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Abstract 

 

 

In recent years, many communities have begun to focus on creating spaces for walking 

and bicycling throughout their localities to reduce congestion, improve public health, and 

promote economic growth. However, rural and suburban communities often find it difficult to 

select and fund active transportation, especially since many resources designed to support this 

effort cater to urban areas and are complex. In order to mitigate the gap in resources, this thesis 

creates an Active Transportation Assessment Scorecard designed specifically for rural and 

suburban communities.  This scorecard allows communities to quantify how well local residents 

will feel about active transportation on that roadway segment, based on data collected from 

video-based user perception surveys. Twenty-five segments in Alabama were video-recorded 

and evaluated for analysis, each with a variety of active transportation amenities and 

infrastructure conditions. Additional built environment data was collected for each location as 

well. An ordinal probit regression was used to for analysis and resulted in the creation of five 

models that predict segment user perceptions. This tool will be used to support many 

communities in Alabama.  
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Chapter 1: Introduction 

Active transportation (AT) is a term used to define non-motorized transportation or travel 

utilizing “human energy” (1). The infrastructure supporting AT encompasses pedestrians and 

bicyclist networks and occasionally public transit access as well (2). Often, to help visualize 

ideal roadways that support AT, the example of Complete Streets is used. Complete Streets is a 

policy that supports creating roadways that are safe for all users (3). Types of Complete Street 

treatments that support AT include bicycle lanes, sidewalks, crosswalks, and buffers, though 

these specific treatments may not apply to every roadway. Many studies have shown that AT 

participation can be influenced by factors other than roadway condition and infrastructure, 

including social behavior, and human perception (4–15). Additionally, AT is commonly 

connected to walkability and placemaking (i.e. theories that highlight user interaction through 

people-place relationships, planning techniques, mixed use facilities, and spatial aesthetics) (16–

19).  

Over the past decade, AT has seen a dramatic increase in federal, academic, and local 

attention. The Surgeon General’s Call to Action on promoting walkable communities (20) is just 

one example of AT support on the federal level. Guidelines, initiatives, and other educational 

tools have been introduced by federal entities and other organizations to support pedestrians and 

bicyclists. Notable examples include: Roadway Safety Audits (RSA), a program that supports 

AT through safety guidelines for road users (21); Vision Zero, a campaign aiming to eliminate 

traffic deaths and injuries for all road users (22);  Rails to Trails, an organization aims to create 

and connect trail networks using the rail-trail movement (23); and, as mentioned previously, 

Complete Streets. Many communities have adopted these initiatives and campaigns to better 

their localities (24, 25). The Infrastructure Investment and Jobs Act (IIJA) provides competitive 
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funding for planning and constructing projects that create or connect AT infrastructure (26). On 

the academic level, AT was shown to be an emerging trend of research in the transportation 

sciences (27, 28). Research of AT spans topics of health, safety, and demographics including 

different age groups, from analyzing safe routes to school, youth perception, impact on health of 

working adults, to elderly access of health resources  (29–34).  

This awareness and appreciation for AT stems from its many benefits, beginning with its 

potential to systemically impact community health. The rise of chronic diseases, including 

obesity rates (8, 35), has increased attention on community health and large-scale measures of 

well-being. In response to the concerns brought by this epidemic, increasing opportunities for 

physical activity (PA) through active travel has been a major goal for communities nationwide. 

Physical activity is defined as bodily movement that causes metabolic need or physical effort 

(36). Many health impact assessments have noted that active transportation has substantial 

benefits for communities through increasing physical activity levels (12, 37–39). Studies have 

also shown that increased weekly participation in AT showed a decrease in risk for 

cardiovascular diseases including hypertension, diabetes, and obesity (40).  Establishing routine 

physical activity is known to have immediate benefits for cognitive health and long-term benefits 

like weight management and decreasing the risk of disease (41–43). Additionally, inactivity has 

been tied to contribute to health care costs (44). 

Pedestrian and bicyclist safety is another benefit of AT (45, 46). Safety is a concern for 

many communities as pedestrian and bicyclist yearly fatalities have been increasing over the past 

decade (47). According to the National Highway Traffic Safety Administration, pedestrian, 

bicyclist, and nonoccupant fatalities made up 20% of the overall traffic fatalities in 2020, the 

third-highest percentage (48). The national pedestrian fatality ratio per 100,000 population is 
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1.98 though the state of Alabama has a ratio of 2.05, ranking at 18 for the states with the highest 

fatality to 1000,00 population ratios in the United States (49). Data analyzed by FARS and 

NASS show that the age group 50-59 have the highest fatality rates for pedestrian and bicyclist 

(50). Improving safety for AT users has been suggested to increase the likelihood of choosing 

AT modes (51). Utilizing AT practices may not only decrease traffic related fatalities and 

injuries but also encourage more individuals to choose AT as a way of travel.  

