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ABSTRACT 
 

Shortly after the advent of cars, a conflict arose between moving traffic and residential livability.   The 

typical response was to push traffic off residential streets and onto nearby major roads.  This line of 

thinking evolved into a more hierarchical approach to street network design and what are known as 

arterial roads designed to carry the vast majority of vehicle traffic.  With many researchers – notably 

Donald Appleyard with his influential Livable Streets research strand – identifying traffic on residential 

streets as an underlying issue behind poor livability, this solution makes perfect sense.  However, is the 

relationship between residential livability and traffic moderated by the character of the nearby arterial 

road?  In other words, would living near a big, bad arterial road offset the livability benefits of living on a 

light traffic street?  Alternatively, would residing near a more “livable” arterial neutralize some of the 

problems associated with living on a heavy traffic street? 

 

This first part of this project sought to answer these research questions via a residential study of 10 

Denver, CO, neighborhoods where we first selected 10 urban arterials that could be partitioned along two 

dimensions: high/low traffic and high/low design quality.  Within each of the 10 surrounding 

neighborhoods, we selected comparable residential roads to fit Appleyard’s heavy, moderate, and light 

traffic descriptions where we then surveyed 721 respondents living along these 30 residential streets.  Our 

results suggest that the surrounding street network – and in particular the character of the nearby arterial 

road – influences residential livability across a number of livability measures.   When controlling for 

income, high levels of traffic as well as low levels of urban design on the arterial both detract from the 

livability of those living in the surrounding neighborhoods.  Some results even suggest that residential 

streets with heavy traffic near a low traffic/high design arterial are just as livable, if not more so, than 

residential streets with light traffic near a high traffic/low design arterial.  By no means should this be 

taken as a call to increase traffic on residential streets; rather, planners and engineers looking to promote 

residential livability need to begin taking a broader, network perspective to understanding livability.  

Livable residential streets can only be part of the solution; we also need more livable arterial roads. 

The second part of the project examined: i) how residents perceive and use arterial roads, and ii) what 

specific characteristics of arterial roads associate with residential satisfaction.  Using factor analysis and 

ordinal logistic regression, the results suggest that arterials perceived as being vibrant are associated with 

increased residential satisfaction – above and beyond other features of the residential environment – 

whereas arterials with perceived illicit activity and trash are associated with lower residential satisfaction.  

Our study includes three different measures of residential satisfaction, and the specific influence of the 

arterial road depends on whether one focuses more narrowly on satisfaction with the neighborhood street, 

satisfaction with the neighborhood, or overall sense of happiness living there.  The results of this study 

point to land use policies, enforcement of social norms, and the design of pedestrian and transit 

environments as measures to maximize the contributions of commercial arterials to neighborhood 

livability. 

 

The appendices include additional details on the survey and survey methodology as well as examples of 

how these issues were integrated into assignments for graduate level civil engineering and urban planning 

classes. 
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PART 1: DOES THE LIVABILITY OF A RESIDENTIAL STREET DEPEND  
ON THE NEIGHBORING ARTERIAL ROAD? 

 
1. INTRODUCTION  

 

Can traffic and livability coexist on residential streets?  This issue became a concern of the Garden City 

movement in the early 1900s, was written about by Buchanan and his seminal work Traffic in Towns in 

the early 1960s, and was later documented by Donald Appleyard’s Livable Streets series of works starting 

in the late 1960s up through the early 1980s (Appleyard, 1978; Appleyard, Gerson, & Lintell, 1981; 

Appleyard & Lintell, 1972; Appleyard & Lintell, 1975).  Elegant in its simplicity, Appleyard’s research 

found those living on high traffic streets tend to have lower perceived livability (in terms of issues such as 

traffic hazards, noise, pollution, social interactions, and territorial extent) (Appleyard & Lintell, 1972).  

Trying to preserve such residential livability in the face of increasing motorization and traffic was one of 

the many challenges that city planners continue to face.  The typical response is to push traffic off 

residential streets and onto nearby major roads (i.e., arterials).  As a result, most residential 

neighborhoods in the U.S. depend heavily on arterials for everyday travel and access to public transit, 

shopping, and other activities.  It is also not uncommon for these arterial roads to carry tens of thousands 

of cars every day.  While not necessarily ideal, the approach is logical and seemingly better than trying to 

accommodate significant traffic on nearby residential streets.  Yet, concentrating heavy traffic onto a 

small fraction of the overall street network can burden adjacent neighborhoods and create barriers for 

pedestrians, bicyclists, and transit riders.  When traffic congestion becomes a problem on arterials, drivers 

may choose to cut through residential neighborhoods.  With this project, we revisit the livable streets 

research strand from a broader network perspective.  For example, does living near a big, bad arterial road 

offset the livability benefits of living on a light traffic street?  Conversely, would living near a more 

“livable” arterial neutralize some of the problems associated with living on a heavy traffic street?   

 

Numerous researchers from around the world have attempted to recreate and build off Appleyard’s 

influential study.  Some of the more noteworthy papers – such as the 1999 paper “Livable Streets 

Revisited” by Bosselmann et al. – took into account new factors such as the design elements of multiway 

boulevards, finding that the effects of traffic can be alleviated with good street design (Bosselmann, 

Macdonald, & Kronemeyer, 1999).  Our work represents a novel take on the livable streets question.  The 

intent of this research is to shed light on the issue of residential livability and vehicle traffic with respect 

to how this relationship might be moderated by a nearby arterial road.  To shed light on these questions, 

we selected 10 urban arterials in Denver, CO, partitioned along two dimensions: high/low traffic and 

high/low design quality.  Within each of the surrounding neighborhoods, we selected comparable 

residential roads to fit Appleyard’s heavy, moderate, and light traffic descriptions.  Via a residential 

survey, our research team gathered data from 721 respondents living along these 30 residential streets and 

collected built environment data for these streets as well as the corresponding arterials.  The next section 

presents additional background and literature review, which is followed by a more detailed description of 

the survey, our methods, and the data collected.  We then present our results with an eye toward the 

implications of this work for planners, engineers, and city dwellers.  
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Figure 2.1  Clarence Perry’s “Neighborhood Unit” & Colin Buchanan’s “Environmental Area” (Allaire, 

1960; Buchanan, 1964) 

2. BACKGROUND & LITERATURE REVIEW 
 

Most streets tend to have moving vehicle traffic, and most people tend to live on such streets.  The 

inevitability of the resulting conflict became a cause for concern as early as 1898 with Sir Ebenezer 

Howard and the Garden City in the United Kingdom. (Meacham, 1999).  Eventually, the Garden City 

movement made its way to the U.S. in Radburn, NJ, in 1929.  Designed by Charles Stein and Henry 

Wright, Radburn was one of the first U.S. developments to explicitly limit the through movement of 

traffic on residential streets.  Stein labeled cars a “menace to city life” and called the traditional approach 

to street network design “as obsolete as a fortified town wall” (Southworth & Ben-Joseph, 2003).  

Radburn not only kicked off an overhaul in U.S. street network design, but it also initiated a hierarchical 

approach to road typology.  This principle was evident in Radburn and the “neighborhood units” of 

Clarence Perry in 1929 as well as with the “environmental areas” advocated by Colin Buchanan in Traffic 

in Towns in 1963 (Allaire, 1960; Buchanan, 1964).  In both cases, shown in Figure 2.1, the design 

intentionally limits traffic on residential streets and displaces that traffic to the arterial streets and 

highways that envelop the residential neighborhoods.  The underlying thinking of these planners is clear: 

living on a street with low levels of traffic has livability benefits. 

 

 

 

 

 

In the U.S., this hierarchical approach to street design was first officially supported by an unlikely entity, 

the Federal Housing Administration (FHA) (Southworth & Ben-Joseph, 2003).  Founded in 1934, the 

FHA released two publications in the mid-1930s that specifically addressed such design issues.  Technical 

Bulletins No. 5 and No. 7 reinforced the concerns of planners such as Stein and endorsed hierarchical 

layouts that pushed traffic to major roads.  Figure 2.2, which compares a “bad” design and a “good” 

design example, depicts the unequivocal approach that the FHA took to the matter in these early 
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Figure 2.2  “Good” and “Bad” Neighborhood Designs from FHA Technical Bulletin 

No. 7: Planning Profitable Neighborhoods circa 1938 (Southworth & Ben-Joseph, 2003) 

publications.  Even though the FHA did not possess any regulatory powers, they used these guidelines in 

approving loans for more than 22 million properties prior to 1950 (Southworth & Ben-Joseph, 2003).   

  

 

 

 

Though hierarchical networks were already prevalent, transportation engineers did not officially 

document their support of hierarchical networks until 1965 when the Institute of Transportation Engineers 

(ITE) published “Recommended Practice for Subdivision Streets” (Marshall & Garrick, 2010; 

Southworth & Ben-Joseph, 2003).  Again, the intent was to discourage traffic on residential streets 

whenever possible.  The advent of what is more formally known as the functional classification system 

came shortly afterward.  The functional classification system – which has long been the basis for U.S. 

guidelines and has now proliferated around the world – is intended to help planners and engineers 

determine design criteria for a particular roadway via a categorization of that proposed roadway by type.  

According to AASHTO (the American Association of State Highway and Transportation Officials), two 

factors comprise the organizational structure of the functional classification system: facility type and land 

use.  These two factors combine to indicate the level of mobility or accessibility one would expect on the 

road.  In an urban setting, the basic facility types include: local streets, collectors, and arterials.  Under the 

functional classification system, local streets theoretically provide relatively high levels of access to land 

uses and relatively low mobility.  In contrast, arterials theoretically support high levels of mobility and 

low access. 

 

In practice, local roads often accommodate more traffic than intended for what should be a low mobility 

road; moreover, commercial land users love to locate along high traffic urban arterials, which generate the 

need for a high level of access. Whereas both examples directly counter the functional classification 

system, both are also ubiquitous elements of modern city life. This discussion is not meant to debate the 

merits of the functional classification system; rather, the intent is simply to highlight that the reality of 

urban street networks rarely aligns with the underlying theory. While an arterial that includes land uses 
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and design features that promote access breaks the intent of the functional classification system, there 

could be associated livability benefits.  Alternatively, an arterial that fits the functional classification 

system could overemphasize mobility, fragment a neighborhood, and downgrade livability for those 

living nearby.  In other words, is it better to live on a light traffic residential street near what might be 

considered a bad arterial or on a heavy traffic residential street near what might be considered good 

arterial?  Whatever the answer, the impact of arterials on the livability of the surrounding neighborhoods 

is worthy of exploration because this network perspective to understanding livability is one that has yet to 

be adequately studied. 

 

2.1 The Impact of Traffic on Livability 
 

What makes for a livable residential street?  While existing research suggests that a combination of built 

environment features and social elements contribute to the cause, one of the most commonly cited factors 

is the level of vehicle traffic.  Within the academic research realm, the work of Donald Appleyard first 

brought this finding to prominence.  Out of concern for the intermixing of high traffic streets and 

residential land uses, the City of San Francisco hired Appleyard and Mark Lintell in the late 1960s to 

study the relationship between life on residential streets and the traffic on those streets.  Appleyard and 

Lintell selected three parallel streets that differed by traffic levels but matched across as many other 

dimensions as possible.  The “Heavy Street” carried 16,000 cars per day, the “Moderate Street” 8,000, 

and the “Light Street” less than 2,000.  Based upon 12 interviews along each street, Appleyard and Lintell 

assessed differences in livability for these streets and first published the findings in a 1972 paper 

(Appleyard & Lintell, 1972).  While defining abstract concepts such as sustainability and livability is 

famously subjective (Lovejoy, Handy, & Mokhtarian, 2010; Marshall, 2013), Appleyard’s research 

focused on a handful of more tangible issues including traffic hazards; stress, noise, and pollution; social 

interaction; environmental awareness; and privacy/home territory (Appleyard & Lintell, 1972).  Those 

living on the heavy street generally conveyed greater traffic-related safety concerns and higher perceived 

negative impact from traffic noise and pollution.  Residents of the heavy street reported lower social 

interaction with 3X fewer friends and 2X fewer acquaintances living on their street as opposed to the light 

street.  Street activity was less common on the heavy street, and overall there was a lower sense of 

community.  Heavy Street residents also tended to withdraw from the physical environment (e.g., smaller 

reported home territories and less feeling of ownership over the street space).  The light streets fell at the 

other end of the spectrum along all of these livability measures with the moderate streets typically in 

between.  With his strand of follow-up research, Appleyard opted for a more formal survey instrument 

instead of purely open-ended questions.  However, the bottom line finding – that vehicle traffic along a 

residential street diminishes livability and quality of life – never swayed. 

 

Many researchers replicated various elements of Appleyard’s study and found similar findings in wide-

ranging locations such as New York City and Bristol, England (Hart & Parkhurst, 2011; Transportation 

Alternatives, 2006).  Other researchers looked to extend Appleyard’s work in interesting new directions.  

For instance, Bosselmann et al. compared high-traffic multiway boulevards in Brooklyn and Chico, CA, 

(24,000 to 44,000 cars per day) to more conventionally designed streets with less traffic (4,000 to 14,000 

cars per day) and via 99 interviews and found the multiway boulevards to be at least as livable, if not 

more so (Bosselmann et al., 1999).  The study concluded that street design elements can mitigate the 

negative impacts of traffic for the residents of that road (Bosselmann et al., 1999).  In a more recent study, 

Koorey et al. conducted residential surveys along streets in New Zealand in a manner similar to 

Appleyard in order to determine a threshold of traffic needed for streets to be livable (Koorey, Leckie, & 

Chesterman, 2013).  While Appleyard often cited numbers between 2,000 and 3,000 cars per day, the 

results of Koorey et al. suggest volumes between 1,500 and 2,000 cars per day. 
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Our research takes Appleyard’s work into a heretofore unexplored area: how does the presence of a 

nearby arterial road – and the relative traffic and design quality of that arterial – impact livability on the 

surrounding neighborhood?  Beyond the existing research on livable streets, this research also draws upon 

the more general research strand related to measuring and understanding residential satisfaction and 

quality of place (Andrews, 2001; Lovejoy et al., 2010).  The next section describes our methods and the 

subsequent data collected. 
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3.   RESEARCH STRATEGY, METHODOLOGY, & DATA 
 

3.1 Site Selection 
 

The study city for our work is Denver, CO.  Denver is an ideal candidate for this topic due to its 

development under what was known as the Denver Parks and Parkways System (Goodstein, 1994).  

