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Abstract 

 Numerous 9-1-1 calls for EMS (Emergency Medical Services) are made every day across 

the United States. The people that make these calls receive the care they need and rarely 

encounter any problems with the 9-1-1 system. However, there may be issues that the patients 

are not aware off. For example, the crew members that responded may not have arrived as 

quickly as they could have, which may have be the difference between life and death. A 

reduction in the time it takes to dispatch EMS is hugely beneficial to all parties involved in an 

emergent situation. 

 The goal of this project isn’t to create a product to accomplish the reduction in dispatch 

time or even find a solution to the time delay in responses but rather to examine the ongoing 

efforts to improve response times to 9-1-1 calls. This project reviewed two major parts of the 

EMS system, specifically the 9-1-1 call taking and dispatching portion as well as the 

organizational structure of EMS. The research of the 9-1-1 system focuses on the evolution of 9-

1-1 and all of the different sub-systems that exist within it. Then information on the components 

of the PSAP (Public Safety Answering Point) and the tools used by dispatchers is presented. The 

second chapter finishes by examining the statistics of 9-1-1 calls across the United States. The 

third chapter looks at EMS organizations beginning with their structure. This includes the 

personnel and equipment that EMS organizations employ. Then this report presents the statistics 

and reports of EMS agencies across the US. In particular, the annual report of Boston EMS is 

studied and presented. The third chapter finishes with an analyzation of the vital statistics that 

Boston EMS publishes every year. 

 This report provides an opportunity for future IQP teams to find solutions to the 

challenge of reducing dispatch time for EMS departments across the United States. It will allow 

future teams to focus on specific locations in the 9-1-1 and EMS systems where delays in 

response times are present and use the experience gained to reduce those times. The social 

impact of this project will result in faster response times to 9-1-1 calls which will improve the 

quality of care that patients receive.  
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CHAPTER 1. Finding Delays in Emergency Response 

1. Introduction 

Six hundred thousand 9-1-1 calls are made every day in the US. (National Emergency 

Number Association, 2014). When those three buttons are pushed on a phone, a series of tiny, 

electrical signals travel through miles of wire and air to connect one person to another. These 

people are a caller in distress and a person that can help. A significant number of these 9-1-1 

calls, calls for help, are for a medical emergency. When someone falls and breaks their leg or 

over exerts themselves and has a heart attack, the men and women of Emergency Medical 

Service (EMS) organizations across the US respond with the knowledge and equipment needed 

to save a life. The patients that are in need of help wait an average of just over eight minutes for 

EMS providers to arrive at a scene (Elevaed Medical Inc., 2011).  This IQP focuses on collecting 

data on 9-1-1 calls and EMS responses. The purpose of doing this is to provide the foundation 

for future projects to work on reducing dispatch and response times for EMS organizations 

across the US. A recent study that was published in BMJ showed just how effective a reduction 

of time without care is. They revealed that a mere five-minute decrease in EMS response time 

almost doubled the chance of survival in most cases of cardiac arrest outside of a hospital setting 

(Pell, Sirel, Marsden, Ford, & Cobbe, 2001). 

The goal of this project is to gather information and statistics on both the 9-1-1 system 

and EMS organizations. The first thing that is examined in this project is the current 9-1-1 

system and the changes that are happening to it in the United States. Examining the transition 

from a landline only system, to adopting cell phones, and onto the most recent generation, NG9-

1-1 (Next Generation 9-1-1), provides an opportunity to gather information on equipment and 

signal paths. The switch to NG9-1-1 involves changing from the phone based 9-1-1 system to an 

IP based 9-1-1 system. The advantage of an IP based 9-1-1 system is that it allows for easy 

integration of all the major forms of communication that are currently used. The downside of this 

transition is that it is costly and, in large parts of the US, is still completely unnecessary. The 

largest reason behind these areas not moving beyond basic 9-1-1 service is the simple fact that 
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they are still without Cellular coverage or internet access. The second theme that is examined in 

this project is the organization and statistics of EMS providers, calls, and responses. Statistics 

were obtained from the city of Boston’s Emergency Medical Services. Information that was 

collected included the types of calls, the available assets, the locations of calls, and the call 

volumes. This information then allowed us to examine trends in EMS and supply the data 

necessary to reduce the dispatch times of medical providers. 

This report starts by examining the history of 9-1-1, specifically the legacy systems that 

were created with the birth of 9-1-1. Then it moves on to cover the architecture and call flow of 

legacy, enhanced, and next gen 9-1-1 systems including the equipment and personnel involved. 

Next chapter two covers the systems that PSAPs (Public Safety Answering Point) use for 

receiving and responding to 9-1-1 calls. The equipment that is used in PSAP’s, specifically the 

computer aided dispatch software, is described and the role it plays in NG9-1-1 is presented. The 

final part of Chapter 2 focuses on the statistics of 9-1-1 calls in the United States including the 

volume and methods of making 9-1-1 calls. Chapter 3 of this report reviews the organization and 

structure of EMS organizations and the statistics of EMS responses. This chapter begins with an 

explanation of EMS organizational structure starting with the leadership and command. Then the 

chapter moves on to discuss the personnel and vehicles used in EMS organizations. Next this 

report covers the statistics on the function and operation of the City of Boston Emergency 

Medical Services. This part of the report starts by looking at the statistics on the types and 

locations of calls that Boston EMS receive. Then it moves on to look at the response times based 

on priority. The final theme that this report examines is the statistics on the personnel that 

Boston EMS employs and the staffing that they run.  This report finishes with a discussion of the 

social impact of this project in Chapter 4.  
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CHAPTER 2. NG9-1-1 and PSAP Systems 

2. Introduction 

It’s the worst day of someone’s life. Their world has fallen apart. They have spent 

their entire life learning and practicing problem solving skills and preparing to deal with 

all of the anxiety that comes with this moment. Any number of things could have 

happened to cause it. Whether it be a fire, a car accident, a robbery, or even a heart 

attack, one thing is common among all of these incidents, the person has reached their 

breaking point. They no longer know what to do or how to handle the situation that they 

are in. What do they do? Who do they turn to and contact for help when they can’t help 

themselves? They pick up the phone and dial 9-1-1. 

