagrams that outline 

these two main prescription-handling activities in the store. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3-1: Pharmacy Prescription Pickup Workflow 
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Figure 3-2: Pharmacy Prescription Drop-off Workflow 
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Patients who arrived at the store for prescription pickup had their prescriptions 

previously submitted to the pharmacy. The pickup workflow was the same for both new 

prescriptions and refills. Prescriptions enter the pharmacy queue in many ways, ranging 

from electronic prescriptions, direct calls from physician offices, fax, physical drop-off 

by the patient, and through the pharmacy mobile app. In some states, new prescriptions 

required consultation from the pharmacist. The patient could choose to refuse the 

consultation. In the simulation model, 20% of prescription pickups received a 

consultation from the pharmacist. In addition, the deterministic timings for process steps 

followed the times outlined in Table 3-2. 

Table 3-2. Prescription Pickup Simulation Deterministic Timings 

 

 

 

 

 

 

Walgreens encourages patients that drop-off prescriptions to wait for them to be 

filled. These prescriptions are prioritized in the filling queue. A pharmacist is required to 

review the data entered into the dispensing system for every new prescription and verify 

that the prescription was filled correctly. The data entry review step is skipped for refills, 

leading to shorter wait times than new prescriptions due to fewer hand-offs between 

pharmacists and technicians. For the simulation model, the deterministic timings for 

process steps in the prescription drop-off and fill workflow are described in Table 3-3. 

  

Description of Activity Time (seconds) 

The patient interacts with staff at the pharmacy window 10 

Staff retrieves filled prescription from the shelf 10 

Patient pays 30 

Pharmacist consultation 90 
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Table 3-3. Prescription Drop-off and Fill Simulation Deterministic Timings 

 

Description of Activity Time (seconds) 

The patient interacts with staff at the pharmacy window 60 

Staff enters the prescription into the system (Data Entry) 30 

Pharmacist performs data review 60 

The staff gets drugs from the shelf and fills the prescription 60 

The pharmacist verifies the prescription 30 

Patient pays 30 

Pharmacist consultation 90 

 

The Walk-in Prescription Workflow statistics of the Walgreens pharmacy are 

described in Table 3-4. 

Table 3- 4. Walk-in Prescription Workflow Statistics 

 

Description Value 

The average number of walk-in customers per day 69 

Percentage of walk-in customers picking up prescriptions 42% 

Percentage of walk-in customers dropping off prescriptions and wait 

for the filling 
58% 

Percentage of patients receiving consultation for prescriptions 20% 

 

The arrival rate of the walk-in patients, as illustrated in Figure 3-3, are simulated 

to match the patient peaks throughout the day. Higher patient arrival rates occurred in the 

morning, at lunch, and after work and are modeled in the simulation tool. Not included in 

the model were prescription issues with high variability such as insurance issues, 

insufficient refills, controlled substances, medications not in stock, refill too soon, and 

doctors not faxing in the prescription.  
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Figure 3-3. Pharmacy Walk-In Arrival Time 

The probabilistic input values to the simulation model are the patient arrival times 

for each workflow. In the model, walk-in patients are scheduled in 30-minute arrival 

windows. However, the simulation randomizes the patient arrival time within those 

windows. Therefore, the patient arrival pattern is unique for each day that is modeled. 

Simulating 30 days in the software allows the pharmacy to service 2,070 walk-in 

prescription patients. Each patient queue and service time is unique and recorded by the 

simulation software. The patient arrival pattern across the 30 simulated days is repeatable 

for each tested scenario, thereby enabling side-by-side comparisons. 

3.4 Drive-thru Prescription Workflow 

Many large retail pharmacies have drive-thru services where patients can pick up 

prescriptions directly from their vehicles without entering the store. The workflow 

diagram in Figure 3-4 outlines the drive-thru prescription workflow. 
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Figure 3-4. Pharmacy Drive-thru Prescription Workflow 

For the simulation model, the deterministic timings for the drive-thru prescription 

workflow are described in Table 3-5. 
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Table 3- 5. Drive-thru Pickup Simulation Deterministic Timings 

 

Description of Activity Time (seconds) 

The patient interacts with staff at the drive-thru window 10 

Staff retrieves filled prescription from shelf 10 

Patient pays 30 

Pharmacist consultation 90 

 

Table 3-6 describes the Drive-thru Prescription Workflow statistics of the 

Walgreens pharmacy. 

Table 3-6. Drive-thru Prescription Workflow Statistics 

 

Description Value 

The average number of drive-thru customers per day 46 

Percentage of patients receiving consultation for prescriptions 20% 

 

Figure 3-5 illustrates the drive-thru prescription pickup arrival times of patients. 

The peaks for the drive-thru also occurred in the morning, lunch, and afternoon similar to 

the walk-in prescription workflow. The drive-thru patient arrival times are probabilistic 

input values to the simulation model as each patient arrives at a random time within the 

defined 30-minute arrival window each day. This generates unique arrival, queue, and 

service times for each patient. Simulating 30 working days enables the pharmacy to 

service 1,380 distinctive drive-thru patients that pick up prescriptions. 
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Figure 3-5. Pharmacy Drive-thru Arrival Time 

3.5 Electronic Prescriptions Workflow 

Pharmacies receive prescriptions through many channels such as e-mail, fax, 

mobile app, and phone calls. However, a majority of prescriptions that the patient does 

not drop off are delivered electronically. These prescriptions automatically enter the 

prescription queue, and pharmacists and technicians spend a significant portion of their 

working hours fulfilling the orders in this queue. The electronic prescription workflow is 

outlined in Figure 3-6. 

 

 

 

 

 

 

 

0

1

2

3

4

5

6

7

8

9

9
:0

0
:0

0

9
:3

0
:0

0

1
0

:0
0

:0
0

1
0

:3
0

:0
0

1
1

:0
0

:0
0

1
1

:3
0

:0
0

1
2

:0
0

:0
0

1
2

:3
0

:0
0

1
3

:0
0

:0
0

1
3

:3
0

:0
0

1
4

:0
0

:0
0

1
4

:3
0

:0
0

1
5

:0
0

:0
0

1
5

:3
0

:0
0

1
6

:0
0

:0
0

1
6

:3
0

:0
0

1
7

:0
0

:0
0

1
7

:3
0

:0
0

1
8

:0
0

:0
0

1
8

:3
0

:0
0

1
9

:0
0

:0
0

1
9

:3
0

:0
0

2
0

:0
0

:0
0

2
0

:3
0

:0
0

# 
o

f 
P

at
ie

n
ts

 

Time 



42 

 

Figure 3-6. Electronic Prescription Workflow 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prescriptions can be categorized either as a new prescription or as a refill. All new 

prescriptions undergo a data review by the pharmacist, who examines the order for errors 

and drug interactions. After the prescription is bottled, the pharmacist must perform a 

final verification before releasing the order for pick up by the customer. For refills, the 

initial data review step by the pharmacist can be skipped, but final verification is still 
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required. The Electronic Prescription Workflow statistics of the Walgreens pharmacy are 

described in Table 3-7. 

Table 3-7. Electronic Prescription Workflow Statistics 

 

Description Value 

The average number of electronic prescriptions per day 110 

The ratio of new prescriptions to refills 2:3 

Number of electronic prescriptions received overnight 20 

 

Pharmacies can receive electronic prescriptions after business hours from patients 

through the website/app and hospitals ordering prescriptions overnight. Therefore, 

pharmacies typically have a pending queue of prescriptions to be filled first thing in the 

morning. For the simulation model, the deterministic timings for the electronic 

prescription workflow are described in Table 3-8. 

Table 3-8. Electronic Prescription Workflow Deterministic Timings 

 

Description of Activity Time (seconds) 

Staff enters the prescription into the system (Data Entry) 30 

Pharmacist performs data review 60 

Staff gets drugs from shelf and fills the prescription 60 

The pharmacist verifies the prescription 30 

Figure 3-7 illustrates the arrival times of electronic refill orders throughout the 

day. Large retail pharmacies have electronic software that evenly distributes electronic 

refills into the queue to be filled across the pharmacy’s operating hours. 
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Figure 3-7. Electronic Refill Arrival Time 

Figure 3-8 illustrates the arrival patterns of new prescriptions. During the day, 

new prescriptions arrive electronically in a pattern that reflects the activity at local 

physician offices. Prescription orders arrive at the pharmacy starting around 10:00 am 

and increase until they peak around 2:00 pm. New prescriptions decrease as physician 

offices close. The precise arrival times of the new prescriptions is random within the 

defined arrival window making it a probabilistic input value to the model. 

 

Figure 3-8. Electronic New Prescription Arrival Time 
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3.6 Immunization Workflow 

 Retail pharmacies are only second to doctor’s offices as the most common 

location for administering vaccinations (Centers for Disease Control and Prevention, 

2018). Larger pharmacy chains like Walgreens offer vaccines for seasonal influenza and 

over 15 other disease conditions, including shingles, pneumonia, and meningitis. Figure 

3-9 illustrates the immunization workflow in the pharmacy where the pharmacist 

administers a vaccination. 

In 2017, Idaho began allowing trained pharmacy technicians to administer 

vaccines (Adams et al., 2018). Since then, six other states are allowing or in the process 

of allowing the same (Eid et al., 2019). In 2020, as a response to the COVID-19 

pandemic, the Public Readiness and Emergency Preparedness (PREP) Act authorized 

trained pharmacy technicians and pharmacy interns to administer COVID-19 vaccines on 

patients. The trend indicates that in the future, the authorization for pharmacy technicians 

to administer other vaccines will be widely adopted across all states. However, for the 

simulation model, only pharmacists were allowed to give immunizations. 
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Figure 3-9. Immunization Workflow in the Pharmacy 

For the simulation model, the deterministic timings for the immunization 

workflow are listed in Table 3-9. 
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Table 3- 9. Immunization Workflow Deterministic Timings 

 

Description of Activity Time (seconds) 

The staff prepares and provides paperwork to patient 120 

The patient fills out paperwork 300 

Pharmacist administers the immunization 180 

 

At the Walgreens pharmacy in Phoenix, Arizona, the average daily immunizations 

administered before the COVID-19 pandemic and during non-peak flu season were 

approximately five per day. In the simulation model, the arrival times are probabilistic 

input values and were distributed randomly throughout the day to represent walk-in 

immunizations. 

3.7 Over-the-Counter Consultation Workflow 

Additional workflow that takes a significant amount of time from the pharmacist 

daily is the over-the-counter consultation workflow. Over-the-counter consultation is a 

scenario where patients ask the local pharmacist for medical advice. Questions often 

request the appropriate over-the-counter medication or treatment for a variety of ailments. 

The over-the-counter consultation workflow is illustrated in Figure 3-10. 

The estimated time a pharmacist spends on over-the-counter questions throughout 

the shift is approximately 10% of the workday. Therefore, the simulation model 

considered two interactions every hour for 12 hours with an average of three minutes per 

interaction. The arrival time for each patient seeking over-the-counter consultation is a 

probabilistic input value and was randomized every hour. 
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Figure 3-10. Over-the-counter Consultation Workflow 

3.8 Drive-thru Testing Workflow 

Diagnostic testing integrated into the pharmacy workflow does not exist at this 

time and therefore is simulated. Due to the higher transmissivity and death rate of 

COVID-19 compared to influenza (da Costa, 2020), retail pharmacists believe the best 

way to integrate diagnostic testing is to add sample collection through the existing drive-

thru window. Therefore, reducing the risk of sick customers being in proximity of healthy 

ones.  

The simulated drive-thru diagnostic testing workflow is illustrated in Figure 3-11. 
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Figure 3-11. Drive-thru Diagnostic Testing Workflow 

The Walgreens pharmacy offered a drive-thru COVID-19 service operating 

independently from pharmacy operations. Patients made appointments for testing 

services, and patients were scheduled in 15-minute intervals between 10:00 am and 4:15 

pm. 
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For the simulation model, the deterministic timings for the drive-thru testing 

workflow are described in Table 3-10. 

 

Table 3-10. Drive-thru Diagnostic Testing Deterministic Timings 

Description of Activity Time (seconds) 

Patient checks in with staff at the drive-thru window 60 

The patient pays for the test 30 

Staff collects the patient sample 120 

 

Hands-on time and instrument processing time depend on the device selected to 

perform the tests and are illustrated in Table 3-11. Hands-on time is the “total time 

required for manual interaction from the beginning to the end of an assay run” (Ratnam et 

al., 2014, p. 2299). For Abbott ID NOW, the average hands-on time for starting a test is 

4.76 minutes, and the average instrument processing time is 2.88 minutes for a positive 

and 10.28 minutes for a negative (Young et al., 2020). A Roche cobas Liat has an average 

hands-on time of 1.36 minutes and an average instrument processing time of 20.22 

minutes (Young et al., 2020). The Thermo Fisher Scientific Accula device has a 1-minute 

hands-on time and a 30 minute run time (Thermo Fisher Scientific, 2020). The Visby 

Medical COVID-19 PCR test requires two minutes of hands-on time and 30 minutes of 

run time (Visby Medical, 2021). Furthermore, companies like DiaSorin Molecular 

(DiaSorin, 2021) and Minute Molecular Diagnostics are in the process of developing 

State-of-the-art Point-of-care (SOTA POC) devices with less than one minute of hands-

on time and 15 minutes processing time (Minute Molecular Diagnostics, 2017). 

The molecular diagnostic devices compared in this study utilize PCR and 

isothermal amplification technologies. The main feature compared in this simulation is 
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the hands-on time requirement to perform a patient test on these devices. A limitation of 

the simulation model is that it does not take into account additional product features, such 

as multiplexing, cost per instrument, and cost per test. For example, the cobas Liat is 

capable of multiplexing (detecting multiple targets in a single run). Unlike the Abbott ID 

NOW, which is limited to a single target, the cobas Liat has a COVID-19 and influenza 

combination test kit that can produce both results in one run. Furthermore, device and 

consumable costs can influence the business case for adopting one device over another. 

However, instrumentation and test costs are not addressed by the simulation because they 

are dependent on the negotiated sales contracts and can vary greatly. 