Initially inspired by the City Beautiful movement and then later by Garden Cities concepts, Mayor Robert 

Speer created a system of 34 parkways covering more than 60 miles of roads during the early 1900s (Etter 

& Etter, 2006).  Figure 3.1 depicts the original 1894 plan by Edward Rollandet. This system of parkways 

now comprises much of today’s arterial network in Denver.  The result is a vast array of arterial road 

types to draw upon in attempting to approximate Appleyard’s three-street approach and extend it to 

include arterials and neighborhoods.  Simply put, our hope was to select a handful of neighborhoods – 

each with residential heavy, moderate, and light streets – that differed by the presence of a “good” or 

“bad” arterial road.  This process commenced with the initial selection of 20 prospective arterials.  We 

focused on arterials with commercial nodes that would be more likely to function as a livability amenity 

to the surrounding neighborhoods.  For each of the 20 arterials, shown in Figure 3.2, the research team 

collected primary built environment data via field visits and secondary data via the U.S. Census, GIS 

layers from the city and county of Denver, and traffic counts from the Colorado DOT and the regional 

MPO.  The arterials and the surrounding neighborhoods were partitioned along the following dimensions: 

 High or low traffic arterial  

 High or low urban design arterial  

 Higher or lower income surrounding neighborhood 

We then inspected the residential streets around each potential arterial in hopes of finding heavy, 

moderate, and light streets that differed principally by traffic count.  Due to a lack of secondary data, this 

required conducting our own 24-hour traffic counts on these residential streets, as depicted in Figure 3.3.  

Since some neighborhoods did not possess one or more of the requisite residential street types by traffic 

volume, this facilitated the elimination of some neighborhoods and helped narrow the dataset down to 10 

arterial roads, each with its own set of residential streets that could be classified as heavy, moderate, or 

light.  The residential survey (described it the next section) was conducted on these 30 streets (i.e., 10 

heavy streets, 10 moderate streets, and 10 light streets). 

 

Table 3.1 summarizes the data collected for the arterial streets and the surrounding neighborhoods while 

Figure 3.4 maps the selected sites.  The high traffic arterials averaged over 40,000 cars per day while the 

low traffic arterials averaged fewer than 13,000.  Our assessment of the quality of urban design for the 

arterials derived via the extensive process laid out by Ewing and Clemente in their book Measuring 

Urban Design: Metrics for Livable Places (Ewing & Clemente, 2013).  Via a visual assessment survey of 

588 street segments by an expert panel, this book details a rigorously validated process for measuring 

urban design quality (see Ewing & Clemente, 2013, for additional details).  The resulting urban design 

scores measured five qualities: imageability, enclosure, human scale, transparency, and complexity.  

Imageability refers to the “quality of a place that makes it distinct, recognizable, and memorable” (Ewing 

& Clemente, 2013).  Enclosure describes the “degree to which streets… are visually defined by buildings, 

walls, trees, and other vertical elements” (Ewing & Clemente, 2013).  Human scale is the “size, texture, 

and articulation of physical elements that match the size and proportions of humans and, equally 

important, correspond to the speed at which humans walk” (Ewing & Clemente, 2013).  Transparency 

refers to “the degree to which people can see or perceive human activity beyond the edge of a street or 

other public space” (Ewing & Clemente, 2013).  Lastly, complexity is about the “visual richness of a 

place” in terms of the “numbers and kids of buildings, architectural diversity and ornamentation, 

landscape elements, street furniture, signage, and human activity” (Ewing & Clemente, 2013).  
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Combining these quantitative data with our own visual assessment of the arterials – by a single 

investigator to maximize consistency – facilitated dividing the arterials by high or low urban design.  

Based upon the statistical analysis presented by Ewing and Clemente, the scores from each urban design 

category are weighted so they represent the relative contribution to the overall quality of urban design.  

Figure 3.5 compares images from 23rd Avenue (low traffic, high design) with images from Colfax Avenue 

(high traffic, low design), while Figure 3.6 depicts examples of our selected residential streets. 

 

The lower section of Table 3.1 displays the block group level census data collected for the surrounding 

neighborhoods.  In neighborhoods with two or more adjoining census block groups coming together, we 

weighted the data by population and then split the neighborhoods by high or low median household 

income (with the high group reaching close to $80,000 and the low just under $40,000).     

 

3.2 Survey 
 

The primary data source for this analysis was an original survey administered door-to-door in the city and 

county of Denver by a team of 15 graduate students during summer 2014.  During all survey field work, 

the students dressed in branded university clothing and wore official university ID cards on their shirt, as 

shown in Figure 3.7.  The 33-question survey itself included questions across the following four 

categories: i) the respondent’s residential street, ii) the respondents’ nearby arterial road, iii) the 

respondent’s neighborhood, and iv) personal and household social and demographic characteristics.  The 

survey also included two map-based questions where we asked, for example, respondents to define their 

neighborhood boundaries.  Using bright colors and abundant spacing to help make the survey feel 

accessible, we printed on an 11x17 sheet and folded it in half.  Survey respondents were offered a five-

dollar gift card for participating.  The study was reviewed and approved by our university Institutional 

Review Board.  

 

For each of the 30 sampled residential streets, we visited all residential units located within one-half mile 

of the arterial road a minimum of two and sometimes three times.  With the first visit, student survey 

interviewers placed a door hanger at each residence announcing the survey and that interviewers would be 

coming to their neighborhood on a specified day the following week.  During the second visit, teams of 

two graduate student interviewers rang doorbells and attempted to conduct an in-person survey.  If a 

resident answered the door, they were presented two additional options: i) taking the survey on their own 

and having a research team member pick it up later in the afternoon, or ii) taking the survey at a later time 

on their own and returning by mail via a prepaid envelope.  If a monolingual Spanish speaker answered 

the door, students offered an informational flyer regarding the survey in Spanish with the contact 

information of a bilingual interviewer.  The address was recorded in notes so the bilingual interviewer 

could return during the next round with a Spanish language survey.   

 

If nobody answered the door, the students placed a second door hanger with a “we missed you” message 

and additional dates when the survey interviewers would be returning and a contact number to schedule a 

visit, if preferred.  Fifteen individuals called for appointments, and they were all interviewed within a 

one-week time frame.  The other houses that received a “we missed you” door hanger were again visited 

during the third and final visit.  Those who answered the door were presented the same options as before 

(i.e., complete in the moment, complete for pick-up, mail-in, or refuse).  For the remaining unanswered 

doors, survey interviewers left a cover letter, survey, return envelope, and slip giving the option of 

receiving the incentive by e-mail.  In total, we visited 1,849 housing units and received 721 completed 

surveys for an overall response rate of 39%.  Of the completed surveys, 401 (56%) were conducted in 

person with the student interviewers present, and 319 (44%) were returned by mail.  
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Figure 3.1  “Park and Boulevard System of Denver” plan from 1894 by Edward Rolladet 

(Etter & Etter, 2006) 

Six members of the research team then coded the paper surveys into electronic form.  The team leader 

double-checked at least 5% of the surveys coded by each person for consistency purposes.  During this 

data cleaning process, we eliminated eight surveys due to various data discrepancy issues, which left 713 

for analysis.  With respect to the questions where respondents drew maps, we first translated the results 

into Google Earth before then transferring them to ArcGIS for analysis.  For example, with the question 

where we asked respondents to draw the boundaries of their neighborhood, we estimated the total area of 

their defined neighborhood as well as the percentage of that area on the side of the arterial where the 

respondent lived.  
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Figure 3.2  Potential Arterial Sites Studied 

   



10 

 

Figure 3.3  CU Denver Students Collecting Traffic Count Data 
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Arterial Street Descriptors

Average Annual Daily Traffic (AADT) **

Average No. of Lanes **

Average Street Width (feet) *

Average Sidewalk Width (feet) *

Condition of Sidewalk
1

Presence of Tree Lawn (0, 1)

Condition of Tree Lawn
1

Presence of Bike Lanes (0, 1)

Presence of Median (0, 1)

Presence of On-Street Parking (0, 1) *

Percent Tree Canopy *

Number of Pedestrians per Hour

Number of Bicyclists per Hour

Noise Reading at Property Line (db) **

Urban Design Score: Imageability
2

Urban Design Score: Enclosure
2

Urban Design Score: Human Scale
2

Urban Design Score: Transparency
2

Urban Design Score: Complexity
2 *

Sum of 5 Urban Design Scores
2

Neighborhood Descriptors

Total Neighborhood Population * *

Median Age

Percent of Neighborhood Population 18 and younger *

Percent of Neighborhood Population 60 and older

Percent Males *

Median Household Income **

Percent Owner Occupied *

Percentage White **

Percentage Black

Percentage Hispanic or Latino *

Average Commute Time (min)

Gridded Neighborhood Street Network (0, 1)
1
(1=poor; 2=fair; 3=good; 4=excellent)

1
Higher scores are better (see Ewing & Clemente, 2013)

* p <.10;  ** p < .05;  *** p< .01
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Table 3.1  Arterial Streets & Neighborhood Data 
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Figure 3.4  Selected Denver, CO, Sites 

   



13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5  Arterial Comparison Example
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Figure 3.6  Residential Street Examples 
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Figure 3.7  CU Denver Student Surveyors in the Field 
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4. RESULTS 
 

Our 30-street sample of residents on heavy, moderate, and light streets successfully approximated 

Appleyard’s results.  On nearly every front, residents of the light streets tended to report the highest 

livability while those living on the heavy street leaned towards the lowest.  However, the arterial street 

also matters.  When accounting for the traffic levels and character of the nearby arterial, we found 

significant differences on many livability-related questions.  Some results even suggest that living on a 

heavy or moderate street near an arterial road with lower traffic and high design may have greater 

livability than living on a light street near what could be considered a big, bad arterial.  When trying to 

improve residential livability, planners and engineers can no longer focus entirely on the residential street 

in question.  Livable cities require a network-level approach that looks beyond accounting for the 

livability of individual streets.  The remainder of this section presents the highlights of our results.   

 

4.1 The Appleyard Study 
 

Appleyard’s original study explored three streets and 36 residents.  We studied 30 streets and over 700 

respondents, and our findings only further substantiated Appleyard’s work.  Other than traffic levels and 

the average curb-to-curb street width, there were no other statistically significant physical differences 

between the heavy, moderate, and light streets in our survey.  The heavy streets averaged close to 12,000 

cars per day, the moderate streets over 3,000, and the light street approximately 550 cars per day.  Table 

4.1 portrays these results.   The last column in the table depicts this level of statistical significance using 

the Kruskal-Wallis H test, which is similar to a t-test or ANOVA but does not require normal 

distributions and also allows for the comparison of more than two groups simultaneously (Laerd 

Statistics; UCLA Statistical Consulting Group).  

 

Organizing ourselves around some of Appleyard’s primary measures – traffic hazards, stress, noise and 

pollution, social interaction, and environmental awareness – we find heavy street respondents at a 

significant disadvantage across every domain.  For instance, when prompted “the amount of traffic is a 

problem on my street” and presented with a five-point Likert scale, those living on the heavy streets 

suggested that this was a bigger problem than those on the light streets.  Previous research suggests that 

younger people possess more laissez-faire attitudes toward traffic and traffic-related issues (Koorey et al., 

2013; Lovejoy et al., 2010).  While our heavy street respondents were significantly younger than other 

respondents, they still found traffic to be a bigger problem than those on living on the lower traffic streets.  

With respect to issues such as noise and pollution, we found the same street type trends (i.e., noise, 

pollution, and trash were perceived to be more of a nuisance to those living on the heavy streets).  The 

same can be said about social interaction (e.g., higher traffic levels corresponded with fewer friends on 

the street) and environmental awareness (e.g., heavy streets not as well cared for by residents).   

 

If we stopped here, the results were clear and explicitly match Appleyard’s findings: high levels of traffic 

on a residential street detract from livability.  However, we wanted to take a broader, network-level look 

at this issue to see if the type of nearby arterial streets moderates these findings. 

 

4.2 A Network-Level Approach to Understanding Livable Streets 
 

If we hypothesize that the presence of a particularly good or bad arterial has no impact on the livability of 

those living on the nearby residential streets, then we would expect to see no significant difference in 

responses when we account for the arterial.  For example, if we disaggregate our heavy street residents 

into two groups – those that live near a high traffic arterial and those that live near a low traffic arterial – 

our hypothesis would hold true if both groups gave us the same answers.  This was not always the case.   
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4.2.1 Results by High/Low Arterial Traffic & High/Low Urban Design 
 

Table 4.2 disaggregates the findings by adjacency to high and low traffic arterials; Table 4.3 does so by 

high and low design arterials (both tables present statistical significant using the same Kruskal-Wallis 

statistical test).  On most measures, perceived livability increases when living near a low traffic arterial or 

an arterial with a higher level of urban design.  For instance, when controlling for the level of traffic on 

residential streets, people are more likely to know their neighbors when living near a low traffic or high 

design arterial.  The same can be said for the street being well cared for as well as for kids being able to 

play on the street.  One interesting divergence was for the heavy street residents’ perception of traffic; 

those who lived near the low traffic arterial suggested that the amount and speed of traffic on their own 

residential street was worse than those living near the high traffic arterial.  This result did not carry over 

to the moderate and light streets.  For the heavy residential streets, this result suggests there might be 

issues with overflow traffic or cars cutting through these residential neighborhoods instead of using the 

nearby arterial.  Despite the high car volumes on many of these arterials, they are often unpleasant to 

drive and avoided by many drivers.  Looking at the high design arterials, however, the opposite trend for 

heavy street residents is suggested.  When near a high design arterial, those living on heavy streets 

perceived traffic and vehicle speeds as significantly less of an issue when their arterial was well designed. 

 

Considering the issue of home territory, we asked respondents to define their neighborhood by drawing 

boundaries onto on a color map provided in the survey.  One intention with this question was to compare 

how much of their home territory falls on one side of the arterial versus the other.  Table 4.2 shows that 

for all types of residential streets, respondents near the high traffic arterial defined a significantly higher 

percentage of their home territory on the side of the arterial where they lived.  In other words, those living 

near a high traffic arterial defined approximately 90% of their home territory on their home side of the 

arterial; in contrast, those living near a low traffic arterial defined less than 80% and included a great 

proportion of the area across the arterial in their defined neighborhood.  These results suggest that high 

traffic arterials serve as a barrier to one’s home territory, which could negatively impact businesses 

located on the other side of an arterial. 

