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Abstract 

This report, prepared for the consulting firm Nelson-Nygaard, analyzes conventional 

protocols for assessing intersections.  Through our analysis, we developed a new protocol which 

sought to provide a traffic engineer with more descriptive data on an intersection.  Our protocol 

broke up an intersection timeline into phases and then quantified pedestrian behavior through 

those phases.  The intersections of Boylston and Tremont in Boston, MA and Prospect and Mass 

Ave in Cambridge, MA were used to develop and test our protocol. 
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Executive Summary 

In Boston, Massachusetts pedestrians make three out of every ten trips. This fact has 

rightfully earned it the title of Americaôs Walking City. Unfortunately, most of Bostonôs street 

infrastructure was constructed before the existence of the automobile; thus resulting in some of 

present-day pedestrian/vehicle conflicts.  These and other complications have proven to be 

detrimental to the safety of pedestrians, the well-being of drivers and oftentimes have the 

potential to be fatal. Pedestrians will interact with vehicles regardless of whether the situation is 

ideal or not.  So, is it the pedestrian-vehicle relationships that is the problem or is it intersection 

design?  

In order to assess the design, traffic engineers and consultants have used a series of 

conventional protocols for years.  There protocols include tools in assistance for collecting data 

on delay, tracking surveys, and volume and/or conflict tabulating tables.  What these protocols 

gave the engineers was a dayôs worth of data if they were lucky, but generally closer to just an 

hourôs worth.  This limited amount of data showed when or where a pedestrian did, but never 

combined the two and never went into just exactly what a pedestrian was faced with in terms of 

traffic at the time they were crossing. 

Our protocol, which was designed in order to alleviate these problems, would develop 

and test a series of methods with this goal in mind.  Our first step in developing a more elaborate 

protocol was to utilize collection during phases.  These phases were broken down into major 

occurrences of a cycle where there was a unique set of traffic conditions between vehicles and 

pedestrians. 

Most of the previous conventional protocols that we tested in our methods were 

attempted to be captured by phase in our protocol.  We then tested a volume-conflict analysis on 

the Boylston-Tremont intersection, where we split up the data collected by phase and zone.  

Through each phase, we counted the total number of pedestrians or cars that passed through each 

zone and the number of conflicts either faced. 

Conclusions we were able to make based off of splitting it up by phase and zone were 

determining which signal lengths that were too long, when the queue of vehicles cleared out 
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quickly and volume decreased, or the opposite for signal lengths that were too short.  These also 

showed the safety concerns involved within each phase.  The use of this can deem whether or not 

a concurrent crossing is appropriate and can also test the safety of one that is active already. 

What the phased analysis showed us versus previous conventional analysis was when 

problems occurred at an intersection.  Most conventional protocols showed where high volumes 

of pedestrians or vehicles were and where there conflicts were, but they never showed when.  

Typically, they would be collected over fifteen minute intervals at certain times of the day, but 

that was descriptive of behavior of that time, not behavior due to the intersection.  What phased 

analysis integrated with other methods shows is how an intersection could be timed differently in 

order to make the intersection safer and more convenient for all modes of traffic or at least gauge 

the level of safety or convenience.  This in-depth view of intersection timing can be used to help 

consider pedestrian interests and behaviors for traffic engineers when they are designing an 

intersection.  This allowed one to consider signal time, but intersection structure still needed to 

be incorporated within the protocol. 

We later tested tracking surveys on both intersections and found this process to be overall 

easy to collect and supplied a substantial amount of information on the intersection.  If our group 

had more time, we would have attempted to incorporate this into one method through both 

volume-conflict collection and phase analysis. 

 Our group also tested timing pedestrian delay.  We found this to be ineffective unless one 

had an appropriate vantage point for a camera.  It was also decided that it would be a good 

method of testing changes to an intersection.  We found intercept surveys to be inconsequential 

and too difficult to collect.  A step by step outline of our protocol and the methods to conducting 

it is available in Appendix C.
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Section 1: Introduction 

Pedestrian fatalities account for more than ten percent of motor vehicle accidents 

annually. Close to half of those incidents occur at pedestrian crosswalks and intersections.  In the 

United States alone, close to nine thousand pedestrian related accidents occur at intersections of 

urban areas, annually (Cote, 2002).  Such data suggests that pedestrian/vehicular interaction is in 

need of improvement nationally and at the state level, especially in areas where pedestrian traffic 

is heavy. 