Table 3- 11. Different Hands-on Time and Processing Time of POC Devices 

 

Title of Medical Device Test Type 

Hands-On Time 

(minutes) 

Processing Time 

(minutes) 

SOTA POC PCR 0.67 15 

Thermo Fisher Accula PCR 1 30 

Roche cobas Liat PCR 1.36 20.22 

Visby Medical PCR 2 30 

Abbott ID NOW Isothermal 4.76 2.88 - 10.28 

   

To avoid over-crowding the drive-thru queue, appointment slots are available 

every 15-minutes. An arrival pattern between the hours of 10:00 am, and 4:15 pm is 

illustrated in Figure 3-12. The patient arrival times are probabilistic input values to the 

simulation model as each patient arrives randomly within the scheduled 15-minute 

window. This allows for variability in each patient’s queue and service times. Over 30 

simulated working days, the queue and service times were recorded for the 720 drive-thru 

testing patients that were tested by the pharmacy staff. 
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Figure 3-12. Drive-thru Testing Arrivals 

3.9 In-Store Testing Workflow 

 The safest method of integrating COVID-19 diagnostic testing into the pharmacy 

workflow is with sample collections through a drive-thru. Drive-thru testing “promotes 

social distancing, prevents infectious individuals from entering an enclosed building, and 

offers efficiency and convenience to families” (Flynn et al., 2020, p. 1). However, 

molecular POC devices are capable of testing for many more disease targets. For 

example, the Abbott ID NOW and Roche cobas Liat have diagnostic test kits for 

Influenza A/B, RSV, and Group A Strep. In addition, the binx io is the first CLIA-waived 

POC device with test kits for Chlamydia trachomatis and Neisseria gonorrhea (Binx 

Health, 2020). The patient specimen types for these tests are female vaginal swabs and 

male urine, which is not conducive to sample collection at a drive-thru. Therefore, it may 

be feasible in the future for a diagnostic testing workflow to be performed in-store. In this 

situation, a possible workflow is outlined in Figures 3-13. 
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Figure 3-13. In-Store Diagnostic Testing Workflow 

In Figure 3-13, the patient does not wait for the test results and leaves after the 

pharmacy staff collects the sample. In this situation, the results are electronically 

delivered to the patient, similar to the drive-thru workflow. However, the patient may 

elect to wait for the test results in the store if they so choose. 
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If the patient decides to wait for the test results, the pharmacist can provide a 

treatment plan immediately if the test result is positive. For influenza, antiviral drugs may 

be prescribed to lessen symptoms, shorten the length of recovery, and prevent 

complications like pneumonia (Centers for Disease Control and Prevention, 2021c). 

These antivirals are most effective when the patient starts them within 48 hours of getting 

sick (Aoki et al., 2003). Therefore, the patient significantly benefits when obtaining the 

test results and treatment in a single combined visit. 

 As diagnostic testing occurs in the pharmacy, additional efficiency in the 

workflow may be achieved using a self-serve kiosk. A self-serve kiosk would allow the 

patient to check in and order a test electronically via a tablet. This allows the patient to 

provide patient information, insurance details, sign forms directly, and even pay before 

any interaction with the pharmacist or technician is needed. Table 3-12 are estimated 

timings for the in-store testing workflow. In addition, the walk-in testing patient arrival 

times were probabilistic input values to the model as they were randomized within the 

scheduled arrival slot. Seven-hundred twenty patients were tested over 30 simulated 

working days. 

 Table 3-12. Estimated Times for In-Store Testing Workflow 

 

Description of Activity Time (seconds) 

Check-in for testing at the kiosk (if available) 60 

The patient pays for the test 30 

Staff collects the patient sample 120 
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3.10 Simulation Scenarios 

 To determine the optimal setup for a pharmacy in terms of testing workflow and 

device type, different scenarios were simulated and key factors compared. In the 

simulation, the baseline scenario is the pharmacy workflows without any integrated 

diagnostic testing. This represents the current state in the retail pharmacy, which has 

optimized prescription fulfillment workflows. The first simulation test is to determine the 

diagnostic device that is least disruptive to the pharmacy workflow between the Abbott 

ID NOW, Roche cobas Liat, Thermo Fisher Accula, Visby Medical, and a State-of-the-

art Point-of-care device. The simulation model integrated these point-of-care testing 

instruments in a drive-thru testing environment. Every second spent by the staff operating 

the point-of-care device was recorded to measure total hands-on time. This data was then 

converted to a labor cost for each diagnostic device.  

Each scenario was simulated for 30 working days and the queue and service times 

for each patient was recorded. The queue and service times for each device scenario was 

compared against the baseline model using statistical hypothesis tests. From this analysis, 

the device with the queue and service times most similar to the baseline times is 

considered to have the least impact to the pharmacy workflows. Next, simulations were 

performed with different testing volume scenarios to determine what impact the number 

of tests per day has on the pharmacy queue and service times. Lastly, to determine the 

best method of integrating the testing workflow, drive-thru and in-store testing setups 

were simulated and compared. 
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Chapter 4—Results 

4.1 Introduction 

This chapter describes the results and analysis of the simulation outputs. Test 

scenarios were built in the simulator to get insight into the research questions and test the 

hypotheses outlined in Chapter 1. Below is an outline of the research questions and the 

associated scenarios tested with the model. 

RQ1: How much hands-on time is acceptable in a point-of-care testing device for 

a retail pharmacy? 

1. Testing hands-on time vs. labor costs: 

The five molecular point-of-care diagnostic devices were added to the 

baseline pharmacy workflow via drive-thru testing. The labor costs for 

running each device were calculated based on the hands-on time spent 

by each staff member.  

2. Testing hands-on time vs. queue & service times: 

The five point-of-care devices were added to the pharmacy drive-thru, 

and the impact to the in-store and drive-thru queues was evaluated 

against the baseline workflow without testing. In addition, the service 

times of patients waiting for new or refill prescriptions were also 

compared to the baseline service times. 

RQ2: Can a retail pharmacy add diagnostic testing to their daily workflow 

without increasing queuing and service times? 

3. Test volume vs. labor costs: 
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The five diagnostic devices were simulated with test volumes of 12, 24, 

and 48 tests per day. The relationship between labor costs and test 

volumes was observed. 

4. Test volume vs. queue & service times: 

The SOTA POC with the shortest hands-on time and the Abbott ID 

NOW with the longest hands-on time was simulated with test volumes 

of 12, 24, and 48. The queue and service times at the different test 

volumes were compared to the baseline times without testing. 

RQ3: What workflow is most effective in adding point-of-care testing to the 

existing retail pharmacy workflow? 

5. Drive-thru vs. in-store testing queue & service time comparison: 

The SOTA POC device was simulated in a drive-thru environment, 

walk-in testing environment, and a walk-in testing environment with a 

self-check-in kiosk. 

For each statistical analysis performed in this section, a confidence level of 95% 

was used. 

4.2 Testing Hands-on Time vs. Labor Costs 

The pharmacy was simulated with two of the same diagnostic testing devices 

located inside the pharmacy near the drive-thru window. In this model, diagnostic testing 

utilized the same drive-thru that was used for prescription pickups. The staff in the 

pharmacy shared nearly all of the same activities. However, specific tasks were reserved 

only for the pharmacist. These tasks included verification of prescriptions, prescription 

consultations, and administering immunizations. Although both the pharmacist and 
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technicians could perform tasks such as operating the register, filling prescriptions, and 

running diagnostic tests, the simulation model prioritized technicians to perform these 

activities over the pharmacist allowing the pharmacist to focus on higher-skilled tasks. 

 The average hourly wage of a pharmacist and pharmacy technician in the United 

States as of May 2021 is $67 and $17, respectively (Salary.com, 2021). According to the 

United States Small Business Administration (SBA), the cost of an employee to an 

employer is approximately 1.25 times the salary (Weltman, 2019). Therefore, the average 

hourly labor cost to a pharmacy for a pharmacist and pharmacy technician is $83.75/hour 

and $21.25/hour, respectively. The software simulated 30 working days, which processed 

720 drive-thru patients needing diagnostic tests. The simulation software calculated the 

time spent by each staff member on performing molecular diagnostic tests and is 

summarized in Table 4-1. 

Table 4-1. Hands-on Time by Staff Member 

 

POC Device 

Hands-on 

Time / 30 Days 

(minutes) Pharmacist 

Pharmacy 

Tech 1 

Pharmacy 

Tech 2 

Pharmacy 

Tech 3 

State-of-the-art POC 480 69.3 (14%) 223.3 (47%) 136 (28%) 51.3 (11%) 

Thermo Fisher Accula 720 124 (17%) 318 (44%) 207 (29%) 71 (10%) 

Roche cobas Liat 979.2 129.2 (13%) 477.4 (49%) 265.2 (27%) 107.4 (11%) 

Visby Medical 1440 274 (19%) 670 (47%) 376 (26%) 120 (8%) 

Abbott ID NOW 3427.2 595 (17%) 1470.8 (43%) 928.2 (27%) 433.2 (13%) 

 

The hands-on time and labor costs needed for operating the testing devices were 

calculated and are summarized in Table 4-2.  

  



59 

 

Table 4-2. Summary of Hands-on Time and Labor Costs 

 

 

SOTA 

POC 

Thermo 

Fisher 

Accula 

Roche 

cobas 

Liat 

Visby 

Medical 

Abbott ID 

NOW 

Hands-on Time/Run (minutes) 0.67 1 1.36 2 4.76 

Instrument Processing Time (minutes) 15 30 20.22 30 10.20 

Tests/Day/Store 24 24 24 24 24 

Total Hands-on Time/Day/Store (minutes) 16 24 32.64 48 114.32 

Cost of Hands-on Time /Day/Store (USD) $ 8.07 $ 12.81 $ 16.05 $ 26.51 $ 61.12 

Cost of Hands-on Time/Year/Store (USD) $ 2,947.01 $ 4,674.03 $ 5,856.83 $ 9,677.57 $ 22,308.70 

 

 The simulation model showed that the SOTA POC with the lowest hands-on time 

per run cost the least to operate, while the Abbott ID NOW cost over seven times as 

much per day to perform the same number of tests.  

 A simple linear regression (Appendix B) was calculated to predict the labor costs 

based on hands-on time of a POC device. A significant regression equation was found, 

F(1,4) = 3536.07, p = .000, with an R
2
 = .9989, R

2
adjusted = .9981. The regression 

coefficient (B = 0.538) indicated that an increase in one minute of hand-on time 

corresponded, on average, to an increase in labor costs by $0.54, as shown in Figure 4-1. 
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Figure 4-1. Hands-on Time versus Labor Cost 

4.3 Testing Hands-on Time vs. Queue & Service Times 

 Adding a drive-thru diagnostic testing workflow to the pharmacy without 

increasing pharmacy staff could increase pharmacy queue and service times. Both the in-

store queue and drive-thru queue times were collected for each molecular diagnostic 

device scenario and compared. Because the queue and service time data follows a non-

normal and skewed distribution, statistical analyses were performed with the one-sample 

Wilcoxon signed-rank test to determine statistical differences between the dependent 

sample populations, as shown in Appendix C. 

 For the in-store queue, patients (N = 2070) entered the queue in each scenario 

over a span of 30 days. The queue times were measured to understand if adding 

diagnostic testing changes the in-store queue time. The interval plot in Figure 4-2 shows 

an increase in mean in-store queue times for models with diagnostic testing as compared 

to the baseline. A Wilcoxon signed-rank test determined that regardless of the testing 

device used, there was a statistically significant increase to in-store queue times when 

drive-thru testing is added to the pharmacy workflow, as shown in Table 4-3. 
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Figure 4-2. Interval Plot for In-Store Queue Times for POC Devices 

 

Table 4-3. Wilcoxon Signed-Rank Test for In-Store Queue Times between Baseline 

and POC Testing Devices 

 

In-Store Queue Time Median (min) W value p value 

Baseline (No Testing) 0.23 - - 

State-of-the-art POC 0.24 810772.5 .001 

Thermo Fisher Accula 0.24 808331 < .001 

Roche cobas Liat 0.24 777756 < .001 

Visby Medical 0.24 770334 < .001 

Abbott ID NOW 0.24 745368 < .001 

 

A simple linear regression (Appendix D) was calculated to predict the in-store 

queue time based on hands-on time of a POC device. A significant regression equation 

was found, F(1,4) = 55.28, p = .002, with an R
2
 = .9325, R

2
adjusted = .9156. The regression 

coefficient (B = 0.013) indicated that an increase in one minute of hand-on time 

corresponded, on average, to an increase in in-store queue time by 0.013 minutes, as 

shown in Figure 4-3. 
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Figure 4-3. Hands-on Time vs. In-Store Queue Time 

For drive-thru queue times, patient wait times (N = 1380) were analyzed per 

scenario. The drive-thru testing queue saw 24 patients come for their scheduled 

appointment every day. These scheduled appointments were in addition to the 46 patients 

that used the drive-thru for prescription pickups each day. The drive-thru queue times 

were measured to understand if adding testing to the pharmacy changed the drive-thru 

queue times. The interval plot in Figure 4-4 shows an increase in mean drive-thru queue 

times for scenarios with diagnostic testing as compared to the baseline. A Wilcoxon 

signed-rank test determined that regardless of the testing device used, there was a 

statistically significant difference to drive-thru queue times when testing is added to the 

pharmacy drive-thru, as shown in Table 4-4.  
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Figure 4-4. Interval Plot for Drive-thru Queue Times for POC Devices 
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Table 4-4. Wilcoxon Signed-Rank Test for Drive-thru Queue Times between 

Baseline and POC Testing 

 

Drive-thru Queue Time Median (min) W value p value 

Baseline (No Testing) 0.40 - - 

State-of-the-art POC 0.45 319582.50 < .001 

Thermo Fisher Accula 0.43 318357.50 < .001 

Roche cobas Liat 0.46 310595.00 < .001 

Visby Medical 0.49 313924.50 < .001 

Abbott ID NOW 0.51 306457.00 < .001 

 

The immunization service times were tracked for patients (N = 150) over 30 days 

in each test scenario to understand if adding diagnostic testing changed the immunization 

service times. The interval plot in Figure 4-5 shows a slight increase in mean 

immunization service times with overlapping confidence intervals as compared to the 

baseline for all diagnostic devices except the Abbott ID NOW. The interval plot shows 

the Abbott ID NOW as having a higher mean without overlapping confidence intervals to 

the baseline. A Wilcoxon signed-rank test determined that using a SOTA POC, Thermo 

Fisher Accula, Roche cobas Liat, or Visby Medical test has no statistical difference in 

immunization service times to a baseline pharmacy without testing. However, using an 

Abbott ID NOW in the pharmacy resulted in a significant difference in immunization 

service time, as shown in Table 4-5. 
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Figure 4-5. Interval Plot for Immunization Service Times for POC Devices 

 

Table 4-5. Wilcoxon Signed-Rank Test for Immunization Service Times between 

Baseline and POC Testing 

 

Immunization Service Time Median (min) W value p value 

Baseline (No Testing) 10.97 - - 

State-of-the-art POC 10.99 4590 .077 

Thermo Fisher Accula 11.15 4929 .212 

Roche cobas Liat 11.2 4778 .097 

Visby Medical 11.06 4865 .135 

Abbott ID NOW 11.23 3733 < .001 

 

The service times for four prescription workflows were tracked, including when a 

patient drops off a new prescription without consultation, new prescription with 

consultation, refill without consultation, and refill with a consultation. Service times for 
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each prescription workflow were measured for each test device scenario to understand if 

adding diagnostic testing changes the prescription filling service times.  