 

A related, yet unexpected, finding from the neighborhood definition question could be found in the total 

area defined.  On average, respondents near the low traffic arterial defined their neighborhood to be over 

1.1 square miles (over 700 acres) in size; however, those living near the high traffic arterial typically 

defined an area of less than 0.75 miles (less than 500 acres) in size.  Thus, the barrier that a high traffic 

arterial is to the extension of one’s home territory does not simply shift home territory, it also shrinks it.  

Again, high versus low arterial design did not play as big of a role as arterial traffic.  

 

We also asked people to rate the quality of their neighborhood on a scale of 1 to 10.  Whether the 

respondent lived near a high or low design arterial seemed to play a much bigger role than the level of 

traffic.  For all three residential street types, living near a high design arterial significantly correlated to 

improved neighborhood quality. 

 

4.2.2 Controlling for Income 
 

A relatively simple argument against the above results might have to do with income.  Living near a low 

traffic arterial with good urban design is likely to be in higher demand and cost more.  Accordingly, it 

would not be surprising to find the higher income neighborhoods located near low traffic arterials with 

good urban design qualities; and all else being equal, residents may perceive a higher income 

neighborhood as more livable than a lower income neighborhood.  Are our results due to differences in 

the traffic levels or design qualities of arterial itself or simply due to differences in neighborhood income 

levels? 
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Looking back at Table 3.1 demonstrates that the arterials near the high income neighborhoods actually 

average both higher traffic levels and lower urban design quality.  While this finding is noteworthy in 

itself and strengthens the case for a nearby arterial playing a key role in livability, we disaggregated the 

survey a bit further to break down the results by income.  Accordingly, Table 4.4 groups the responses 

into higher and lower income neighborhoods for several representative responses while still 

disaggregating by: high versus low traffic arterials; high versus low design arterials; and heavy, moderate, 

or light residential street.  If the arterial does not play a role in livability, then the responses should not 

change significantly while moving from left to right across the table.  For instance, the first question asks 

respondents whether kids play on their street.  The left-hand side of the table shows the responses for the 

higher income neighborhoods and the right-hand side for the lower income neighborhoods.  Starting with 

the second row of data for the heavy streets category, the response increases from 2.4 to 2.7 when going 

from living near a high traffic arterial with low urban design to a low traffic arterial (still with low urban 

design).  The third data column for the heavy street row drops down to 2.2 for those living near high 

traffic arterial with high urban design.  Then it jumps to 3.9 for those living near a low traffic arterial with 

high urban design.  If arterial traffic or design did not impact neighborhood livability, these results would 

not change, but they do and the differences with respect to whether kids play on the street are highly 

significant. 

 

Looking more closely at these results highlights many instances that differ significantly based on arterial 

traffic or design quality.  Generally, living near an arterial with low traffic and/or high urban design 

suggests higher livability responses across a number of dimensions, including the street being perceived 

as well cared for, social interaction and knowing one’s neighbors, and the overall feeling of community 

on that street.  While we only find a couple instances of significant differences by arterial when asking 

about the quality of the residential street, we do find some interesting differences in residential duration, 

particularly in the lower income neighborhoods.  Residential duration is often considered a good proxy 

for perceived livability (Adams, 1992; Ahlbrandt, 1984).  Thus, it is instructive to see that those 

respondents living near a high traffic/low urban design arterial have only lived there about two years (see 

Table 4.4).  Average residential duration jumps significantly in neighborhoods near either a lower traffic 

arterial or one with a higher level of urban design.  It jumps even more when living near an arterial with 

both lower traffic and higher urban design.  In fact, residential duration in lower income neighborhoods 

near a “good” arterial are the only responses in the vicinity of the higher income neighborhoods.  Also, it 

is interesting to note that residential duration – especially for lower income neighborhoods – varies much 

more based on the traffic and character of the nearby arterial than on whether one lives on a heavy, 

moderate, or light street.  These results suggest that – while controlling for the income level of the 

neighborhood – there are significant differences in responses related to livability based on the level of 

arterial traffic as well as the level of urban design on that arterial. 

 

With the neighborhood questions, we found significant differences in the total area defined for the higher 

income neighborhoods (e.g., those living near low traffic arterials tend to specify larger home areas) as 

well as with the percent of the neighborhood on the home side of the arterial for the lower income 

neighborhoods (e.g., those living near low traffic or high design arterials tend to show more of their home 

area extends past the arterial).  Our results also suggest that low traffic on the arterial and good urban 

design improve overall neighborhood quality.  These differences were particularly important for lower 

income neighborhoods.  The implication of these results for planners and engineers is that improving the 

livability of the arterial roads in lower income neighborhoods could be as effective, and much less costly, 

than trying to improve the livability on each and every residential street.   
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4.2.3 The Instructive Oxymoron: Heavy Traffic on a Livable Street? 
 

Given Appleyard’s work, it seems highly unlikely that a heavy residential street could be considered 

anywhere near as livable as a light residential street.  Bosselmann et al. expand upon this line of thinking 

to show that street design makes a difference based upon their findings that the livability along a 

multiway boulevard with heavy traffic was generally higher than the livability along a conventionally 

designed street with moderate traffic.  We took this a step further by asking whether a heavy residential 

street could be as livable as a light residential street due to differences in the nearby arterial.  In other 

words, could a heavy street near a low traffic/high design arterial be perceived as livable as a light 

residential street near a high traffic/low design arterial?  Table 4.5 depicts this example for the same 

survey questions from Table 4.4. 

 

Looking first at the high income neighborhoods on the left side of Table 4.5, the heavy residential street 

(near a low traffic, high urban design arterial) is just as livable as the light residential street (near a high 

traffic, low urban design arterial) across all dimensions except residential duration.  While several 

responses show no significant difference, some insinuate that the heavy Street is actually more livable 

than the light street.  This includes livability measures such as kids playing on the street, social interaction 

and whether they know their neighbors, and the overall feeling of community.  For these livability 

measures – as well as the questions regarding home territory and overall neighborhood quality – the 

results suggest that living on a heavy traffic residential street near a low traffic, high design arterial could 

be preferable over living on a light traffic residential street near a high traffic, low design arterial.   

 

For lower income neighborhoods, the light street respondents (near a high traffic, low urban design 

arterial) indicate a higher feeling of community and residential street quality as compared with the heavy 

street respondents (near a low traffic, high urban design arterial).  With the home territory questions, 

those living on the heavy street – near a low traffic, high urban design arterial – defined larger 

neighborhoods that were more likely to extend across the arterial.  The other livability questions did not 

suggest any significant difference between the heavy street and the light street for the lower income 

neighborhoods.   
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Table 4.1 Heavy, Moderate, & Light Residential Street “Appleyard” Results 

Residential Street Descriptors

Average Annual Daily Traffic (AADT) ***

Average Street Width (feet) **

Average Sidewalk Width (feet)

Condition of Sidewalk
1

Presence of Tree Lawn (0, 1)

Condition of Tree Lawn
1

Presence of Bike Lane (0, 1)

Presence of Median (0, 1)

Presence of On-Street Parking (0, 1)

Percent Tree Canopy

Average Vehicle Travel Speed (mph) **

Number of Pedestrians per Hour

Number of Bicyclists per Hour

Avg. Noise Reading at Property Line (db) ***

Survey Results n Mean n Mean n Mean n Mean

Age 705 44.3 178 40.1 196 47.7 331 44.5 ***

Percent Female Respondents 645 44.5% 164 42.7% 186 41.4% 295 47.8%

Annual Household Income 656 $83,918 169 $72,663 178 $93,048 309 $84,264 **

Percent Home Ownership 713 69.6% 181 55.3% 199 78.9% 333 71.5% ***

Level of Education
2 713 5.9 181 5.6 199 6.0 333 5.9 **

White/Causcasian 713 86.1% 181 82.3% 199 88.9% 333 86.5%

Black/African-American 713 3.2% 181 3.3% 199 2.5% 333 3.6%

Native American/Alaskan Native 713 1.8% 181 3.9% 199 1.0% 333 0.9% **

Asian/Pacific Islander 713 2.1% 181 1.1% 199 1.0% 333 3.3%

Latino or Hispanic Origin 713 10.0% 181 12.2% 199 6.5% 333 10.8%

School-aged Children in Household 713 33.8% 181 29.8% 199 38.2% 333 33.3%

No. of Automobiles in Household 713 1.7 181 1.6 199 1.7 333 1.8 **

No. of Bicycles in Household 713 1.8 181 1.7 199 1.7 333 1.8

Drive to Work Mode Share 713 64.3% 181 66.3% 199 63.3% 333 63.4%

Transit to Work Mode Share 713 12.9% 181 16.0% 199 9.6% 333 13.5%

Walk to Work Mode Share 713 8.2% 181 11.1% 199 6.0% 333 8.1%

Bicycle to Work Mode Share 713 17.4% 181 22.7% 199 15.1% 333 16.2%

How long have you lived on your street? 713 10.6 181 7.6 199 11.8 333 11.6 **

How satisfied are you with the overall quality of your street? 713 6.9 181 6.1 199 6.9 333 7.3 ***

My street is good for walking
3 713 4.2 181 3.9 199 4.3 333 4.4 ***

My street is good for biking
3 713 3.5 181 3.0 199 3.5 333 3.7 ***

The lighting is good on my street
3 713 3.4 181 3.4 199 3.2 333 3.4

My street is well maintained by the city
3 713 3.3 181 3.2 199 3.2 333 3.5 **

My street is well cared for by residents
3 713 3.6 181 3.2 199 3.7 333 3.8 ***

The speed of traffic is a problem on my street
3 713 3.2 181 3.6 199 3.3 333 3.1 ***

The amount of traffic is a problem on my street
3 713 3.1 181 3.6 199 3.1 333 2.9 ***

Pollution from traffic is a problem on my street
3 713 2.7 181 3.2 199 2.7 333 2.5 ***

Noise is a problem on my street
3 713 2.9 181 3.5 199 3.0 333 2.6 ***

Trash and litter are a problem on my street
3 713 2.7 181 3.2 199 2.7 333 2.5 ***

I see people out and about on my street
3 713 4.3 181 4.3 199 4.3 333 4.4 *

Kids play on my street
3 713 3.1 181 2.6 199 3.2 333 3.3 ***

My street is safe from crime
3 713 3.2 181 3.0 199 3.2 333 3.3 **

My street is safe from traffic
3 713 2.7 181 2.2 199 2.7 333 2.9 ***

I feel responsible for what happens on my street
3 713 3.5 181 3.3 199 3.5 333 3.5 **

There is a feeling of community on my street
3 713 3.5 181 3.1 199 3.5 333 3.8 ***

I am very happy to live on my street
3 713 4.1 181 3.8 199 4.2 333 4.2 ***

I know my neighbors
3 713 3.8 181 3.5 199 3.9 333 3.9 ***

I have friends or relatives on my street
3 713 3.0 181 2.6 199 3.0 333 3.3 ***

1
(1=poor; 2=fair; 3=good; 4=excellent)

2
(1=HS degree; 2-4=some college/technical training or associate's degree; 5=college degree; 6=master's degree; 7=professional degree; 8=doctorate)

3
(1=strongly disagree; 2=disagree; 3=neutral; 4=agree; 5=strongly agree)

4
(1=usually unhappy; 2=sometimes unhappy; 3=happy; 4=very happy; 5=extremely happy)

* p <.10;  ** p < .05;  *** p< .01
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Survey Results n Mean n Mean n Mean n Mean n Mean n Mean n Mean n Mean n Mean

Age 713 44.3 304 42.0 409 46.0 84 35.3 97 44.3 *** 71 45.7 128 48.7 149 43.7 184 45.1

Percent Female Respondents 645 44.5% 276 48.4% 369 41.6% 78 41.0% 86 44.2% 63 46.0% 123 39.0% 135 54.1% 160 42.5% **

Annual Household Income 656 $83,918 281 $79,344 375 $87,387 83 $60,542 86 $84,360 ** 62 $87,137 116 $96,207 136 $86,820 173 $82,254

Percent Home Ownership 713 69.6% 304 60.2% 409 76.6% 84 39.3% 97 69.1% *** 71 69.0% 128 84.4% ** 149 67.1% 184 75.0% **

Level of Education
1 713 5.86 304 5.91 409 5.81 84 5.52 97 5.60 71 6.01 128 6.06 149 6.05 184 5.75

White/Causcasian 713 86.1% 304 88.7% 409 84.2% 84 88.1% 97 77.3% * 71 90.1% 128 88.3% 149 88.6% 184 84.8%

Black/African-American 713 3.2% 304 2.6% 409 3.7% 84 3.6% 97 3.1% 71 2.8% 128 2.3% 149 2.0% 184 4.9%

Asian/Pacific Islander 713 2.1% 304 2.9% 409 1.5% 84 1.2% 97 1.0% 71 1.4% 128 0.8% 149 4.7% 184 2.2%

Native American/Alaskan Native 713 1.8% 304 1.3% 409 2.2% 84 2.4% 97 5.2% 71 0.0% 128 1.6% 149 0.7% 184 1.1%

Latino or Hispanic Origin 713 10.0% 304 4.5% 409 14.1% 84 4.8% 97 18.6% ** 71 2.8% 128 8.6% 149 4.7% 184 15.8% **

School-aged Children in Household 713 33.8% 304 25.2% 409 40.2% 84 19.1% 97 39.2% ** 71 29.6% 128 43.0% * 149 26.9% 184 38.6% **

No. of Automobiles in Household 713 1.7 304 1.6 409 1.8 84 1.3 97 1.8 *** 71 1.6 128 1.8 149 1.7 184 1.8

No. of Bicycles in Household 713 1.8 304 1.6 409 1.9 84 1.4 97 1.9 ** 71 1.5 128 1.8 149 1.8 184 1.9

Drive to Work Mode Share 713 64.3% 304 60.8% 409 66.9% 84 64.3% 97 68.0% 71 62.0% 128 64.1% 149 57.7% 184 67.9%

Transit to Work Mode Share 713 12.9% 304 14.2% 409 11.9% 84 17.9% 97 14.4% 71 9.9% 128 9.4% 149 14.8% 184 12.5%

Walk to Work Mode Share 713 8.2% 304 11.7% 409 5.6% 84 16.7% 97 6.2% ** 71 8.5% 128 4.7% 149 10.7% 184 6.0%