In Boston, Massachusetts pedestrians make three out of every ten trips. This fact has 

rightfully earned it the title of Americaôs Walking City. Unfortunately, most of Bostonôs street 

infrastructure was constructed before the existence of the automobile; thus resulting in some of 

present-day pedestrian/vehicle conflicts.  These and other complications have proven to be 

detrimental to the safety of pedestrians, the well-being of drivers and oftentimes have the 

potential to be fatal. Pedestrians will interact with vehicles regardless of whether the situation is 

ideal or not. 

So, is it the pedestrian-vehicle relationships that is the problem or is it intersection 

design?  A perfect situation might consist of pedestrians crossing in a perfectly lawful manner 

and vehicle drivers would obey their laws, as well. In reality, though, pedestrians cross in an 

inconsistent and difficult to predict manner.  Realistic crossing patterns generally contain 

unlawful paths and times when crossing the street, which causes many of these negative 

interactions between pedestrians and vehicles.  These alternative routes are a product of 

inconveniently placed crosswalks for pedestrians and a lack of incentive or hindrance for one to 

walk and follow ordinances accordingly.  These unpredictable factors have lead most traffic 

engineers to mostly neglect pedestrian behavior and to plan for driversô best interests which 

generally come at the cost of pedestriansô best interests. 

For this project we developed a protocol for the effective and easy assessment of 

intersections that are the home to a great amount of pedestrian/vehicle interactions and also are 

places are high incident rates.  The project focuses on the intersection of Boylston and Tremont 



Worcester Polytechnic Institute ï Pedestrian Behavior IQP ï Boston, MA 2 

 

streets, an intersection that possesses both heavy pedestrian and vehicular traffic.  Over a period 

of two weeks, we gathered data by recording intersection statistics at peak times of 

pedestrian/vehicular relocation. We observed the number of pedestrians crossing the intersection 

at specific phases and pedestrian crossing patterns to get them from point A to point B. 

Qualitative data such as pedestrian interviews were conducted through concise but thorough 

questionnaires, engineered to accommodate pedestriansô hurried dispositions.  At the completion 

of the two weeks of statistical collection and research, our group applied our knowledge from 

previous studies to recommend adequate study models to assess intersections in an effective and 

efficient manner.  
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Section 2: Background  

2-1: Introduction  
The downtown area of Boston is the center of activity for the city, with major commuter 

arteries feeding from points outside the city and its neighborhoods.  In addition, the transit lines 

end and begin here, thus there is a large amount of pedestrian foot traffic, as transit line 

commuters usually need to travel several blocks to reach their final destinations.  Considering the 

amount of both vehicular and pedestrian traffic, as well as alternative forms of transportation, it 

is important that intersections are structured to cater to the needs of both drivers and walkers. 

                The purpose of this section is to convey the knowledge and information necessary to 

understand the challenges and obstacles facing pedestrians as they travel around the city.  Many 

considerations in intersection structure, traffic calming, and pedestrian art, as well as other 

factors, need to be explored in depth to fully accomplish the goal of creating a protocol to assess 

intersection effectiveness. 

 A result of a large number of pedestrian incidents is negative interactions with vehicles.  

On average, across the country, a pedestrian is killed in a traffic incident every 113 minutes.  

Seventy-three percent of these occur in urban areas such as Boston (Weitz & Luxenberg, 2008).  