For the new prescription without consultation, patient service times (N = 400) 

were recorded for each test scenario. The interval box plot in Figure 4-6 shows an 

increase in the average service time in each scenario with diagnostic testing as compared 

to the baseline. A Wilcoxon signed-rank test determined that regardless of the testing 

device used, there was a statistically significant difference to new prescription drop-offs 

without consultation service times when testing was added to the pharmacy drive-thru as 

shown in Table 4-6. 

 

 

Figure 4-6. Interval Plot for New Prescription without Consultation Service Times 

for POC Devices 
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Table 4-6. Wilcoxon Signed-Rank Test for New Prescription without Consultation 

Service Times between Baseline and POC Testing 
 

New Prescription without 

Consultation Service Time 
Median (min) W value p value 

Baseline (No Testing) 7.73 - - 

State-of-the-art POC 7.89 33121 .007 

Thermo Fisher Accula 8.16 33847 .017 

Roche cobas Liat 8.25 32355 .005 

Visby Medical 8.16 31050 < .001 

Abbott ID NOW 8.26 28661 < .001 

 

Patient services times (N = 95) were recorded where the patient dropped off a new 

prescription and received consultation from the pharmacist. The interval box plot in 

Figure 4-7 shows an increase in the average service time in each scenario with diagnostic 

testing as compared to the baseline. A Wilcoxon signed-rank test determined that the 

service times for the SOTA POC device and Thermo Fischer Accula were statistically 

similar to the service time in the baseline workflow, as shown in Table 4-7. The other 

testing devices, Liat, Visby, and ID NOW, all resulted in statistically significant 

differences in service time compared to the baseline.  
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Figure 4-7. Interval Plot for New Prescription with Consultation Service Times for 

POC Devices 

 

Table 4-7. Wilcoxon Signed-Rank Test for New Prescription with Consultation 

Service Times between Baseline and POC Testing 

 

New Prescription with 

Consultation Service Time 
Median (min) W value p value 

Baseline (No Testing) 10.15 - - 

State-of-the-art POC 11.22 1766 .057 

Thermo Fisher Accula 10.6 1881 .136 

Roche cobas Liat 11.22 1651 .028 

Visby Medical 11.34 1702 .032 

Abbott ID NOW 11.03 1706 .033 

 

Patient service times (N = 577) were recorded where the patient dropped off a 

refill prescription and did not receive consultation from the pharmacist for each test 

scenario. The interval box plot in Figure 4-8 shows an increase in the average service 
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time in each scenario with diagnostic testing as compared to the baseline. Furthermore, 

the Abbott ID NOW confidence intervals do not overlap with the baseline. A Wilcoxon 

signed-rank test determined that the service times for the Thermo Fischer Accula was 

statistically similar to the service time in the baseline workflow, as shown in Table 4-8. 

The other testing devices, SOTA POC, Liat, Visby, and ID NOW, all had statistically 

significant differences in service times compared to the baseline.  

 

 

Figure 4-8. Interval Plot for Refill without Consultation Service Times for POC 

Devices 
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Table 4-8. Wilcoxon Signed-Rank Test for Refill without Consultation Service 

Times between Baseline and POC Testing 

 

Refill without Consultation 

Service Time 
Median (min) W value p value 

Baseline (No Testing) 5.47 - - 

State-of-the-art POC 5.78 71583 .013 

Thermo Fisher Accula 5.72 76905.5 .139 

Roche cobas Liat 5.8 70832 .005 

Visby Medical 5.84 71512 .006 

Abbott ID NOW 5.9 67397.5 < .001 

 

 In the workflow where the patient dropped off a refill prescription and received 

consultation from the pharmacist, patient service times (N = 139) were recorded over 30 

days for each simulation scenario. The interval box plot in Figure 4-9 shows overlapping 

confidence intervals for each testing scenario as compared to the baseline. A Wilcoxon 

signed-rank test determined that there was no significant difference in the service times 

between the test devices and the baseline workflow as shown in Table 4-9. 

 

Figure 4-9. Interval Plot for Refill with Consultation Service Times for POC Devices 
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Table 4-9. Wilcoxon Signed-Rank Test for Refill with Consultation Service Times 

between Baseline and POC Testing 

 

Refill with Consultation Service 

Time 
Median (min) W value p value 

Baseline (No Testing) 7.97 - - 

State-of-the-art POC 8.46 4576  .747 

Thermo Fisher Accula 8.08 5159  .440 

Roche cobas Liat 8.23 4671  .860 

Visby Medical 8.29 4855  .783 

Abbott ID NOW 8.44 4508  .542 

 

In summary, the Thermo Fisher Accula and the SOTA POC service times were 

the most statistically similar to the baseline service times. The statistical similarity was 

due to lower hands-on time than the Roche cobas Liat, Visby Medical, and Abbott ID 

NOW devices. 

4.4 Testing Volume vs. Labor Costs 

Pharmacies, such as Walgreens schedule COVID-19 testing every 15 minutes, 

which results in 24 tests per day when testing between 10:00 am and 4:15 pm. However, 

by reducing or increasing the number of appointment slots, the maximum number of tests 

performed per day can be modified. To determine the impact on labor costs resulting 

from the increase in tests, each diagnostic device scenario was simulated to process 12, 

24, and 48 patient samples per day. For the 12 patients, the appointment slots were evenly 

spaced between 10:00 am and 4:15 pm, with no testing scheduled during the meal break 

at 1:30 pm – 2:00 pm. To process 48 patients during 10:00 am - 4:15 pm, two 

appointment slots were available every 15 minutes. 
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The daily labor costs (Appendix E) were calculated by summing up the time spent 

by each staff member operating the diagnostic device over 30 days multiplied by their 

specific hourly labor cost. Then dividing by 30 to get the daily labor cost of operating the 

testing devices. Table 4-10 summarizes the daily labor costs for each device by test 

volume. 

Table 4-10. Daily Labor Costs for Operating POC Devices by Test Volume 

Tests/Day SOTA POC Accula Liat Visby ID NOW 

12 $3.94 $5.95 $8.09 $11.90 $27.34 

24 $8.07 $12.81 $16.05 $26.51 $61.12 

48 $19.09 $28.65 $37.62 $56.22 $147.53 

 

The Abbott ID NOW had the most hands-on time per run, leading to a higher cost 

to operate. The ID NOW has a greater incremental labor cost per additional patient tested. 

The SOTA POC, with 40 seconds of hands-on time, was suggested to have the most 

negligible impact on labor cost as the number of tests increased. 

4.5 Testing Volume vs. Queue & Service Times 

The total number of tests performed per day in a retail pharmacy was based on the 

demand for the testing and the appointment schedule set by the pharmacy. Diseases such 

as influenza are seasonal, with low infection rates in the summer and peak infections 

between December and March (Centers for Disease Control and Prevention, 2021a). 

Therefore, it is critical to determine how testing volumes can influence queue and service 

times. The SOTA POC device and the Abbott ID NOW with the lowest and highest 

hands-on time per run, respectively, were selected for this simulation. Both devices were 
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simulated with test volumes of 12, 24, and 48 tests per day for 30 days, and the queue and 

service times were compared with the baseline (Appendix F). 

 For the in-store queue, patients (N = 2070) entered the queue in each scenario. 

The queue times were measured to understand if varying the test volume affected the in-

store queue time. The interval plot in Figure 4-10 shows increasing mean in-store queue 

times as the number of tests performed increased. A Wilcoxon signed-rank test 

determined that regardless of which POC device was used, there was a statistically 

significant difference in the in-store queue times at test volumes of 12, 24, and 48 tests 

per day, as shown in Table 4-11. 

 

 

Figure 4-10. Interval Plot for In-Store Queue Times by Test Volume 
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Table 4-11. Wilcoxon Signed-Rank Test for In-Store Queue Times by Test Volume 

 

In-Store Queue Time Median (min) W value p value 

Baseline (No Testing) 0.23 - - 

State-of-the-art POC 12 tests/day 0.23 816975 .004 

State-of-the-art POC 24 tests/day 0.24 810772.5 .001 

State-of-the-art POC 48 tests/day 0.24 714117 < .001 

Abbott ID NOW 12 tests/day 0.24 785154 < .001 

Abbott ID NOW 24 tests/day 0.24 745368 < .001 

Abbott ID NOW 48 tests/day 0.27 555341.5 < .001 

 

 For the drive-thru queue, patients (N = 1380) entered the queue in each test 

volume scenario. The queue times were measured to understand if varying the test 

volume affected the drive-thru queue time. The interval box plot in Figure 4-11 shows 

substantial increases to the mean drive-thru queue times with the increase in number of 

tests. A Wilcoxon signed-rank test determined that regardless of using the SOTA POC 

with 40 seconds of hands-on time or the ID NOW with 4.76 minutes of hands-on time, at 

test volumes of 12, 24, or 48, there was a statistically significant increase to drive-thru 

queue times as shown in Table 4-12. 
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Figure 4-11. Interval Plot for Drive-thru Queue Times by Test Volume 

 

Table 4-12. Wilcoxon Signed-Rank Test for Drive-thru Queue Times by Test 

Volume 

 

Drive-thru Queue Time Median (min) W value p value 

Baseline (No Testing) 0.4 - - 

State-of-the-art POC 12 tests/day 0.4 371114.5 .024 

State-of-the-art POC 24 tests/day 0.45 319582.5 < .001 

State-of-the-art POC 48 tests/day 0.65 258634.5 < .001 

Abbott ID NOW 12 tests/day 0.4 351443.5 < .001 

Abbott ID NOW 24 tests/day 0.51 306457 < .001 

Abbott ID NOW 48 tests/day 0.81 214185 < .001 

 

The immunization service times were tracked for patients (N = 150) over 30 days 

in each test scenario to understand if the testing volume affects immunization service 

times. The interval plot in Figure 4-12 shows much larger increases in the mean 
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immunization times for the Abbott ID NOW with increasing test volumes than the SOTA 

POC. A Wilcoxon signed-rank test determined that using the SOTA POC at 12 and 24 

tests per day resulted in no difference in immunization service times compared to the 

baseline workflow. This was also the case for the Abbott ID NOW at 12 tests per day. 

However, 48 tests per day on the SOTA POC and 24 and 48 tests per day on the ID NOW 

had statistically significant differences in immunization times to the baseline workflow, 

as shown in Table 4-13. 

 

Figure 4-12. Interval Plot for Immunization Service Times by Test Volume 
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Table 4-13. Wilcoxon Signed-Rank Test for Immunization Service Times by Test 

Volume 

 

Immunization Service Time Median (min) W value p value 

Baseline (No Testing) 10.97 - - 

State-of-the-art POC 12 tests/day 10.99 5156.5 .586 

State-of-the-art POC 24 tests/day 11.15 4590 .077 

State-of-the-art POC 48 tests/day 11.2 4265 .009 

Abbott ID NOW 12 tests/day 11.06 4965 .360 

Abbott ID NOW 24 tests/day 11.23 3733 < .001 

Abbott ID NOW 48 tests/day 11.68 2864 < .001 

 

 The impact of test volumes on prescription filling service times were evaluated 

and included (a) new prescription without consultation, (b) new prescription with 

consultation, (c) refill without consultation, and (d) refill with a consultation. For the new 

prescription without consultation workflow, patient service times (N = 400) were 

recorded for each test scenario. The interval plot in Figure 4-13 shows large increases to 

the mean service time with increasing test volumes. A Wilcoxon signed-rank test 

determined that regardless of the testing device and testing volume, there was a 

statistically significant difference to service times when testing was added to the 

pharmacy drive-thru, as shown in Table 4-14. 
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Figure 4-13. Interval Plot for New Prescription without Consultation Service Times 

by Test Volume 

 

Table 4-14. Wilcoxon Signed-Rank Test for New Prescription without Consultation 

Service Times by Test Volume 

 

New Prescription without 

Consultation Service Time 
Median (min) W value p value 

Baseline (No Testing) 7.73 - - 

State-of-the-art POC 12 tests/day 7.89 33868 .026 

State-of-the-art POC 24 tests/day 8.16 33121 .007 

State-of-the-art POC 48 tests/day 8.25 27987 < .001 

Abbott ID NOW 12 tests/day 8.16 30359 < .001 

Abbott ID NOW 24 tests/day 8.26 28661 < .001 

Abbott ID NOW 48 tests/day 9.5 18859 < .001 
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Patient services times (N = 95) were recorded for each test scenario where the 

patient dropped off a new prescription and received consultation from the pharmacist. 

The interval plot in Figure 4-14 shows the Abbott ID NOW at 48 tests per day with mean 

service time and confidence intervals that do not overlap with the baseline. A Wilcoxon 

signed-rank test determined that the service times for the SOTA POC device at 12, 24, 

and 48 tests per day maintained a statistically similar service time in the baseline 

workflow. The ID NOW service time was only statistically similar to the baseline for the 

12 test per day scenario as shown in Table 4-15.  

