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ABSTRACT 

 
Overcoming Healthcare Transportation Barriers: A Case Study 

Ehsan Sharifnia 

Transportation remains a major barrier in receiving cancer treatment in Canada. The situation is 

especially alarming for those living in rural areas and in the light of COVID pandemic, poses 

another risk in the long list of health challenges to patients with pre-existing conditions.  In this 

dissertation we set out find a solution to this problem by providing a framework for a 

personalized healthcare transportation system tailored to the needs of this population. 

 

A three-step approach is proposed. First, a review of literature and initiatives employed by global 

transportation providers is conducted to identify major methods used for healthcare industry. 

Second, a transportation strategy is proposed, and key performance indicators identified through 

analysis of data and interviews with industry best practices in order to determine key aspects of 

such operations having the most impact on the overall service level. Finally, a discrete event 

simulation is provided and tested through various scenarios to understand how such operations 

would behave in real life and how they react as the environment evolves through time. A case 

study of a major nonprofit organization for whom this strategy was originally outlined is 

provided for further context. In the end, the key findings from this research are formulated as a 

decision-making tool for future guidelines in managing similar operations.  

 

Keywords: Transportation; Strategy; Simulation; Healthcare; Ride Sharing; Breast Cancer 
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1. Introduction and problem statement 

1.1 Background – Healthcare directions, new horizons and challenges  

Cancer is a major cause of death in Canada. According to the Canadian cancer society [1] nearly 

one in two Canadians are expected to be diagnosed with the disease at some point during their 

lifetime and even more alarming is the fact that 1 in 4 die from it. Despite the most rapid rate of 

technological advancements in history, the horizon is not looking good. Although death rates are 

decreasing, the total number of Canadians diagnosed with cancer has continuously been rising. 

In 2017, over a span of ~30 years, cancer death rates had decreased by 32% and 17% among men 

and women, respectively. However, it is projected that by 2030, the number of cancer diagnoses 

in Canada will be 80% greater than what the number diagnosed in 2005. 

 

This alarming situation has caused immense efforts for cancer control. Fairly consistent progress 

has been achieved as a result of advances in prevention and screenings that enable earlier 

detection and treatment (Canadian Cancer society, 2018). The progress is reflected in the 

consistent decline in mortality rates since the past 30 years. Although trends seem to be variable 

across genders and cancer types, incidence rates have been constantly decreasing among all 

cancer types combined. 

 

Although great advancements have been achieved in treatment and reducing fatalities, problems 

still remain. With the overall number of cancer diagnoses constantly increasing, healthcare 

infrastructure will naturally have to expand in service offerings to be able to respond to the 

increasing demand. Obviously, the latter requires considerable costs, time and innovations to 
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maintain on par with the raising standards in healthcare and sustainability. Unfortunately, 

healthcare and transportation advancements do not seem to be progressing nearly at the same rate 

as the growing number of diagnosed patients demanding such services. In fact, with more 

patients vying for fewer resources and increasing personalization trends in treatment, the current 

healthcare system is at risk of falling short to provide the required patient experience, in the least.  

 

Patients today, similar to their other daily tasks, want a certain degree of comfort and 

personalization in their treatment process. They can make purchases without having to have their 

wallets or exchange physical money, or make restaurant reservations instantly without having to 

line outside the restaurant, or, in the very important area of transportation, today we can have 

access to on-demand transportation services within the reach of our palms, at roughly any place 

in the city, any time of the day. This level of gradual but certain transformation in daily activities 

has brought about a culture to bypass certain logistical barriers allowing us to focus on the task at 

hand and is expanding to the healthcare industry as well. David Roberts, a global health leader at 

EY [2], defines this challenge for businesses as the duality of growth; the challenge of 

strengthening today’s core business while preparing to meet the challenges of an increasingly 

more connected, consumer-centric health ecosystem. Roberts further elaborates on this 

”connection” as the main theme spreading across the whole healthcare ecosystem relationships, 

among consumers, physicians, and health businesses to each other. Examples could include 

connecting people to goods and services that promote and maintain their health, to physicians 

when they need clinical intervention; and to each other to stay engaged in the trends and best 

practices. The benefits of this connected vision of the health ecosystem becomes especially 
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important as the North American average population age increases, and logistical barriers of 

distance and time show themselves with a clearer image. 

 

 

The promise of a connected ecosystem in the healthcare sector has emerged, like other sectors, 

with the advancements in digital technologies. Data analytics and machine learning techniques 

have been few of the driving forces allowing insights into how this future can be shaped. Using 

survey data gathered from several countries enabled decision makers to gain a holistic big picture 

of customer and physician expectations and to lay out those expectations in a digitally connected 

ecosystem [2]. That being said, there still seems to be a gap between those expectations and 

implementation to this date [2]. Unprecedented problems arise when strategies are moved into 

implementation phases. Problems such as financial hardships and lack of appropriate 

infrastructure are among the greatest hurdles for implementing digital strategies in healthcare 

[3,4,5].  

 

 

Based on a demographic analysis of breast cancer patients’ overhead costs during treatment [3] 

and the Quebec Breast Cancer Foundation’s patient data, we know that in Canada, transportation 

counts as one of the major hurdles for breast cancer patients receiving treatment both in terms of 

overhead costs and accessibility. According to a study conducted in 2011 on out of pocket costs 

imposed to 800 Canadian women with breast cancer while receiving adjuvant radiotherapy [4], 

within total net costs after receiving assistance, transportation approximately comprised about 

93% for home living patients and 40% for patients lodging away from home. The numbers 
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become more extreme for the suburban population. Taxi and public transportation become 

expensive and inaccessible as the travel distances increase. As we move away from metropolitan 

areas holding the majority of these cancer treatment centers, regular commuting becomes more 

difficult. In fact, based on the same study [3], the average breast cancer patient in Quebec will 

have to travel ~20 km for an average of ~23 days to receive treatment – which given the physical 

and emotional state such patients already hold (especially for those in shock of early stages of 

cancer), will undoubtedly result in deteriorating the treatment experience for both patients and 

those involved.  

 

Transportation hurdles also act as one of the top 3 major reasons for cancer treatment non 

receipt, according to a research conducted in Ontario in 2017 [4]. According to a survey on that 

study, ~20% of patients identified transportation as the major reason why they could not attend 

their treatment appointments. The situation becomes worse for rural patients, comprising 46% of 

the national patient population, as they are typically more distanced from specialized healthcare 

facilities. In fact, according to the same study, 20% of rural patients travel above 200km to see a 

doctor. In some cases, travel barriers prevent individuals from attending their jobs. Up until the 

time these lines are being written, we know the need for transportation is growing. We 

personally interviewed several nonprofit executives who seeked out to offer transportation 

services within Quebec. Our overall findings from those interviews [6], indicate that in the light 

of the COVID-19 pandemic, traditional means of transportation are riskier for this already 

vulnerable population and the number of people vying for a more secure, stable and accessible 

means of transportation is increasing. 
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In short, there seems to be a need for an appropriate means of transportation for breast cancer 

patients during the treatment period throughout Canada. One that not only helps reduce the 

already huge imposed costs (~$435 and ~$376 per month on average for living-away and home-

living patients respectively [4]), but also makes this experience more accessible through a more 

seamless and personal process.  

 

1.2. Problem Statement 

Based on a real case study, this research aims to develop and discuss a novel operational strategy 

for a tailored on-demand transportations system to improve the breast cancer treatment process. 

Since 2018, we partnered with a major non profit organization, Quebec Breast Cancer 

Foundation (Ruban Rose), as part of their research and development program for the same 

purpose. On a high level, the main focus area of this particular project is to reduce the barrier of 

transportation for breast cancer patients for receiving therapy and those barriers, based on the 

foundations previously conducted market research and as our literature review confirms, have 

been defined as economical and accessibility barriers. In order to tackle those barriers, we 

focused broadly on three main areas–minimizing patient out of pocket costs during treatment and 

logistic barriers, while ensuring required health and safety conditions are maintained to make 

sure the service is tailored to the specific needs of this patient segment, among other services that 

are already out there. 

 

There are a range of existing business models to choose for this purpose. In the following lines, 

we identified a list of potential models and will then highlight the model we will be considering 

for this project and the reasons behind that. Today, when it comes to transportation, there is a 
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range of potential solutions available in order to accommodate different customer segments. 