In the year 2003 alone, 98 pedestrians and bicyclists were killed in Massachusetts from traffic 

related incidents (Weitz & Luxenberg, 2004).  Since 1997, the country has seen a 13% decrease 

in vehicle-pedestrian related deaths, which is attributed to the dispersion of advice to pedestrians 

(Weitz & Luxenberg, 2008), traffic planning, design, and regulations.  Twenty-two percent of all 

vehicular deaths in the state of Massachusetts were a result of crashes that occurred at an 

intersection (Weitz & Lexenberg, 2004).  Thus, it is important that this project results in a model 

that allows for effective and fast assessment of intersections so that dangerous problems can be 

ameliorated.  The main point of this project is to create a protocol to improve the conditions for 

pedestrians.  That does not mean vehicular interests were disregarded.  The project sought an 

optimal balance between pedestrian convenience and vehicular comfort, however, mending 

pedestrian problems and obstacles is the key focus above all else. 
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 In this section, we review basic traffic fundamentals of Boston, such as the history and 

layout, pedestrian interactions, vehicle interactions, and alternative modes of transportation.  We 

discuss modeling of intersection incidents between vehicles as well as outline a set of ordinances 

and regulations that must be followed by both drivers and pedestrians.  Following this, we 

outlined a set of case studies.  In the first one, the Passmore Study, we describe the study and 

then use it as a model for our own methodology and for devising the outline of objectives that we 

feel necessary to solve the problem.  The concepts elaborated here have become the foundation 

to the steps we take in our methodology. 

2-2: Traffic in Boston, Massachusetts  

History and Layout of Study Area 
 Boston is one of Americaôs oldest cities and it still uses many of the streets that were laid 

out in the 1600s.  Some streets, highways, bridges, tunnels, interstates, parkways, and alleys that 

make up the cityôs roadway infrastructure are owned by different state, local, and regional 

entities, while others are privately owned.  Boston is characterized by its many distinct 

neighborhoods, which are comprised of both commercial and residential areas (Access Boston, 

2002, Intro).  These neighborhoods are: East Boston, Charlestown, South Boston, Central, Back 

Bay/Beacon Hill, South End, Fenway/Kenmore, Allston/Brighton, Jamaica Plain, Roxbury, 

North Dorchester, South Dorchester, Mattapan, Roslindale, West Roxbury, and Hyde Park 

(Access Boston, 2002).  

  Boston has 785 miles of centerline roadways and 3,708 public streets.  There are 784 

signalized intersections and 300,000 public safety, informational, and regulatory signs.  The map 

below gives a birdôs eye view of the transportation infrastructure of downtown Boston. 
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Source: Access Boston 

http://www.cityofboston.gov/transportation/accessboston/ 

Figure 1 ï Downtown Roadway System 

Virtually all journeys made within the downtown area are pedestrian trips.  Because 

North and South Stations are located in the Downtown area, passengers from the transit lines 

usually walk several blocks to reach their final destination or switch to a local MBTA route, as is 

noted in the table below.  This projectôs major focus is to prepare an observation protocol that 

can be used to easily and effectively assess intersections with heavy pedestrian traffic, and 

thereby giving the ability to address problems that make it difficult to be a pedestrian. To do this, 

we focused on one intersection in the downtown neighborhood of Boston, the intersection of 

Boylston and Tremont Streets. This intersection is at the heart of the Theatre District in Boston, 

in which 17,900 people are employed and which is also the home to Emerson College.  In 

addition, the population growth in this neighborhood is increasing, with a 34.9% surge since 

1980.  Major commuter arteries feed into this area, as is displayed in the map above, which 
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provides great access for commuters but makes it more dangerous to be a pedestrian.  Data taken 

at one point indicates that the daily traffic volumes on these streets is approximately 15,000 on 

Tremont and 7,000 on Boylston, with 29% of travel styles being by auto (Access 

Boston/Chinatown 1). 

Pedestrian Traffic  
 Boston is known as ñAmericaôs Walking City.ò Of the 2,735,000 journeys that begin and 

end in Boston every day, three out of every ten of these trips are made by pedestrians (Access 

Boston, 2002).  Although there are a large number of people that drive into Boston, some 

600,000 each day, from surrounding areas for work, enjoyment, or tourism, there is a large 

population of people that walk.  The close proximity of residential and commercial areas in 

Bostonôs neighborhoods allow for ñwalk modeò to be used for a large number of trips.  As is 

displayed by the table below, most of the trips made by pedestrians are kept within the core 

neighborhoods of Boston.         