 

Figure 4-14. Interval Plot for New Prescription with Consultation Service Times by 

Test Volume 
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Table 4-15. Wilcoxon Signed-Rank Test for New Prescription with Consultation 

Service Times by Test Volume 

 

New Prescription with 

Consultation Service Time 
Median (min) W value p value 

Baseline (No Testing) 10.15 - - 

State-of-the-art POC 12 tests/day 10.92 2251    .916 

State-of-the-art POC 24 tests/day 11.22 1766    .057 

State-of-the-art POC 48 tests/day 10.66 2039    .372 

Abbott ID NOW 12 tests/day 10.95 2062    .419 

Abbott ID NOW 24 tests/day 11.03 1706    .033 

Abbott ID NOW 48 tests/day 11.44 1560    .008 

 

For the workflow where the patient dropped off a refill prescription and did not 

receive consultation from the pharmacist, patient services times (N = 577) were recorded 

for each test scenario. The interval plot in Figure 4-15 larger increases in mean service 

times for the Abbott ID NOW at increasing test volumes as compared to the baseline and 

SOTA POC. A Wilcoxon signed-rank test determined that the service times for the 

SOTA POC and ID NOW processing 12 runs per day was statistically similar to the 

service time in the baseline workflow. However, at 24 and 48 tests per day, both the 

SOTA POC and ID NOW showed a statistically significant difference in the service 

times from the baseline as shown in Table 4-16.  
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Figure 4-15. Interval Plot for Refill without Consultation Service Times by Test 

Volume 

 

Table 4-16. Wilcoxon Signed-Rank Test for Refill without Consultation Service 

Times by Test Volume 

 

Refill without Consultation 

Service Time 
Median (min) W value p value 

Baseline (No Testing) 5.47 - - 

State-of-the-art POC 12 tests/day 5.54 80606.5 .923 

State-of-the-art POC 24 tests/day 5.78 71583 .013 

State-of-the-art POC 48 tests/day 5.8 69033 .002 

Abbott ID NOW 12 tests/day 5.62 76549 .196 

Abbott ID NOW 24 tests/day 5.9 67397.5 < .001 

Abbott ID NOW 48 tests/day 6.32 51497 < .001 
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In the workflow where the patient dropped off a refill prescription and received 

consultation from the pharmacist, patient service times (N = 139) were recorded over 30 

days for each test scenario. The interval plot in Figure 4-16 shows overlapping 

confidence intervals with the baseline scenario for all test scenarios except the Abbott ID 

NOW at 48 tests per day. A Wilcoxon signed-rank test determined that there was no 

significant difference in the service times between the SOTA POC at 12, 24, and 48 runs 

per day as well as the ID NOW at 12, and 24 runs per day as compared to the baseline 

workflow as shown in Table 4-17. However, the Abbott ID NOW at 48 runs per day 

showed a statistically significant increase compared to the baseline service time. 

 

Figure 4-16. Interval Plot for Refill with Consultation Service Times by Test 

Volume 
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Table 4-17. Wilcoxon Signed-Rank Test for Refill with Consultation Service Times 

by Test Volume 

 

Refill with Consultation Service 

Time 
Median (min) W value p value 

Baseline (No Testing) 7.97 - - 

State-of-the-art POC 12 tests/day 8.09 5095    .343 

State-of-the-art POC 24 tests/day 8.46 4576    .747 

State-of-the-art POC 48 tests/day 8.72 3993    .088 

Abbott ID NOW 12 tests/day 8.35 4932    .660 

Abbott ID NOW 24 tests/day 8.44 4508    .542 

Abbott ID NOW 48 tests/day 9.15 3231    .001 

 

 In summary, none of the testing volume scenarios showed statistically similar in-

store or drive-thru queue times compared to the baseline. Even when processing 12 

samples per day on the SOTA POC, there was a significant increase in the drive-thru and 

in-store queue times. Performing 12 tests per day had less impact on service times than 

24 and 48 tests per day. Furthermore, increasing testing volumes on a SOTA POC device 

had less impact on service times than the Abbott ID NOW, which exhibited longer hands-

on time but lower processing time. 

4.6 Drive-thru vs. In-Store Testing Queue & Service Times 

Ever since Walgreens pharmacy opened the first drive-thru pharmacy in the 

1990s, many large retail pharmacies worldwide followed suit by adding drive-thru 

services (Hussain et al., 2021). Pharmacies that have drive-thrus can implement a 

diagnostic testing workflow on top of the existing prescription pickups. However, another 

method of integrating testing in the pharmacy is to have patient samples collected in the 
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store. Collecting samples in-store may be necessary for pharmacies without drive-thru 

windows that want to add diagnostic testing workflows or future tests where the sample 

cannot be collected from the car.  

To determine the optimal testing workflow, different testing configurations were 

modeled in the simulator. The simulations included a comparison of the baseline 

workflow, drive-thru testing, and two in-store testing workflows. The first in-store 

workflow involved patients arriving during their scheduled appointment times and 

queuing in a single line with all other customers. A staff member then checked in the 

patient at one of the pharmacy cashier windows.  

The second in-store workflow consisted of patients arrive at the scheduled 

appointment time and waiting in a separate testing line. The patient then approached an 

automated kiosk to check-in for their test appointment. After check-in was completed, the 

patient waited for a staff member to collect their sample. Statistical analysis was 

performed on the queue and service times for these three testing workflows and evaluated 

(Appendix G). The SOTA POC device was used in the model as the diagnostic testing 

device as it offers the lowest labor costs. 

First, the in-store queue times for patients (N = 2070) were recorded for each 

simulated scenario. The queue times were measured to understand if any of the testing 

workflows would match the wait times of the baseline workflow. The interval plot in 

Figure 4-17 shows higher mean queue times after adding diagnostic testing regardless of 

the workflow. A Wilcoxon signed-rank test determined that the drive-thru and in-store 

testing workflows had a statistically significant difference to the baseline workflow, as 

shown in Table 4-18. 
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Figure 4-17. Interval Plot for In-Store Queue Times by Testing Configuration 

 

Table 4-18. Wilcoxon Signed-Rank Test for In-Store Queue Times by Testing 

Configuration 

 

In-Store Queue Time Median (min) W value p value 

Baseline (No Testing) 0.23 - - 

Drive-thru Testing 0.24 810772.5 .001 

In-Store Testing (Single Line) 0.24 827270.5 < .001 

In-Store Testing (Automated Kiosk) 0.24 823020.5 < .001 

 

For the drive-thru queue, patients (N = 1380) entered the queue in each testing 

scenario. The queue times were measured to understand if the different testing workflows 

affected drive-thru queue times. The interval plot in Figure 4-18 shows a notably higher 

mean queue time for the drive-thru testing scenario and mean queue times lower than the 

baseline for the in-store testing workflows. A Wilcoxon signed-rank test determined that 
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adding a drive-thru testing workflow leads to a statistically significant increase in the 

baseline workflow's dive-thru queuing times. However, moving the diagnostic testing in-

store with either the single line and kiosk method leads to similar queue times with the 

baseline workflow as shown in Table 4-19.  

 

 

Figure 4-18. Interval Plot for Drive-thru Queue Times by Testing Configuration 

 

Table 4-19. Wilcoxon Signed-Rank Test for Drive-thru Queue Times by Testing 

Configuration 

 

Drive-thru Queue Time Median (min) W value p value 

Baseline (No Testing) 0.4 - - 

Drive-thru Testing 0.45 319582.50    .001 

In-Store Testing (Single Line) 0.4 414436.50    .600 

In-Store Testing (Automated Kiosk) 0.4 417343.50    .864 
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The immunization service times were tracked for patients (N = 150) in each 

simulated scenario to understand if any of the testing workflows affected the 

immunization service time. The interval plot in Figure 4-19 shows overlapping 

confidence intervals for all testing scenarios as compared to the baseline. A Wilcoxon 

signed-rank test determined that the drive-thru, in-store, and in-store kiosk testing 

workflows showed no statistically significant difference to the immunization service 

times of the baseline workflow as shown in Table 4-20. 

 

Figure 4-19. Interval Plot for Immunization Service Times by Testing Configuration 

 

Table 4-20. Wilcoxon Signed-Rank Test for Immunization Service Times by Testing 

Configuration 

Immunization Service Time Median (min) W value p value 

Baseline (No Testing) 10.97 - - 

Drive-thru Testing 11.15 4590 .077 

In-Store Testing (Single Line) 11 5769 .732 

In-Store Testing (Automated Kiosk) 11.01 5461 .811 
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Furthermore, the impact that the testing workflow configuration had on 

prescription filling service times was evaluated. Workflow configurations included (a) 

new prescription without consultation, (b) new prescription with consultation, (c) refill 

without consultation, and (d) refill with consultations.  

The workflow where a patient dropped off a new prescription, waited for the 

prescription to be filled, and did not receive consultation was evaluated. Patient service 

times (N = 400) were recorded for the drive-thru and in-store testing workflows. The 

interval plot in Figure 4-20 shows increases in the mean service time for the three testing 

scenarios as compared to the baseline workflow. A Wilcoxon signed-rank test determined 

that regardless of the testing strategy implemented, there was a statistically significant 

difference observed in the service times for these workflows against the baseline, as 

shown in Table 4-21. 

 

Figure 4-20. Interval Plot for New Prescription without Consultation Service Time 

by Testing Configuration 



89 

 

 

Table 4-21. Wilcoxon Signed-Rank Test for New Prescription without Consultation 

Service Time by Testing Configuration 

 

New Prescription without 

Consultation Service Time 
Median (min) W value p value 

Baseline (No Testing) 7.73 - - 

Drive-thru Testing 8.16 33121    .007 

In-Store Testing (Single Line) 8.08 34075    .009 

In-Store Testing (Automated Kiosk) 8.01 33895    .009 

 

Patient services times (N = 95) were recorded for each test scenario where the 

patient dropped off a new prescription, waited for the prescription, and received 

consultation from the pharmacist. The interval plot in Figure 4-21 shows slight increases 

to the mean service times and overlapping confidence intervals for each testing workflow 

as compared to the baseline. A Wilcoxon signed-rank test determined that the service 

times for the drive-thru testing, in-store testing, and in-store testing with kiosk were 

statistically similar in the service time compared to the baseline workflow as shown in 

Table 4-22.  
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Figure 4-21. Interval Plot for New Prescription with Consultation Service Time by 

Testing Configuration 

 

Table 4-22. Wilcoxon Signed-Rank Test for New Prescription with Consultation 

Service Time by Testing Configuration 

 

New Prescription with 

Consultation Service Time 
Median (min) W value p value 

Baseline (No Testing) 10.15 - - 

Drive-thru Testing 11.22 1766    .057 

In-Store Testing (Single Line) 10.65 2046    .386 

In-Store Testing (Automated Kiosk) 10.69 1905    .165 

 

For the workflow where the patient dropped off a refill prescription and did not 

receive consultation from the pharmacist, patient service times (N = 577) were recorded 

per test scenario. The interval plot in Figure 4-22 shows a higher increase in the mean 

service time for the drive-thru testing as compared to the two in-store testing workflows. 
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A Wilcoxon signed-rank test determined that the service times for the in-store single 

queue testing strategy and the in-store kiosk testing strategy had no statistically 

significant difference from the baseline service times. However, the drive-thru test 

strategy showed a statistically significant increase in service times to the baseline, as 

shown in Table 4-23. 

 

Figure 4-22. Interval Plot for Refill without Consultation Service Time by Testing 

Configuration 

 

Table 4-23. Wilcoxon Signed-Rank Test for Refill without Consultation Service 

Time by Testing Configuration 

 

Refill without Consultation 

Service Time 
Median (min) W value p value 

Baseline (No Testing) 5.47 - - 

Drive-thru Testing 5.78 71583    .013 

In-Store Testing (Single Line) 5.62 77491    .183 

In-Store Testing (Automated Kiosk) 5.68 77100    .153 
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In the workflow where the patient dropped off a refill prescription and received 

consultation from the pharmacist, patient service times (N = 139) were recorded per test 

scenario. The interval plot in Figure 4-23 shows mean service times for the testing 

workflows to be similar or lower than the baseline workflow. A Wilcoxon signed-rank 

test determined no significant difference in the service times between the baseline 

workflow and the three testing workflow options as shown in Table 4-24. 

 

Figure 4-23. Interval Plot for Refill with Consultation Service Time by Testing 

Configuration 
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Table 4-24. Wilcoxon Signed-Rank Test for Refill with Consultation Service Time 

by Testing Configuration 

 

Refill with Consultation Service 

Time 
Median (min) W value p value 

Baseline (No Testing) 7.97 - - 

Drive-thru Testing 8.461 4576    .747 

In-Store Testing (Single Line) 8.79 4898    .946 

In-Store Testing (Automated Kiosk) 8.11 5517    .171 

 

In summary, both in-store testing workflows had queueing times and service 

times more similar to the baseline workflow than the drive-thru testing workflow.   
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Chapter 5—Discussion and Conclusions 

5.1 Discussion 

In this chapter, the insights derived from testing multiple scenarios in the queuing 

simulation model are summarized. These results are analyzed to determine actionable 

recommendations for retail pharmacy leaders interested in integrating diagnostic testing 

into their pharmacy’s workflows. In addition, this chapter discusses this research’s 

contribution to the current body of knowledge in the molecular diagnostic and retail 

pharmacy space. 

The recent global pandemic accelerated the development of new products through 

government grants, regulation changes, and a record level of demand for polymerase 

chain reaction (PCR) testing. Medical device manufacturers continue to invest in 

technologies that make molecular point-of-care (POC) testing faster, cheaper, and more 

accurate to drive adoption in pharmacies and other medical settings. This chapter 

identifies areas ripe for further research, including new markets for molecular diagnostics 

that can benefit from similar queuing simulation models. 

5.2 Conclusions 

The first conclusion drawn from this research is that hands-on time of diagnostic 

testing devices directly affect the labor costs, queuing times, and service times in a retail 

pharmacy. Hypothesis 1 stated:  

H1: A retail pharmacy requires the point-of-care device to have less than one 

minute of hands-on time per test to maintain labor costs, queue times, and 

service times. 
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The simulation model assisted with establishing a linear relationship between 

labor costs and hands-on instrument time. The result was that each minute of hands-on 

time translates to $0.54 in labor costs based on the national average salaries for 

pharmacists and pharmacy technicians. Therefore, a pharmacy seeking to minimize labor 

costs when deciding between diagnostic POC devices must consider devices with lower 

total hands-on time. 

Furthermore, adding 24 diagnostic tests per day via the drive-thru significantly 

increased both in-store and drive-thru queue times even when the hands-on time of the 

diagnostic device was below one minute. This was the result of adding workload onto the 

pharmacy staff, which reduced staff availability. Reduced staff availability resulted in 

customers in queues waiting longer for staff members to address their needs. Therefore, 

the higher the hands-on time on the testing device, the greater the average in-store and 

drive-thru queue times. 