Operational models are made subsequently differently. At the time this research was done, some 

available examples within the region include the following:  

 

● Local carpooling services (e.g. Netlift)  

● On-demand transportation services (e.g. Uber) 

● Volunteer based operating models 

● Public transportation system 

● Ride sharing models 

 

We had to choose the operating model that is an appropriate balance between the client’s 

capabilities and also, being effective enough to tackle the problem and be able answer to the 

unique problems of the patient population. Based on the client’s capabilities for the starting 

phase of this project, a volunteer based operating model was selected with the following 

attributes: The service would be 1 on 1 (1 driver per patient). Second, based on the types of 

patients and their treatment plans, it was decided that patients could book rides between a day to 

6 hours in advance of the ride time. Therefore, ample time would be given to coordinate 

administrative operations prior to the ride, such as selecting an available driver and connecting 

them with the patient requesting the ride. We will talk about further assumptions in the 

Methodology section. 

 

1.3. Thesis Contribution 

In summary, the following dissertation presents a novel healthcare transportation strategy in the 
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region of Quebec tailored to the unmet needs of a specific patient segment (breast cancer) in 

order to improve accessibility for that population and have a positive social and economic 

impact. This would be the initial phase of our case study client Ruban Rose’s long-term project 

that will set out to use this strategy to develop a digital offering including a mobile application 

for this service.  

 

1.4. Outline of the Thesis 

In the next chapter we will study the previous work within this field and identify where the gaps 

are and where our research sits in this context. In the following chapters, we will introduce our 

methodology in detail with the main objective of increased accessibility in mind. We will 

introduce a diagnostic simulation model of business operations as our methodology to forecast 

variabilities in the system and how resources should be coordinated to respond to those 

variabilities in the best way possible, in the form of potential recommendations. We will then 

assess the feasibility and impact of each recommendation to best achieve the client’s goals. We 

will finish by additional material used for our case study to hopefully inspire future researchers 

or business leaders to pursue similar actions to leave a positive social impact in their 

geographical region. 

 

2. Literature Review 

2.1 Introduction  

Various mathematical and simulation models have been developed to model transportation 

systems throughout the world. In context of healthcare industry in Canada and specifically in the 
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Quebec region, however, further research and solution development are required to address 

various practical issues that have long been present. We will study current transportation models 

and methods used to study them. Then we dig deeper into the simulation method and how it has 

been used in literature for this context. We will finish with touching upon the pricing methods 

used in transportation for healthcare.  

 

2.2 Transportation models  

Transportation nourishes economic and social activity and is one of the most research topics in 

management and operations research [7]. There are various transportation models practiced in 

today’s world and they are evolving to solve different transportation problems. Overall, it 

appears that transportation is moving towards decentralization allowing both servers and user to 

enjoy more flexibility and more control over all aspects such as timing, costs, locations, etc.  

 

Transportation models are contextual in nature and were evolved in order to solve specific 

problems revolving around transportation. Berger et al [8] combine simulation and dynamic 

pricing to reach the optimum seat allocation mixture in order to maximize revenue. Friesz et al 

[9] use dynamic game theory modeling and dynamic pricing to determine the behavior of 

uncertain ad stochastic demand for urban freight development. 

 

 Another problem commonly faced in transportation is cost minimization. This is also relatable 

in our own case. Researchers look into what factors of costs are most important in a specific 

transportation problem. For instance, Zheng, Geroliminis 2015 [10], in a study to investigate the 

impact of parking limitations and costs on mobility seek out to identify novel parking policies 
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with the goal of cost minimization. In another example, Melachrinoudis et al [11] provide a dial 

a ride (DAR) model with flexible time windows and apply it in the healthcare industry with the 

objective of minimizing cost and achieving the most time efficiency.  

 

 

2.2.1 Ride Sharing  

Ride sharing is a transportation model that has gained special popularity. Along with the 

decentralization trend that was visible in other industries as well, such as housing and TV 

broadcast, this also came along as a new trend that has so far, been growing in popularity 

because it allows in many cases for both servers and user to enjoy more flexibility and more 

control over all aspects such as timing, costs, locations, etc.  

 

Ride sharing also helps with solving other transportation problems. For instance, Xu. H et el 

[12], discuss the relationship between ride sharing models and traffic congestion, explaining how 

the model helps reducing the congestion and improving the flow of urban mobility.  

 

Having less cars on the ground, this also has environmental benefits. This is studied in a case 

study by Caulfield et al [13], where they conducted an experiment in Dublin to estimate the 

environmental benefits and reduction go greenhouse gas emissions and how it falls along the 

lines of future mobility and increased sustainability. Fagnant et al [14], confirms that by studying 

fleet size comparisons using simulations. Agatz et al [15] also certify how ride sharing 

transportation models provide significant societal and environmental benefits by reducing the 

number of cars needed for personal travel and improving utilization of seat space. 
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2.3 Transportation in healthcare industry 

Transportation is one of the major elements in healthcare delivery. It is perhaps one the most 

important kinds of transportation as the nature of the job is within the process of healing or 

receiving treatment. Therefore, in case where the patient is involved in the transportation 

process, it requires the utmost care in patient experience to make sure the situation fits the needs. 

Those needs can be safety, reliable accessibility, manageable cost, speed of travel and many 

other features depending on the context. 

 

Accessibility can be referred to as the larger umbrella definition covering components such as 

time flexibility, costs, etc. Melachrinoudis et al [11] study a dial-a-ride model with flexible time 

windows and its application to their case study, the CAB Health and Recovery Services, Inc., a 

non-profit organization, with the objective of minimizing transportation costs and clients’ 

inconvenience time. They use Mathematical modeling to test and verify their findings. Using 

LINGO modeling language and using the Branch and Bound (B&B) algorithm they certify dial a 

ride model to be an useful and promising model of healthcare transportation.  

 

In terms of safety, it may be required that healthcare transportation would have some differences 

with regular personal use. Sometimes it may be required for the patient to have access to 

emergency or relatable help en route. O’Neil et al [16] provide a plan to provide the most current 

and proper support to children with special transportation needs to be developed by the 

Individualized Education Program team, including the parent, school transportation director, and 
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school nurse, in conjunction with physician orders and recommendations. Using Qualitative data, 

surveys, historical references, they Provided basis for a comprehensive guidance for 

implementation inclusive of staff training, provision of nurses or aides if needed, and 

establishment of a written emergency evacuation plan as well as an infection control program. 

Zhang Z. et al, study a practical patient transportation problem provided by Hong Kong Hospital 

Authority. Their methodology includes Mathematical modeling, memetic algorithm, a 

customized crossover operator in order to Model the problem as a multi-trip dial-a-ride problem 

(MTDARP), which requires designing several routes for each ambulance. Novel crossover 

operator customized and tailor fitted to the problem, use of real world data that were specifically 

used for this problem. 

 

Speed of travel is not the most crucial factor in nonmedical healthcare transportation, and the 

other aspects become more important and seems to be not as well researched as other types of 

healthcare transportation. Wallace et al [18] Address the gap that is the access to non-emergency 

medical transportation, characteristics of the problem and the population that experiences those 

accessibility issues. They conduct National level demographic case study and surveys (U.S.) and 

provide recommendations to address issues focused on social benefits and quality of life. They 

link their findings across different demographics across the country and matching with 

appropriate opportunities to respond to these shortcomings. The research gap in non medical 

healthcare transportation lays the ground open for emergence of innovative solutions and 

technologies. For instance, Boulos et al [19] gives us an overview of GeoAI technologies 

(methods, tools and softwares), and their current and potential applications in several disciplines 

within public health, precision medicine, and Internet of Things-powered smart healthy cities. 
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They posit clear explanation of potential opportunities for GeoAI technologies to step into in 

different industries, especially healthcare research, linkages to applications in healthcare.  

 

A common service in Canada is volunteer driver transportation assistance for people with cancer 

and is offering from various foundations for a variety of clientele such as elder adults, handicaps, 

cancer patients, and patients with other different pre existing conditions. Each of these groups 

have their own specific characteristics that affect coordination and scheduling of the services 

from the management point of view. For instance, cancer patients usually have regular 

appointments while elder adults might have occasional requests for commute to far less frequent 

doctor visits. According to our research [1], the average projected growth of senior population in 

Canada can be one of the need more attention. As much as this proves to be a crucial subject to 

improve, there appears to be a lack of research considering optimization methodologies for 

volunteer ride systems. Similarly, organization and usage data among rural volunteer driving 

programs do not appear to have been previously systematically collected and analyzed [21]. 