Additionally, AT can potentially create equitable opportunities in many communities 

(52), and especially in rural areas (53). Since active transportation is commonly perceived as an 

urban characteristic, rural areas are often overlooked when it comes to research and 

implementation, although rural areas typically have higher obesity rates than urban areas (54). 

Additionally, though only 20% of the US population lives in rural areas (55), 18% of AT 

fatalities happened in rural areas (56). Rural areas have different challenges than urban areas due 

to lower population density, longer distance between destinations, and demand of AT differences 

(53, 57–59).  

Implementation and improvement of AT facilities in all communities usually requires an 

assessment of the existing environment in order to determine factors that inhibit safety and 

dictate where the most need is (60). As a result, the past decade has seen the development of 

many assessment tools documenting conditions of roadway characteristics, AT behavior, land 

uses, and user perceptions of these factors. These assessment tools often describe specific 

segments/streets or a large neighborhood/network. Assessment tools vary to suit different 

stakeholders (e.g., user friendly community tools to highly technical professional guidelines), 

and will be discussed in greater detail in the following chapter.  
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Though numerous assessment tools exist, the majority focus on urban characteristics and 

miss nuances specific to rural communities (53, 57, 61). Because there are such differences 

between rural and urban areas, it has been noted that tools that specifically target rural areas are 

needed (62). Practitioners seek more research to better characterize AT in rural communities, 

specifically the built environment (BE) variables that influence AT use in nonurban areas (61). 

BE is defined as the man-made spaces and structures of the environment (63). Culture and 

existing institutions in rural communities have to be considered as they are an integral part of 

policy and change in small communities (53, 62, 64). Public support and resource limitations are 

common challenges for rural areas. This includes safety concerns, municipal inclination, limited 

staff, and funding (64, 65). Another challenge is the complexity of assessment tools. This 

complexity often arises from the amount documentation needed, along with the time and 

manpower to collect the data, and complicated scoring processes. Combined, these challenges 

make it difficult for rural communities to accurately assess their localities and implement AT 

infrastructure.  

In response to the challenges presented, the purpose of this research was to create a user-

friendly active transportation assessment tool focused on rural perceptions of the built 

environment. The objectives of research are as follows: 

1. Develop and collect a video-based environment assessment survey. 

2. Estimate 5 ordinal probit regression models to determine the most significant factors 

that influence rural resident perspectives on (a) pedestrian safety from vehicle traffic, 

(b) bicyclist safety from vehicle traffic, (c) segment support of physical activity, (d) 

segment support for children and strollers, and (e) segment support for older 

pedestrians. 
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3. Create the user-friendly active transportation assessment scorecard.  

This research highlighted the unique characteristics of rural communities by documenting 

perception of built environment and roadway elements. The estimated models linking built 

environment and user perspectives hope to simplify the assessment process by only including 

significant factors. Ultimately, the assessment tool hopes to instruct, educate, and simplify the 

assessment process to support rural communities.  

The rest of this thesis is organized as follows: Chapter 2 comprises of a literature review 

of factors affecting AT, techniques used to measure AT, and existing AT assessment tools with 

analyses of complexity and community context. Chapter 3 shows the steps taken to complete 

objective 1 including segment location selection, data collection, survey creation, survey 

collection, and data collection summaries. Chapter 4 follows the steps taken to complete 

objective 2, including the data analysis process, results of analysis, and discussion of findings. 

Chapter 5 summarizes the assessment scorecard and how individuals may use it.  Chapter 6 

includes the conclusion, and further research recommendations. Additionally, this section 

presents objective 3, the creation of an AT assessment scorecard to support the application of the 

five estimated models in small communities.  
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Chapter 2: Literature Review 

In developing an AT assessment tool specific to small and medium-sized communities, it 

is important to consider the wealth of knowledge already available on the topic.  This literature 

review included an extensive review of the state of the practice on assessments from across the 

world.  This chapter is organized in two parts.  First, 53 different assessments are cataloged and 

summarized.  Trends are identified and the need for easy-to-implement small and medium-sized 

community assessments is identified.  Second, trends in the most important built environment 

factors influencing AT are summarized from the 53 different assessments.   

2.1 Cataloging the State of the Practice 

Singh and Jain 2011 characterize assessment indicators into two classes: (1) 

characteristic-based methods (i.e. questionnaire-type assessments describing perception and 

environmental factors) and (2) capacity-based methods (i.e. level of service (LOS)-type 

assessments using highway capacity models calibrated for active transportation infrastructure) 

(66).  LOS stands for level of service and is defined as the capacity of a roadway to support 

quality of service through qualitative measures like maneuverability, travel time, safety, and 

comfort (67). The goal for both assessment methods is to call attention to areas with AT needs in 

order to implement change. However, questionnaires tend to be catered towards involving 

community members and enhancing the educational experience. 