In addition, the diagnostic devices with the hands-on time of one minute and 

below (SOTA POC and Thermo Fisher Accula) had the highest number of pharmacy 

services times that were statistically similar to the baseline service times. At the same 

time, the Abbott ID NOW with the longest hands-on time had the least amount of service 

times similar to the baseline. This means that the simulations support the idea that the 

lower the hands-on time of the devices, the less impact it has on pharmacy service times. 

Although POC devices requiring hands-on time of one minute or less still create higher 

labor costs, longer queues, and longer service times, the impact was minimized with 

shorter hands-on time.  
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The second conclusion derived from the simulation is that pharmacies running 

fewer diagnostic tests will see less impact on the queue and service times. Hypothesis 2 

stated that: 

H2: A retail pharmacy can integrate diagnostic testing via scheduled 

appointments without any increase in average wait or service times. 

The simulation data showed that it is not possible to implement drive-thru 

diagnostic testing with scheduled appointments without increasing the queue and service 

times. However, reducing the total number of tests performed per day is possible to 

reduce pharmacy service times. By running only 12 samples per day instead of 24, the 

impact on service times was reduced and made similar to the service times in the baseline 

workflow. Furthermore, devices like the SOTA POC, with shorter hands-on time, was 

able to scale to 48 tests per day better than the Abbott ID NOW with minimized impacts 

to service times. The time-to-result, sum of hands-on time and processing time, on the ID 

NOW (15.04 min) is lower than the SOTA POC (15.67 min) but has a notably greater 

impact to service times as the number of tests performed per day increased. 

 Hypothesis 3 stated: 

H3: Patient wait times are the lowest with a drive-thru diagnostic testing. 

The simulation model data supported the opposite of the hypothesis. There is no 

reduction of in-store queue times with any of the diagnostic testing options. However, 

moving the diagnostic testing from the drive-thru to in-store reduces the drive-thru queue 

and service time for some prescription workflows to baseline levels. In addition, there 

was no statistically significant difference between the service times of a single queue in 

the pharmacy compared to a self-check-in kiosk. If social distancing of patients is not 
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required, it is preferable to have in-store testing over drive-thru testing based on impact to 

pharmacy service times. 

5.3 Contributions to Body of Knowledge  

 During the height of the COVID-19 pandemic in 2020, retail pharmacies 

performed COVID-19 testing with molecular devices completely independent from 

standard pharmacy operations. The sample collection occurred in parking lots in 

temporary drive-thru setups. Retail pharmacies are considered health hubs for local 

communities, and the convenience of testing at pharmacies was highly desirable as 

patients wanted to avoid going to the hospital or clinics. The testing at pharmacies proved 

successful and contributed to the fight against the spread of COVID-19. 

 This simulation research allows pharmacies to quantify the impact of adding 

molecular diagnostic testing into their daily workflow. Testing has the potential to 

generate significant revenue for pharmacies and is desirable as a service offering. The 

simulation results provide pharmacies the insight that certain features of a diagnostic 

device, such as hands-on time, can significantly impact the pharmacy queues and service 

times. For example, the Abbott ID NOW is reported as the fastest test for generating 

results in 13 minutes or less (Billingsley, 2020). However, the hands-on time is never 

mentioned. The simulation showed that tests like the Thermo Fisher Accula, which has 

nearly three times the processing time per run as the ID NOW, has less impact on 

pharmacy queue and service times than the ID NOW. Minimal impact is due to the 

Accula’s hands-on time being less than a quarter (21%) that of the ID NOW. 

 With new molecular POC devices coming to market in the next few years, 

pharmacies must have a way to evaluate them quickly without testing them in a physical 
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store. Given a device’s attributes, a pharmacy can use simulation modeling to evaluate 

their impacts on service times and labor costs. The pharmacy can then save on the costs 

associated with setting up instruments in-store and training staff to determine a device's 

effects on pharmacy operations and queue times.  

5.4 Recommendations for Future Research 

Testing volumes in pharmacies will increase in the upcoming years, and the 

number of pharmacies offering molecular diagnostic testing as a service continues to 

grow. The success of this COVID-19 testing initiative proves that pharmacists are 

capable and testing at pharmacies is effective in disease management. State legislatures 

will likely continue to allow pharmacists to obtain collaborative practice agreements 

allowing them to test other diseases beyond COVID-19, such as influenza and strep, 

without the patient’s primary care provider. In this case, pharmacies may see a steady 

increase in testing volumes as diagnostic device companies release new test offerings. 

 Due to the government and public’s response to the COVID-19 pandemic, the 

2020-2021 influenza season was muted. Social distancing and mask-wearing effectively 

reduced the spread of influenza, resulting in a 98% decrease in cases compared to the 

same time period in 2019-2020 (Ries, 2021). However, with the lifting of restrictions, it 

is estimated that influenza will continue to be an epidemic affecting millions of people in 

the U.S. each year. The simulation model only took into account the volumes of patients 

testing during the COVID-19 pandemic. However, as test offerings in the pharmacy 

expand, the testing volumes could increase as well. As that happens, simulations need to 

be adjusted to new testing volumes to provide insight into pharmacy queues and service 

times. 
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 The simulation in this research was applied to a specific store location, 

prescription volume, and testing volume. Pharmacy stores vary in size and can consist of 

varying numbers of staff and patients. The simulation model can be modified to address 

these store differences in staffing and patient configurations. 

 In December of 2020, during the height of the COVID-19 pandemic in the U.S., 

the Department of Health and Human Service released the Sexually Transmitted 

Infections National Strategic Plan for the United States: 2021-2025. This plan is the 

nation’s first plan addressing the fight against rising sexually transmitted infection (STI) 

rates, which health officials categorize as “an epidemic and public health crisis” (U.S. 

Department of Health & Human Services, 2020, p. 4). The diseases addressed in this plan 

include Chlamydia, Gonorrhea, Syphilis, Human Papillomavirus (HPV), Human 

Immunodeficiency Virus (HIV), and Hepatitis. If left untreated, these diseases can have 

profound effects on the American population, including infertility, cancer, and death.  

STIs are far more prevalent than most people think. More than one-half of 

Americans will contract an STI in their lifetime (U.S. Department of Health & Human 

Services, 2020, p. 6). In many situations, they are asymptomatic and unaware of the long-

term health consequences (e.g., cervical cancer caused by HPV). Individuals unaware of 

their infection can result in disease progression resulting in an increased risk of spreading 

the infection to others. The national strategic plan explicitly mentions that “rapid POC 

STI tests are the most efficient way to improve early diagnosis and support same-day 

treatment” (U.S. Department of Health & Human Services, 2020, p. 1).  

In addition, the national strategic plan suggests that the increased use of 

collaborative practice agreements will expand testing beyond the clinical laboratories and 
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physician offices. Pharmacies were identified as an example of an alternative setting 

where testing for STIs can reach a larger audience. The expectation is that with this 

national plan in place, government funding will become available to drive the 

implementation of POC testing within pharmacies further.  

Although this research praxis and simulation model was built around COVID-19 

and similar respiratory disease testing in a pharmacy, a model can be built to integrate 

STI testing as well. In addition to modeling the volume of potential testing, the sample 

collection workflow for STIs would be different. Common sample types for STI testing 

include urine and genital swabs. The logistics of collecting samples in the pharmacy 

would need to be resolved and modeled in the simulation. Alternatively, self-collection 

kits are becoming more prevalent and a patient can drop-off their sample for immediate 

testing in a pharmacy. 

 Decentralized molecular testing for diseases will become a standard service 

provided by pharmacies in the future. Advances in POC technology delivering lab-quality 

results in under 20-minutes and national initiatives funding rapid POC testing will prompt 

pharmacies to continue adopting diagnostic testing. With several molecular diagnostic 

devices already on the market and many on the horizon, pharmacies will have to decide 

which device is best to integrate into their stores and what testing workflow will have the 

most negligible impact on queues and service times. 
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Appendix A – FlexSim Healthcare 2021 Simulation Software 

Appendix A-1. Overview of Simulation Model 

 

Appendix A-2. Walgreens Pharmacy Simulated 
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Appendix A-3. Simulated Pharmacy Drive Thru and Point-of-Care Systems 

 

Appendix A-4. Simulated Pharmacy Pickup Windows and Registers 
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Appendix A-5. Simulated Pharmacy Pharmacist Consultation Window 

 

Appendix A-6. Simulated Pharmacy Sample Collection and Immunization Area 
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Appendix A-7. Running Pharmacy Simulation 
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Appendix A-8. FlexSim: In-Store Prescription Workflow 
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Appendix A-9. FlexSim: Drive-thru Prescription Workflow 

 

Appendix A-10. FlexSim: Immunization Workflow 
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Appendix A-11. FlexSim: Electronic Prescriptions Workflow 

 
Appendix A-12. FlexSim: Over-the-counter Consultations Workflow 
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Appendix A-13. FlexSim: Drive-thru Testing Workflow 

 

Appendix A-14. FlexSim: In-Store Single Queue Testing Workflow 
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Appendix A-15. FlexSim: In-Store with Kiosk Testing Workflow 
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Appendix B: Regression of Hands-on Time and Labor Cost 

WORKSHEET 2 

Regression Analysis: Labor Cost versus Minutes 

 

Regression Equation 

Labor Cost = -0.313 + 0.53811 Minutes 

Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant -0.313 0.486 -0.64 0.554   

Minutes 0.53811 0.00905 59.46 0.000 1.00 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.812921 99.89% 99.86% 99.81% 

Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Regression 1 2336.78 2336.78 3536.07 0.000 

 Minutes 1 2336.78 2336.78 3536.07 0.000 

Error 4 2.64 0.66     

Total 5 2339.42       
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Appendix C: Minitab Results for Hands-on Time vs Queue & Service Times 

 

IN STORE QUEUE 

Descriptive Statistics: Baseline (No Testing), SOTA POC, Thermo 

Fisher Accula, Roche cobas Liat, Visby Medical, Abbott ID NOW 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 

Baseline (No Testing) 2070 0 0.33436 0.00610 0.27755 0.07704 0.14527 0.21728 

SOTA POC 2070 0 0.35529 0.00630 0.28672 0.08221 0.14527 0.22298 

Thermo Fisher Accula 2070 0 0.35643 0.00638 0.29047 0.08437 0.14527 0.22328 

Roche cobas Liat 2070 0 0.36389 0.00655 0.29796 0.08878 0.14527 0.22328 

Visby Medical 2070 0 0.37819 0.00730 0.33208 0.11028 0.14527 0.23089 

Abbott ID NOW 2070 0 0.40253 0.00883 0.40191 0.16153 0.14527 0.22670 

Variable Median Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 0.23468 0.28827 3.05083 3.56 18.26 

SOTA POC 0.23642 0.35953 2.60113 2.88 10.46 

Thermo Fisher Accula 0.23605 0.35806 2.30277 2.86 9.69 

Roche cobas Liat 0.23835 0.38109 2.59166 2.84 10.02 

Visby Medical 0.23687 0.38653 3.47648 3.07 12.80 

Abbott ID NOW 0.24124 0.41862 5.31466 4.02 25.18 
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IN STORE QUEUE 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA POC, 

Difference Baseline / Accula, Difference Baseline / Liat, 

Difference Baseline / Visby, Difference Baseline / ID NOW 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA POC 2070 -0.0073950 

Difference Baseline / Accula 2070 -0.0083125 

Difference Baseline / Liat 2070 -0.0122455 

Difference Baseline / Visby 2070 -0.0154500 

Difference Baseline / ID NOW 2070 -0.0223340 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA POC 1887 810772.50 0.001 

Difference Baseline / Accula 1897 808331.00 0.000 

Difference Baseline / Liat 1886 777756.00 0.000 

Difference Baseline / Visby 1904 770334.00 0.000 

Difference Baseline / ID NOW 1917 745368.00 0.000 
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DRIVE THRU QUEUE 

Descriptive Statistics: Baseline (No Testing), SOTA POC, Thermo 

Fisher Accula, Roche cobas Liat, Visby Medical, Abbott ID NOW 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline (No Testing) 1380 0 0.9116 0.0319 1.1843 1.4025 0.2587 0.3397 0.3987 

SOTA POC 1380 0 1.2785 0.0427 1.5880 2.5217 0.2587 0.3555 0.4520 

Thermo Fisher Accula 1380 0 1.2422 0.0408 1.5174 2.3026 0.2587 0.3694 0.4348 

Roche cobas Liat 1380 0 1.2785 0.0428 1.5884 2.5230 0.2742 0.3896 0.4585 

Visby Medical 1380 0 1.2630 0.0413 1.5335 2.3515 0.2587 0.3622 0.4889 

Abbott ID NOW 1380 0 1.3215 0.0441 1.6385 2.6846 0.2742 0.3831 0.5098 

Variable Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 0.8856 9.6046 3.15 11.31 

SOTA POC 1.5375 12.4274 2.47 7.23 

Thermo Fisher Accula 1.5020 12.4274 2.48 7.61 

Roche cobas Liat 1.5673 12.4274 2.47 7.28 

Visby Medical 1.4871 12.3205 2.45 7.35 

Abbott ID NOW 1.6142 13.8618 2.60 9.06 
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DRIVE THRU QUEUE 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA POC, 

Difference Baseline / Accula, Difference Baseline / Liat, 

Difference Baseline / Visby, Difference Baseline / ID NOW  

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA POC 1380 -0.112341 

Difference Baseline / Accula 1380 -0.102362 

Difference Baseline / Liat 1380 -0.103471 

Difference Baseline / Visby 1380 -0.119174 

Difference Baseline / ID NOW 1380 -0.145246 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA POC 1296 319582.50 0.000 

Difference Baseline / Accula 1293 318357.50 0.000 

Difference Baseline / Liat 1280 310595.00 0.000 

Difference Baseline / Visby 1295 313924.50 0.000 

Difference Baseline / ID NOW 1300 306457.00 0.000 
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IMMUNIZATION TIME 

Descriptive Statistics: Baseline (No Testing), SOTA POC, Thermo 

Fisher Accula, Roche cobas Liat, Visby Medical, Abbott ID NOW 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline (No Testing) 150 0 11.413 0.0789 0.967 0.934 10.701 10.720 10.974 