 

Another promising method in healthcare seems to be the Dial-A-Ride model. According to the 

literature [21], in customized transportation services where customers call in requests to a call 

center and the transportation is carried out from door to door is called Dial-A-Ride (DAR) 

service. This method of can be designed in various ways depending on the purpose and level of 

service. Two relatable and key components could be service level and operational costs. Due to 

their rather inexpensive nature, there are various applications for DAR services and this is 

particularly a reason it has gained attention in the non-profit sector and for the elderly and 

disabled people. Tailored transportation for seniors or injured passengers are among another 
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examples. Another application is for healthcare including external and internal hospital 

transportation. According to the application, the structure of service provider organization and 

their vehicle type would vary. It also affects the objectives and constraints in simulation and 

optimization models. Ride and waiting time, pickup/delivery time-windows, and vehicle capacity 

are some of the considerable elements of these systems [22]. DAR systems often have multiple 

(and sometimes conflicting) goals, necessitating multi-criteria. An emerging application area is 

in public transportation. There are similarities between the volunteer ride system for patients and 

the usual DAR services while there are differences as well. In DAR systems considered in the 

literature usually, the vehicle is shared while in the volunteer-based system the priority is to 

service the clientele and sharing might come in the future potential consideration. DAR systems 

own the fleet of vehicles while in volunteer-based works the driver owns the vehicle. The 

existing work also does not have a considerable variety of availability of staff while it is a very 

important constraint for volunteer-based ones. 

 

2.3.1 Regions 

There seems to be a gap for sufficient studies in the area of nonmedical healthcare transportation 

in Canada. Specifically, in Quebec, we did not find related work and seeing as there is a 

significantly large transportation problem occurring, we became inspired to help contribute to 

solving this socioeconomical issue.  

 

Among the rest of the world, there are numerous case studies in Asia and U.S. For instance, 

Zhang et al provided promising results for their healthcare transportation solution in Hong Kong. 
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In another example, Mao et al [20], measures special accessibility for healthcare in Florida, U.S. 

in order to provide guidance for policy makers to mitigate health inequity issues.  

 

 

2.4 Simulation 

Simulation methods such as system dynamics, discrete event simulation and agent-based 

modeling have been increasingly used to analyze healthcare systems and find solutions for 

problems around both the world and also in this area [23]. Simulation has been used to evaluate 

the important aspects and factors and for modeling of worst-case scenarios in DAR services [22, 

23, 24, 25, 26]. The purpose of simulation might not be necessarily finding exact values for the 

variables, but rather showing the parameters that have a significant effect on KPIs, the way they 

affect the process, and providing a combination of what-if scenarios. For example [21] studied 

the trade-off between customer service level (waiting times, maximum allowed ride times or 

deviations from desired departure and arrival times) and vehicle costs in the scheduling and 

assigning time windows. They considered the time window of pick-up at the exact requested 

time and another one while the driver makes some delay to share a vehicle with another customer 

requested service from a nearby area. They concluded that before making any changes in 

scheduling policies, the service level or cost of customer should be analyzed to not be decreased 

drastically.  

 

Simulation is a useful tool to help decision-makers by providing various scenarios and analysis. 

Nevertheless, it does not necessarily provide the optimum solution. The objective of the problem 

depends on the application. The basic mathematic model provided by [27] has formed a basic 
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and expanded by some other researchers in their models. According to [28] in the optimization 

models for DAR problem typically the features such as vehicle capacity, ride time, route 

duration, and selective visits are considered. Other elements include the number of vehicles used, 

the number of objective functions considered, and numbers of trips allowed in a] single day. In a 

survey of DAR problems [28], presented models are categorized into four groups according to 

the modeling methodology. Majority of models are static and deterministic [ex. 29,20] which is 

based on previous data and the uncertainty is not considered. Some static models also considered 

uncertainty like [31]. Much fewer studies modeled the problem as dynamic and deterministic 

[21] and fewer are considered uncertainty in dynamic models similar to [32]. 

 

 

2.5. Pricing 

As we mentioned, one major factor in healthcare transportation accessibility is financial planning 

and pricing aspects. Although pricing is not covered as a part of the present thesis research, we 

felt this might become useful for future research. There are some budgets based on charity while 

the pricing and financial management is still an issue. The questions are if the hosting 

organizations were to charge the clients, how should they charge? – per ride or ask for an annual 

subscription fee. One method could be to charge the clients per ride and based on the 

characteristics such as distance. As an example, we noticed some researchers [33] proposed a 

dynamic pricing and optimization model to make an equilibrium between social impact and 

profit-maximization for the host organization. Based on the price quoted by the system, an 

arriving customer will join the queue if and only if the benefit is greater than the expected 

waiting cost. They also analyzed the effect of different strategies on the pricing equilibrium. 
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Another highly relatable method to model pricing is dynamic pricing. This is a demand-based 

approach that serves as solutions to equip businesses to optimize pricing by detecting and 

responding to changes in demand. The logic behind this has been the norm for most of human 

history as traditionally it was referred to as price negotiation. The two parties would negotiate on 

what the price would be by taking into account a number of factors affecting it, which is exactly 

what variable pricing does and how it is set. Throughout time, the basic logic still remained true 

and evolved to respond to the requirements of time. As retail industry expanded in the industrial 

revolution, business owners were facing challenges with scaling the traditional haggling system 

over the price of each product. One could argue that economies of scale caused corporations to 

think of a time efficient system to set prices. That led to the invention of price tag; a fixed price 

for everyone [5], with the idea behind as being fair to all regardless of wealth and smoothing 

their retail experience by being time and cost efficient in the back end for the corporation. Of 

course, one thing this approach did not consider among many others, was the variability of 

demand. Although, what was interesting was this fixed price approach would go on to rule the 

retail business for many years. Dynamic pricing as we know it today was only re-introduced 

during the 1980s with the help of technological advances, which makes sense since it would not 

have been possible to deploy without having access to strong data processing tools used today 

without much hassle. 

 

The approach was created with a mission to empower firms to grow revenue without sacrificing 

customers’ loyalty and without giving up control of pricing strategy. By enabling companies to 

develop their own customized solutions that fit their market position dynamic prices is flexible 
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enough to respect the limitations of a business, allowing for ample customization to fit specific 

objectives and business characteristics in high detail [34]. 

Although, it should be mentioned that this technique is highly proprietary and works best if 

certain conditions hold. 

  

2.5.1 Fixed Pricing vs Dynamic Pricing 

More often than not, in real life situations, the demand level for a product or service varies 

throughout time. Consumer behavior, economic changes and technological advances are to name 

a few reasons. Fixed pricing, as the name suggests, us keeping the price of an attraction fixed 

throughout a certain time. Although this approach has shown good responses in some real life 

cases (some commodities), essentially, that is equivalent to some-what ignoring the demand 

changes in the course of time all together [34]. Dygonex, a pricing firm descirbes this situation as 

in this case, “the pricing would not be “demand-based” and is merely a product of taking into 

account the costs that went through to create that attraction and possibly an initial analysis of the 

market at the time this price was being set.” The point being, once the business is facing a 

relatively high variability in demand, naturally, there will be periods of lower demand where the 

value of the product/service produced are not regarded by the market’s eyes quite as high as in 

other periods or at least not as much as the corporate initially intended it to be. Likewise, on the 

flip side, there could also be periods in which the demand will be higher, and the value of the 

product/service will be regarded higher than other times, i.e. the product/service is in high 

demand. In both of the mentioned situation, charging a single flat price could mean leaving a 

huge amount of possible revenues on the table.  

One might argue that the solution to such an issue would be to identify a few periods in which 
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we expect the demand to be higher or lower than usual and charge accordingly with a discount or 

surge. You might have witnessed examples of this approach in local bars or restaurants putting 

up discounted offers for certain days of the week (ex. Taco Tuesday discounts) or certain hours 

of the day (ex. Happy Hour). However, we will discuss in the following section in detail how 

these discount programs alone would not be able to capture the full potential to respond to high 

or low demand periods in cases where the demand in more variable and the stakes are higher for 

the corporation. 