The goal of this chapter is to describe how the 9-1-1 system works, what happens 

when 9-1-1 is called, and why the system works the way it does. The history of 9-1-1, the 

development of its system, and the future of emergency response were researched as part 

of this project. The purpose of having done this research is to provide background on 

how 9-1-1 works and to show where and how there are flaws in the system that 

introduces delays to responses. The hope is that by the end of this chapter, the reader 

knows and understands how the 9-1-1 system operates. The research for this chapter 

mostly comes from reports and other documents published by the National Emergency 

Number Association (NENA) and the Federal Communications Commission (FCC). This 

chapter describes the history of the 9-1-1 system, its origins and regulations. It also 

reviews the legacy “classic” 9-1-1 system, its components, and operation. The expansion 

of 9-1-1 to handle cellular devices is discussed by examining the upgrade to Enhanced 9-

1-1 (E9-1-1). This report then reviews the future of 9-1-1, focusing on the development, 

features, and downfalls of NG9-1-1. Next the Public Safety Answering Points and the 

systems that they incorporate are described. These systems give the call takers and 

dispatchers the tools that they need to initiate a response to a 9-1-1 call in a timely 
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manner. This Chapter ends by examining the statistics of 9-1-1 calls gathered in the 

United States including call volumes and methods of making 9-1-1 calls.  
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2.1 History of 9-1-1 System 

The 9-1-1 system is at an interesting place in its history in the US. In 1967, the 

Federal Communications Commission was tasked with creating a single, easy to 

remember number for all emergency public services to use in the US. The FCC contacted 

American Telephone & Telegraph (AT&T) and asked them to find an available number 

that fit the requirements. They went back to the FCC with the number 9-1-1. In those 

days, the only option for phone communication was a hardwired home phone. This made 

the entire system and its implementation very simple, and thus the first 9-1-1 call was 

made in early 1968 (National Emergency Number Association, 2014). 

As this new system was being implemented, new technology was released in the 

telecommunication industry. In a society that was increasingly dependent on instant 

communication in the United States, the invention of the wireless telephone was long 

awaited and quickly adopted into society. This also opened up a host of new challenges 

and opportunities in the world of emergency communications. Suddenly the call taker at 

the local Public Safety Answering Points had no way of knowing the location of the 

caller. However, the time it took from an incident happening to a phone call being made 

was significantly reduced as a witness to an event likely had a cell phone and could call 

9-1-1. As this new technology continued to develop, the need to know the location of the 

caller had to be addressed. Methods of doing this were developed and Enhanced 9-1-1 

(E9-1-1) began to stand out as the best option. It was developed in two different phases, 

Phase I and Phase II. Phase I was very limited in its capability and only provided the 

PSAP with who the owner of the calling line was and the location at which the call 

entered into the Public Switched Telephone Network (PSTN). The first officially 

recognized use of a Phase I E9-1-1 system was in March of 1998 in Allen County, 

Indiana. Phase II Enhanced 9-1-1 enabled the PSAP to query the carrier for the exact 

location of a particular cellular device. This was accomplished either through the use of 

onboard GPS or triangulation using cellular towers. This finally solved the problem of 

locating a caller. The first implementation of Phase II E9-1-1 took place in St. Clair 
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County, Illinois, in October of 2001 (Allen, n.d.) (National Emergency Number 

Association (NENA) Phase I and II Features and Functions Working Group, 2003). 

More recently, the telecommunication industry has seen a push to use Internet 

Protocol (IP) based telephone systems. This again created opportunity to expand and 

improve the 9-1-1 system; however, it added further problems and challenges. An IP 

based telephone system allows for the transmission of larger amounts of data, but is more 

challenging to integrate into the classic 9-1-1 system. In 2003, a conference was held to 

discuss the creation of NG9-1-1 (Next Generation 9-1-1). The conference created a 

method that would be used to convert the 9-1-1 system into an IP based system (National 

Emergency Number Association). An IP based 9-1-1 system creates a potential for the 

transmission of more than just audio. IP based telecommunication systems can transmit 

audio, text, images, and video. Some features of NG9-1-1have already seen real world 

use in the form of text 9-1-1 where callers that aren’t able to speak can communicate 

detailed information to a 9-1-1 call taker. As the standards for NG9-1-1 were written and 

States across America started to adopt them and implement the system, one thing became 

obvious; it was going to be expensive. The National 911 Program, run by the Office of 

Emergency Medical Services at the National Highway Traffic Safety Administration 

released a report in 2013 titled “Review of Nationwide 911 Data Collection”. In the 

report they included a list of components that were needed to implement a NG9-1-1 

system. This list included twelve pieces of hardware and eleven software programs. 