Bicycle to Work Mode Share 713 17.4% 304 16.8% 409 17.8% 84 21.4% 97 23.7% 71 16.9% 128 14.1% 149 14.8% 184 17.4%

How long have you lived on your street? 713 10.6 304 8.8 409 12.0 84 5.0 97 9.9 ** 71 10.1 128 12.7 149 10.1 184 12.8 **

How satisfied are you with the overall quality of your street? 713 6.9 304 7.1 409 6.8 84 6.2 97 6.0 71 6.9 128 7.0 149 7.7 184 7.1 **

My street is good for walking
2 713 4.2 304 4.2 409 4.2 84 3.9 97 3.9 71 4.2 128 4.3 149 4.4 184 4.3

My street is good for biking
2 713 3.5 304 3.4 409 3.5 84 2.8 97 3.2 71 3.5 128 3.5 149 3.8 184 3.6

The lighting is good on my street
2 713 3.4 304 3.3 409 3.4 84 3.4 97 3.5 71 3.0 128 3.3 149 3.4 184 3.4

My street is well maintained by the city
2 713 3.3 304 3.5 409 3.3 84 3.2 97 3.2 71 3.1 128 3.3 149 3.8 184 3.3 **

My street is well cared for by residents
2 713 3.6 304 3.6 409 3.7 84 3.0 97 3.4 ** 71 3.5 128 3.9 ** 149 3.9 184 3.7

The speed of traffic is a problem on my street
2 713 3.2 304 3.2 409 3.3 84 3.3 97 3.8 ** 71 3.1 128 3.4 149 3.1 184 3.0

The amount of traffic is a problem on my street
2 713 3.1 304 3.1 409 3.1 84 3.5 97 3.7 * 71 3.1 128 3.1 149 2.9 184 2.8

Pollution from traffic is a problem on my street
2 713 2.7 304 2.8 409 2.7 84 3.3 97 3.1 71 2.8 128 2.7 149 2.5 184 2.4

Noise is a problem on my street
2 713 2.9 304 3.0 409 2.8 84 3.6 97 3.4 71 3.2 128 2.8 ** 149 2.6 184 2.5

Trash and litter are a problem on my street
2 713 2.7 304 2.8 409 2.7 84 3.3 97 3.2 71 2.9 128 2.6 ** 149 2.5 184 2.5

I see people out and about on my street
2 713 4.3 304 4.4 409 4.3 84 4.4 97 4.2 71 4.3 128 4.3 149 4.4 184 4.4

Kids play on my street
2 713 3.1 304 2.8 409 3.3 84 2.4 97 2.8 * 71 2.9 128 3.4 ** 149 3.0 184 3.6 **

My street is safe from crime
2 713 3.2 304 3.1 409 3.2 84 2.9 97 3.1 71 3.1 128 3.2 149 3.3 184 3.2

My street is safe from traffic
2 713 2.7 304 2.7 409 2.7 84 2.3 97 2.2 71 2.7 128 2.6 149 3.0 184 2.9

I feel responsible for what happens on my street
2 713 3.5 304 3.4 409 3.5 84 3.1 97 3.4 * 71 3.3 128 3.6 ** 149 3.6 184 3.5

There is a feeling of community on my street
2 713 3.5 304 3.4 409 3.6 84 3.0 97 3.2 71 3.2 128 3.7 *** 149 3.7 184 3.8 *

I am very happy to live on my street
2 713 4.1 304 4.1 409 4.1 84 3.8 97 3.8 71 4.1 128 4.3 ** 149 4.3 184 4.1

I know my neighbors
2 713 3.8 304 3.6 409 4.0 84 3.2 97 3.8 ** 71 3.6 128 4.0 ** 149 3.8 184 4.1 **

I have friends or relatives on my street
2 713 3.0 304 2.8 409 3.2 84 2.5 97 2.8 71 2.7 128 3.2 ** 149 3.1 184 3.4 **

Use & Perception of Arterial/Neighborhood

Total Neighborhood Area Defined by Respondent (acres) 554 607.3 237 474.5 317 706.5 62 525.6 72 723.3 ** 50 451.6 101 714.1 ** 125 458.3 144 692.9 **

% of Neighborhood on the Side where the Respondent Lives 470 83.4% 219 89.1% 251 78.4% 61 81.2% 53 72.9% ** 42 90.5% 74 81.1% ** 116 92.7% 124 79.2% ***

How do you rate the overall quality of your neighborhood? 713 7.8 304 7.8 409 7.8 84 7.1 97 7.3 * 71 7.7 128 8.0 149 8.3 184 7.8 **
1
(1=HS degree; 2-4=some college/technical training or associate's degree; 5=college degree; 6=master's degree; 7=professional degree; 8=doctorate)

2
(1=strongly disagree; 2=disagree; 3=neutral; 4=agree; 5=strongly agree)

3
(1=usually unhappy; 2=sometimes unhappy; 3=happy; 4=very happy; 5=extremely happy)

* p <.10;  ** p < .05;  *** p< .01
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Table 4.2  Results by Adjacency to High or Low Traffic Arterial 
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Survey Results n Mean n Mean n Mean n Mean n Mean n Mean n Mean n Mean n Mean

Age 713 44.3 471 46.0 242 41.1 119 40.5 62 39.3 150 48.7 49 44.4 * 202 47.0 131 40.6 **

Percent Female Respondents 645 44.5% 441 44.1% 204 45.4% 110 40.9% 54 46.3% 142 42.3% 44 38.6% 189 47.6% 106 48.1%

Annual Household Income 656 $83,918 433 $95,723 223 $60,781 111 $76,081 58 $66,121 137 $103,777 41 $57,195 *** 185 $100,878 124 $59,476 ***

Percent Home Ownership 713 69.6% 471 77.2% 242 54.7% 119 54.6% 62 56.5% 150 86.0% 49 57.1% *** 202 83.2% 131 53.4% ***

Level of Education
1 713 5.86 471 6.16 242 5.26 119 5.86 62 5.00 ** 150 6.30 49 5.25 ** 202 6.21 131 5.39 **

White/Causcasian 713 86.1% 471 90.2% 242 78.2% 119 85.7% 62 75.8% * 150 93.3% 49 75.5% ** 202 90.1% 131 80.9% **

Black/African-American 713 3.2% 471 3.1% 242 3.3% 119 2.5% 62 4.8% 150 3.3% 49 0.0% 202 3.5% 131 3.8%

Asian/Pacific Islander 713 2.1% 471 0.8% 242 4.5% 119 0.8% 62 1.6% 150 0.0% 49 4.1% ** 202 1.5% 131 6.1% **

Native American/Alaskan Native 713 1.8% 471 1.5% 242 2.5% 119 3.4% 62 4.8% 150 0.7% 49 2.0% 202 0.5% 131 1.5%

Latino or Hispanic Origin 713 10.0% 471 6.7% 242 16.5% 119 10.9% 62 14.5% 150 3.3% 49 16.3% ** 202 6.9% 131 16.8% **

School-aged Children in Household 713 33.8% 471 35.9% 242 29.6% 119 27.7% 62 33.9% 150 40.7% 49 30.6% 202 37.1% 131 27.5% *

No. of Automobiles in Household 713 1.7 471 1.8 242 1.5 119 1.7 62 1.4 * 150 1.8 49 1.5 ** 202 1.9 131 1.5 ***

No. of Bicycles in Household 713 1.8 471 1.9 242 1.6 119 1.7 62 1.7 150 1.8 49 1.4 ** 202 2.0 131 1.5 ***

Drive to Work Mode Share 713 64.3% 471 67.7% 242 57.6% 119 73.1% 62 53.2% ** 150 64.7% 49 59.2% 202 66.3% 131 58.8%

Transit to Work Mode Share 713 12.9% 471 11.5% 242 15.6% 119 15.1% 62 17.7% 150 8.7% 49 12.2% 202 11.9% 131 16.0%

Walk to Work Mode Share 713 8.2% 471 4.8% 242 14.8% 119 8.4% 62 16.1% 150 3.3% 49 14.3% ** 202 4.0% 131 14.5% **

Bicycle to Work Mode Share 713 17.4% 471 17.6% 242 16.9% 119 22.7% 62 22.6% 150 16.0% 49 12.2% 202 16.3% 131 16.0%

How long have you lived on your street? 713 10.6 471 11.3 242 9.3 119 7.4 62 8.0 150 12.4 49 9.9 202 12.8 131 9.7 **

How satisfied are you with the overall quality of your street? 713 6.9 471 7.0 242 6.7 119 6.1 62 6.1 150 7.0 49 6.7 202 7.5 131 7.1 **

My street is good for walking
2 713 4.2 471 4.3 242 4.0 119 4.1 62 3.5 ** 150 4.3 49 4.1 202 4.5 131 4.2 **

My street is good for biking
2 713 3.5 471 3.5 242 3.5 119 3.1 62 2.8 150 3.5 49 3.6 202 3.7 131 3.7

The lighting is good on my street
2 713 3.4 471 3.4 242 3.3 119 3.5 62 3.3 150 3.2 49 3.1 202 3.4 131 3.3

My street is well maintained by the city
2 713 3.3 471 3.3 242 3.5 119 3.1 62 3.3 150 3.1 49 3.5 ** 202 3.5 131 3.5

My street is well cared for by residents
2 713 3.6 471 3.8 242 3.3 119 3.4 62 3.0 ** 150 3.8 49 3.4 ** 202 4.0 131 3.5 ***

The speed of traffic is a problem on my street
2 713 3.2 471 3.3 242 3.2 119 3.4 62 3.9 ** 150 3.4 49 3.2 202 3.1 131 2.9

The amount of traffic is a problem on my street
2 713 3.1 471 3.2 242 3.0 119 3.5 62 3.9 ** 150 3.2 49 2.7 ** 202 2.9 131 2.8

Pollution from traffic is a problem on my street
2 713 2.7 471 2.7 242 2.7 119 3.1 62 3.3 150 2.8 49 2.6 202 2.5 131 2.5

Noise is a problem on my street
2 713 2.9 471 2.9 242 3.0 119 3.4 62 3.7 150 3.0 49 2.9 202 2.5 131 2.6

Trash and litter are a problem on my street
2 713 2.7 471 2.7 242 2.9 119 3.1 62 3.5 ** 150 2.7 49 2.7 202 2.4 131 2.7 **

I see people out and about on my street
2 713 4.3 471 4.4 242 4.2 119 4.4 62 4.0 ** 150 4.3 49 4.3 202 4.5 131 4.2 **

Kids play on my street
2 713 3.1 471 3.3 242 2.8 119 2.7 62 2.3 ** 150 3.3 49 3.0 202 3.6 131 3.0 **

My street is safe from crime
2 713 3.2 471 3.2 242 3.1 119 3.1 62 2.8 * 150 3.1 49 3.4 * 202 3.3 131 3.2

My street is safe from traffic
2 713 2.7 471 2.6 242 2.8 119 2.3 62 2.0 ** 150 2.6 49 2.8 202 2.8 131 3.1 **

I feel responsible for what happens on my street
2 713 3.5 471 3.5 242 3.3 119 3.2 62 3.3 150 3.5 49 3.3 ** 202 3.7 131 3.3 **

There is a feeling of community on my street
2 713 3.5 471 3.7 242 3.2 119 3.3 62 2.8 ** 150 3.7 49 3.0 ** 202 4.0 131 3.4 ***

I am very happy to live on my street
2 713 4.1 471 4.2 242 3.9 119 3.9 62 3.5 ** 150 4.2 49 4.1 202 4.3 131 4.0 ***

I know my neighbors
2 713 3.8 471 3.9 242 3.6 119 3.5 62 3.6 150 4.0 49 3.6 ** 202 4.1 131 3.6 ***

I have friends or relatives on my street
2 713 3.0 471 3.2 242 2.7 119 2.8 62 2.3 ** 150 3.1 49 2.5 ** 202 3.5 131 2.9 **

Use & Perception of Arterial/Neighborhood

Total Neighborhood Area Defined by Respondent (acres) 554 607.3 372 628.1 182 564.6 92 628.1 42 640.0 118 660.8 33 507.1 162 604.3 107 552.8

% of Neighborhood on the Side where the Respondent Lives 470 83.4% 295 85.1% 175 80.4% 77 77.2% 37 77.6% 84 85.4% 32 82.1% * 134 89.6% 106 80.9% **

How do you rate the overall quality of your neighborhood? 713 7.8 471 8.1 242 7.2 119 7.7 62 6.3 *** 150 8.1 49 7.4 ** 202 8.4 131 7.5 ***
1
(1=HS degree; 2-4=some college/technical training or associate's degree; 5=college degree; 6=master's degree; 7=professional degree; 8=doctorate)

2
(1=strongly disagree; 2=disagree; 3=neutral; 4=agree; 5=strongly agree)

3
(1=usually unhappy; 2=sometimes unhappy; 3=happy; 4=very happy; 5=extremely happy)

* p <.10;  ** p < .05;  *** p< .01
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Table 4.3  Results by Adjacency to High or Low Design Arterial 

 



23 

 

Table 4.4  Selected Results for High/Low Traffic & High/Low Design Arterial  

by Neighborhood Income Level 

High Traffic 

Arterial

Low Traffic 

Arterial

High Traffic 

Arterial

Low Traffic 

Arterial

High Traffic 

Arterial

Low Traffic 

Arterial

High Traffic 

Arterial

Low Traffic 

Arterial

Kids play on my street
1

ALL STREETS 2.8 3.3 3.1 3.7 *** 1.8 3.1 3.0 3.0 ***

HEAVY 2.4 2.7 2.2 3.9 *** 1.9 2.1 2.9 1.9 **

MODERATE 3.5 3.1 3.2 3.6 2.0 3.1 2.6 3.2 **

LIGHT 2.7 3.7 3.6 3.6 ** 1.8 3.5 3.3 3.8 ***

Street is well cared for by residents
1

ALL STREETS 3.6 3.6 3.7 3.7 * 3.4 3.0 3.5 3.9 ***

HEAVY 2.8 3.1 2.9 3.9 *** 3.4 2.8 3.3 3.2

MODERATE 3.9 3.3 3.9 4.0 3.0 3.4 3.2 4.1 **

LIGHT 3.8 4.0 4.2 3.8 3.6 3.0 3.9 4.2 ***

I know my neighbors
1

ALL STREETS 3.7 3.8 3.8 4.1 ** 3.1 3.7 3.3 4.0 ***

HEAVY 3.4 3.0 3.0 4.1 ** 3.1 3.7 3.1 3.5

MODERATE 4.2 4.1 4.0 4.1 ** 2.5 3.9 3.5 4.0 **

LIGHT 4.0 4.4 4.2 4.2 ** 3.3 3.5 3.4 4.4 ***

There is a feeling of community
1

ALL STREETS 3.0 3.4 3.7 3.9 *** 3.2 3.2 3.2 3.7 **

HEAVY 2.7 2.8 3.1 4.0 *** 2.9 2.8 2.9 2.8

MODERATE 2.7 3.3 3.8 3.9 ** 3.0 3.2 2.9 3.8 **

LIGHT 3.4 4.0 4.1 3.8 ** 3.4 3.3 3.7 4.4 ***

Residential Duration (years)