 

3. Solution Approach 

Let us remind ourselves once again of the problem we are setting out to find a solution for. This 

research aims to evaluate various patient transportation operational coordinations and seeks out 

for techniques to optimize and/or refine those operations for both sides of the equation; the 

patients and the serving organizations. By “optimize”, we mean to understand and identify the 

best operational strategies and coordination of resources as the different variabilities occur 

throughout the system. And by “best” we mean the highest impact, highest feasibility solutions 

for the current environment.  

 

As for the overall research methodology structure, the overall solution roadmap of this project 

was created around answering the following three questions: 

 

1. What should the overall transportation process look like? 

2. How to ensure it works as the environment evolves? 
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3. How can we implement this strategy and what risks should we consider? 

 

Let us go through each of these buckets and explain what they mean for this project and how we 

went through them. 

 

To answer the first question, the overall transportation system, we will introduce supply chain 

process maps for ERP (Enterprise Resource Management), keeping in mind that they were 

designed in a way to be used by the future developers for continuing phases of the project. To 

answer the second question, how to test and make sure the process can work, with the main 

objective of increased accessibility in mind, we will introduce a diagnostic simulation model of 

such business operations to forecast variabilities in the system. By doing so, we will make an 

effort to answer the third question, how the client’s resources should be coordinated to respond 

to those variabilities in the best way possible, in the form of potential recommendations. We will 

then assess the feasibility and impact of each recommendation to best achieve the client’s goals. 

It is noteworthy to mention this research acts as the infant stage of a long term project. 

Therefore, answering the third question on implementation issues requires more information on 

the clients capabilities and more trial and testing over time, and counts as an unavoidable 

limitation at this stage of this project and the present research. That being said, we tried our best 

to paint a picture for the client through testing a wide range of variabilities and resource patterns, 

along with interviewing executives who had run similar initiatives within the region of Quebec.  

 

Now that we know the overall road map taken for the solution approach, we present below 

(Figure 1) a general scope of the process. This will allow us to gain an understanding of the 



 20 

simulation model in a simplified manner, understanding only the main steps to be taken 

throughout a typical transportation journey.  

 

 

Figure 1 – High level scope of identified transportation process 

 

In order to understand the figure, let us explain the process briefly and why we came to choose 

this among other alternatives. First, in order to answer the question of why we came to design 

such process, let us remind ourselves once again of the problem statement. As mentioned in that 

section, we researched and proposed a range of tried and tested operational models available in 

the region (including but not limited to ride sharing, public transportation, etc.). We had to 

choose the operating model that is an appropriate balance between the client’s capabilities and 

also, being effective enough to tackle the problem and be able answer to the unique problems of 

the patient population. Based on the client’s capabilities for the starting phase of this project, a 

volunteer based operating model was selected with the following attributes: the service would be 
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1 on 1 (1 driver per patient). Second, based on the types of patients and their treatment plans, it 

was decided that patients could book rides between a day to 6 hours in advance of the ride time. 

 

In short, the methodology of this project is to create a simulation model to model the system and 

test possible scenarios. The first step is to gather data about the system. Majority of simulation 

models imitate a real existing situation. In this case, the system (volunteer ride service to breast 

cancer patients) is not implemented yet. However, information of clienteles, their addresses, and 

their treatment destination can be extracted. Information about potential volunteer drivers can be 

assumed based on assumptions from literature and interviews with industry best practices and 

benchmark with other operating systems. Various numbers of volunteers and their related 

attributes can be assumed, tested and analyzed. Based on the results, decision-makers would be 

able to anticipate the outcomes and effects of each combination. After creation of the model, the 

next steps are model verification and validation. Verification can be achieved by correcting any 

syntax error in programming and testing the model in various situations. Validation could be 

achieved by comparing the results of the model with a sample that contains all the details of the 

system. Moreover, the model can be tested with an existing close system. After assuring the 

validation, various scenarios would be tested. 

 

In the following section, we dig deeper in the process model, introducing the generic model used 

to create the diagnostic operational simulation model which will be rich in more detailed than the 

process we just introduced and then introduce the input parameters for the model.  
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3.1. Input Modeling & Scope 

In this section we will study the simulation model deeper, explaining the input variables and 

parameters. First, starting with a more detailed look of the simulation model. Figure 2 shows a 

generic version of the previously introduced model in more detail. The process works in the 

same main steps that we explained previously in figure 1 along with some added features and 

inputs that will be the topic of this section. 

These parameters were deemed relevant according to the needs of the needs of the client within 

the space of breast cancer in Quebec along with what we found out to be critical in the literature 

review and market research. Let us address the parameters used as follows:  

 

- Type of booking:  

o Scheduled: refers to patients who would be more interested to book their trip in 

advanced (at least a day prior) 

o On-the-spot: refers to patients who would need to be served on the same day 

 

- Type of patients:  

o Radiotherapy: will typically need more than one regular bookings in a given week 

o Chemotherapy: will typically need 1-2 bookings in a given week 

 

- Type of service:  

It was decided for to run the service initially as a one-on-one serving type. Meaning that 

1 driver will be connected to 1 patient for each request, as opposed to a driver picking up 

multiple patient at a time. The reasons behind this decision were as follows: 
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1. It would fit the client’s capabilities at the initial phase. Setting up a ride sharing system 

poses heavier coordination weight on the hosting organization and the client that we did 

the project with did not intend to make such an investment at least in the earliest phases. 

 

 2. There are health limitations toward this specific demographic at this specific time for 

the foreseeable future. The breast cancer population typically require some degree of 

physical and/or mental health sensitivity. Specifically, at a time of COVID this becomes 

even more critical to serve them with the utmost care and make sure the process runs as 

smooth as possible, cutting away any extra delays or bottlenecks, as it was the very 

intention of this project which would differentiate it from existing transportation models.  

 

Also, in terms of timing, with respect to the difference between the types of patients and 

how the treatment plans and need for transportation would differ according to that, the 

client’s executive team decided they will be able to handle booking requests at least 6 

hours in advance for Chemotherapy patients and at least 1 day in advance for 

Radiotherapy patients to the day of travel. This decision was incorporated in the 

simulation to test for the extreme conditions and study the results. 

 

 

- Drivers:  

As explained above, due to the client’s initial investment decisions and the intended type 

of service, it was decided for the service to be volunteer run at this stage. Meaning that 
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drivers would be volunteers for specific locations at the start of this project which would 

be in line with the client’s ability to acquire a sufficient number of them. The sufficient 

number to run the system would obviously depend on how many patients are to be served 

in a given day and is something that we tested for different scenarios in the next sections. 

Based on the interviews we held with industry experts and firms who had done similar 

volunteer run projects in Quebec, we decided to give every volunteer one ride job per 

day. 

 

- Simulation Method & Strategy:  

We developed a diagnostic discrete event simulation using AnyLogic simulation software 

in order to model the operations and help with the strategic decision making down the 

line. The reasons behind choosing that type of simulation was made because it would fit 

the ultimate diagnostic goals we had in mind better, as opposed to the other relevant types 

of simulations because. For instance, we did not have an extensive amount of agent 

individual decision making in this business model and almost everything will go on as a 

chain of procedures in advance. If any step fails, the system either iterates to redo the step 

or stops for that agent completely. We also decided to use AnyLogic as it is one the most 

powerful simulation tools on the market right now and has proven time and again to 

provide accurate and reliable results for such purposes.  

 

The simulation is based on a set number of scenarios to be tested, all agreed upon and 

discussed with the client executives, in order to paint a picture of how such operational 

model would behave as the environment around it evolves, and as variabilities affect it. 
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We defined 4 main buckets of simulation that portray the key needs of the client, 

explained with detail later on in the next section. 