Unfortunately, there isn’t currently information available on a first year cost to 

implement NG9-1-1, but the United States Congress has required the National 911 

program to provide one. They are currently in the process of creating this report, but it 

will not be available until September of 2017 (National 911 Program, 2013) (National 

Highway Traffic Safety Administration, 2016). 
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2.2 The Architecture and Call Flow of a 9-1-1 System 

What happens when 9-1-1 is dialed on a phone? It depends on a lot of different 

things, including some factors that aren’t obvious. Is the caller a human? It may seem 

that the answer is simply yes, but it isn’t always the case. There are a number of 

automated 9-1-1 calls made every year. A home’s burglar alarm, a building’s fire alarm, 

even some medical alert bracelets are all automated systems that call 9-1-1 when 

activated. These automated callers work in a similar fashion as many fax machines. 

When one of them gets activated, the controller inside these devices picks up a landline 

and dials 9-1-1. The call then passes through the local telephone network office where it 

is forwarded to the Public Safety Answering Point. At this point a machine reads a code 

that is sent along the line and answers the call, printing out the basic information that the 

alarm provides. 

What if the caller really is a human? Once again, the answer depends on a number 

of different factors. If the caller is calling from a hardwired landline, the call follows the 

same path as the previous situation with the exception that a person, not a machine 

answers at the PSAP. If the caller is on a mobile phone, the call goes directly to the 

nearest cellular tower. From this point the call enters the phone network and travels to 

either the state police or the county EMA (Emergency Management Agency) office with 

jurisdiction over the area where the receiving cellular tower is located. A call taker at the 

PSAP center will answer and direct the call to the local PSAP that will be responding to 

the 9-1-1 call. A second call taker will answer at this point and complete the call (Fedral 

Communications Commission, n.d.). 

There are a couple of other methods that can be used to contact a PSAP. While 

these methods are less common, they are gaining popularity in many parts of the US. If 

the call is from a monitored alarm system, the alarm will contact the monitoring agency’s 

call center. They, in turn will attempt to contact the location where the call is coming 

from. If they get no response or a response confirming the alarm, they will call the 

dedicated interagency phone line at the PSAP that is local to the alarm and convey the 
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alarm’s information. If the caller is calling on a voice over internet protocol (VOIP) 

phone, the call will travel through the internet system at the caller’s location and arrive at 

the phone network’s VOIP integration center closest to the local PSAP. At this point, the 

call will get converted to a standard telephone protocol. The call gets routed to the PSAP 

where a call taker answers the call. Figure 1 shows a diagram of the physical architecture 

of current 9-1-1 and NG9-1-1 systems including how they are interconnected. 

 

Figure 1: 9-1-1 Physical Architecture (Fedral Communications Commission, n.d.) 

The physical architecture shows how the calls get routed through their respective 

networks. This particular diagram uses the abbreviation PSTN (Public Switched 

Telephone Network) which encompasses all non-IP based forms of telephone 

communication. The diagram also highlights where and how the legacy system integrates 

with NG9-1-1. The top half of the Figure shows the legacy 9-1-1 system while the 

bottom half shows the architecture of NG9-1-1. The line that connects the Wireline 

Networks with Selective Routers cloud to the ESI net cloud is what signifies the 

interconnection between legacy 9-1-1 and NG9-1-1. The introduction of VOIP in 1995 
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and its rapid adoption into telephone networks started the chain reaction that led to the 

NG9-1-1 redesign of the 9-1-1 system (Fedral Communications Commission, n.d.). 

 

2.3 NG9-1-1 Architecture and Call flow 

The purpose of NG9-1-1 was to redesign the whole way the 9-1-1 system works. 

Instead of being designed around a hardwired system, NG9-1-1 utilizes VOIP as its 

platform. The features provided by a VOIP based system allow for the transfer of any 

information that the internet allows the transfer of. This includes, but is not limited to: 

voice, images, video, and text. Figure 2 shows a visual of the NG9-1-1 call flow. 

 

Figure 2: NG9-1-1 call flow (Fedral Communications Commission, n.d.) 

As it can be seen from the diagram, NG9-1-1 not only improves the 9-1-1 

communications, but also improves the PSAP to PSAP communications. The call routing 

in NG9-1-1 is, for the most part the same for every type of caller. The calls get converted 

to IP as close to the caller as possible if it isn’t already an IP based call. Either before or 

after the conversion an organization, likely third party, will perform location acquisition 

on the caller. Then the call passes through firewalls and security/routing equipment 
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where it gets passed to the appropriate PSAP’s. NG9-1-1 also integrates information 

databases directly into the PSAP’s console. Telematics is an automated call system that 

exist in some vehicles and medical alert bracelets. When a car calls 9-1-1 if it’s been in 

an accident or a medical bracelet calls 9-1-1 when it’s owner falls, that call gets filed 

under the category of telematics. A TTY (teletypewriter) is a device used by deaf people 

to make phone calls. The architecture used to pass a call to the PSAP is quite simple as 

long as the call is originating from a phone, but with access to other communications 

methods, how are the non-voice based calls integrated into a dispatch console? (Fedral 

Communications Commission, n.d.) 

 

2.4 Computer Aided Dispatch System 

Computer Aided Dispatch is a tool used by many PSAP’s in the United States. It 

utilizes computer software to organize incoming calls and track all the incidents that an 

agency has. It organizes and displays all the information a dispatcher needs and provides 

them access to tools that they need to do their job. The result is that the dispatcher is able 

to provide responders with the information that they need to respond in a timely manner. 