SOTA POC 150 0 11.575 0.0901 1.103 1.217 10.685 10.746 11.154 

Thermo Fisher Accula 150 0 11.581 0.0941 1.153 1.329 10.694 10.747 11.117 

Roche cobas Liat 150 0 11.575 0.0842 1.031 1.063 10.685 10.747 11.163 

Visby Medical 150 0 11.568 0.0867 1.062 1.128 10.685 10.748 11.102 

Abbott ID NOW 150 0 11.846 0.108 1.323 1.751 10.685 10.827 11.226 

Variable Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 11.781 15.186 1.76 2.65 

SOTA POC 12.009 16.012 1.67 2.35 

Thermo Fisher Accula 12.014 17.133 1.90 3.96 

Roche cobas Liat 12.097 15.155 1.39 1.21 

Visby Medical 12.008 15.883 1.57 1.93 

Abbott ID NOW 12.464 16.429 1.43 1.50 
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IMMUNIZATION TIME 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA POC, 

Difference Baseline / Accula, Difference Baseline / Liat, 

Difference Baseline / Visby, Difference Baseline / ID NOW  

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA POC 150 -0.087890 

Difference Baseline / Accula 150 -0.059234 

Difference Baseline / Liat 150 -0.105565 

Difference Baseline / Visby 150 -0.091112 

Difference Baseline / ID NOW 150 -0.275277 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA POC 148 4590.00 0.077 

Difference Baseline / Accula 149 4929.00 0.212 

Difference Baseline / Liat 150 4778.00 0.097 

Difference Baseline / Visby 150 4865.00 0.135 

Difference Baseline / ID NOW 149 3733.00 0.000 
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NEW PRESCRIPTION NO CONSULTATION 

Descriptive Statistics: Baseline (No Testing), SOTA POC, Thermo 

Fisher Accula, Roche cobas Liat, Visby Medical, Abbott ID NOW 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline (No Testing) 400 0 8.030 0.109 2.189 4.790 5.182 6.369 7.729 

SOTA POC 400 0 8.376 0.117 2.346 5.506 5.179 6.489 8.157 

Thermo Fisher Accula 400 0 8.288 0.113 2.259 5.103 5.149 6.556 8.066 

Roche cobas Liat 400 0 8.392 0.118 2.370 5.617 5.150 6.498 8.111 

Visby Medical 400 0 8.465 0.119 2.377 5.649 5.183 6.565 8.240 

Abbott ID NOW 400 0 8.793 0.143 2.868 8.228 5.183 6.638 8.258 

Variable Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 9.295 17.262 1.10 1.75 

SOTA POC 9.760 21.526 0.93 1.89 

Thermo Fisher Accula 9.557 16.495 0.77 0.43 

Roche cobas Liat 9.890 21.518 0.94 1.83 

Visby Medical 10.074 21.559 0.91 1.98 

Abbott ID NOW 10.304 19.744 1.11 1.29 
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NEW PRESCRIPTION NO CONSULTATION 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA POC, 

Difference Baseline / Accula, Difference Baseline / Liat, 

Difference Baseline / Visby, Difference Baseline / ID NOW  

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA POC 400 -0.322255 

Difference Baseline / Accula 400 -0.280398 

Difference Baseline / Liat 400 -0.336950 

Difference Baseline / Visby 400 -0.445663 

Difference Baseline / ID NOW 400 -0.641340 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA POC 396 33121.00 0.007 

Difference Baseline / Accula 396 33847.00 0.017 

Difference Baseline / Liat 393 32355.00 0.005 

Difference Baseline / Visby 396 31050.00 0.000 

Difference Baseline / ID NOW 396 28661.00 0.000 
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NEW PRESCRIPTION WITH CONSULTATION 

Descriptive Statistics: Baseline (No Testing), SOTA POC, Thermo 

Fisher Accula, Roche cobas Liat, Visby Medical, Abbott ID NOW 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline (No Testing) 95 0 10.904 0.316 3.081 9.490 7.083 8.530 10.148 

SOTA POC 95 0 11.513 0.283 2.758 7.609 7.023 9.050 11.217 

Thermo Fisher Accula 95 0 11.325 0.297 2.893 8.368 7.023 8.873 10.603 

Roche cobas Liat 95 0 11.611 0.317 3.092 9.560 7.003 8.945 11.217 

Visby Medical 95 0 11.569 0.297 2.896 8.386 7.003 9.066 11.335 

Abbott ID NOW 95 0 11.729 0.343 3.345 11.191 7.047 9.000 11.025 

Variable Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 13.113 19.326 0.76 -0.29 

SOTA POC 13.747 17.198 0.27 -0.99 

Thermo Fisher Accula 13.257 18.232 0.57 -0.56 

Roche cobas Liat 13.785 19.286 0.66 -0.24 

Visby Medical 13.756 19.342 0.45 -0.51 

Abbott ID NOW 13.785 22.863 1.04 1.01 
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NEW PRESCRIPTION WITH CONSULTATION 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA POC, 

Difference Baseline / Accula, Difference Baseline / Liat, 

Difference Baseline / Visby, Difference Baseline / ID NOW  

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA POC 95 -0.596390 

Difference Baseline / Accula 95 -0.465652 

Difference Baseline / Liat 95 -0.777503 

Difference Baseline / Visby 95 -0.772606 

Difference Baseline / ID NOW 95 -0.774402 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA POC 95 1766.00 0.057 

Difference Baseline / Accula 95 1881.00 0.139 

Difference Baseline / Liat 94 1651.00 0.028 

Difference Baseline / Visby 95 1702.00 0.032 

Difference Baseline / ID NOW 95 1706.00 0.033 
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REFILL NO CONSULTATION 

Descriptive Statistics: Baseline (No Testing), SOTA POC, Thermo 

Fisher Accula, Roche cobas Liat, Visby Medical, Abbott ID NOW 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline (No Testing) 577 0 5.9501 0.0690 1.6577 2.7480 4.1093 4.6880 5.4749 

SOTA POC 577 0 6.1331 0.0688 1.6527 2.7315 4.1035 4.8050 5.7793 

Thermo Fisher Accula 577 0 6.0601 0.0656 1.5758 2.4831 4.1292 4.8361 5.7190 

Roche cobas Liat 577 0 6.1416 0.0676 1.6244 2.6386 4.1135 4.8176 5.8007 

Visby Medical 577 0 6.1675 0.0703 1.6887 2.8516 4.1035 4.8042 5.8358 

Abbott ID NOW 577 0 6.2663 0.0733 1.7597 3.0966 4.1292 4.8783 5.8954 

Variable Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 6.8808 14.4369 1.27 1.86 

SOTA POC 7.1548 12.3629 1.02 0.78 

Thermo Fisher Accula 6.9822 13.5546 1.12 1.42 

Roche cobas Liat 7.1838 12.7865 0.89 0.38 

Visby Medical 7.1651 15.1107 1.23 2.30 

Abbott ID NOW 7.2209 13.9299 1.16 1.45 
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REFILL NO CONSULTATION 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA POC, 

Difference Baseline / Accula, Difference Baseline / Liat, 

Difference Baseline / Visby, Difference Baseline / ID NOW  

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA POC 577 -0.181373 

Difference Baseline / Accula 577 -0.100756 

Difference Baseline / Liat 577 -0.204545 

Difference Baseline / Visby 577 -0.201655 

Difference Baseline / ID NOW 577 -0.285983 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA POC 570 71583.00 0.013 

Difference Baseline / Accula 575 76905.50 0.139 

Difference Baseline / Liat 572 70832.00 0.005 

Difference Baseline / Visby 574 71512.00 0.006 

Difference Baseline / ID NOW 572 67397.50 0.000 
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REFILL WITH CONSULTATION 

Descriptive Statistics: Baseline (No Testing), SOTA POC, Thermo 

Fisher Accula, Roche cobas Liat, Visby Medical, Abbott ID NOW 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline (No Testing) 139 0 9.011 0.248 2.919 8.520 5.981 6.583 7.965 

SOTA POC 139 0 8.991 0.227 2.675 7.154 5.973 6.774 8.461 

Thermo Fisher Accula 139 0 8.790 0.220 2.598 6.749 5.945 6.589 8.077 

Roche cobas Liat 139 0 8.900 0.225 2.654 7.046 5.945 6.707 8.231 

Visby Medical 139 0 8.935 0.230 2.715 7.372 5.950 6.564 8.291 

Abbott ID NOW 139 0 9.160 0.249 2.931 8.593 5.945 6.948 8.437 

Variable Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 10.669 18.543 1.21 1.00 

SOTA POC 10.423 16.796 0.90 0.12 

Thermo Fisher Accula 10.309 17.468 1.03 0.54 

Roche cobas Liat 10.563 16.415 0.92 0.15 

Visby Medical 10.841 17.145 0.98 0.31 

Abbott ID NOW 10.677 19.232 1.15 0.91 
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REFILL WITH CONSULTATION 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA POC, 

Difference Baseline / Accula, Difference Baseline / Liat, 

Difference Baseline / Visby, Difference Baseline / ID NOW  

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA POC 139 -0.047679 

Difference Baseline / Accula 139 0.155749 

Difference Baseline / Liat 139 0.017277 

Difference Baseline / Visby 139 0.049095 

Difference Baseline / ID NOW 139 -0.112335 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA POC 137 4576.00 0.747 

Difference Baseline / Accula 138 5159.00 0.440 

Difference Baseline / Liat 135 4671.00 0.860 

Difference Baseline / Visby 137 4855.00 0.783 

Difference Baseline / ID NOW 138 4508.00 0.542 
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Appendix D: Regression of Hands-on Time to In-Store Queue 

IN STORE QUEUE 

Regression Analysis: Mean In-Store Queue versus Hands-on 

Time 

 

Regression Equation 

Mean In-Store Queue = 0.34328 + 0.01338 Hands-on Time 

Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 0.34328 0.00402 85.32 0.000   

Hands-on Time 0.01338 0.00180 7.43 0.002 1.00 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.0067367 93.25% 91.56% 46.06% 

Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Regression 1 0.002509 0.002509 55.28 0.002 

 Hands-on Time 1 0.002509 0.002509 55.28 0.002 

Error 4 0.000182 0.000045     

Total 5 0.002690       
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Appendix E: Summary Tables of Test Volume vs Cost 

 
 

 
 

 
 

 
 

 
 

  

SOTA POC 12 SOTA POC 24 SOTA POC 48

Tests / Day / Store 12 24 48

Hands on Time / Run (minutes) 0.67 0.67 0.67

Instrument Processing Time (minutes) 15.00 15.00 15.00

Total Hands-on Time / Day / Store (minutes) 8.00 16.00 32.00

Cost of Hands-on Time / Day / Store (USD)  $             3.94  $             8.07  $           19.09 

Cost of Hands-on Time / Year / Store (USD)  $      1,439.72  $      2,947.01  $      6,967.11 

Accula 12 Accula 24 Accula 48

Tests / Day / Store 12 24 48

Hands on Time / Run (minutes) 1.00 1.00 1.00

Instrument Processing Time (minutes) 30.00 30.00 30.00

Total Hands-on Time / Day (minutes) 12.00 24.00 48.00

Cost of Hands-on Time / Day / Store (USD)  $             5.95  $           12.81  $           28.65 

Cost of Hands-on Time / Year / Store (USD)  $      2,172.26  $      4,674.03  $    10,458.77 

LIAT 12 LIAT 24 LIAT 48

Tests / Day / Store 12 24 48

Hands on Time / Run (minutes) 1.36 1.36 1.36

Instrument Processing Time (minutes) 20.22 20.22 20.22

Total Hands-on Time / Day (minutes) 16.32 32.64 65.28

Cost of Hands-on Time / Day / Store (USD)  $             8.09  $           16.05  $           37.62 

Cost of Hands-on Time / Year / Store (USD)  $      2,954.27  $      5,856.83  $    13,730.29 

Visby 12 Visby 24 Visby 48

Tests / Day / Store 12 24 48

Hands on Time / Run (minutes) 2.00 2.00 2.00

Instrument Processing Time (minutes) 30.00 30.00 30.00

Total Hands-on Time / Day (minutes) 24.00 48.00 96.00

Cost of Hands-on Time / Day / Store (USD)  $           11.90  $           26.51  $           56.22 

Cost of Hands-on Time / Year / Store (USD)  $      4,344.51  $      9,677.57  $    20,520.10 

ID NOW 12 ID NOW 24 ID NOW 48

Tests / Day / Store 12 24 48

Hands on Time / Run (minutes) 4.76 4.76 4.76

Instrument Processing Time (minutes) 10.20 10.20 10.20

Total Hands-on Time / Day (minutes) 57.16 114.32 228.65

Cost of Hands-on Time / Day / Store (USD)  $           27.34  $           61.12  $         147.53 

Cost of Hands-on Time / Year / Store (USD)  $      9,977.98  $    22,308.70  $    53,847.33 
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Appendix F: Minitab Results for Volume vs Queue & Service Times 

 

IN STORE QUEUE 

Descriptive Statistics: Baseline (No Testing), SOTA POC 12, SOTA 

POC 24, SOTA POC 48, Abbott ID NOW 12, Abbott ID NOW 24, 

Abbott ID NOW 48 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 

Baseline (No Testing) 2070 0 0.33436 0.00610 0.27755 0.07704 0.14527 0.21728 

SOTA POC 12 2070 0 0.34804 0.00650 0.29565 0.08741 0.14527 0.22249 

SOTA POC 24 2070 0 0.35529 0.00630 0.28672 0.08221 0.14527 0.22298 

SOTA POC 48 2070 0 0.40114 0.00832 0.37852 0.14328 0.14527 0.23089 

Abbott ID NOW 12 2070 0 0.36528 0.00732 0.33288 0.11081 0.14527 0.22258 

Abbott ID NOW 24 2070 0 0.40253 0.00883 0.40191 0.16153 0.14527 0.22670 

Abbott ID NOW 48 2070 0 0.5694 0.0164 0.7457 0.5560 0.1453 0.2309 

Variable Median Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 0.23468 0.28827 3.05083 3.56 18.26 

SOTA POC 12 0.23492 0.33067 3.40826 3.92 23.30 

SOTA POC 24 0.23642 0.35953 2.60113 2.88 10.46 

SOTA POC 48 0.24379 0.43229 4.18152 3.65 19.89 

Abbott ID NOW 12 0.23642 0.35965 3.65357 3.91 22.27 

Abbott ID NOW 24 0.24124 0.41862 5.31466 4.02 25.18 

Abbott ID NOW 48 0.2681 0.5990 5.7788 3.44 13.36 
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IN STORE QUEUE 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA 12, 