 

 

- Bookings:  

In order to simplify the process as much as possible for the patient and make similar to 

the current existing type of bookings they already are familiar with, we decided to create 

bookings on a time slot basis. Basically, patients will be promised a time window to be 

served within, according to their own schedule and how early they will want to be at the 

treatment center. The reason for this is very important to understand first how patients 

want to be served, then come up with the plan to best serve them, as was the main goal of 

this research. We noticed through interviews with the client and literature review that 

breast cancer treatment transportation consists of at times a stressful mental state for the 

patient, causing them to try to make sure no other source of stress is present, for example, 

being late to the appointment. Therefore, a good number of these patients actually try to 

eliminate that by being a bit early to the appointment, while some don’t. In choosing a 

timeslot-based booking model, wanted to respect that flexibility by letting the patient 

choose a timeslot that is appropriate for them according to their appointment with their 

cancer center. Now in a real world condition, there may be delays causing a driver not to 

reach a patient in time. Regardless of how large of a threshold that should be (discussed 

in a specific scenario), based on the client data, we found out that 40% of patients would 

agree to be picked up at a later time than their initial pick up time expectation, and we 

incorporated that through the simulation. The remaining 60% are modeled to reject and 
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will therefore exit the model upon that situation.  

 

Hours of operation were set at 7:30 AM through 5:30 PM where most appointments 

usually take place within Quebec. Length of each timeslot was set at 90 minutes in the 

base model, happening throughout the day every 30 minutes. Length of timeslot was 

calculated as follows. While of course this is not constant, we wanted to gain an 

understanding of how long every ride should take on average. This depends on a lot of 

things, but two key variables is the average distance to be traveled and the speed at which 

the travel is taking place. Seeing as this service was expected to serve the Island of 

Montreal, we aimed to calculate for that region taking into account a central driver 

dispatcher in downtown, patients randomly scattered throughout the island (collectively, 

and separately tested for each side of the island, Montreal North, South, and center), and 

an expected number of cancer treatment centers within the island and Laval and Longueil 

(as expected from the client). Now as we mentioned, there are other variables affecting 

how long it takes to travel to such areas, one being traffic level, so we took that into 

consideration and reduced speed travel to ~30 KM/Hour on average. Using mapping 

tools of Google and Microsoft Excel, we iteratively calculated such scenario for 15000 

times, and reach 90 minutes on average. Again, since this was only an average and that 

we noticed in a real world condition,1 there may be other variables affecting this, such as 

time of day and the traffic or any other barriers that are present at some specific times of 

day and not present in others, we took this number as a base model and created a 

simulation scenario only around that, which will be explained in the following section 

along with other scenarios. 
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In order to make sure patients will not experience delays, we had to make sure drivers 

will get to them in time, as promised in the booking timeslot. Therefore, we defined 

driver shifts 30 minutes longer than the timeslot, 2 hours. This was tested in Anylogic 

within the validation phase of the simulation for 5000 patients and proved to be the least 

amount of time a driver has to start driving earlier than the timeslot in order to make it in 

time within the Island of Montreal region, in order to be 100% successful. Therefore, 

driver shifts were defined in 2-hour slots. Also seeing as they are volunteers, we did want 

to consider that to be attractive for numerous profiles in order to want to take part in this 

project. Making a volunteer shift too long for a working-class profile would be making it 

difficult to attract them. Making it too short would risk not being fully utilized in certain 

hours were patient demands were not as high. 2-hour shifts proved to respond well to 

both situations. 

 

 

In this section we explained the assumptions and input parameters used to create and 

validate the simulation model to give logical results. In the following section we study 

the simulation model deeper and how it was tested. 
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3.2. Simulation Model Design 

In this chapter we will further investigate the simulation model and explain how it was used. 

After that we introduce each scenario and why they were deemed critical, and also what each of 

them will test. Then we will finish off with the simulation results for the baseline scenario which 

was used as a point of reference to compare with the results of each scenario. 

 

An overall scheme of the model is presented once again in the figure below. This is the generic 

process map that we designed in order to create an equivalent model in Anylogic, with the idea 

in mind that it would be able to serve all scenarios, with minimal change. In Figure 3 you can see 

a snapshot of the same model in Anylogic language.  

 

 

Figure 2 – Generic simulation model process map 
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Figure 3 – Simulation model in Anylogic software space 

 

As we mentioned, the aim of the simulation is to create preliminary guidelines as to how the 

model can be created in real life, and how the change of the internal or external variables will 

result the outcome. For that we have to first define what we mean by “outcome” and then what 

are the key variables, and how should they be varied. Once we find out of the overall situation, 

we will go ahead with testing the simulation for the baseline scenario in order to use as a point of 

reference for every other scenario and drive useful insights.  

 

First, let us start by defining the desired outcome of the simulation. From the point of view of an 

executive, the key objectives behind a simulation of business operations is seeing how important 

performance factors will look like, the desired output. And then there are two questions that 

comes to mind,  

1. What structure of inputs will give the system the desired output? 
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2. How does change in those inputs affect the output, and what can we do to make sure the 

output remains desirable? 

Answering these two core questions is the fundamental reason behind the simulation, along with 

the fact that this service within this region was not done before. So, no valid data that would be 

applicable to this situation was available, hence we turned into the simulation method. 

 

Now, what is the output? After studying relevant literature and interviewing the client executives 

and industry best practices within this region, we came up with a set of key performance 

indicators (KPI) that will directly impact the overall decision criteria. The decision criteria are 

made up of the most important set of factors impacting key stakeholders in this system, from 

patients, to drivers, to the hosting organization. They are; resource constraint, time horizon to 

implement changes, patient impact and appreciation. The KPIs we chose that will directly affect 

the decision criteria break up into two main categories are listed and defined as follows: 

 

1. Time KPIs 

 

- Service time = Drop off time – slot start time 

How long will the service take for the patient, from the start time of their booked timeslot 

to the time they are actually dropped off safely at their destination.  

 

- Ride time = Drop off time – Pick up time 

The duration of the ride for the patient 
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- Pick up wait time = Pick up – Slot start time 

The duration a patient has to wait to be picked up, starting from the slot start time 

 

- Driver wait time:  in case a driver reaches early to the patient, how they have to wait for 

the patient (assumed patients are ready at their booked slot start time) 

 

- Driver ride time: Duration of the work for the driver, from the time they start driving to 

pick up to the time they drop off the patient 

 

 

2. Service level KPIs: 

 

- Total patients served 

- Total patients served within promised time limit 

- Capacity utilization: Real time capacity being defined as number of drivers available 

multiplied by the number of hours they are expected to work. 

- Number of delayed patients 

- Number of patient refusals: Number of patients who will choose to cancel the service in 

case the pick up wait time passes their expected pick up time window. 

 

Now that we know the output KPIs we will introduce a baseline scenario that will be used a point 

of comparison to the upcoming scenarios to ultimately help us draw insights from the scenarios. 

From this point forward, the data is generated to simulate a realistic situation. We were not able 
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to find sufficient existing data to support our simulation thus we generated the data using the 

interviews we conducted with industry experts and literature review. The outline parameters of 

the base level scenario is shown below. 

 

 

Figure 4 – Baseline scenario parameters 

 

Let us explain how each value parameter was chosen. Booking rate was generated as the average 

volume of requests for treatment visits in the patient data at Ruban Rose, taking into account the 
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current volume of their patients who the expected would want to opt in for this service. Patient 

distribution was also set as a Poisson distribution peaking at 8 am due to the way cancer 

treatment centers operate in Quebec. We started with 54 slots available per day as we calculated 

the hours of operations to be from 7:30 AM to around 5 PM, judging again by the way hours of 

treatment work for cancer treatment centers and to fit the expected profile of working volunteers, 

making sure we can attract as most volunteers as we can. We started with 20 patients because we 

were identified by the client this will be the amount that will fall in balance with how many 

patients they could attract to use this service initially per day, and also what their capacity can 

handle. Choice of slot has been identified as random to give the most flexibility to patients to 

pick the desired timeslot, making the simulation more realistic. Travel speed was set as 30 

KM/hour, lower than usual travel speed within the city in order to take into account the speed 

limiting factors such as construction and traffic. Expected average service time was set as a 

baseline level of 84 minutes, as we mentioned in the previous section, this was set taking into 

account the amount of time it will take on average for a patient to go to one of the cancer 

treatment centers around Montreal, with the speed that we set. The distance was set on average 