This resource to the dispatcher becomes very important in the evolution of NG9-1-1. In 

NG9-1-1, a telephone, radio, and notepad no longer suffice as all the tools necessary for a 

dispatcher to perform their job. With the introduction of data communication in 9-1-1, 

the dispatch console now needs the sophisticated equipment needed to interpret the data 

sent to it. This equipment comes in the form of a Computer Aided Dispatch system which 

not only provides the ability to generate, track, and record calls, but also interface with 

the many different forms of data communication being used in 9-1-1 systems. Shown in 

Figure 3 is a screenshot of a Computer Aided Dispatch system that would be displayed to 

a dispatcher. 



11 
 

 

Figure 3: Screenshot of Computer Aided Dispatch System (Fedral Communications 

Commission, n.d.) 

Figure 3 shows the Computer Aided Dispatch screen that dispatchers would be looking at 

as they work. The upper right shows a conversation with the “caller” who is texting the 

dispatcher in this case. The upper left of this screen shows the data entry into the call 

tracking system. The lower left of the screen shows the call taker’s incoming 

communication, this is where phone calls, text conversations, and other telephone 

communications are organized, managed, and taken. The lower right is what gives the 

dispatcher access to the radio systems they use to communicate with responding 

personnel (Fedral Communications Commission, n.d.). 
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2.5 Statistics on 9-1-1 Calls in the US 

In 2013, there were almost 174,000,000 9-1-1 calls made from within 19 of the 27 

States that responded to the Review of Nationwide 911 Data Collection. For all of the 

recorded sub categories, a varying number of the States chose not to provide their data for 

that statistic. Table 1 shows the collected statistics on 9-1-1 call volumes from 2013. 

Table 1: 2013 US 9-1-1 Call Volumes (National 911 Program, 2013) 

 

As Table 1 shows, the copper, wireline phones that were used to make every 9-1-1 call in 

the early years of the system are falling to the wayside. (Bettman, 2014) In this age of 

instant communication and accessible, modern technology, the vast majority of 9-1-1 

calls come from wireless, cellular devices. In fact, approximately sixty eight percent of 9-

1-1 calls in 2013 were made from cellular devices. Figure 4 also contains two lesser 

known categories that while making up a small number of 9-1-1 calls still account for 

about a half a percent. The first of these is Multi-Line Telephone Systems (MLTS), these 
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are mostly made up of PBX (Private Branch Exchange) systems which act largely like 

another phone switchboard added into the communication chain. The most common 

experience that people have with a PBX system comes in the form of making a phone call 

to a large corporation. When a phone call is made and an answering machine picks up 

asking for a party’s extension or to hold for the operator, that answering machine and all 

of the party’s extensions are all part of a PBX system. The other interesting statistic that 

was collected as part of this report were calls received from telematics. The definition of 

telematics as stated in the Oxford dictionary is “The branch of information technology 

which deals with long-distance transmission of computerized information.” In terms of 9-

1-1 telematics deals with the 9-1-1 calls that come from automated call sources. Things 

like autonomously or manually activated mayday devices that may be mounted in 

vehicles or worn in the form of a medical bracelet are the most commonly found devices 

that fall under the category of telematics. These devices often have a component that 

measures sudden acceleration and long periods of no significant movement. If the 

devices “trigger” conditions are met, then 9-1-1 is called. They also tend to have some 

sort of a push button that will also trigger a call to 9-1-1. Figure 4 shows the data from 

Table 1 in the form of an easier to read pie chart. 
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Figure 4: 2013 9-1-1 US Call Volumes 

The pie chart in figure 4 shows the source and volume of 9-1-1 calls within a limited 

number of States in the US in 2013. The States that responded to the survey that this 

information was taken from are listed in Appendix C. (National 911 Program, 2013) 

(National Emergency Number Association Data Technical Committee, 2008) (Oxford 

University Press, 2017) (National Emergency Number Asociation, 2007) 
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CHAPTER 3. EMS Statistics: Responding to 9-1-1 Calls 

3. Introduction 

It’s 03:48 on Wednesday morning in a dark, cold, cinderblock room with four 

grown adults lying asleep on recycled dormitory bunks. The whole scene looks like a 

recreation of an elementary school overnight field trip to a museum. As the clock ticks 

over to 03:49, the lights snap on and an alarm sounds followed by the calm, deep, 

professional voice of the over tired, over caffeinated dispatcher. “This is WPKU903 West 

Newbury Fire Department on the air requesting medical aid to one twenty-three Main St. 

for a sixty-seven-year-old female experiencing difficulty breathing. Time of tone 03:49.” 

Somewhat grudgingly four people running purely on adrenaline climb out of bed and 

wander off to respond to the call. How long do these responses take? Will the patient get 

the care they need in time? These are all questions that typically get answered in annual 

reports that are issued by the agencies that respond to medical emergencies. 

 This chapter looks to organize and explain the structure and statistics of EMS. 

The resources consisting of personnel, vehicles, and equipment that are available to EMS 

agencies were researched and examined. The annual reports of various organizations 

were gathered and the different fields of information were compared to identify trends 

and locate issues that may cause delays in response. The information presented should 

paint a picture of EMS responses and highlight the locations where improvements can be 

made to reduce the amount of time from a call being made to 9-1-1 till an ambulance 

arrives on the scene of the incident. 