Difference Baseline / SOTA 24, Difference Baseline / SOTA 48, 

Difference Baseline / ID NOW 12, Difference Baseline / ID NOW 

24, Difference Baseline / ID NOW 48 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA 12 2070 -0.0051705 

Difference Baseline / SOTA 24 2070 -0.0073950 

Difference Baseline / SOTA 48 2070 -0.0234225 

Difference Baseline / ID NOW 12 2070 -0.0104075 

Difference Baseline / ID NOW 24 2070 -0.0223340 

Difference Baseline / ID NOW 48 2070 -0.0705570 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA 12 1880 816975.00 0.004 

Difference Baseline / SOTA 24 1887 810772.50 0.001 

Difference Baseline / SOTA 48 1891 714117.00 0.000 

Difference Baseline / ID NOW 12 1885 785154.00 0.000 

Difference Baseline / ID NOW 24 1917 745368.00 0.000 

Difference Baseline / ID NOW 48 1930 555341.50 0.000 

 

  



145 

 

 

DRIVE THRU QUEUE 

Descriptive Statistics: Baseline (No Testing), SOTA POC 12, SOTA 

POC 24, SOTA POC 48, Abbott ID NOW 12, Abbott ID NOW 24, 

Abbott ID NOW 48 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline (No Testing) 1380 0 0.9116 0.0319 1.1843 1.4025 0.2587 0.3397 0.3987 

SOTA POC 12 1380 0 0.9792 0.0329 1.2227 1.4950 0.2587 0.3397 0.3987 

SOTA POC 24 1380 0 1.2785 0.0427 1.5880 2.5217 0.2587 0.3555 0.4520 

SOTA POC 48 1380 0 1.7173 0.0557 2.0692 4.2817 0.2587 0.3899 0.6520 

Abbott ID NOW 12 1380 0 1.0402 0.0355 1.3189 1.7395 0.2587 0.3397 0.3989 

Abbott ID NOW 24 1380 0 1.3215 0.0441 1.6385 2.6846 0.2742 0.3831 0.5098 

Abbott ID NOW 48 1380 0 2.1199 0.0704 2.6166 6.8464 0.2587 0.3920 0.8120 

Variable Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 0.8856 9.6046 3.15 11.31 

SOTA POC 12 1.0020 8.8193 2.81 8.94 

SOTA POC 24 1.5375 12.4274 2.47 7.23 

SOTA POC 48 2.4895 13.0636 1.91 3.65 

Abbott ID NOW 12 1.0799 9.3080 2.83 9.04 

Abbott ID NOW 24 1.6142 13.8618 2.60 9.06 

Abbott ID NOW 48 3.1942 21.1822 2.10 5.61 
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DRIVE THRU QUEUE 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA 12, 

Difference Baseline / SOTA 24, Difference Baseline / SOTA 48, 

Difference Baseline / ID NOW 12, Difference Baseline / ID NOW 

24, Difference Baseline / ID NOW 48 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA 12 1380 -0.016559 

Difference Baseline / SOTA 24 1380 -0.112341 

Difference Baseline / SOTA 48 1380 -0.370054 

Difference Baseline / ID NOW 12 1380 -0.032084 

Difference Baseline / ID NOW 24 1380 -0.145246 

Difference Baseline / ID NOW 48 1380 -0.668217 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA 12 1265 371114.50 0.024 

Difference Baseline / SOTA 24 1296 319582.50 0.000 

Difference Baseline / SOTA 48 1297 258634.50 0.000 

Difference Baseline / ID NOW 12 1277 351443.50 0.000 

Difference Baseline / ID NOW 24 1300 306457.00 0.000 

Difference Baseline / ID NOW 48 1305 214185.00 0.000 
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IMMUNIZATION TIME 

Descriptive Statistics: Baseline (No Testing), SOTA POC 12, SOTA 

POC 24, SOTA POC 48, Abbott ID NOW 12, Abbott ID NOW 24, 

Abbott ID NOW 48 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline (No Testing) 150 0 11.413 0.0789 0.967 0.934 10.701 10.720 10.974 

SOTA POC 12 150 0 11.470 0.0909 1.113 1.239 10.709 10.725 10.986 

SOTA POC 24 150 0 11.575 0.0901 1.103 1.217 10.685 10.746 11.154 

SOTA POC 48 150 0 11.700 0.0973 1.191 1.419 10.709 10.742 11.200 

Abbott ID NOW 12 150 0 11.512 0.0918 1.124 1.264 10.706 10.724 11.059 

Abbott ID NOW 24 150 0 11.846 0.108 1.323 1.751 10.685 10.827 11.226 

Abbott ID NOW 48 150 0 12.238 0.131 1.606 2.579 10.711 10.846 11.680 

Variable Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 11.781 15.186 1.76 2.65 

SOTA POC 12 11.772 17.307 2.21 5.93 

SOTA POC 24 12.009 16.012 1.67 2.35 

SOTA POC 48 12.284 15.380 1.29 0.75 

Abbott ID NOW 12 11.923 16.190 1.99 4.13 

Abbott ID NOW 24 12.464 16.429 1.43 1.50 

Abbott ID NOW 48 13.224 17.060 1.01 -0.03 
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IMMUNIZATION TIME 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA 12, 

Difference Baseline / SOTA 24, Difference Baseline / SOTA 48, 

Difference Baseline / ID NOW 12, Difference Baseline / ID NOW 

24, Difference Baseline / ID NOW 48 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA 12 150 -0.007525 

Difference Baseline / SOTA 24 150 -0.087890 

Difference Baseline / SOTA 48 150 -0.213894 

Difference Baseline / ID NOW 12 150 -0.024845 

Difference Baseline / ID NOW 24 150 -0.275277 

Difference Baseline / ID NOW 48 150 -0.682066 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA 12 147 5156.50 0.586 

Difference Baseline / SOTA 24 148 4590.00 0.077 

Difference Baseline / SOTA 48 150 4265.00 0.009 

Difference Baseline / ID NOW 12 147 4965.00 0.360 

Difference Baseline / ID NOW 24 149 3733.00 0.000 

Difference Baseline / ID NOW 48 150 2864.00 0.000 
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NEW PRESCRIPTION NO CONSULTATION 

Descriptive Statistics: Baseline (No Testing), SOTA POC 12, SOTA 

POC 24, SOTA POC 48, Abbott ID NOW 12, Abbott ID NOW 24, 

Abbott ID NOW 48 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline (No Testing) 400 0 8.030 0.109 2.189 4.790 5.182 6.369 7.729 

SOTA POC 12 400 0 8.397 0.124 2.480 6.150 5.193 6.454 7.894 

SOTA POC 24 400 0 8.376 0.117 2.346 5.506 5.179 6.489 8.157 

SOTA POC 48 400 0 8.810 0.137 2.734 7.474 5.114 6.643 8.254 

Abbott ID NOW 12 400 0 8.635 0.133 2.650 7.023 5.227 6.566 8.160 

Abbott ID NOW 24 400 0 8.793 0.143 2.868 8.228 5.183 6.638 8.258 

Abbott ID NOW 48 400 0 10.342 0.211 4.212 17.737 5.120 7.322 9.501 

Variable Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 9.295 17.262 1.10 1.75 

SOTA POC 12 10.014 18.344 0.97 0.87 

SOTA POC 24 9.760 21.526 0.93 1.89 

SOTA POC 48 10.413 18.290 0.85 0.28 

Abbott ID NOW 12 10.096 20.713 1.08 1.53 

Abbott ID NOW 24 10.304 19.744 1.11 1.29 

Abbott ID NOW 48 12.472 28.461 1.47 2.88 
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NEW PRESCRIPTION NO CONSULTATION 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA 12, 

Difference Baseline / SOTA 24, Difference Baseline / SOTA 48, 

Difference Baseline / ID NOW 12, Difference Baseline / ID NOW 

24, Difference Baseline / ID NOW 48 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA 12 400 -0.26143 

Difference Baseline / SOTA 24 400 -0.32226 

Difference Baseline / SOTA 48 400 -0.64755 

Difference Baseline / ID NOW 12 400 -0.49667 

Difference Baseline / ID NOW 24 400 -0.64134 

Difference Baseline / ID NOW 48 400 -1.93374 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA 12 394 33868.00 0.026 

Difference Baseline / SOTA 24 396 33121.00 0.007 

Difference Baseline / SOTA 48 395 27987.00 0.000 

Difference Baseline / ID NOW 12 396 30359.00 0.000 

Difference Baseline / ID NOW 24 396 28661.00 0.000 

Difference Baseline / ID NOW 48 398 18859.00 0.000 
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NEW PRESCRIPTION WITH CONSULTATION 

Descriptive Statistics: Baseline (No Testing), SOTA POC 12, SOTA 

POC 24, SOTA POC 48, Abbott ID NOW 12, Abbott ID NOW 24, 

Abbott ID NOW 48 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline (No Testing) 95 0 10.904 0.316 3.081 9.490 7.083 8.530 10.148 

SOTA POC 12 95 0 11.105 0.295 2.877 8.279 7.067 8.556 10.916 

SOTA POC 24 95 0 11.513 0.283 2.758 7.609 7.023 9.050 11.217 

SOTA POC 48 95 0 11.498 0.359 3.501 12.256 7.081 8.826 10.659 

Abbott ID NOW 12 95 0 11.379 0.326 3.181 10.120 7.083 8.635 10.949 

Abbott ID NOW 24 95 0 11.729 0.343 3.345 11.191 7.047 9.000 11.025 

Abbott ID NOW 48 95 0 12.640 0.496 4.839 23.416 7.125 9.268 11.439 

Variable Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 13.113 19.326 0.76 -0.29 

SOTA POC 12 13.274 19.146 0.41 -0.59 

SOTA POC 24 13.747 17.198 0.27 -0.99 

SOTA POC 48 13.331 25.572 1.40 2.81 

Abbott ID NOW 12 13.277 19.633 0.55 -0.48 

Abbott ID NOW 24 13.785 22.863 1.04 1.01 

Abbott ID NOW 48 14.616 28.078 1.48 1.90 
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NEW PRESCRIPTION WITH CONSULTATION 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA 12, 

Difference Baseline / SOTA 24, Difference Baseline / SOTA 48, 

Difference Baseline / ID NOW 12, Difference Baseline / ID NOW 

24, Difference Baseline / ID NOW 48 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA 12 95 -0.02737 

Difference Baseline / SOTA 24 95 -0.59639 

Difference Baseline / SOTA 48 95 -0.33968 

Difference Baseline / ID NOW 12 95 -0.24209 

Difference Baseline / ID NOW 24 95 -0.77440 

Difference Baseline / ID NOW 48 95 -1.13479 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA 12 95 2251.00 0.916 

Difference Baseline / SOTA 24 95 1766.00 0.057 

Difference Baseline / SOTA 48 95 2039.00 0.372 

Difference Baseline / ID NOW 12 95 2062.00 0.419 

Difference Baseline / ID NOW 24 95 1706.00 0.033 

Difference Baseline / ID NOW 48 95 1560.00 0.008 
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REFILL NO CONSULTATION 

Descriptive Statistics: Baseline (No Testing), SOTA POC 12, SOTA 

POC 24, SOTA POC 48, Abbott ID NOW 12, Abbott ID NOW 24, 

Abbott ID NOW 48 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline (No Testing) 577 0 5.9501 0.0690 1.6577 2.7480 4.1093 4.6880 5.4749 

SOTA POC 12 577 0 5.9153 0.0655 1.5741 2.4778 4.0751 4.5799 5.5442 

SOTA POC 24 577 0 6.1331 0.0688 1.6527 2.7315 4.1035 4.8050 5.7793 

SOTA POC 48 577 0 6.2355 0.0780 1.8740 3.5119 4.1085 4.8318 5.8018 

Abbott ID NOW 12 577 0 6.0548 0.0734 1.7632 3.1089 4.1035 4.6534 5.6156 

Abbott ID NOW 24 577 0 6.2663 0.0733 1.7597 3.0966 4.1292 4.8783 5.8954 

Abbott ID NOW 48 577 0 7.115 0.125 2.997 8.982 4.103 5.056 6.315 

Variable Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 6.8808 14.4369 1.27 1.86 

SOTA POC 12 6.8502 13.6377 1.10 1.11 

SOTA POC 24 7.1548 12.3629 1.02 0.78 

SOTA POC 48 7.2402 16.1157 1.49 3.27 

Abbott ID NOW 12 7.0308 16.2579 1.59 4.28 

Abbott ID NOW 24 7.2209 13.9299 1.16 1.45 

Abbott ID NOW 48 7.986 21.263 2.01 5.09 
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REFILL NO CONSULTATION 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA 12, 

Difference Baseline / SOTA 24, Difference Baseline / SOTA 48, 

Difference Baseline / ID NOW 12, Difference Baseline / ID NOW 

24, Difference Baseline / ID NOW 48 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA 12 577 0.003687 

Difference Baseline / SOTA 24 577 -0.181373 

Difference Baseline / SOTA 48 577 -0.214793 

Difference Baseline / ID NOW 12 577 -0.081531 

Difference Baseline / ID NOW 24 577 -0.285983 

Difference Baseline / ID NOW 48 577 -0.773302 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA 12 566 80606.50 0.923 

Difference Baseline / SOTA 24 570 71583.00 0.013 

Difference Baseline / SOTA 48 569 69033.00 0.002 

Difference Baseline / ID NOW 12 571 76549.00 0.196 

Difference Baseline / ID NOW 24 572 67397.50 0.000 

Difference Baseline / ID NOW 48 575 51497.00 0.000 
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REFILL WITH CONSULTATION 

Descriptive Statistics: Baseline (No Testing), SOTA POC 12, SOTA 

POC 24, SOTA POC 48, Abbott ID NOW 12, Abbott ID NOW 24, 

Abbott ID NOW 48 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline (No Testing) 139 0 9.011 0.248 2.919 8.520 5.981 6.583 7.965 