ALL STREETS 11.8 14.3 10.1 12.9 2.1 9.0 8.0 12.4 ***

HEAVY 6.6 10.5 4.7 8.7 * 2.5 10.4 5.5 10.7 **

MODERATE 11.0 19.5 14.1 13.0 1.0 9.1 8.9 12.8 **

LIGHT 14.8 14.7 11.7 15.0 1.7 8.4 8.8 13.1 ***

Quality of Residential Street (1-10)

ALL STREETS 7.0 7.3 7.3 6.9 7.1 6.1 6.8 7.0 **

HEAVY 6.3 5.6 6.6 6.5 6.6 5.9 6.9 7.1

MODERATE 7.1 7.9 7.1 7.0 6.0 6.3 6.9 7.1

LIGHT 7.4 8.2 7.8 7.0 * 7.7 6.2 7.6 7.9 ***

Respondent Defined "Neighborhood" (acres)

ALL STREETS 611 824 389 823 *** 497 458 503 673

HEAVY 855 653 369 836 ** 490 511 632 745

MODERATE 491 871 334 780 ** 447 418 558 720

LIGHT 532 921 421 849 *** 516 453 393 556

% of "Neighborhood" on Home Side of Arterial

ALL STREETS 94.4% 79.1% 86.8% 82.5% ** 90.8% 66.0% 87.0% 87.0% ***

HEAVY 86.4% 98.2% 77.3% 77.4% 95.2% 55.3% 79.0% 73.1% **

MODERATE 99.1% 76.8% 87.2% 81.8% 94.1% 71.2% 89.1% 90.9% **

LIGHT 97.0% 73.5% 92.8% 85.7% *** 88.5% 67.9% 91.3% 90.3% ***

Quality of Neighborhood (1-10)

ALL STREETS 7.6 7.7 8.1 8.2 ** 7.6 6.5 7.7 8.2 ***

HEAVY 6.5 6.8 7.3 8.5 *** 6.7 5.7 7.3 7.3 **

MODERATE 7.8 8.0 8.0 8.2 7.9 6.9 7.4 8.4 ***

LIGHT 8.1 8.2 8.6 8.1 * 7.9 6.6 8.2 8.6 ***
1
(1=strongly disagree; 2=disagree; 3=neutral; 4=agree; 5=strongly agree)

* p <.10;  ** p < .05;  *** p< .01
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Table 4.5  Selected Results for Extreme Example 

 

Kids play on my street
1 **

Street is well cared for by residents
1

I know my neighbors
1 **

There is a feeling of community
1 ** **

Residential Duration (years) * ***

Quality of Residential Street (1-10) ***

Respondent Defined "Neighborhood" (acres) ** *

% of "Neighborhood" on Home Side of Arterial *** **

Quality of Neighborhood (1-10) * **
1
(1=strongly disagree; 2=disagree; 3=neutral; 4=agree; 5=strongly agree)

* p <.10;  ** p < .05;  *** p< .01
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5. CONCLUSIONS 
 

It has long been a nearly universally held truth that high levels of fast-moving traffic on the street where 

you live detract from livability.  We do not want to dispute this conceptualization; rather, it is our hope to 

simply show that what is happening on the surrounding major roads also makes a significant difference 

when it comes to livability.  In other words, living near a big, bad arterial detracts from the livability of 

nearby residential streets while living near what could be a considered a good arterial (lower traffic with 

higher urban design quality) enhances livability.  Based on our findings, the marching orders are clear.  If 

planners and engineers really want to promote livability on residential streets, they can no longer push all 

the traffic out to the arterial and hope for the best.  Livable residential streets can only be part of the 

solution.  If we want livable cities, we also need to plan for livable arterial roads. 

 

Far too often, urban arterials have become de facto barriers between neighborhoods and considerable 

obstructions to walking and biking.  With respect to arterials in this research, we focused on the quality of 

the urban design and the relative traffic levels on the arterial.  For planners and engineers, there are often 

major obstacles to taking on either issue.   

 

While improving street design often becomes a funding issue, many cities attempting to redesign an 

arterial run into conflicts with state DOTs that have designated these arterials as state highways.  Such 

roads often fall under a different set of design guidelines that make such improvements more difficult – 

but not impossible.  In the past, it was not uncommon for DOTs to cede control of the road (as well as the 

maintenance) over to the city.  This arrangement would usually provide cities enough design flexibility to 

improve the arterial without having to contend with DOT guidelines.  Today, federal transportation 

agencies have formally approved manuals – such as the NACTO Urban Street Design Guide and the 

CNU/ITE Designing Walkable Urban Thoroughfares Recommended Practice – that already provide such 

flexibility if a planner or engineer is willing to take on a new approach to street design.  Also, if residing 

on a multiway boulevard is more livable than a conventionally designed street, as the research of 

Bosselmann et al. suggests, it stands to reason that livability on the residential streets near such a 

boulevard design would also improve.  These kinds of innovative arterial designs that have the ability to 

improve livability deserve more research. 

 

Traffic levels are typically a more difficult issue for planners and engineers to tackle.  For instance, many 

cities rely upon regional traffic models to tell them how much traffic to expect at some distant future time 

horizon.  The not-so-subtle implication is that it is up to the city to accommodate these future cars.  As a 

result, it was not uncommon for cities to widen arterials for some future traffic demand in hopes of 

staving off the ill effects of congestion.  The result?  Unfortunately, there is little evidence to support the 

assumption that increasing capacity reduces traffic congestion in the long run.  A growing body of 

literature demonstrates that attempts to relieve congestion with additional vehicle lane-miles typically 

induce more demand, and this additional capacity fills far earlier than expected (Cervero, 2002; Cervero 

& Hansen, 2002; Downs, 1992, 2006; Duranton & Turner, 2011; Jorgensen, 1947; Noland, 2001, 2007).  

Many cities now realize that you cannot build your way out of congestion and focus more on performance 

metrics revolving around moving people and not cars.   

 

The bottom line is that the livability differences between a heavy residential street and a light one are 

nowhere near what they were when accounting for the presence of a “good” or “bad” arterial.  

Understanding livability for a residential street requires more than looking at just that residential street.  

Planners and engineers need to take a network-level approach to examining the issue of livable streets.  

We do not intend for this to be a call for trying to shift traffic off arterials and onto residential streets; 

rather, it should be a call to make our arterials more livable and better understand the implications of 

network-level design decisions. Compact and connected street networks, which have been shown to 
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reduce VMT, increase walking and biking, and improve health outcomes (Marshall & Garrick, 2010, 

2012; Marshall, Piatkowski, & Garrick, 2014), can still move people efficiently at safe speeds.  In 

contrast, large arterials – and in particular, the intersection of two large arterials – too easily result in 

difficulties trying to accommodate pedestrians and bicyclists (Bern & Marshall, 2013; Kulash, 1990).   

 

For far too long, our focus with residential livability was solely on the residential street itself.  While the 

Appleyard findings still hold, we now know that what impacts residential livability requires accounting 

for the nearby arterial street as well.  Awareness of this disconnect should lead planners and engineers to 

consider a combination of network-level strategies when trying to design more livable streets.  When it 

comes to livability, the Tale of Two Cities approach to city planning – where we surround walkable and 

bike-friendly, low traffic residential streets with car-centric, high traffic arterials – leaves much to be 

desired.  We need a broader, more comprehensive perspective if we really want to achieve more livable 

cities.  Arterial streets in cities are both our greatest obstacle and our greatest opportunity.  
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PART 2: CHARACTERISTICS OF COMMERCIAL ARTERIAL ROADS  
ASSOCIATED WITH RESIDENTIAL SATISFACTION & 
NEIGHBORHOOD LIVABILITY 

 
7. INTRODUCTION  
 

Nearly everywhere, arterials – or major roads – thwart cities’ attempts to build transportation systems that 

serve multiple purposes and multiple users.  Efforts to enhance public transit service, create well-

connected bicycle and pedestrian networks, and revitalize neighborhoods – functions that cities 

increasingly want streets to serve – implicate arterials as a critical part of the strategy.  Conflicts occur 

because arterials carry fast, heavy motorized traffic, and with the exception of certain boulevards and 

parkways, they do not have designs that accommodate a range of activities beyond this.   

 

Arterials’ special function in hierarchical transportation networks contributes to their complicated nature.  

In theory, they provide mobility by aggregating local traffic and moving it as quickly as possible across 

cities and regions, sometimes channeling it to limited-access highways.  In practice, however, arterials 

provide more than this.  Arterials give access to surrounding land uses.  They are often the location of 

drive-through restaurants, gas stations, auto repair shops, car dealerships, dive bars, dollar stores, and 

various hole-in-the-wall establishments.  Occasionally, these buildings have the architectural flair of an 

older motor age, with jetting angles or futuristic curves (Wachs and Crawford, 1992).  Providing access to 

these places creates a tradeoff with mobility.  In response to the competing demands placed on them, 

arterials lined with commercial land uses are frequently the object of interventions to increase their traffic 

capacity, either through traffic operations or through their physical design.  

 

However, certain arterials, usually those located in gentrified or affluent areas, can adapt differently.  

Although they still allow for relatively high traffic volumes, they can become neighborhood main streets.  

Neighborhood main streets can typically serve the dual demand for travel and leisure activities (e.g., 

shopping).  These arterials manage to support a vibrant street life, and they can be designed to support 

multiple travel modes.  

 

Thinking about arterial roads helps understand a larger problem facing contemporary transportation 

systems – “balancing the tension between place and node” – or how streets contribute to a sense of place 

while at the same time functioning as part of a regional network (Belzer et al., 2004: 45).  Arterials 

advance (or hinder) urban policies such as infill housing, enhanced transit service, and transit-oriented 

development because these initiatives benefit from streets that perform both place and transportation 

network functions (Cherry et al., 2006; Mejias and Deakin, 2005).  

 

Research about one specific kind of arterial – residential arterials with a boulevard design – found that 

residents living on them are happy despite the traffic, and that these major roads can be more livable than 

nearby streets with lower traffic volumes (Bosselmann et al., 1999).  Yet, residential arterials with a 

boulevard design are relatively rare, and they are less problematic than commercial arterials.  What is not 

known is whether commercial arterials can also have a positive effect on neighborhood livability, and if 

they do, under what conditions. 

 

Our study aims to learn what specific design, social, and traffic-related features of commercial arterial 

roads make them “livable” from the perspective of nearby residents.  We also investigate the hypothesis 

that residents’ satisfaction reflects not only the quality of their own residential street but also the quality 

of the arterial roads in their neighborhood.  This study contributes critical knowledge about how the 

design and planning of arterial roads can mitigate some of the negative externalities of their traffic.   
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Our cross-sectional study includes 10 cases of commercial arterial roads in Denver, Colorado – each with 

a node of clustered retail but with varying amounts of traffic and differing street designs.  For each case, 

we administered a door-to-door residential survey to learn about neighbors’ residential satisfaction and 

how they use their local arterial road.  In addition, for each of the 10 cases, we collected information 

about the engineering and urban design characteristics of the streets.  

 

We use three outcome variables that capture different dimensions of residential satisfaction.  We found 

that arterial streets are associated with residential satisfaction for all three variables, above and beyond 

other factors.  Arterials’ association varies depending on the specific dimension of residential satisfaction.  

Arterials have more associations with respondents’ neighborhood satisfaction than with their satisfaction 

with their residential street, for example.  Based on these results, we suggest that interventions focusing 

on land uses that foster a vibrant street life, maintenance of social norms, and enhancements to the 

pedestrian environment would benefit arterials’ residential neighbors.   

 

Section 8 presents a review of literature and discusses how and why arterial roads were once considered 

the solution to livability problems and how they became so challenging.  Section 9 describes our research 

design and methods, including the design and implementation of our survey.  Section 10 presents results 

of the analysis, and Section 11 presents our interpretation of the results.  Section 12 concludes with 

further discussion of the implications for transportation policy, planning, and practice with an emphasis 

on how arterials roads can and should be included in comprehensive approaches to city planning to 

improve their performance with respect to their residential neighbors. 
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8. BACKGROUND & LITERATURE 
 
8.1 Arterial Roads & Livability  
 

In this research, we place arterial roads in the context of livability.  This is because the concept of 

livability highlights the connection between tangible aspects of places – blocks, streets, and buildings – 

and broader concepts of sustainability such as economic development, environmental protection, and 

equity (Godschalk, 2004).  
 

Our framing of the problem of livable arterials draws upon decades of interest in managing the negative 

spillovers of motorized traffic.  Since cars became commonplace in the early twentieth century, planning, 

urban design, and traffic engineering have been used in combination to protect residents from the noise, 

pollution, and speed of motorized traffic.  In cases of new development, superblocks and single-use 

residential subdivisions separated automobile traffic and residents, with many examples drawing 

inspiration from the urban form and street network modeled by Radburn (Birch, 1980).  In these designs, 

arterials were the solution to the traffic-livability problem.  In places such as London, where major new 

development was impossible, traffic engineering could be used to approximate the superblock by 

establishing a hierarchical street network to create “environmental areas” that were protected from high 

volumes of motorized traffic (Buchanan, 1963).  

 

In the 1970s, Appleyard’s work on livable streets changed the discourse (1972, 1973).  He mostly 

accepted the idea that neighborhoods should be protected from traffic, but he isolated the problems 

created by the hierarchical street network and associated land use policies.  In particular, roads with heavy 

traffic take a toll on livability.  To Appleyard, traffic produced the feeling of vulnerability, and his 

concept of livability emphasized protection from traffic: “a…place where one can live in reasonable 

safety (especially for children), comfort, health, without excessive crowding, noise, pollution, and 

hazards” (Appleyard, 1983).  