Mode Shares for Boston Trips    Auto  Transit Walk 

Trips entirely within a neighborhood    23%  3%  74% 

Trips to or from the Core Neighborhoods   27%  40%  33% 

Trips to or from the Rest of Boston    63%  29%  7% 

Trips to or from the Inner Communities   72%  26%  2% 
Trips to or from the Outer Communities   83%  17%  0% 

All trips beginning or ending in Boston   51%  19%  30% 

Source: Access Boston (from 2000-2010) 

Table 1 ï Proportions of Modes of Transit taken in Boston 

 

The City of Boston labors to maintain the label of ñthe walking cityò by marking 

crosswalks, performing regular maintenance of traffic signals and pedestrian pushbuttons, and 

pedestrian safety signs at busy locations such as in the downtown area, at schools, parks, 

playgrounds, elder complexes and libraries (Boston visitorôs page, 2002).  In an attempt to keep 

pedestrians safe as they travel, the city has also made physical modifications in some 

neighborhoods.  These improvements include street closures, street direction changes, curb 

extensions, and textured pavement (Ped. Safety Boston, 2002). 

The City must also devote efforts into finding ways to avoid pedestrian injuries and 

fatalities.  Each year, vehicles are the cause of about 6,000 pedestrian fatalities and over 100,000 
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injuries nationwide.  With Boston being a major destination for the work force in Massachusetts, 

there is dependence on automobiles to get to and from work.  This does not aid the pedestrians 

though, as these roadways are usually unfriendly to pedestrians because there is a lack of 

sidewalk, cross-walks, and crossing-signals.  In addition, Boston is known for its use of street 

parking, something that can pose a great threat to pedestrians.  On-street parking helps enhance 

the pedestrian experience as a buffer from traffic, however, when parking occurs to close to a 

crosswalk without curb extension it is a problem due to sightline obstruction.  This can be 

altered, though, with physical changes, or traffic calming measures (Frumkin, 2004, 113-117). 

 
Source: City of Boston Visitorôs Page, Walk Boston 

Figure 2 ï Diagram of Public Transit System within Walking Proximity in Downtown Boston 

 Problems that can be perceived at an intersection are anything from a lack of convenience 

of safety.  In order assess these problems, data must be collected there by some protocol.  A 

series of conventional data collection protocols have existed for years for traffic engineers to 

conduct and then consult in order to improve the structure of an intersection.  These protocols 

were reviewed upon by our group and then adapted from in order to create a data collection 
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protocol that would provide engineers with the necessary information for assessing the problems 

of an intersection and then provide potential solutions for those problems. 

2-3: Conventional Data Collection Protocols  
 In order for our group to create and test a relevant protocol, it was necessary to consult 

the methodologies of common protocols already put to use and to consider their relevance.  Our 

project is not to test the following protocols, but to draw from them and create an efficient 

method of collecting adequate data at an intersection. 

San Francisco Intersection Improvement Implementation Study  
A recent study in San Francisco stated that their goal was to implement safety devices to 

make high-injury areas (intersections) safer for pedestrians.  In order to give decisions an 

appropriate background, they had to formulate an appropriate way to collect information.  For 

their data collection protocol they looked at pedestrian arrival at the intersection, pedestrians 

beginning to cross, pedestrian reaching the end of the crosswalk, vehicle/pedestrian interactions, 

vehicle yielding, distance of yielding, vehicle conflict, pedestrian trapped, vehicle crosswalk 

blockage, pedestrian delay, and pedestrian crossing time (San Francisco, 2008, 4).  Using the 

data they collected through the use of this protocol, they determined which parts of the 

intersection could be improved and where it was typically unsafe.  They also implemented the 

use of intercept surveys in their study.  Through the use of the protocol they were able to 

implement recommendations that would improve the overall quality of the intersection (San 

Francisco, 2008, 5).  They went back to the intersection later to capture the before and after 

effect of the changes that were made, using the same parameters and methods as a guideline (San 

Francisco, 2008, 4). 