SOTA POC 12 139 0 8.873 0.238 2.800 7.843 5.941 6.748 8.091 

SOTA POC 24 139 0 8.991 0.227 2.675 7.154 5.973 6.774 8.461 

SOTA POC 48 139 0 9.383 0.229 2.697 7.271 5.993 7.257 8.721 

Abbott ID NOW 12 139 0 9.099 0.257 3.031 9.184 5.941 6.821 8.350 

Abbott ID NOW 24 139 0 9.160 0.249 2.931 8.593 5.945 6.948 8.437 

Abbott ID NOW 48 139 0 10.416 0.343 4.050 16.401 6.044 7.482 9.147 

Variable Q3 Maximum Skewness Kurtosis 

Baseline (No Testing) 10.669 18.543 1.21 1.00 

SOTA POC 12 10.442 18.713 1.29 1.50 

SOTA POC 24 10.423 16.796 0.90 0.12 

SOTA POC 48 10.889 19.026 1.04 1.11 

Abbott ID NOW 12 10.853 21.171 1.43 2.39 

Abbott ID NOW 24 10.677 19.232 1.15 0.91 

Abbott ID NOW 48 12.062 26.380 1.44 2.02 
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REFILL WITH CONSULTATION 

Wilcoxon Signed Rank Test: Difference Baseline / SOTA 12, 

Difference Baseline / SOTA 24, Difference Baseline / SOTA 48, 

Difference Baseline / ID NOW 12, Difference Baseline / ID NOW 

24, Difference Baseline / ID NOW 48 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / SOTA 12 139 0.17650 

Difference Baseline / SOTA 24 139 -0.04768 

Difference Baseline / SOTA 48 139 -0.41299 

Difference Baseline / ID NOW 12 139 0.06501 

Difference Baseline / ID NOW 24 139 -0.11234 

Difference Baseline / ID NOW 48 139 -1.05184 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / SOTA 12 136 5095.00 0.343 

Difference Baseline / SOTA 24 137 4576.00 0.747 

Difference Baseline / SOTA 48 138 3993.00 0.088 

Difference Baseline / ID NOW 12 137 4932.00 0.660 

Difference Baseline / ID NOW 24 138 4508.00 0.542 

Difference Baseline / ID NOW 48 139 3231.00 0.001 
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Appendix G: Minitab Results for Testing Workflow vs Queue & Service Times 

 

IN STORE QUEUE 

Descriptive Statistics: Baseline, Drive-thru Testing, In-Store, In-

Store w/ Kiosk 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline 2070 0 0.33436 0.00610 0.27755 0.07704 0.14527 0.21728 0.23468 

Drive-thru Testing 2070 0 0.35529 0.00630 0.28672 0.08221 0.14527 0.22298 0.23642 

In-Store 2070 0 0.36068 0.00689 0.31329 0.09815 0.14527 0.21870 0.23642 

In-Store w/ Kiosk 2070 0 0.36610 0.00727 0.33070 0.10936 0.14527 0.22036 0.23642 

Variable Q3 Maximum 

Baseline 0.28827 3.05083 

54 Testing 0.35953 2.60113 

In-Store 0.34829 3.19537 

In-Store w/ Kiosk 0.34460 3.36079 
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DRIVE THRU QUEUE 

Descriptive Statistics: Baseline, Drive-thru Testing, In-Store, In-

Store w/ Kiosk 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline 1380 0 0.9116 0.0319 1.1843 1.4025 0.2587 0.3397 0.3987 

Drive-thru Testing 1380 0 1.2785 0.0427 1.5880 2.5217 0.2587 0.3555 0.4520 

In-Store 1380 0 0.8827 0.0293 1.0871 1.1819 0.2742 0.3397 0.3987 

In-Store w/ Kiosk 1380 0 0.8746 0.0294 1.0935 1.1957 0.2587 0.3397 0.3987 

Variable Q3 Maximum 

Baseline 0.8856 9.6046 

Drive-thru Testing 1.5375 12.4274 

In-Store 0.9079 10.1809 

In-Store w/ Kiosk 0.8810 10.8273 
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DRIVE THRU QUEUE 

Wilcoxon Signed Rank Test: Difference Baseline / Drive-Thr, 

Difference Baseline / In-Store, Difference Baseline / Kiosk, 

Difference Drive-thru / In-Stor, Difference Drive-thru / Kiosk, 

Difference In-Store / Kiosk 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / Drive-Thr 1380 -0.112341 

Difference Baseline / In-Store 1380 -0.001492 

Difference Baseline / Kiosk 1380 0.000120 

Difference Drive-thru / In-Stor 1380 0.130822 

Difference Drive-thru / Kiosk 1380 0.140309 

Difference In-Store / Kiosk 1380 0.000000 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / Drive-Thr 1296 319582.50 0.000 

Difference Baseline / In-Store 1298 414436.50 0.600 

Difference Baseline / Kiosk 1288 417343.50 0.864 

Difference Drive-thru / In-Stor 1304 528940.50 0.000 

Difference Drive-thru / Kiosk 1307 537611.50 0.000 

Difference In-Store / Kiosk 856 195096.50 0.106 
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IMMUNIZATION TIME 

Descriptive Statistics: Baseline, Drive-thru Testing, In-Store, In-

Store w/ Kiosk 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline 150 0 11.413 0.0789 0.967 0.934 10.701 10.720 10.974 

Drive-thru Testing 150 0 11.575 0.0901 1.103 1.217 10.685 10.746 11.154 

In-Store 150 0 11.381 0.0720 0.881 0.777 10.708 10.742 10.999 

In-Store w/ Kiosk 150 0 11.425 0.0768 0.941 0.886 10.706 10.725 11.006 

Variable Q3 Maximum 

Baseline 11.781 15.186 

Drive-thru Testing 12.009 16.012 

In-Store 11.591 14.201 

In-Store w/ Kiosk 11.755 15.357 
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IMMUNIZATION TIME 

Wilcoxon Signed Rank Test: Difference Baseline / Drive-Thr, 

Difference Baseline / In-Store, Difference Baseline / Kiosk, 

Difference Drive-thru / In-Stor, Difference Drive-thru / Kiosk, 

Difference In-Store / Kiosk 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / Drive-Thr 150 -0.087890 

Difference Baseline / In-Store 150 0.021482 

Difference Baseline / Kiosk 150 -0.004847 

Difference Drive-thru / In-Stor 150 0.146518 

Difference Drive-thru / Kiosk 150 0.100371 

Difference In-Store / Kiosk 150 0.000000 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / Drive-Thr 148 4590.00 0.077 

Difference Baseline / In-Store 149 5769.00 0.732 

Difference Baseline / Kiosk 149 5461.00 0.811 

Difference Drive-thru / In-Stor 149 6608.00 0.053 

Difference Drive-thru / Kiosk 149 6510.00 0.081 

Difference In-Store / Kiosk 111 3015.50 0.787 
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NEW PRESCRIPTION NO CONSULTATION 

Descriptive Statistics: Baseline, Drive-thru Testing, In-Store, In-

Store w/ Kiosk 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median Q3 

Baseline 400 0 8.030 0.109 2.189 4.790 5.182 6.369 7.729 9.295 

Drive-thru Testing 400 0 8.376 0.117 2.346 5.506 5.179 6.489 8.157 9.760 

In-Store 400 0 8.345 0.110 2.195 4.816 5.115 6.541 8.078 9.771 

In-Store w/ Kiosk 400 0 8.338 0.111 2.217 4.916 5.109 6.475 8.005 9.767 

Variable Maximum 

Baseline 17.262 

Drive-thru Testing 21.526 

In-Store 15.695 

In-Store w/ Kiosk 15.676 
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NEW PRESCRIPTION NO CONSULTATION 

Wilcoxon Signed Rank Test: Difference Baseline / Drive-Thr, 

Difference Baseline / In-Store, Difference Baseline / Kiosk, 

Difference Drive-thru / In-Stor, Difference Drive-thru / Kiosk, 

Difference In-Store / Kiosk 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / Drive-Thr 400 -0.322255 

Difference Baseline / In-Store 400 -0.307594 

Difference Baseline / Kiosk 400 -0.323439 

Difference Drive-thru / In-Stor 400 -0.035951 

Difference Drive-thru / Kiosk 400 0.013431 

Difference In-Store / Kiosk 400 0.001644 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / Drive-Thr 396 33121.00 0.007 

Difference Baseline / In-Store 400 34075.00 0.009 

Difference Baseline / Kiosk 399 33895.00 0.009 

Difference Drive-thru / In-Stor 399 39274.00 0.786 

Difference Drive-thru / Kiosk 398 39964.00 0.909 

Difference In-Store / Kiosk 354 32280.00 0.655 
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NEW PRESCRIPTION WITH CONSULTATION 

Descriptive Statistics: Baseline, Drive-thru Testing, In-Store, In-

Store w/ Kiosk 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median Q3 

Baseline 95 0 10.904 0.316 3.081 9.490 7.083 8.530 10.148 13.113 

Drive-thru Testing 95 0 11.513 0.283 2.758 7.609 7.023 9.050 11.217 13.747 

In-Store 95 0 11.092 0.277 2.702 7.303 7.058 9.224 10.648 12.606 

In-Store w/ Kiosk 95 0 11.222 0.299 2.919 8.519 6.977 9.115 10.687 12.814 

Variable Maximum 

Baseline 19.326 

Drive-thru Testing 17.198 

In-Store 20.014 

In-Store w/ Kiosk 19.037 
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NEW PRESCRIPTION WITH CONSULTATION 

Wilcoxon Signed Rank Test: Difference Baseline / Drive-Thr, 

Difference Baseline / In-Store, Difference Baseline / Kiosk, 

Difference Drive-thru / In-Stor, Difference Drive-thru / Kiosk, 

Difference In-Store / Kiosk 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / Drive-Thr 95 -0.596390 

Difference Baseline / In-Store 95 -0.257274 

Difference Baseline / Kiosk 95 -0.433241 

Difference Drive-thru / In-Stor 95 0.401072 

Difference Drive-thru / Kiosk 95 0.254247 

Difference In-Store / Kiosk 95 -0.000001 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / Drive-Thr 95 1766.00 0.057 

Difference Baseline / In-Store 95 2046.00 0.386 

Difference Baseline / Kiosk 95 1905.00 0.165 

Difference Drive-thru / In-Stor 95 2693.00 0.126 

Difference Drive-thru / Kiosk 95 2498.00 0.419 

Difference In-Store / Kiosk 83 1663.00 0.718 
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REFILL NO CONSULTATION 

Descriptive Statistics: Baseline, Drive-thru Testing, In-Store, In-

Store w/ Kiosk 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median 

Baseline 577 0 5.9501 0.0690 1.6577 2.7480 4.1093 4.6880 5.4749 

Drive-thru Testing 577 0 6.1331 0.0688 1.6527 2.7315 4.1035 4.8050 5.7793 

In-Store 577 0 6.0476 0.0705 1.6931 2.8666 4.1085 4.7369 5.6210 

In-Store w/ Kiosk 577 0 6.0597 0.0704 1.6920 2.8627 4.1082 4.7584 5.6849 

Variable Q3 Maximum 

Baseline 6.8808 14.4369 

Drive-thru Testing 7.1548 12.3629 

In-Store 7.0115 13.2500 

In-Store w/ Kiosk 7.0649 13.2500 
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REFILL NO CONSULTATION 

Wilcoxon Signed Rank Test: Difference Baseline / Drive-Thr, 

Difference Baseline / In-Store, Difference Baseline / Kiosk, 

Difference Drive-thru / In-Stor, Difference Drive-thru / Kiosk, 

Difference In-Store / Kiosk 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / Drive-Thr 577 -0.181373 

Difference Baseline / In-Store 577 -0.094190 

Difference Baseline / Kiosk 577 -0.098803 

Difference Drive-thru / In-Stor 577 0.093687 

Difference Drive-thru / Kiosk 577 0.107477 

Difference In-Store / Kiosk 577 0.000000 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / Drive-Thr 570 71583.00 0.013 

Difference Baseline / In-Store 575 77491.00 0.183 

Difference Baseline / Kiosk 575 77100.00 0.153 

Difference Drive-thru / In-Stor 574 87554.00 0.205 

Difference Drive-thru / Kiosk 575 88477.00 0.154 

Difference In-Store / Kiosk 434 46798.50 0.879 
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REFILL WITH CONSULTATION 

Descriptive Statistics: Baseline, Drive-thru Testing, In-Store, In-

Store w/ Kiosk 

 

Statistics 

Variable N N* Mean SE Mean StDev Variance Minimum Q1 Median Q3 

Baseline 139 0 9.011 0.248 2.919 8.520 5.981 6.583 7.965 10.669 

Drive-thru Testing 139 0 8.991 0.227 2.675 7.154 5.973 6.774 8.461 10.423 

In-Store 139 0 8.943 0.208 2.457 6.036 5.955 6.863 8.785 10.292 

In-Store w/ Kiosk 139 0 8.645 0.189 2.230 4.972 5.936 6.855 8.105 10.058 

Variable Maximum 

Baseline 18.543 

Drive-thru Testing 16.796 

In-Store 16.886 

In-Store w/ Kiosk 16.727 
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REFILL WITH CONSULTATION 

Wilcoxon Signed Rank Test: Difference Baseline / Drive-Thr, 

Difference Baseline / In-Store, Difference Baseline / Kiosk, 

Difference Drive-thru / In-Stor, Difference Drive-thru / Kiosk, 

Difference In-Store / Kiosk 

 

Method 

η: median of Difference B, Difference B, Difference B, ... 

Descriptive Statistics 

Sample N Median 

Difference Baseline / Drive-Thr 139 -0.047679 

Difference Baseline / In-Store 139 0.017705 

Difference Baseline / Kiosk 139 0.318992 

Difference Drive-thru / In-Stor 139 -0.007216 

Difference Drive-thru / Kiosk 139 0.229888 

Difference In-Store / Kiosk 139 0.009841 

Test 

Null hypothesis H₀: η = 0 

Alternative hypothesis H₁: η ≠ 0 

Sample N for Test 

Wilcoxon 

Statistic P-Value 

Difference Baseline / Drive-Thr 137 4576.00 0.747 

Difference Baseline / In-Store 139 4898.00 0.946 

Difference Baseline / Kiosk 139 5517.00 0.171 

Difference Drive-thru / In-Stor 139 4843.00 0.964 

Difference Drive-thru / Kiosk 139 5392.00 0.268 

Difference In-Store / Kiosk 113 3787.00 0.105 

 

 

 