 The annual reports and vital statistics from the City of Boston Emergency 

Medical Services, which provides EMS coverage for Boston, Massachusetts, were used 

to provide statistics on EMS responses. Charts that contain the various organizational 

structures within EMS were created and are included in this chapter. The compatible 

statistics from the four cities were gathered into a table comparing them to each other. 

There is historical data available for Boston EMS that was gathered together in a chart to 
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show the historical tracking of response times, call types, and call locations. All of this 

information is used by the organizations that gather it to perform quality control on the 

care that they provide and feed back to those care providers, highlighting where and how 

they should improve. It is also provides necessary data for organization officials to adjust 

managing and operating procedures appropriately. 
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3.1 Organization and Structure of EMS 

The organization and structure of EMS is made up of many different parts. The 

structure can change depending on the type of EMS organization being looked at. Most 

EMS organizations fit in to one of four different categories: privately run, fire 

department run, government run, and hospital run. Regardless of which type of 

organization is being considered, they all tend to have similar components. There are 

physical components, and human components. The human components contain various 

groups such as command structures, and personnel classifications. The physical 

components contain things like vehicles, buildings, equipment, and supplies. 

 

3.1.1 Command Structure 

The command structure within EMS varies widely depending on the organization 

or department that is being examined however, there are certain key elements that 

generally stay the same across the board. No matter how an organization is designed, it 

generally has EMS officers that fall into three different categories. These categories are 

as follows: Executive EMS Officers, Managing EMS Officers, and Supervising EMS 

Officers. (National EMS Management Association, 2014) 

The executive EMS officers are the highest level of management in any 

organization. They are often referred to as chief, deputy chief, or director. Depending 

on the organizations status, either being in the private sector or part of a governmental 

structure, these officers will either manage and report to a board of directors or report 

to the government official in charge of emergency management. Executive EMS 

officers are responsible for ensuring that the expectations and goals of the organization 

are met and that overall, the organization operates at peak performance. The extent of 

their field work is typically limited to a command or staff position in incidents where a 

multi-agency unified command structure is established. Their job extends beyond the 
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day to day operations however to include planning and preparing for future changes 

and expectations. (National EMS Management Association, 2014) 

Managing EMS officers are the middle level of management in any organization. 

They typically carry the title of captain, coordinator, or manager or chief when 

accompanied by the name of a division or section. The managing EMS officers are 

responsible for managing major portions of the organization, acting as department 

heads, and performing specialist administrative or clinical functions. They are 

responsible for planning and coordinating the work of all personnel and ensuring the 

daily operations have all the necessary recourses. They typically operate in an office 

environment; however, they will almost always respond to incidents where an ICS 

(Incident Command Structure) is established. (National EMS Management 

Association, 2014) 

Supervising EMS officers are the first level of management in any EMS 

organization. They carry the title of supervisor or lieutenant depending on the 

organization. Their responsibility consists of crew scheduling and assignment as well 

as daily resource management. They typically function in the same capacity as 

standard personnel and act as the initial incident commander in an ICS when one is 

activated for an event. (National EMS Management Association, 2014) 

 

3.1.2 Emergency Medical Care Providers 

The people that provide medical care in an EMS organization are the whole 

reason that the organization exists. They come in many different forms and levels of 

training. The providers that are most likely to be seen in EMS fall into six categories: 

EMR (Emergency Medical Responder), EMT-B (Emergency Medical Technician – 

Basic), EMT-I (EMT – Intermediate), AEMT (Advanced EMT), EMT-P (EMT – 

Paramedic), and Prehospital Physician. 

EMR’s are the lowest level of emergency medical response. They are not allowed 

to transport patients. The EMR certification is designed mainly for firefighters and 

police officers to gain some limited medical certification. They are trained to use basic 
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airway adjuncts and positive pressure ventilation. They are allowed to suction upper 

airways and administer oxygen therapy. They are allowed to administer unit dose auto 

injectors of life saving medications in hazardous material situations. They are capable 

of stabilizing fractures and controlling bleeding in traumatic injuries. The last things 

that they are trained to do is move patients and use AED’s (Automated External 

Defibrillators) during CPR (Cardio Pulmonary Resuscitation) efforts. (The National 

Highway Traffic Safety Administration, 2007) 

EMT-B’s are the life blood of any EMS organization. They are trained in basic 

life support and will often be the first medical providers on scene of any incident. They 

can recognize and treat most medical and traumatic emergencies. They can also 

provide transport services and will sometimes perform extrication. They also write 

PCR’s (Patient Care Reports) and track the quality of patient care. After every call, 

they are responsible for cleaning or replacing all supplies and equipment that was used. 

They must maintain a high level of professionalism as well as both gaining and 

maintaining patient confidence throughout their entire encounter. They are trained to 

perform all tasks that EMR’s are plus assisting in the administration of certain 

prescribed medications. They are also able to administer oral glucose and aspirin. 

Additionally they are allowed to use more advanced fracture stabilization devices. 