 

The main contribution of Livable Streets was to introduce the street itself – in contrast to only dwellings 

or neighborhoods – as an appropriate unit of analysis for livability.  Just as streets with heavy traffic could 

take away from livability, streets could also contribute to it through their design and also through their use 

as quasi-private spaces.  One of Appleyard’s illustrations – a convertible car used as a planter and play 

space – exemplifies how he imagined streets as an intimate part of daily life.  

 

Extending this idea, Jacobs (1993), Jacobs et al. (2002), and Bosselmann et al. (1999) acknowledge the 

conflict between traffic and livability but assert that they are not mutually exclusive. Traffic can make 

certain streets dynamic and interesting, despite also being a source of noise and pollution.  In particular, 

street design can be used to buffer neighbors and road users from noise, pollution, and other negative 

effects of traffic.  

 

In this way, accepting car traffic as an element of neighborhood vitality allows one to ask questions that 

are critical for contemporary transportation policy, such as how to design for transit-oriented and 

residential infill development in settings where cars remain a priority.  Certain important questions have 

not been answered, such as what positive and negative characteristics of commercial arterials extend into 

surrounding neighborhoods.  In this study, we are interested specifically in livability as perceived by 

residents in surrounding neighborhoods, in contrast to prior work that has investigated the experience of 

residents who live on the arterial itself (Bosselmann et al., 1999).  
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8.2 Characteristics of Arterial Roads 
 

The difficulties of urban arterial roads have been documented in planning, engineering, urban design, and 

public health literature (Mindell and Karlsen, 2012; Dumbaugh and Rae, 2009; Dowling et al., 2008; 

Hebbert, 2005; Miles-Doan and Thompson, 1999).  These difficulties range from travel delay and travel 

time unreliability to exposure to traffic safety hazards, direct exposure to noise and near-roadway 

pollution, and physical barriers that limit access and lead to community severance.   
 

The specific design features of arterial roads vary and have implications for their livability.  Figure 8.1 

presents examples of the range of arterial designs from Denver.  The arterials in (a) and (b) both carry 

more than 25,000 vehicles per day, but the design of (b) includes one edge with a pedestrian-focused 

design that uses parking and trees to create a buffer between the traffic lanes and sidewalk.  A similar 

contrast exists for smaller scale arterials too.  Examples (c) and (d) carry only about 13,000 vehicles per 

day, but (d) creates a feeling of enclosure because it does not have building setbacks and it includes a bus 

stop with street furniture.  The final example offers a more extreme contrast.  Arterial (e) carries 60,000 

per day, whereas (f) carries only about one-tenth that amount of traffic (even though it is an officially 

designated arterial by the City of Denver).  The smaller arterial functions as a neighborhood main street, 

whereas the larger one is an important link to the interstate highway.  

 

In addition to their role as travel corridors, previous studies of arterial roads highlight their importance as 

neighborhood assets (McAndrews and Marcus, 2014; McAndrews et al., 2006; Bosselmann et al., 1999).  

In particular, they are places that nearby residents use with some frequency, despite their traffic and 

related hazards.  

 

For example, residential arterials designed as boulevards were used for exercise such as walking, jogging, 

and bicycling, and they were used as parks where people would walk dogs, interact, or sit and watch the 

activity.  In comparison to conventional neighboring streets with light traffic, these boulevards were less 

often used by children, with or without their parents (Bosselmann et al., 1999).  

 

With respect to physical aspects of the street, traffic volumes, traffic speed, noise levels, the potential to 

support transit and the attractiveness of the streetscape are all important characteristics (Seto et al., 2007; 

McAndrews et al., 2006; Mejias and Deakin 2005).  

 

Social interactions on the street and norms of its use are interconnected.  For example, along one such 

arterial road, San Pablo Avenue in California, street activity increased and criminal activity decreased.  

This decline in criminal activity was favorable for infill development because lenders were more willing 

to finance projects as the neighborhoods became safer (Mejias and Deakin, 2005). 

 

8.3 Relating Arterial Roads to Residential Satisfaction  
 

Research consistently finds that traffic has a negative effect on residential satisfaction (Hur and Morrow-

Jones, 2008).  But living close to roads could have accessibility benefits.  Hamersma et al. (2014) 

investigated residential satisfaction of households living near highways in seven different neighborhoods 

in the Netherlands (N=1,225).  This study accounted for easy access to the highway as a possible positive 

feature and nuisance (noise, air pollution) as the primary negative features.  
 

One challenge for measuring residential satisfaction is heterogeneity in how people perceive and value 

built and social environments.  For instance, the value placed upon physical characteristics varies with the 

background of respondents, and social factors such as crime and discrimination may be more important to 

some residents than physical characteristics (Hur and Morrow-Jones, 2008).  This finding reflects a 
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fundamental issue: satisfaction reflects both endogenous psychological processes and exogenous factors 

that affect one’s life (Dissart and Deller, 2000).  Therefore, residential satisfaction research needs to 

establish a connection between objective measures of environments with subjective perceptions of well-

being (Andrews, 2001).  

 

The literatures about the quality of place, residential satisfaction, and streets discuss the probable 

characteristics of livable arterials.  These literatures focus on four categories of variables that capture 

information about the relationship between residential environments and streets, including: 1) objectively 

measured environmental characteristics of the road, 2) residents’ perceptions of social characteristics of 

the road and street activities, 3) residents’ use of the road and attitudes toward cars and travel, and 4) 

objectively measured environmental characteristics of the neighborhood.  In addition to these 

characteristics, studies consider personal and household characteristics such as length of residence and the 

presence of children in the household.  
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Figure 8.1  Example Characteristics of Arterial Roads, Denver, Colorado, with Average-Annual 

Daily Traffic (AADT) 
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9. DATA & METHODS 
 
9.1 Study Area & Site Selection  
 

The study area is the city of Denver, Colorado.  Within Denver, our goal in site selection was to capture a 

range of commercial arterials’ potentially good and bad qualities, such as high/low traffic volumes and 

good/bad urban design, while maintaining their comparability with respect to their commercial nodes and 

surrounding residential neighborhoods.  

 

We began the site selection process by identifying all street segments in Denver officially designated as 

an “arterial” that also have commercial nodes.  To further narrow down our list of potential sites, we 

considered a variety of factors including the features of the arterials (e.g., average annual daily traffic, 

number of lanes), their surrounding land uses, the surrounding street types, and comparability with other 

sites within the pool.  For example, we excluded sites that were dominated by hospitals, schools, or 

industrial land uses.  We conducted field visits at 34 potential sites and selected 10 cases that represented 

differences in traffic, urban design, and income characteristics of the surrounding census blocks (see 

Figure 9.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.1  Site Selection Strategy 

 

For each of the 10 sites, we selected three nearby residential streets on which to administer a residential 

survey. These nearby streets were selected based on their traffic volumes (high, medium, and low). Table 

9.1 presents socio-demographic information about the sites’ residential populations.  
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Table 9.1  Population Characteristics of the 10 Arterial Sites  

Arterial 

Street Population 

Proportion 

non-

Hispanic 

white 

Proportion 

Hispanic 

Average 

median 

household 

income 

Proportion 

homeowner 

Proportion 

college 

graduate 

23rd Ave 1,714 0.84 0.01 104,479 0.95 0.48 

44th St 3,451 0.81 0.16 46,240 0.74 0.38 

So. 

Broadway 

Ave 1,590 0.79 0.16 65,893 0.42 0.49 

Upper 

Broadway  4,663 0.77 0.11 39,504 0.28 0.47 

Colfax 

Ave node 1,553 0.81 0.08 81,275 0.63 0.52 

E Colfax 

Ave 5,923 0.73 0.13 43,419 0.32 0.46 

Colorado 

Blvd 4,087 0.81 0.08 66,334 0.45 0.42 

Holly St 2,876 0.81 0.07 53,516 0.91 0.44 

Santa Fe 

Ave 3,193 0.50 0.41 27,021 0.26 0.24 

University 

Ave 3,484 0.92 0.02 133,826 0.88 0.58 

 

9.2 Residential Survey  
 

We developed an original survey and administered it door-to-door for each of the 10 sites during the 

summer of 2014.  The survey included 33 questions across four categories, including questions regarding: 

1) the respondent’s residential street, 2) the respondent’s neighborhood, 3) the respondents’ nearby 

arterial street, and 4) personal and household social and demographic characteristics.  The study was 

reviewed and approved by our university Institutional Review Board.  

 
For each of the three sampled streets for the 10 sites (30 streets total), we administered the survey to all 

residential units located within 0.5 miles of the arterial road.  For the first visit, a team of survey 

interviewers placed a door hanger at the residence to announce the survey and inform residents that 

interviewers would be coming to their neighborhood on a specified day.  For the second visit, teams of 

two interviewers rang doorbells and attempted to conduct the survey in person at that moment.  If a 

resident came to the door, they were also given the option of taking the survey privately and having it 

picked up later in the afternoon, or taking the survey privately and returning it by mail in a prepaid 

envelope.  Survey respondents were offered a five-dollar gift card for participating.  

 

If a resident did not answer, a different door hanger was placed at their door with a “we missed you” 

message and additional dates when the survey interviewers would be returning as well as a contact 

number to schedule a visit, if preferred.   Those who called for appointments were interviewed within one 

week.  
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If a monolingual Spanish speaker answered the door, he or she was given an informational flyer about the 

survey in Spanish with the contact number of a bilingual interviewer.  The address was recorded in notes 

so that the bilingual interviewer could return during the next round with a Spanish language survey.   

 

During the third and final visit, interviewer teams visited all the units that had not answered the door.  A 

resident who came to the door had the same options as before (i.e., complete in the moment, complete for 

pick-up, mail-in, or refuse). If no one responded at the door, survey interviewers left a cover letter, 

survey, return envelope, and slip giving the option of receiving the incentive by e-mail.  

 

We visited a total of 1,849 housing units and received 721 completed surveys.  Of these, 319 (44%) were 

returned by mail and 401 (56%) were conducted in person.  The overall response rate was 39%.  

 

Table 9.2 presents a summary of the socio-demographic characteristics of the survey respondents.   The 

sampling strategy to include streets with high, medium, and low traffic volumes resulted in certain types 

of variation among respondents.  Respondents on streets with higher traffic were more likely to have 

household incomes below $45,000 per year and they were more likely to be younger.  Residents on high-

traffic streets were also less likely to have a college degree and less likely to own their unit.  Residents on 

streets with medium traffic volumes were less likely to be Hispanic.          

 

Table 9.2  Summary of Survey Respondents’ Social & Demographic Characteristics 

   
Traffic level of sampled 

residential street   

  N Min/max Pooled Low Med High 

KW 

testa Sig 

Socio-demographic variables         

Respondent is female 675 0/1 56% 55% 57% 57% 0.858  

Respondent's HH income < 

$45k/year 664 0/1 26% 28% 18% 33% 0.004 ** 

Respondent has bachelor’s 

degree or higher 712 0/1 78% 78% 83% 72% 0.025 * 

Children under age 18 in 

household 723 0/1 29% 30% 31% 26% 0.647  

Respondent is white 717 0/1 87% 86% 90% 84% 0.506  

Respondent is Hispanic 661 0/1 12% 13% 7% 14% 0.199  

Respondent owns (versus rents) 

current unit 702 0/1 70% 69% 82% 57% <0.0001 *** 

Respondent is Millennial  713 0/1 34% 34% 25% 46% <0.0001 *** 

Respondent is Gen X 713 0/1 36% 36% 38% 31% 0.101  

Respondent is Baby Boomer  713 0/1 25% 25% 32% 18% 0.016 * 

Respondent is Greatest 

Generation  713 0/1 5% 4% 5% 5% 0.918  

Mean number of years lived on 

one's street 716 0/70 11 11 12 9 0.075  

(a) Kruskal-Wallis test 
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9.3 Environmental Assessment of Arterials & Neighborhood Streets 
 

To create a measurement of the urban design of the 10 arterial sites, we used a methodology developed by 

Ewing and Clemente (2013).  This method disaggregates urban design into five categories: imageability, 

enclosure, human scale, transparency, and complexity.  For each category, the method is operationalized 

through numerous metrics, or items to count and measure, resulting in an urban design “score.”  

 

We used administrative data for information about traffic counts, street width, number of lanes, and tree 

canopy of each arterial site.  We conducted our own two-hour pedestrian counts at the 10 sites.  In 

addition, we conducted 24-hour traffic counts of the sampled high, medium, and low traffic residential 

streets on which we conducted surveys.  Table 9.3 presents information about the physical characteristics 

of the sites.  

 

Table 9.3  Physical Characteristics of the 10 Arterial Sites 

Arterial street 

24-hour 

traffic count 

Number 

of lanes 

Curb-to-curb 

width (ft) 

Percentage 

tree canopy 

Urban design score 

(higher is better) 

23rd Ave 6,203 2 50 0.33 17.4 

44th St 6,200 2 46 0.20 16.4 

So. Broadway 
Ave 35,750 4 75 0.15 19.6 

Upper 

Broadway  35,259 5,6 72 0.10 17.1 

Colfax Ave 
node 30,000 4 66 0.09 16.8 

E Colfax Ave 25,000 4 80 0.28 17.9 

Colorado Blvd 62,493 8 113 0.13 10.8 

Holly St 13,214 2 34 0.22 8.5 

Santa Fe Ave 12,700 3 37 0.11 25.2 

University Ave 38,418 4 57 0.31 23.1 

 

9.4 Analytical Approach & Variable Descriptions 
 
9.4.1 Factor Analysis to Create Typology of Arterials 
 

We interpreted questions about what respondents like best about their neighborhood arterial (e.g., good 

for walking) and what they like least about it (e.g., not good for walking) using principle factor analysis.  

The factors produced by the analysis capture common variance among the respondents’ selection of 

“good” and “bad” characteristics and describe latent constructs of arterial quality.  