20 KM, using the data we gathered from literature [3], which was confirmed by the client and 

their current data. Patient location was set as Greater Montreal area in general, randomly 

scattered, as this will be where the client will start the service. In terms of driver distribution, we 

generated different levels of distributions, based on the profile of volunteers we gathered from 

the volunteers industry practices within this region [3]. We generated one of the most fitting 

distributions to the realistic situation of current volunteers in Quebec as we identified from our 

findings which we named level 3. Details of the levels will follow in Figure 8 and in the 

verification section. 
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Now we will show the simulation output values, which will be the KPIs that we introduced in  

 

Figure 5 – Output of baseline scenario 

 

The numbers for time KPIs are averages. We will show ranges and standard deviations in 

appendix section. As is visible we can see the pick up wait time is manageable and within 

standards of today’s on demand transportation services, and also everyone was served with no 
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delays. That is due to two main reasons, one the demand was within expected capacity and 

second, in our validation, we made sure of reducing the risks of drivers reaching patients later 

than the promised time window as much as possible. We achieved that by extending the driver’s 

shifts by 30 minutes more than the timeslot they would be serving at. Having that as a unified 

recommendation results in all drivers being able to start driving to the patients a bit earlier in 

order to take into account the reduced speed that may be caused by various factors en route, e.g. 

traffic, construction, etc. This will also have another benefit and that is enabling drivers to fill in 

for each other, because each one of them will be available for 30 minutes longer than the rate the 

slots will be filling in at. This will result in increasing driver utilization in potential situations 

when if a driver may not be matched with a patient within 1.5 hours, thus improving the service 

level KPIs. This was one of our main recommendations to the client as well, to make it 

mandatory for driver shifts to be slightly extended over the timeslots. 

 

Next we finally study the scenarios and what they will test, and how that matters in order to 

impact the mentioned KPIs. Scenarios test four key parts of this system that could change within 

time in a real life situation. Our hypothesis was to see the impact of their variations on the major 

KPIs we just mentioned, to measure their impact and propose recommendations for running this 

operation in the present and future. Variations will broadly test 2 situations, one having less 

extensive load on the system than the base level scenario, and the other one pushing more load 

on the system. We are hopeful our insights will be helpful for future researchers and business 

strategists in following similar efforts within transportation services.  
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List of Scenarios: 

1. Demand  

2. Capacity  

3. Pick up time window 

4. Timeslot Length 

 

We will explain each scenario in the following points:  

 

1. Demand 

We will test how changes in patient demand characteristics impact our service level and time 

KPIs. We will test changes in volume of patient demand, locations they come from, and the 

distribution at which they enter the system, throughout the cycle of the simulation. We hope this 

scenario would help ease future decision makings by providing senior management with insights 

on the effect of an increased daily booking requests on the organization’s operations. The 

detailed values for demand levels are as follows, having the baseline levels as a reference. 

 

- Location (see Figure 7) 

o Montreal East  

o Montreal West  

o Centreville 

 

- Distribution 
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o Single mode Poisson, peaking at ~8 AM 

o Bi modal Poisson, peaking both at ~8 AM & ~1 PM 

 

- Volume 

o Low capacity, 10 patients per day 

o High capacity, 50 patients per day 

 

 

2. System Capacity 

As we mentioned there are a number of components forming up capacity. Volume, time worked 

and distributions. We are not testing variations in time worked, which will translate into the 

length of driver shifts due to, as we mentioned, our findings from industry experts experiences 

with volunteers working in transportation in the region of Quebec. We will test the other two 

components, that are changes in volume and distribution of drivers in each day. Our goal would 

be to see how they will impact our KPIs, specially time KPIs such as driver response rates and 

patient wait times that are critical in this context. 

 

- Volume 

o Low capacity, 10 drivers per day 

o High capacity, 40 drivers per day 

- Distribution (see Figure 8) 

o Level 1 

o Level 2  



 38 

o Level 3 

 

3. Pick up time window 

We will analyze changes in patient time sensitivities, specifically for pick up, which will be 

critical in determining the success level of such transportation services, and is most in control. 

Once the patient is picked up, there is not much in control of the driver in terms of timing of drop 

off, as long as they do their best in setting a balance between driving safely and with an 

acceptable speed. Our goal for this scenario is to find optimized time windows we expect and 

propose to patients in advance of the ride in order to maintain acceptable service levels 

(whatever level they may be, based on a transportation provider preferences). 

 

- Time sensitive profile: 30 min 

- 1 hour 

- 1.5 hour (or equal to timeslot length) 

 

4. Timeslot length 

We tested changes in length of expected service times, in order to make sure we propose the 

right amount of timeslots to the patients for booking. This is the backbone of our system, since 

this will affect everything else: such as how long a service should take, and how should every 

driver shift be set accordingly. The reason we decide to make such scenario was in a response to 

the location scenario. In reality service times would be different naturally according to the 

locations and distances. Therefore, we expect to see different regions of Montreal area to have 

different expected service times, and therefore timeslot lengths. Our goal in this scenario is to 
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coordinate guidelines to choose the best estimations of service times under different conditions, 

one of the most important ones being the patient locations. 

 

- 1.5 hour (normal) 

- 1 hour (short) 

 

We should mention again that all the numeric values for scenarios were generated in comparison 

to the referenced base level scenario to see how the system would react in heavier and more 

flexible conditions. In the following sections we will verify some of the parameters and explain 

the results of our tests. 

 

Figure 6 – Generated patient distributions (based on patient data observations)
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Figure 7 – Simulation map, animation screenshot, introducing legends 
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Figure 8 – Proposed capacity distributions across time  
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3.2.1. Verification & Validation 

 

In the previous section, we provided a description of the paramters used and how they were 

validated to maintain realistic, relevant and logical. Here we will provide the list of the 

parameters we validated and how they were validated. 

 

Service time / timeslot length: As mentioned, there are other variables affecting how long it 

takes to travel to such areas, one being traffic level, so we took that into consideration and 

reduced speed travel to ~30 KM/Hour on average. Using mapping tools of Google and Microsoft 

Excel, we iteratively calculated such scenario for 15000 times, and reach 90 minutes on average. 

Again, since this was only an average and that we noticed in a real world condition,1 there may 

be other variables affecting this, such as time of day and the traffic or any other barriers that are 

present at some specific times of day and not present in others, we took this number as a base 

model and created a simulation scenario only around that, which will be explained in the 

following section along with other scenarios. 

 

Number of patients: In the base level scenario, we started with 20 patients because we were 

identified by the client this will be the amount that will fall in balance with how many patients 

they could attract to use this service initially per day, and also what their capacity can handle. In 

order to consider other variations across time as the service grows, we tested a situation for 

almost double the amount (50 per day) and also, one for potential easier days (10 per day) to see 

how the organization has to coordinate its resources in both conditions, which may most likely 

happen more often than other values in between this range. 
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Demand distributions: We identified from our client patient information that the patient 

distribution would closely follow a Poisson distribution throughout the hours of 7:30 am to 

around 5 pm. The peak however would be variable but mostly happens either during the morning 

or at noon, then falling down for the rest of the evening. We matched that distribution with our 

proposed volumes. This however might not be entirely accurate for other regions or other 

treatments but according to our source of information, was correct. 

Capacity distributions: We studied volunteer profiles from different non profits in Montreal 

and Quebec, and proposed 3 distributions to match different individual profiles to show how 

busy or available they would be depending on their free time. For instance, level 1 could fit a 

working class profile how would not be available for volunteer work during business hours. 

Level 2 would be a different profile, resembling the profile of a student or someone more 

flexible (students are one major population of volunteers in Canada) and level 3 would be 

another profile, a mixture of the two.  

Hours of operation: We started with 54 slots available per day as we calculated the hours of 

operations to be from 7:30 AM to around 5 PM, judging again by the way hours of treatment 

work for cancer treatment centers in the Montreal area and to fit the expected profile of working 

volunteers, making sure we can attract as most volunteers as we can 

Treatment centers (number and location): At the time this project was done, our client had or 

was in the process of setting up agreements to work with 5 treatment centers within the Montreal 

region, and asked to have one in each region as specified in figure (?). 
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Driver dispatcher (no, and location): At the time this project was done, our client had or was 

in the process of setting up agreements to work with one central third party driver dispatcher 

within the Montreal region, and asked to have one in each region as specified in figure (?). 

Speed of travel: Travel speed was set as 30 KM/hour, lower than usual travel speed within the 

city in order to take into account the speed limiting factors such as construction and traffic. 