(New York State Department of Health) (The National Highway Traffic Safety 

Administration, 2007) 

EMT-I’s are almost entirely phased out now. The EMT-I license was replaced by 

the AEMT license and those that still exist are few and far between. EMT-I’s came in 

two different varieties, the EMT-I85 and the EMT-I99. EMT-I85 had a smaller set of 

skills than EMT-I99. The EMT-I85 was created in 1985 and added IV (Inter Venous) 

therapy and advanced airway management to the EMT-B skill set. Although they 

added IV therapy to the skills, the drugs are largely the same as EMT-B’s except they 

added Narcan (an opioid overdose drug) and a couple of drugs used to handle diabetic 

emergencies. The EMT-I99, created in 1999, took the EMT-I skills almost up to those 
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of a paramedic. It added the ability to perform chest decompressions and 

cricothyrotomies as well as advanced cardiac monitoring. They were also given the 

ability to administer various drugs used in the treatment of cardiac arrhythmias. 

(Mattvct, 2006) 

AEMT’s, which replaced the EMT-I85 and EMT-I99, have almost the same skill 

set that EMT-I85’s had. The AEMT skills are described as high benefit, low risk 

advanced emergency medical skills. The AEMT adds Needle decompression, CPAP 

(Constant Positive Air Pressure) devices, establishing IO (Inter Osseous) access, 

Tracheobronchial suctioning on previously intubated patients, and administering 

Nitrous Oxide pain relief to the skill set of theEMT-I85. (The National Highway 

Traffic Safety Administration, 2007) 

The EMT-P is the highest level of medical certification for first responders. They 

are allowed to perform all of the skills of an AEMT plus the following. They can 

perform intubations and cricothyrotomies to gain adequate access to a patient’s airway. 

They can perform plural and gastric decompressions to inflate collapsed lungs and 

decrease pressure on the pericardium. EMT-Ps are allowed to perform a wide variety 

of pharmacological interventions. They are able to administer medications via every 

route of administration. They can administer approved prescription medications and 

infuse blood products. They are also able to access indwelling catheters for 

administering medications. The last major intervention that EMT-P’s are able to 

perform is ACLS (Advanced Cardiac Life Support). They are able to perform cardiac 

monitoring, cardioversion, manual defibrillation, and transcutaneous pacing. (The 

National Highway Traffic Safety Administration, 2007) 

Prehospital Physicians are something that is rare in the US, but are still 

occasionally seen. They are not considered first responders and will only show up at 

scenes where a EMT-P calls for them. They do not transport patients and as a result 

travel in fly cars. The Prehospital Physicians can provide triage on difficult cases and 

are able to provide a more varied care than EMT-Ps are. Since they are full Physicians, 
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they are not operating under the direction of a medical director and are able to practice 

medicine under their own license. Prehospital Physicians tend to push higher quantities 

of stronger medications at higher rates to patients that need it and as a result, typically 

have a higher success rate with improving patient outcome. (Skow, 2010) 

 

3.1.3 Other Personnel 

In an EMS organization, there are many other personnel that are used to make the 

organization run smoothly. There are various office administrators, cleaning staff, 

financial experts, legal teams, and billing agents. There are also dispatchers that 

coordinate all of the organizations resources and take calls for help. They quite often 

carry the EMD (Emergency Medical Dispatcher) certification, a certification that trains 

call takers to provide medical care over the phone utilizing the bystanders on scene as 

their hands, eyes, and ears.  

 

3.1.4 EMS Vehicles 

In EMS, there are many different vehicles that are used not only in the treatment 

and transport of patients, but also the transport of personnel and equipment. The types 

of vehicles fall into categories of transport vehicles, special operations vehicles, and fly 

cars. The typical transport vehicles are ALS (Advanced Life Support) trucks, BLS 

(Basic Life Support) trucks, and Bariatric trucks. The special operations vehicles 

consist of MCI (Mass Casualty Incident) vehicles, bicycles, and other special 

operations vehicles. The fly cars are typically supervisor vehicles, but occasionally 

there are other quick response/intercept vehicles. 

ALS trucks (ambulances) are the high end, advanced transport vehicles of the 

EMS world. To be defined as an ALS truck the truck needs to be staffed by at least one 

EMT-P and one additional EMT-P, AEMT, or EMT-B. They are required to carry 

more equipment and supplies than BLS ambulances. ALS Ambulances typically 

respond to calls where an advanced level of care is required and where 

injuries/illnesses are immediately life threatening. ALS trucks typically come in the 



22 
 

form of a box truck as the larger area provides more room for equipment and 

personnel. (Ambulance Service Categories) 

BLS ambulances are the bread and butter of the EMS world. A BLS truck will 

respond to the majority of ems calls. They are staffed by two EMT’s or AEMT’s. They 

respond to a wide variety of calls ranging from stubbed toes to cardiac arrests. Their 

response to advanced calls serves to reduce the time till care is provided. BLS 

ambulances are either box trucks or vans depending on the service that purchased 

them. (Ambulance Service Categories) 

Bariatric trucks are specially designed trucks that are used to transport overweight 

patients. They come in the form of a box truck. Bariatric trucks contain specialized 

equipment that is used to lift and move the patients. They are typically equipped with a 

lift gate to lift the patients into the truck. The stretchers they have are also larger and 

utilize hydraulic lift systems. Bariatric trucks are either set up for BLS or ALS. 

(Smeltmann, 2011) 

MCI vehicles are special vehicles that larger organizations use to deal with mass 

casualty incidents. They carry large quantities of equipment and supplies that is 

divided into sections that can be used during an MCI. These vehicles also provide 

communications equipment and can serve as communications centers. In some layouts 

of MCI vehicles, they are capable of patient transportation. These vehicles are usually 

based off of bus chassis. MCI vehicles are usually set up with supplies to be capable of 

restocking ambulances. Figure 5 shows a few of the types of vehicles and setups used 

for MCI vehicles. 
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Figure 5: Various Types of MCI Vehicles (Disaster Responce Solutions, INC., n.d.) 