 

We used principle factor analysis with a varimax rotation to separately analyze 15 original variables 

describing positive attributes of arterials, and another 15 variables describing the negative aspects of 

arterials.  The Kaiser measure of sampling adequacy (MSA) for the analysis of positive attributes was 

0.80, and the MSA score for the analysis of negative attributes was 0.70; both were sufficiently high to 

indicate the viability of factor analysis.  We selected factors based on scree plots and interpretability.  In 

addition, we estimated factor scores and use these as explanatory variables in regression analyses.  
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9.4.2 Ordinal Logistic Regression of Residential Satisfaction 
 

Our study includes three dependent variables that capture different dimensions of residential satisfaction: 

1) whether one is happy living on their street (1=strongly disagree, 5=strongly agree); 2) one’s perception 

of the overall quality of their residential street (1=lowest, 10=highest); and 3) one’s perception of the 

overall quality of their neighborhood (1=lowest, 10=highest).  These ordinal categorical variables rank 

respondents’ perceptions of quality, but the true intervals representing perceived quality are not known.    

 

Following previous studies of residential satisfaction, we estimated models for each of the outcome 

variables by sequentially adding categories of explanatory variables (i.e., socio-demographic, residential 

quality factors, arterial quality factors, built environment characteristics) (Lovejoy et al., 2010; Lu, 1999).  

We made decisions about model specification based on bivariate relationships between explanatory and 

outcome variables, AIC, and the interpretability of the model results.  

 

All analyses were carried out in SAS 9.4.  
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10. RESULTS 
 
10.1 How Residents Perceive & Use Arterial Roads 
 

Across all three street types, survey respondents highlighted the utility of their local arterial street.  The 

majority of respondents (66%) said their local arterial is good for walking, and nearly half said it has good 

sidewalks and amenities such as shopping (49% and 48%, respectively).  These perceptions align with 

residents’ use of their local arterial.  The vast majority of respondents go to restaurants on their arterial 

(88%) and nearly three-quarters of respondents (73%) said they shop at stores on the arterial.  More than 

half of the residents report visiting the arterial at least three times per week, and 64% report that they walk 

to destinations on the arterial.  

\ 

With reference to the arterial’s role in the larger transportation network, 42% said their arterial offers 

good access to highways.  The majority of respondents (57%) said they use the arterial simply by 

“passing through.”   

 

With respect to the arterials’ negative qualities, more than half of the respondents said the speed of traffic 

on the arterial is too fast (52%).  Noise (50%) and trash (40%) on the arterials were also problematic.  

Notably, only 33% of respondents said parking is a problem.  
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Table 10.1  Descriptive Statistics of Selected Survey and Environmental Variables 

   
Traffic level of sampled 

residential street   

  N Min/max Pooled Low Med High 

KW 

testa Sig 

Residents’ perception of arterial         

Good for walking 721 0/1 66% 66% 64% 68% 0.551  

Good sidewalks 721 0/1 49% 47% 52% 50% 0.208  

Good amenities and shopping 721 0/1 48% 49% 44% 51% 0.285  

Good access to highways 721 0/1 42% 43% 40% 44% 0.372  

Good lighting 721 0/1 42% 44% 41% 41% 0.774  

Traffic too fast 721 0/1 52% 48% 52% 58% 0.125  

Too much noise 721 0/1 50% 44% 49% 60% 0.002 ** 

Too much trash 721 0/1 40% 34% 41% 46% 0.049  

Lack of parking 721 0/1 33% 35% 28% 34% 0.325  

Lack of trees 721 0/1 27% 24% 29% 28% 0.450  

Poor for bicycling 721 0/1 27% 24% 28% 29% 0.402  

Mean rating of arterial quality 696 1/10 6.2 6.3 6.0 6.2 0.396  

Residents’ use of arterial         

Go to restaurants 721 0/1 88% 89% 90% 87% 0.891  

Shop 721 0/1 73% 73% 74% 74% 0.977  

Passing through 721 0/1 57% 58% 59% 54% 0.800  

Auto-related services 721 0/1 43% 43% 41% 45% 0.817  

Bars, clubs, discos 721 0/1 42% 38% 40% 49% 0.103  

Visits at least three times in a 

typical week 712 0/1 52% 48% 56% 55% 0.091  

Respondent walks to destinations 

on arterial 721 0/1 64% 66% 65% 59% 0.220  

Characteristics of arterial         

Mean 24-hour traffic count N/A 6,200/62,493 26,524 25,473 22,036 25,340 0.014  

Mean percentage tree canopy 

coverage N/A 9%/33% 19% 19% 20% 18% 0.366  

Mean urban design score N/A 8.5/25.2 17.3 17.9 17.7 17.5 0.443  

(a) Kruskal-Wallis test 

 

10.2 Factors Representing what Nearby Residents Like Best 
& Least about their Arterial 

 

Factor analysis of what survey respondents like best about their neighborhood arterial yielded two factors.  

The factor analysis of what respondents liked least about their arterial also yielded two factors.  Table 

10.2 presents the factor loadings for a typology of arterial streets based on these unappealing and 

appealing composite features.  

 

Negative composite features associated with streets include those that are noisy, unpleasant, and 

dominated by traffic.  The second negative factor indicates that unappealing arterials may also be socially 

sketchy, not safe from crime, and dirty.  

 

With respect to positive features of arterials, neighbors like those with a quiet and clean environment, as 

well as features associated with places that are vibrant and busy with transportation services such as 
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sidewalks and transit access.  These two factors seem to indicate a trade-off between being vibrant or 

calm.   

 

Table 10.2  Unappealing and Appealing Features of the Case Arterials, Factor Loadings Based on 

Rotated Factor Pattern 

Unappealing composite features  Appealing composite features 

Variable 

1.Unpleasant 

environment   

2. Socially 

sketchy   Variable 

1. Quiet 

and calm 

2. Vibrant 

with 

transportation 

Not pedestrian-

friendly 0.61 0.07  Quiet, calm 0.55 0.06 

Not bike-friendly 0.51 -0.02  Clean, no trash 0.53 0.16 

Lack of sidewalks 0.43 0.02  Bike-friendly 0.46 0.19 

Empty, no 

atmosphere 0.35 0.10  Trees 0.45 0.14 

Noisy 0.34 0.16  Safe from crime 0.38 0.30 

Lack of trees 0.32 0.13  

Pedestrian-

friendly 0.35 0.33 

Inadequate transit 0.30 0.15  

Speeds 

acceptable 0.27 0.22 

Inadequate lighting 0.25 0.24  Ample parking 0.21 0.08 

Speeds too fast 0.22 0.09  

Sidewalks 

adequate 0.12 0.49 

Crime, not safe 0.11 0.52  

Lighting 

adequate 0.11 0.48 

Trashy, dirty street 0.12 0.51  

People on the 

street 0.34 0.42 

People on the street 0.09 0.44  Transit access 0.10 0.40 

Poor highway 

access 0.05 0.23  

Vibrant 

atmosphere 0.14 0.40 

Poor amenities, 

shops 0.20 0.21  

Amenities, 

shopping 0.14 0.36 

Lack of parking 0.02 0.19  

Access to 

highway 0.17 0.25 

 

Figure 10.1 uses the factor scores to distribute each of the 10 cases within matrices of the appealing and 

unappealing features of arterials.  The most extreme unappealing case, East Colfax Avenue, has relatively 

high scores for both negative factors and low scores for both positive features; it is a case of a bad arterial 

with no good qualities.  The other example of an arterial with high scores for both negative factors is the 

“Colfax node,” which is also on Colfax Avenue, but in this case it is vibrant and therefore has an 

appealing feature.   

 

No case has the combination of high scores for both positive factors and low scores for both negative 

factors (i.e., a good arterial with no bad qualities).  Two cases, 44th Ave and 23rd Ave, had low scores for 

each of the negative factors, and in this way there was nothing “bad” about these two arterials.  With 

respect to appealing features of arterials, two cases, South Broadway and the Bonnie Brae node, have 

high scores for both of the positive factors.  
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Figure 10.1  Distribution of the Cases within the Typology of Unappealing & Appealing Composite 

Features of Arterials  

 
10.3 Characteristics of Arterial Roads Associated with Residential 

Satisfaction  
 

Three variables in our survey measure aspects of residential satisfaction.  These include respondents’ 

scoring of the overall quality of their residential street and their neighborhood (scale for both is 1 to 10), 

and their level of agreement with the statement, “I am happy to live on my street.”  

 

The distributions of scores rating the overall quality of respondents’ residential streets and neighborhoods 

are presented in Figure 10.2, with their ratings of their arterial road for comparison.  All three variables 

skew toward higher scores, with neighborhood quality receiving the highest scores (mean= 7.8), arterials 

receiving the lowest scores (mean=6.2), and residential streets in between (mean=7.2).  
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Figure 10.2  Distribution of Respondents’ Ratings of the Overall Quality of their Residential Street, 

Arterial Road, & Neighborhood  

Table 10.3 shows results for ordered logit models of the three different residential satisfaction variables.  

All three models include explanatory variables representing the socio-demographic characteristics of 

respondents and their households, features of respondents’ residential streets, and features of respondents’ 

arterial roads. 
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Table 10.3: Ordered Logit Models of Three Measures of Residential Satisfaction 

  I am happy to live 

on my street 

 Overall quality of my 

residential street 

 Overall quality of 

my neighborhood 

Variables -hat p-value   -hat p-value   -hat p-value 

Low to moderate income    0.13 0.228  -0.16 0.151 

Homeowner         

Long tenure  0.19 0.113     0.14 0.193 

Millennial age group         

Overall happiness in life  0.26 0.038  0.30 0.007  0.31 0.005 

Residential street - too much traffic factor  -1.09 <.0001  -1.12 <.0001  -0.43 <.0001 

Residential street - good infrastructure factor  0.71 <.0001  1.20 <.0001  1.01 <.0001 

Residential street - feeling of community factor  1.62 <.0001  0.79 <.0001  0.81 <.0001 

Residential street - trash, lack of care factor     -0.34 0.008  -0.42 0.001 

Arterial street - quiet factor         

Arterial street - vibrant factor  0.52 0.000  0.20 0.112  0.37 0.003 

Arterial street - unpleasant environment factor         

Arterial street - socially sketchy factor     -0.22 0.090  -0.28 0.030 

Log of tree canopy        0.81 0.000 

Urban design score of arterial        -0.04 0.053 

Intercept – 10    -4.57 <.0001  -2.05 0.002 

Intercept – 9    -2.75 <.0001  -0.08 0.901 

Intercept – 8    -0.79 0.220  1.67 0.009 

Intercept - 7     0.81 0.212  3.28 <.0001 

Intercept – 6    1.90 0.004  4.42 <.0001 

Intercept – 5 -1.83 0.014  3.21 <.0001  5.61 <.0001 

Intercept – 4 1.86 0.012  3.64 <.0001  6.29 <.0001 

Intercept – 3 4.42 <.0001  4.69 <.0001  7.05 <.0001 

Intercept - 2  6.42 <.0001  5.81 <.0001  8.19 <.0001 

N  497    486   500 

AIC  813.0    1537.9   1509.5 

Max-rescaled R-square (Cox-Snell)   0.542      0.521   0.462 

The table presents information for variables with p-values <0.25.  

 

Of the four factor variables representing respondents’ perceptions of their local arterial roads – vibrant, 

quiet, unpleasant environment, and socially sketchy – being vibrant and having good access to transit has 

a positive association with all three outcome variables.  This relationship is true when controlling for 

characteristics of the residential streets and socio-demographic characteristics of respondents.  Living 

close to a vibrant arterial has a relatively stronger statistical association with the outcome variables that 

capture broad satisfaction, such as being happy to live on one’s street and the overall quality of the 

neighborhood.  It has a relatively weaker statistical association with one’s perception of the overall 

quality of their own residential street.  

 

The arterial factor variable representing a lack of enforcement of social norms (i.e., socially sketchy) has 

a negative association with residential satisfaction.  This variable has a stronger statistical association 

with respondents’ perceptions of the overall quality of their street and the overall quality of their 

neighborhood, and a weak statistical association with their happiness to live on their street.  

 

The built environment characteristics of the arterial roads are also statistically associated with residential 

satisfaction but only for the variable expressing respondents’ perception of the overall quality of their 

neighborhood.  Having a high proportion of tree canopy is a positive feature.  The urban design score also 
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has a statistical association with neighborhood quality, but its sign is negative and its effect size is 

relatively smaller. 

 

Arterials that are relatively quiet and clean and those that have unpleasant environments do not have 

strong statistical associations with any of the three outcome variables.  

 

Socio-demographic and residential street-level variables are also associated with residential satisfaction, 

primarily whether one is generally happy or satisfied with life (positive association) and whether there is 

too much traffic on one’s residential street (negative association).  Having a feeling of community among 

neighbors on one’s street has a larger effect size when thinking about one’s happiness, whereas having 

good infrastructure has a larger effect size when thinking about one’s satisfaction with the street itself.   
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11. DISCUSSION  
 

Most residential neighborhoods in the U.S., and many throughout the world, depend heavily on arterial or 

major roads – roads that carry high volumes of fast traffic – for everyday travel and access to public 

transit, nearby shopping, and other activities. This analysis shows how the nature of these arterial roads 

matters for neighbors’ perception of the quality of their residential street, including their happiness to live 

there and their perception of the overall quality of their neighborhood.  

 

Overall, arterial roads are associated both positively and negatively with residential satisfaction. Living 

close to a vibrant arterial with transit, sidewalks, and activities is associated with higher levels of 

residential satisfaction, above and beyond the characteristics of one’s own residential street.  Similarly, 

living close to an arterial that is socially sketchy, with possible crime and lack of enforcement of social 

norms, is associated with lower levels of residential satisfaction.  

 

The patterns of these associations depended on the outcome variable used to measure residential 

satisfaction.  Vibrant arterials had the most robust result, with statistically significant association across 

all three of the outcome variables.  The effect size was larger for outcome variables that expressed a 

broader sense of satisfaction (i.e., happiness, neighborhood quality) than for the variable expressing 

satisfaction with the residential street itself.  This may indicate that, for these cases, the vibrant arterials 

do not directly influence nearby residential streets, but that they do contribute to a sense of place in 

positive ways.  Therefore, arterials’ specific influence varies depending on the construct used to represent 

residential satisfaction.  

 

The effects of other explanatory variables, such as the perception there is too much traffic on one’s 

residential street, also varied depending on the construct used to represent residential satisfaction. Traffic 

had a stronger negative effect on the sense of being satisfied with one’s residential street, and a weaker 

effect when considering the neighborhood.  It was also true for having a sense of community among 

neighbors.  This effect was most relevant to one’s happiness to live on their street and was somewhat less 

relevant to the perceived quality of their neighborhood.  