One notable feature to the study was the use of recorded video (San Francisco, 2008, 4).  

This method was used for accurate and simplified data collection.  The videos recorded allowed 

them to playback to assure that they didnôt miss anything and they were able to collect and time 

data straight into the tool they used to play back and forth the videos (San Francisco, 2008, 6).  

The tool was developed by the California Partners for Advanced Traffic and Highways of UC 
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Berkeley Institute of Transportation Studies (San Francisco, 2008, 6).  A preview of the program 

that they used to collect data is shown in the figure below. 

 
Source: San  Francisco, 2008, 6 

Figure 3 ï The California PATH playback tool used in the San Francisco study 

 

From this study, we were able to get a set of parameters that we collected data from.  

Specifically, vehicle/pedestrian interactions, vehicle yielding, vehicle conflict, pedestrian 

trapped, vehicle crosswalk blockage, pedestrian delay, and pedestrian crossing time were all 

parameters that we evaluated or grouped together with another parameter in our Methodology in 

terms of developing our protocol. 

The use of surveys, while originally planned out by our group, was not used, since our 

goal is to specifically test potential protocols, rather than provide an ultimate solution to the 

intersection.  Also, categorizing by demographics were seen as inappropriate for our protocol, as 

it would serve limited and crossing habits wouldnôt differentiate dramatically between classes.  
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Our protocol looks at an intersection from a broad perspective, figures in all demographics, and 

considers exclusively what the vast majorityôs habits are; It does not differentiate who does what. 

Another feature that was used in testing our protocols was the use of a camera.  While we 

did not have access to the same playback tool, we were easily capable of watching the videos 

with another program and going back and forth through the footage to make sure we captured 

delay and desire lines accurately.  For general counting information, use of a camera wasnôt 

necessary. 

The before and after portion of this study is not exactly relevant, but was used as a 

foundation for some of the logic behind our methods.  It is not appropriate for us to recommend 

fixes at an intersection and even less so to make those changes and test them after.  It is relevant 

to at least consider what some of the typical changes that can be made to an intersection are, how 

effective they can be, and how our protocol could potentially signal to those making the 

decisions on what to do. 

  Pedestrian Volume and Conflict Data Collection  
In Konheim and Ketchamôs model for analyzing pedestrian conflict, they conducted 

analysis on an intersection that crosses Oceania St. in Long Island, NY.  They would look at type 

of crossing, which was defined by where the pedestrian was crossing a road, and whether that 

caused a conflict for a vehicle or pedestrian.  In order to objectively define a conflict, they 

borrowed Dominique Lordôs definition from Analysis of Pedestrian Conflicts with Left-Turning 

Traffic, where a conflict was described as ñan event in which two road users (pedestrians, 

vehicles, bicycles) would have collided had their paths, speeds or both remained unchanged on 

an element of the transportation system (intersection, road section, ramp, and so forth)ò (Lord, 

61-67).  They looked further into these potential conflicts by computing a time-to-collision 

(TTC) ratio.  This ratio measured the speed of the vehicle and the distance between the two 

subjects, which would define the potential severity of an actual collision. 

The intended result of this protocol was to give traffic engineers information on location 

and type of conflicts to be able to make geometric changes on the intersection, such as increasing 

walking space or changing the angles of the intersection structure.  This would also provide 

suitable information to where crosswalks may need to be placed, as they included overall 
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collection information on those pedestrians crossing outside of the crosswalk.  The TTC ratio 

was a measure used to establish the importance of the possible changes. 

 

Source: Konheim and Ketcham, Pedestrian Conflict Analysis Methodology 

Figure 4 ï Outline of the study intersection and identifications of data collection 

 

 In the figure above, you can see a two dimensional rendition of the groupôs study site.  

They outlined potential turning movements of vehicles and outlined the various types of crossing 

routes pedestrians usually take around the intersection.  For data collection purposes, they also 

gave a numerical value for each type of crossing and differentiated between where the pedestrian 

was coming from at the three crosswalks.  Also described is how exactly they would tally and 

tabulate data for actual collection purposes, as seen in their sample below. 