Patient time sensitivity: In a survey identified by the client, we came to an understanding on 

what will be the most viable number on pick up time window, and we reached the number of 30 

minutes. Also, based on the client data, we found out that 40% of patients would agree to be 

picked up at equally a later time than their initial pick up time expectation, and we incorporated 

that through the simulation. 

Time of bookings: with respect to the difference between the types of patients and how the 

treatment plans and need for transportation would differ according to that, the client’s executive 

team decided they will be able to handle booking requests at least 6 hours in advance for 

Chemotherapy patients and at least 1 day in advance for Radiotherapy patients to the day of 

travel. This decision was incorporated in the simulation to test for the extreme conditions and 

study the results. 
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3.3. Output Analysis 

In this section we synthesize the outputs of the simulation model and the insights we gathered 

from the results of the scenarios. We will prioritize scenarios based on the impact they had on the 

set performance KPIs and talk about the most interesting results that led to our final 

recommendations and guidelines for managing such operations. The full details of all scenario 

results are presented in Appendix sections. 

 

The two most impactful scenarios were related to demand (scenario 1) and pick up wait time 

(scenario 3). Let us dig deeper into each of them and explain our takeaways from the results.  

A. Scenario 1.1. 

Demand Location – Montreal East and West sections 

These configurations gave highly similar results that can be talked about in a cluster. The 

greatest observations we saw for these regions was represented in service time and pick up wait 

time. Comparing to the base level scenario, average service time increased by 8% to 92 minutes 

and pick up wait time on average increase 43% with a range of 0 – 37 minutes. This means 

patient location greatly impacts our time KPIs and overall patient experience and we need to 

adjust either resources or system configurations accordingly. In terms of service level, results 

were not optimistic as well. We noticed 10% decrease in service level (90%) and in a sample size 

of 20 patients in a day, 2 patients were lost due to longer wait times than their expected wait 

time. Since increasing resources (drivers) to service patients would be cost extensive and the 

obvious solution, the key takeaway that we got from this section of the demand scenario was that 

expected duration of service should be adjusted based on area to prevent potential delays. 
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B. Scenario 1.2. 

 Demand Distribution – Bi modal demand distribution matched with level 3 capacity 

distribution 

For this specific configuration we noticed interesting results that we deemed crucial for 

mentioning in order to make sure senior management is prepared to face potential delay risks. In 

terms of time KPIs, we noticed service time decreased by 14%, down to 73 minutes on average, 

and patient wait time increased by 10%, up to average 7.7 minutes, holding a range of 0-90 

minutes. You can see that although the average is relatively low, the range can at times get 

increasingly higher. If we want to maintain high service levels we need to make sure we address 

such discrepancies as well.  

 

In terms of service level KPIs, we noticed service level on average decreased by 5% (95%) and 

we lost 2 patients out of 20 in a typical day due to long delays in pick up. The key takeaway we 

got from this part of the simulation was that variabilities in patient arrival distribution require 

adjustments in capacity distribution mix in order to match the right distributions together and 

ensure timely matching of the two stakeholders. 

 

B. Scenario 3. 

 Pick up wait time – 30-minute threshold 

In this scenario we tried different patient time sensitivities because in reality possibly not every 

patient has the same expectations. In terms of time KPIs, we noticed that while service time and 

pick up wait time remained stable at respectively, 84 minutes and 7.7 minutes on average, pick 

up wait time stretched its range to 124 minutes in rare cases of overtime pick-ups (up by 148%). 
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This was alarming to us if the organization wants to set a value proposition to serve every 

patient. Also, in terms of service level KPIs, we saw negative results. Number of served patients 

fell by 30% from 100% base level, and number of delayed patients increased to 6 out of 20 

comprising 30% of total daily commuters. The key takeaway that we got from this part of the 

simulation was that the estimated average patient pick up wait time, with current resources 

should be greater than 30 minutes if we are considering the entire Montreal island area. 

 

Now that we explained the most critical and impactful scenarios, we will work to explain our key 

recommendations and guidelines to cover all the mentioned situations. It is noteworthy to 

mention while other scenarios also had changes to the KPIs, they were not as impactful (refer to 

Appendix for full result tables). Nonetheless, we will include their results in the guidelines that 

we set for future decision makings.  

 

In order to improve the system results, there are numerous potential actions to take. Figure below 

charts some of those actions in terms of their potential impact versus their feasibility for the 

hosting corporation. The definitions of impact and feasibility can take many translations 

depending on the type of resources an organization will spend and the types of results they or the 

patients as clients, deem important. What we offered is only an example to what we thought 

would be some of the most important definitions for these two terms. 

 

As we identified and matched the following actions with our client and industry experts, we 

found out that putting efforts into two parameters would have the most impact and would be 

most feasible for similar clients to our own. They are, adjusting time of pick up and 
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communicating a realistic pick up time window to the patients, depending on what segment they 

come from. Let us walk our readers through both and explain what specific recommendations we 

came through for this project.  

 

 

Figure 9 – Identified potential actions and parameters to improve performance 

 

Our recommendations to improve the performance of such system based on the capabilities of 

our client for this project, and without considering obvious choices like increasing capacity, 

would be within two main buckets;  
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1. To urge all drivers to ensure pick up at the start of timeslots 

2. To actively adjust the pick up time window 

 

To explain the first one, in order to maintain consistent performance, this simple rule of ensuring 

pick ups are occurring at the beginning of timeslot as much as possible, if followed throughout 

the day will make a considerable difference. The reason for that follows within the lines that we 

previously mentioned: it makes more sense all the delay factors that are easily within control, 

before trying to change more difficult exterior delay factors that are mostly uncontrollable and 

sometimes even a surprise.  

 

In order to explain the second recommendation, we noticed how different variabilities can cause 

patient delays. We think the organization should actively communicate tailored expected wait 

times at least with respect to the patients clustered geographical area prior to the time of the ride. 

That is if the system would be expected to operate with the current settings of limited volunteer 

resources. Our results show the following brackets to be promising and safe; 1-1.5 hour seems to 

be the safe zone for all regions within Montreal island without any delays. 30 minutes or less 

would risk ~25-30% of patients to be delayed and could increase wait times by ~x2.5 on average. 

 

The two recommendations we mentioned are generalized, in the next steps we will consider them 

for more specific situations, taking into account more data we gathered from the simulations. The 

approximate outcome of such recommendations based on our calculations will result in service 

levels above 95%, pick up wait times less than 15 minutes and no delays in drop off.  
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3.4. Alternative Configurations  

In this section we will take our simulation insights further to provide guidelines for future 

strategic decision making under different configurations. We came up with the following 

numbers (presented in the following page) by iterating variables as explained above in order to 

reach the desired outcome. Needless to say, the desired outcome is subjective to different 

business expectations but what we provide here can be easily adjusted to different needs. 
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4. Limitations, Risks & Future Outlook 

This project was the initiation phase of a larger projected expected to maintain for the next two 

years with our client. Therefore, we only set out to lay out the bedrock for future researchers to 

follow and improve. There are naturally some limitations to what we set out to solve. We will 

explain them by structuring them within 4 main components of that will be our sources of risks:  

 

1. Drivers  

Our main operators in this system were set to be volunteers doing one job per day according to 

our client’s preferences. This will make the results more susceptible showing delay risks or 

lowering the response rates. The good news is our recommendations were suggested to a tighter 

situation which could make them more reliable in a real life situation were there are added 

sources of risks. Also, the data we used for driver distributions were generated by our own 

observations from similar volunteers within this region. We tried to make it more realistic by 

breaking them down into three different types to fit different volunteer profiles (working class, 

flexible, students, etc.) The accuracy of their detailed distribution is also a source of risk, but 

with the current simulation, it is very well adjustable. Hopefully that will be a way to mitigate 

this risk as we gather more confident data and feed it to the simulation. The future outlook for 

this section could show different coordination for drivers such as working more shifts per day, or 

doing multiple pick ups similar to current ride sharing business models. The location of drivers 

could in that case, also be decentralized and scattered across the city, as they will be self-

employed.  
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2. Methodology 

We chose to use simulation because this was a novel strategy that was not done before in this 

context in Quebec. We did not have reliable data to test this strategy with. Although we took the 

effort to minimize the risks of our results being inaccurate through testing different 

configurations and scenarios, along with choosing one of the best in the market simulation tools 

at the moment (Anylogic software) that chance still remains. 