 

These associations cannot be interpreted as causal, as residents have selected dwelling, streets, and 

neighborhoods that satisfy them.  However, it is noteworthy to observe how arterials operate as part of the 

larger set of social and environmental factors that make certain places appealing.   

 

These results are also meaningful because they outline the parameters of arterials’ performance with 

respect to their residential neighbors.  Arterial roads are important because of their land use and social 

features, not only because of their traffic.  Understanding streets and traffic as part of a larger system of 

“nodes and places” is a critical step for advancing sustainable transportation policy and practice.  
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12. CONCLUSIONS 
 

Since the 1920s, traffic engineers and planners have systematically removed traffic from residential 

streets and channeled it onto major roads because people want to live on quiet residential streets, and 

arterial roads can be designed to accommodate high traffic flows.  Yet, creating networks of single-

purpose streets has produced a new set of conflicts.  Arterials concentrate heavy traffic into one place, 

which can burden adjacent neighborhoods and create barriers for pedestrians, bicyclists, and transit riders.  

Traffic congestion is also a problem on arterials, and drivers may choose to cut through residential 

neighborhoods when streets are not designed to protect from this kind of through-traffic.  In response, 

policy makers, engineers, and designers search for strategies to help make traffic more livable.  

 

In this research, we investigated the hypothesis that residents’ perception of the quality of their residential 

street reflects not only the quality of their own residential street but also the quality of the arterial roads in 

their neighborhood.  Decades of qualitative and quantitative research have looked at the livability of 

residential streets, but these studies have not analyzed residential streets in the context of their networks.  

 

We used surveys of neighboring residents to provide information about perceptions of the arterial road 

and residential satisfaction, and combined this individual-level information with environmental measures 

such as urban design scores and measures of tree canopy.  Using residential surveys provides relatively 

comprehensive and systemic information about the interaction between traffic, urban development, and 

quality of life.  It is also a source of information that complements what is learned in public forums, 

where discussions of traffic can incite controversy, and where many residents do not participate.   

 

Our results point to three types of interventions that could enhance the livability of commercial arterials in 

ways that matter to surrounding neighbors: 1) land uses that foster street life, 2) maintenance of social 

norms, and 3) enhancements to the pedestrian environment, particularly those that support transit access.  

These are interventions that could be advanced by both city governments and markets.  

 

Arterials are places with heavy motorized traffic, and that is not likely to change.  But they can have other 

characteristics such as being interesting, useful, and vibrant places that attract people. These positive 

characteristics are associated with residential satisfaction.  The positive attributes of arterials lie within 

the realm of public policy to advance.  
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PART 3: APPENDICES 
 

14. SURVEY MATERIALS 
 

14.1 Survey Summary  
 

The Livable Arterials Study 

 

The Denver Neighborhood Connections Survey is one of the key elements of a wider Livable Arterials 

project being conducted by researchers at the University of Colorado Denver.  The aim of the study is to 

better understand how arterial streets – those with fast and heavy traffic – impact local neighborhoods 

around Denver.  In addition to the survey, the project will also look at design features, traffic speeds, and 

other built environment features of Denver streets.  

 

Description of Survey 

 

The Denver Neighborhood Connections Survey takes about 10 to 15 minutes to complete.  The survey 

asks residents to answer questions about their neighborhood, their travel patterns, their local street, and 

about an arterial street located near their residence.  The survey asks questions about how residents use 

their streets and about their opinions and perceptions of their neighborhood.   

 

Where the Survey will be Conducted 

 

The survey was conducted door-to-door in neighborhoods that are near major streets in 10 areas of 

Denver.   

 

Study areas include: 

1. South University Blvd. between Exposition Ave. and Ohio Ave. 

2. East 23rd Ave. between Cherry St. and Dexter St. 

3. South Broadway St. between 1st Ave. and Bayaud Ave.  

4. 44th Ave. between Meade St. and King St. 

5. South Holly St. between Ivanhoe Way and Gunnison Pl. 

6. East Colfax Ave. between Elm St. and Forest St. 

7. South Colorado Blvd. between Louisiana Ave. and Mexico Ave.  

8. Broadway St. between 8th Ave. and 12th Ave. 

9. Santa Fe Dr. between 12th Ave. and 7th Ave. 

10. East Colfax Ave. between York St. and Cook St. 
 

How Neighborhoods were Selected 

 

These residential neighborhoods were selected because they are located near arterial streets with some 

existing commercial development.  We chose arterial streets with a variety of features, such as varying 

levels of traffic, speeds, and design features such as sidewalks, road widths, and street trees.  The intent is 

to better understand how these different characteristics might influence the way that nearby residents 

perceive their streets as well as how they use them or choose not to use them.  
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Expected Findings: 

 

After the survey, we expect to see some connections between street characteristics and how residents 

report using the streets and how residents feel about their local streets.  For example, we may see that 

residents are more likely to walk to a nearby commercial area if there are wide sidewalks available.  

Findings from the study could help create streets that serve many users comfortably, safely, and 

efficiently. 
 
14.2 Survey Methods  
 
14.2.1 Overview of Survey 
 

The researchers used an original survey, which was conducted in Denver, CO, in the summer of 2014.  

The survey contained 33 questions, which were divided into four sections containing questions about the 

respondents’ street, neighborhood, nearby arterial street, and household demographics.  Each survey was 

accompanied by a cover letter explaining the survey background and research intent.  

 
14.2.2 Survey Design 
 

Survey design was guided by a desire to measure street and neighborhood perceptions using a variety of 

question types and techniques.  Donald Appleyard’s San Francisco work was an influence.  The 

researchers included two map sections that asked respondents to define their neighborhood and write 

notes about their favorite places.  A second map asked about places along their nearby arterial street.  In 

the survey design stage, the team used a question table to identify the research aim that would be achieved 

with each survey question.  This also allowed the team to build in redundancy on important concepts.  

The table included question, question type, aim of question, and relationship to research question. This 

helped keep the survey shorter by avoiding redundancy on less important aspects.  The team also paid 

attention to question type, priming, and question order.  The team put more straightforward questions first 

and left thought-provoking and open-ended questions to the end of each section.  We included a mix of 

open-ended and closed-ended questions and allowed spaces for residents to input additional comments.  

The final section was a page of demographic questions.   

 

The physical design of the survey was an 11x17 two-sided sheet that divided the survey into the four 

content areas (street, neighborhood, arterial, household).  We used bright colors and abundant spacing to 

make the survey feel accessible and tested a pilot survey with various student groups on campus. 

 
14.2.3 Conducting the Survey 
 

We recruited students from the College of Engineering and the College of Architecture and Planning to 

participate as survey interviewers.  One of the graduate research assistants served as the survey 

coordinator field organizer.  Survey interviewers were trained in four key areas before going into the 

field: 

 Methodology (i.e., correct sampling while in the field, avoiding bias, not leading questions, etc.) 

 Aims and scope of project 

 Safety (i.e., spatial awareness, going in groups of two, not entering homes, not revealing personal 

information, setting boundaries, going during daylight hours) 

 Confidentiality (i.e., correct way to address respondents, not recording identifying information, 

not discussing participants to anyone outside of research team, etc.) 
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The project was divided into 10 sites with each containing three streets (i.e., 30 total).  The surveying 

process had three stages, and the interviewing team visited each street three times.  Teams wore university 

shirts and clipped on student IDs to increase perceived legitimacy.  For each street visit, the interviewer 

team used a paper map of the street produced by the research team with building outlines and exact home 

addresses marked.  These residences were chosen because they were within a half-mile of the arterial 

street.  The house number on the map also indicated the number of units expected to be there (i.e., 1500-3 

would indicate a triplex at 1500 X Street).  This helped the survey interviewers leave the correct number 

of surveys at the door.  In some cases, the number of units was incorrect, and the survey team took notes 

to correct this.  The team also noted vacant buildings or misidentified buildings (commercial rather than 

residential).  These were rare but did occur.  The team also noted when direct access was impossible, such 

as a locked external fence or a loose dog in the front yard.  

 

In the first visit, a team of survey interviewers used the street maps and placed a door hanger that 

announced the survey with basic information and the project logo.  The door hanger announced that 

interviewers would be coming to their neighborhood and gave a date range for their return.  There was no 

doorbell ringing at this stage and generally no direct interaction with residents. 

 

At the second visit, in teams of two, the survey interviewers rang doorbells or knocked on doors and 

attempted to conduct the survey in person.  If a resident came to the door, they were also given the option 

to take the survey and have it picked up later in the afternoon or to be given a postage-paid envelope to 

return the survey by mail.  Survey respondents were offered a five-dollar gift card for participating.  

 

If a resident did not answer, a different door hanger was placed at their door with a “we missed you” 

message and additional dates when the survey interviewers would be returning as well as a contact 

number to schedule a visit, if preferred.   Those who called for appointments were answered and 

scheduled by the graduate research assistant. Those appointments usually took place in the week 

following the visit. These calls were not frequent (roughly 15 total across sites) but did give residents an 

option to interact with the survey team in a different manner and may have increased the response rate.  

 

The same street map was used as a guide, and survey interviewers checked off houses visited on the map.  

Additionally, survey interviewers carried a clipboard with a form where they recorded each house visit by 

house number and then recorded the type of response: 

 No answer - left door hanger 

 Answered and took survey to mail back 

 Answered and completed survey 

 Answered and refused to participate 

 

If a monolingual Spanish speaker answered the door, he or she was given an informational flyer about the 

survey in Spanish with the contact number of the bilingual graduate research assistant.  The household 

was also marked in the notes section so that the bilingual survey interviewer could return at the next 

round with a Spanish language survey.  In practice, this only happened a handful of times, and the 

Spanish language surveys had to be left at the door because no one answered.  In a few cases, the Spanish 

speaker preferred to take an English language survey in the moment and had an English-speaking family 

member fill out the survey and return by mail.  

 

At the third and final visit, survey interviewer teams revisited all of the houses on the map that had not 

had a resident come to the door at the second visit.  New maps were prepared in advance with the houses 

that needed a second visit circled, and houses already visited crossed out.  The same type of form was 

used to record notes of the visits.  These sheets were later used to calculate the response rate.   
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If residents came to the door, they had the same options as before (complete in the moment, complete for 

pick-up, mail-in, or refuse).  If no one responded to the door, survey interviewers left a cover letter, 

survey, return envelope, and slip giving the option of receiving a gift card by email.  

 
14.2.4 Collecting Surveys & Data Entry 
 

After surveys were collected in person, we put them into files at the end of the day.  Surveys returned by 

mail went to a campus box, where they were collected periodically and added to the files.  All of the 

returned surveys (by mail and in person) were labeled in the top right corner with a unique ID number 

composed of the site ID number, the street ID letter, and the numbered survey (i.e., 1m15).  We noted 

which surveys were collected in person and which were collected by mail, and this was included in the 

data entry. Each survey was coded into Excel.  Checked boxes on the survey were converted into a 

numeric system for coding.  Each written response was included in Excel exactly as it appeared.  Six 

students participated in the coding.  The lead survey research assistant double-checked approximately 5% 

of each student’s data entry to check for consistency.   

 
14.2.5 Data Clean-up 
 

The main research assistant did the first stage of data cleanup.  The first piece was to spot-check data 

entry, which did not uncover any major errors or issues.  She then looked at the entire dataset to seek out 

erroneous entries, sorted each section ascending, and then scanned for values outside the range as well as 

text or double entries.  If there was an unusual entry, she went to the original survey to check and correct 

the value.  When two categorical answers were selected when this was not an option in the survey, or both 

yes and no were selected, the answers were removed (values thrown out) and replaced with a blank.  This 

was recorded in the notes section. When a numerical value such as a scale was chosen twice, we averaged 

the two answers.  Likewise, when someone chose an option between two numbers (i.e., marking an X 

between 8 and 9), we averaged the two numbers.  When the question asking about highest level of 

education was chosen twice (this happened infrequently but more than once), we left the higher value 

because the question asks for the highest level.  This was also recorded in the notes section. 

 
14.2.6 Future Survey Suggestions 
 

This intensive on-the-street survey method likely increased participation and created more positive 

responses when residents opened the door, since most were aware of who we were and what we were 

doing.  Even though the door hangers were labor intensive, we estimate that they helped the response rate.  

In the future, we would not put a blank for writing in dates (as this was labor intensive also) and instead 

simply state that a team would stop by in the next week.  This could also be done for the round two door 

hangers, which would also help the reuse value. 

 

Allowing mail-in surveys together with in-person surveys also likely increased participation by meeting 

differing preferences.  We also had good responses from people who wanted to fill it out and have us 

come back an hour later to fill it out.  This was a hybrid between conducting in person and by mail but 

allowed us to guarantee completion.  

 

Because the survey was designed to be used both in person and by mail, it was critical to design questions 

that could be understood easily for a self-administered response. We believe this was generally the case.  
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It also might be good in the future to have a place for survey interviewers to record additional in-person 

comments from residents that came up during the in-person interaction.  There are a few questions that 

could be tweaked, such as the number of children (needs an N/A option).  It may be worthwhile to also 

capture household size.  

 

For the emailed gift cards, the process was labor intensive to download and then also to email out. There 

may be a way to do emailed gift cards more easily and efficiently through a different provider.   

 
14.3 Survey 
 
14.3.1 Promotional Door Hanger 
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14.3.2 ‘Sorry We Missed You’ Door Hanger 
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14.3.3 Survey Cover Letter 
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14.3.4 Example Survey 
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14.3.5 Example Spanish Language Survey 
 

 
  



 

64 

  



 

65 

  



 

66 

  



 

67 

14.3.6 Example of Completed Survey 
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15. TEACHING MATERIALS  
 

This following first shows the livable arterials assignment from CVEN 5633: Case Studies in Sustainable 

Transportation, followed by two examples of student work.  It then does the same with an assignment 

from URPL 6650: Transportation Planning and Policy. 

15.1 Assignment from CVEN 5633: Sustainable Transportation 
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15.1.1 Example of Student Output No. 1 for CVEN 5633 
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15.1.2 Example of Student Output No. 2 from CVEN 5633 
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15.2 Assignment from URPL 6550: Transportation Planning & Policy 
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15.2.1 Example of Student Output No. 1 for URPL 6550 
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15.2.2 Example of Student Output No. 2 for URPL 6550 
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16. STAKEHOLDER INFORMATION LETTER 
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17. CONFERENCE POSTERS 
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