(W., 2014) (Vaccaro & Heightman, 2014) 

Figure 5 shows photos of three categories of MCI vehicles. The first of these, on the 

bottom, is a trailer. These are commonly used by mid to large size town fire 

departments. MCI trailers will often be multi-purpose and serve as a rehab trailer 

during fires just as much as a supply trailer during a medical MCI. The upper right 

corner shows a supply truck that would typically be used by small cities or private 

ambulance services. They carry additional supplies and equipment. The upper left 

corner shows an MCI transport vehicle. They are used by large cities and carry 

supplies as well as providing transport for a large number of patients in varying 

conditions. (Raphael M. Barishansky, 2005) 

Bicycles are typically operated by private ambulance services and large city fire 

departments for use during large public events and gatherings. The bicycle allows ems 

personnel to weave in and out of crowds and respond to emergencies over a variety of 

terrain. Bicycles carry packs that have all of the supplies the EMT or paramedic needs. 
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Bike medics are also very popular in airports and sports arenas for their speed and 

maneuverability. (Bergal, 2017) 

Fly cars are mostly used by supervisors, paramedics, physicians and command 

personnel. They serve to get small numbers of personnel with specialized equipment 

from one location to another quickly. In some services, fly cars serve to respond to 

non-transport 9-1-1 calls and prevent ambulances from being tied up. This also can 

help to prevent overcrowding in emergency rooms. (Vetter, 2006) 

 

3.2 Boston EMS statistics 

Every year, most large EMS organizations release an annual report that contains 

information and statistics on the organization and what it had done over the previous 

year. Boston EMS is one of these organizations, and provides a quite extensive report. 

It contains information about Boston EMS’s community outreach programs, 

operational information, and statistics on their year’s performance. The statistics that 

they collect consist of the types and locations of their incidents, response times, and 

personnel. (City of Boston Emergency Medical Services, 2012) 

 

3.2.1 Types and Locations of Boston EMS Incidents 

Boston EMS tracks the number of incidents that occur in each of the Boston 

neighborhoods. Their reports break down their calls into categories as to what type of 

incident they responded to. They also include the breakdowns of incidents by priority, 

level of care, and patient age. In 2011, Boston EMS responded to a total of 108,343 

clinical incidents. Out of these incidents, 78,692 resulted in patient transports to a 

hospital. Figure 6 shows a heat map of the number of incidents that Boston EMS 

responds to in each of Boston’s neighborhoods in 2011.  
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Figure 6: 2011 Boston EMS Incidents by Neighborhood 

Roxbury and North Dorchester having the highest number of incidents is not 

surprising due to the high crime rate. What is surprising though is the low number of 

incidents in the greater downtown area considering that the population density is higher 

than most of the surrounding neighborhoods. Appendix A contains the full 2011 

Boston EMS annual report including the tables and charts that break down the number 

of incidents. (City of Boston Emergency Medical Services, 2012) (Location, Inc., 

2017) (Urban Mapping, Inc., 2017) 
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3.2.2 Boston EMS Response Times 

Response time is the amount of time that elapses between a call being dispatched 

and a unit arriving on scene. Boston EMS breaks down their response times based on 

the priority of the call that they responded to. The priority of the call falls into one of 

three categories. Priority one calls are the highest priority and typically are made up of 

major trauma, cardiac arrests, and any other urgent/life threatening emergencies. 

Priority two calls are mid priority calls and are typically made up of non-major trauma, 

allergic reactions, and potentially life threatening incidents. Priority three, the lowest 

priority of call, is the most common type of call and typically consists of broken bones, 

intoxication, and other non-life threatening illnesses or injuries. Figure 7 shows a chart 

of the Boston EMS target vs. actual response time in 2011. 
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Figure 7: 2011 Boston EMS Response Time 

The most interesting feature of figure 7 is the relationship between priority two 

and priority three response times. In 2011 there was very little difference between the 

two. This could be due to failures in their system, but another quite likely cause could 

be human error. Priority one calls often are very obvious, quickly showing that the 

patient has life threatening injuries. Priority two and three on the other hand regularly 

have a fuzzy line drawn between them. When on scene, the medical personnel have a 

clear view of what level of care the injuries require, but the decision of what priority 

response to initiate is made by the dispatcher or EMT handling the call using only the 
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information that is given over the phone. This means that if someone calls 9-1-1 and 

states that they broke their leg (typically not a life-threatening emergency) when they 

really broke their femur (a leg bone that when broken is considered a possibly life 

threatening injury) and the dispatcher can’t get any further information, they would get 

a priority three response that would later get categorized as priority two. Therefore, 

some priority two incidents get priority three response times, resulting in the sub-goal 

response times shown in figure 7. (City of Boston Emergency Medical Services, 2012) 

 

3.2.3 Boston EMS Personnel 

Boston EMS operates with a total of four hundred two personnel working in both 

the office and the field. Forty-four of these are ununiformed “office” workers and the 

remaining 358 are uniformed personnel. 241 of the uniformed staff are EMT-B’s that 

work in the field and seventy more of them are EMT-P’s. This leaves the remaining 

forty-seven as non-field service uniformed staff, likely serving as dispatchers. These 

personnel are spread out in seventeen different stations across the city of Boston. The 

field staff serve on nineteen BLS and five ALS trucks. They serve the roughly six 

hundred thousand full time and nine hundred thousand daytime people in Boston 

twenty-four hours a day all year long. (City of Boston Emergency Medical Services, 

2012) 

 

3.3 Boston EMS Over the Years 

Boston EMS releases vital statistics every year as part of their annual report. One 

major feature of having this information is that it makes tracking the progress of 

Boston EMS very easy. It also allows for the tracking of Boston’s EMS needs. 