 

3. Patients 

Patients will have more characteristics in real life and therefore, making more decisions 

individually. While we did try to consider the most common ones, like different expectations in 

windows of wait time, it is possible we did not take into account enough alternatives. Also, we 

did not consider patients changing their minds and making cancellations prior to the day of 

travel. Patients might also ask for the volunteer driver to do more than driving and perhaps help 

them with taking them outside their residence or folding a wheelchair before starting the pick up, 

or ask for a volunteer to wait at the treatment center for the return trip. This might take a few 

minutes and add to the service time. We did not consider this and assumed their impact will be 

negligible according to the patient profiles we currently saw from the client’s data. But this may 

very well change in future.  

 

4. Environment 

There numerous external sources of risks in real life. We will mention a few that relate most to 

the choices we made and the context of our project. One of them could be the number of cancer 

treatment centers, we used 3 as per our client’s preferences. Adding more or placing them in 
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locations that are further away from the central driver dispatcher will undoubtedly add more 

delay risks for the patients. In that case it is recommended that the senior management work with 

more than one driver dispatcher or change their policies in how the drivers operate, for instance, 

using local volunteers without the need for a centralized dispatcher location. As mentioned there 

may very well be other external sources of risks such as uncontrollable risks of constructions in 

certain roads that will cause the drivers to take another route, heavier than calculated traffic, etc. 

  

5. Case Study 

Since August 2018, we partnered with a major non profit organization in Quebec, the Quebec 

Breast Cancer Foundation (Ruban Rose), as part of their research and development program for 

the same purpose that will continue for at least the next two years. We were on the start of the 

initiation phase at the time this research was conducted. On a high level, the main focus area of 

this particular project is to reduce the barrier of transportation for breast cancer patients for 

receiving therapy and those barriers, based on the foundations previously conducted market 

research and as our literature review confirms, have been defined as economical and accessibility 

barriers. In order to tackle those barriers, we focused broadly on three main areas–minimizing 

patient out of pocket costs during treatment and logistic barriers, while ensuring required health 

and safety conditions are maintained to make sure the service is tailored to the specific needs of 

this patient segment, among other services that are already out there.  

 

The Quebec Breast Cancer Foundation (Ruban Rose), based in Montreal, is the only non-profit 

charitable organization dedicated to investments for the benefit of the province’s breast cancer 
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patients in the region of Quebec. For over 25 years, they have been committed to defending the 

interests and well-being of people affected by breast cancer and their loved ones. The 

contribution is especially noteworthy in the area of medical and scientific advances. Also, they 

invest in innovation and cutting-edge research and in patient-support programs, ranging from 

prevention to cure [24]. Currently, one of Ruban Rose’s main operation consists of supporting its 

clientele with allowances for their transportation costs. They are planning to implement a system 

of applying volunteer or paid drivers to service breast cancer patients. As the future phases of 

this project, they also consider offering managing the lodging services to the patients coming 

from other areas of the province who need accommodation. They believe that offering this 

service does not only provide transportation service but also some comfort of being accompanied 

by another human being who is willing to help.  
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Figure 10 – Issue tree structure of proposed operations 

 

 Ruban Rose is interested in considering both strategic and operational issues before and during 

implementing the desired service. Issues such as pricing, capacity planning, scheduling, lodging, 

data management, service level and many other details. According to [21], the drive attribute 

data typically included: drive ID, volunteer ID, start time, volunteer hours, travel distance (client 

travel only), client ID(s), presence of companion/helper, origin/destination, stop purposes and 

number of stops (including whether they returned home), and other groups specific information 

(e.g., fee per ride). All these details should be taken into account at the operational level. Our 
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proposed research aims to address the aforementioned issues in several collaborative projects and 

provide an integrated decision-making solution.  

 

We also provided UML diagrams to chart process maps for making clear enterprise resource 

management (ERP) roadmaps for future steps of this service that include making a mobile 

application to allow patients to book their rides. (Figure 11) 
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Figure 11 – Preliminary UML class diagram of P2P transportation business operation
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Figure 12 – Preliminary UML class diagram of manual matching transportation operations 

 

 

5. Conclusions 

This research addresses the problem on transportation accessibility for patients with pre-existing 

conditions in the Montreal area. We set out to offer a transportation strategy with the goal of 

making transportation more accessible for breast cancer patients residing in Quebec. Our 

definitions of accessibility were set around overhead costs imposed to the patients and ease of 

service according to the specific needs of this population. First, we reviewed the literature and 

initiatives employed by global transportation providers and identified major methods used for 

healthcare industry. Second, an overall transportation strategy was proposed, and key 

performance indicators were identified through our analysis of data and interviews with industry 
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best practices in order to determine key aspects of such operations having the most impact on the 

overall service level. Finally, a discrete event simulation was provided and tested through 3 main 

scenarios to understand how such operations would behave in real life and how they react as the 

environment evolves through time. Next we analyzed the limitations and risks associated with 

our method to hopefully lay a bedrock for future work. A case study of a major nonprofit 

organization for whom this strategy was originally outlined was provided. On a high level, the 

main focus area of this particular project is to reduce the barrier of transportation for breast 

cancer patients for receiving therapy and those barriers, based on the foundations previously 

conducted market research and as our literature review confirms, have been defined as 

economical and accessibility barriers. In order to tackle those barriers, we proposed a discrete 

event simulation method, focused broadly on three main areas–minimizing patient out of pocket 

costs during treatment and logistic barriers, while ensuring required health and safety conditions 

are maintained to make sure the service is tailored to the specific needs of this patient segment. 

 

This research is naturally built around the case study we offered, our we partnership with a major 

non profit organization in Quebec, the Quebec Breast Cancer Foundation (Ruban Rose), as part 

of their research and development program for the same purpose that will continue for at least 

the next two years. We were on the start of the initiation phase at the time this research was 

conducted. Based on literature and our client’s key preferences, we coordinated specific KPIs 

and tested different scenarios in our simulation of these operations. Test data results show 

promising outcomes within our recommendations and the boundaries the simulations were tested 

within. Our recommendations to improve the performance of such system based on the 

capabilities of our client for this project, and without considering obvious choices like increasing 
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capacity, would be within two main buckets; 1. To urge all drivers to ensure pick up at the start 

of timeslot and 2. To actively adjust the pick up time window. We proposed different 

configurations as guidelines for future decision making to maintain the desired KPIs.  

 

Because this was the preliminary phase of this project, our results are subject to inaccuracies as 

the project and the environment around it evolves. We explained the risks and mitigations in a 

specific section within this research thesis. In the same section, we talked about how future work 

can add on to our work to address more relatable situations and consider more realistic data. We 

will generally mention here that future efforts could build on giving each stakeholder of our 

system more characteristics and more individual decision-making abilities, and also to expand 

this work to larger regions with heavier loads of service. We hope our work would be a bedrock 

of inspiration to future researchers and leaders within the healthcare space at this critical time of 

COVID crisis in order to leave a greater social impact on our world.  
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6. Appendix 

A. Simulation Results  

Scenario 1.1. Demand distribution 

 

Table 1 – Base level scenario (reference) 

 
Table 2 – Scenario 1.1 High demand distribution
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Table 3 – Scenario 1.2 Low demand distribution 
 
 
Scenario 1.2 Demand Volume  
 

Table 4 – Low demand volume 
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Table 5 – High demand volume 
 
 
 
 
 
Scenario 2.1. Capacity volume 
 

 
Table 6 – Low capacity volume 

 
Table 7 – High capacity volume 
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Table 8 – At capacity volume 
 
 
Scenario 2.2 Capacity distribution 
 

 
Table 9 – Capacity distribution level 1 
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Table 10 – Capacity distribution level 2 
 
 
 
 
 
 
 
Scenario 3. Pick up wait time  
 

 
Table 11 – 30 minutes threshold 
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Table 12 – 60 minutes threshold 
 
 
 
 
 
 
Scenario 4. Timeslot length 
 

 
 
Table 13 – 60 minutes time slot 
 



 68 

B. Simulation Model Documentation 
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C. Comparable Analysis 
 
OVPAC Volunteer program was a similar program done in 2014-2015 in Montreal with the 
purpose of offering transportation services to seniors.  
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