Looking at the data from 2011 to 2016 (minus 2012 when they didn’t release any data) 

many obvious, expected trends show up. However, a few interesting points are 

sprinkled throughout. The total number of clinical incidents has steadily increased over 

time, but the total number of ALS and BLS responses hasn’t. In fact, it has bounced up 

and down at around 140,000 for the past seven years. This shows that Boston EMS has 
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improved their resource management and is better at not sending both an ALS and BLS 

truck to an incident that only needed one or the other in the first place. Another trend 

that Boston EMS has broken in the last six years is the steady increase of response 

times. 2016 is the first time since 2012 that their response times have decreased. 

Unlike the changes in 2012 where response times barely decreased, they managed to 

shave three tenths of a minute off of every priority of response in 2016. One last point 

of interest in Boston EMS’s structure is the continued trade of paramedics for EMT 

basics. Over a six-year period from 2011 to 2016 Boston EMS has decreased their 

number of EMT-Ps by nineteen and increased their EMT-B staff by thirty-six. The 

editor in chief at the Journal of Emergency Medical Services, A.J. Heightman, 

interviewed the chief of Boston EMS, James Hooley, in the summer of 2015. One of 

the points that was discussed in this interview was the use of BLS trucks in favor of 

ALS trucks and the affect that it had on Boston’s EMS. (Journal of Emergency 

Medical Services, 2015) Appendix B contains a side by side comparison of the vital 

statistics that Boston EMS has released since 2011. One trend it presents about 

Boston’s use of EMS is that the age of transported patients has increased. The number 

of transported patients twenty-four and under has decreased while the number of 

patients over the age of twenty-five that have been transported has increased since 

2011. There isn’t an obvious answer for why this is, but it could be due to an ageing 

population in Boston. (City of Boston Emergency Medical Services, 2012) (City of 

Boston Emergency Medical Services, 2014) (City of Boston Emergency Medical 

Services, 2015) (City of Boston Emergency Medical Services, 2016) (City of Boston 

Emergency Medical Services, 2017) 
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CHAPTER 4. Conclusion 

 While this project wasn’t able to produce a product to assist with the reduction in EMS 

dispatch time, it was able to collect and organize the data that would be necessary to do so. The 

history and structure of past, current, and future 9-1-1 systems were discussed and explained. 

Then the software that is used by call takers and dispatchers was presented along with its 

integration into 9-1-1. Then the EMS system was discussed, starting with information on the 

leadership and types of personnel that exist in EMS organizations. Then the report discussed the 

vehicles that EMS providers use in everyday situations and in unusual planned and unplanned 

events. Then the report presented the statistics of Boston EMS, both in their 2011 annual report 

and over a six-year time span. 

 All of this information comes together in the well tested system that is used throughout 

the United States and Canada for the public to request emergency medical service. This system 

works and serves the public all day every day, but it does leave some points where improvements 

could be made to reduce the amount of time a patient spends without medical assistance. The 

places that appeared to leave the most room for improvement were call taking and dispatching. 

The biggest delay that exists in call taking is the time occupied by the call taker obtaining the 

information that they need. If the caller had the ability to know what information would be 

needed and have it organized and ready to relay before they made the call a lot of time would be 

saved. The delay that exists in dispatching is the time occupied by call taking. If the unit that 

would be receiving a call could get a notification as soon as a call is made, more time would be 

saved. This would allow the unit to get ready to roll while the call information is being gathered 

and given to the crew. This would likely be more time saving in rural, volunteer departments 

than in urban, full time organizations. 

 This information would be useful in future projects to study the time delays that exist in 

the system and further projects to find and implement solutions. Removing these time delays can 

be lifesaving in incidents where seconds count. As the report by Pell, et al stated, a five-minute 
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decrease in response time could double the chance of surviving a cardiac arrest. This isn’t likely 

to be possible in an urban environment where response times are already around five to eight 

minutes. In rural EMS organizations however, a five-minute reduction in response time is quite 

possible due to responses taking up to twenty or thirty minutes.  
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Appendices 

Appendix A: Boston EMS 2011 Annual Report (City of Boston Emergency Medical Services, 

2012) 

 



37 
 



38 
 



39 
 



40 
 



41 
 



42 
 



43 
 



44 
 

 

  



45 
 

Appendix B: Comparison of Boston EMS Vital Statistics (City of Boston Emergency Medical Services, 

2012) (City of Boston Emergency Medical Services, 2014) (City of Boston Emergency Medical Services, 

2015) (City of Boston Emergency Medical Services, 2016) (City of Boston Emergency Medical Services, 

2017) 
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Appendix C: States that Responded to 2013 9-1-1 Data Collection Survey (National 911 Program, 2013) 

Arizona 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Hawaii 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Maine 

Maryland 

Montana 

New Hampshire 

New Mexico 

North Dakota 

Oregon 

Pennsylvania 

Tennessee 

Texas 

Vermont 

Virginia 

Washington 

West Virginia 