The in-person segment questionnaire is a common tool used in the planning profession 

and is often called a walking audit. This type of AT measurement method consists of a group of 

stakeholders walking the route or segment and documenting segment characteristics and user 

perceptions. While there is no formal format for questionnaires, they generally consist of two 

parts: (a) an educational and instructional support section and (b) a data collection section. The 
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first part sets up the scope of the tool, the capability, the factors included, and the outcome of the 

questionnaire. This section is usually supported by definitions of general terminology and 

descriptions of each factor. Segment questionnaires may contain facilitator’s guides and other 

preparatory materials. The second part is commonly structured as a checklist and describes 

factors that document the existing condition of the area. Questionnaires may also give ratings of 

the segment or area assessed, although this is not a requirement. The existing questionnaire tools 

measure AT by highlighting areas of need. These tools are often only documentation activities to 

bring light to BE characteristics that cause harm or discomfort. 

Alternatively, LOS assessments are equations designed to use the data from a 

questionnaire to quantitatively show the perceived functionality of traffic flow by assessing 

amenities and utilities, often based on the principles of the Highway Capacity Manual (67–69). 

LOS calculations include BE characteristics and behaviors (i.e., user flow, daily traffic values) 

and estimate quantitative ratings. These calculations are often highly technical and require 

concepts commonly used in transportation engineering to describe vehicle behavior. Some of the 

most common LOS assessments include the pedestrian level of service (PLOS) and bicycling 

level of service (BLOS) as well (95). LOS is determined with thresholds A to F which are 

specific to each equation. With LOS A being the best, roadways with low average delays and 

low encounters, and LOS F being the worst. To determine PLOS, a PLOS score is calculated, 

and the value is either immediately linked to a PLOS (i.e., A-F) or the score is cross-referenced 

with average pedestrian space to determine PLOS. BLOS is determined by calculating a LOS 

score with the equations and liking the value to a BLOS through given thresholds. 

Additionally, it is important to acknowledge that many assessments also act as guidelines, 

or a document describing best practices for implementation. For example, Pedestrian Road 
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Safety Audit Guidelines and Prompt Lists (70) and Bicycle Road Safety Audit Guidelines and 

Prompt Lists (71) are extensive documents that define each factor included in the assessment. 

These tools, created by RSA, highlight the safety aspects of the physical environment. Though 

these tools have similar factors to LOS tools, these guides do not have a scoring capability.  

Table 2.1 presents the state of the practice for current questionnaire and LOS assessment 

tools.  This table includes 53 assessment tools: 34 questionnaires and 19 LOS.  Each assessment 

was characterized by a series of attributes including: ‘technical rating’, ease of implementation; 

‘assessment type’, questionnaire or LOS; ‘issued location’, where the tool was first published (33 

are from the US); ‘source’, whether the tool was developed through a public agency or through 

peer-reviewed research; ‘media type’, how the tool is accessed through an online application or 

in print; ‘community type’, the location for which the tool was developed; ‘assessment level’, the 

intended geographic scale of the assessment; and ‘built environment factors’, all the types of 

factors included in the assessment.    

First, each assessment was given a subjective score based on technical rating, or how 

easy it was for a community member to implement the assessment, compared to the rest of the 

catalog.  Scores ranged from 1 to 3, with 1 indicating the tool was reasonably easy for someone 

with no technical knowledge to implement (uncomplicated), 2 indicating that some technical 

knowledge was needed to implement (manageable), and 3 indicating extensive technical 

knowledge was needed to implement (complex).  These designations were assigned based on 

years of experience working with and training coalitions on AT in rural communities.  

The questionnaire-type tools represent a wide range of technical rating scores. For 

example, the Aspen Hills Vision Zero Walk Audit Checklist (72) is a 2-page tool that aims to 

document characteristics of all AT networks on the neighborhood level. The length and straight 
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forward questions classified this tool with a rating of 1 or uncomplicated. The Pedestrians First 

tool (73) and Walk Audit Tool Kit (74) were ranked as complex due to the multipage assessment 

system. The Pedestrian First tool could be found both as a printout document and an application. 

The factors included could be hard to find for the average individual. The Active Neighborhood 

Checklist (75) however, was classified as manageable due to the types of questions and length of 

the tool. Tool length is important as it directly impacts the time needed to complete the 

assessment process. This in turn impacts tool completion and use. 

Many LOS-type tools represent the higher end of the technical rating scores, which is not 

surprising due to the mathematical nature of these assessments.  However, the Pedestrian Level 

of Service Tool (76) and the Australasian Pedestrian Crossing Facility tool (77) were rated 

manageable for two reasons.  First, the application style of both tools made it so the user did not 

need to do the calculation (a benefit) but the data required for the factors was more involved and 

would require time to learn if one was unfamiliar (a negative).   

Interestingly, AT assessment tools come from around the world: The Street Walkability 

Audit Tool for route CHoice analysis (SWATCH) (78), Walking Route Audit Tool (WRAT) 

(79),  and Built Environment & Active Transportation (BEAT) (80) were published in Australia, 

Wales, and British Colombia respectively. Others come from India (81–84), Bangladesh (85), 

Malaysia (86), Greece (87), Belgium (88), Portugal (89), Japan (90), and Scotland (91).  

There is a large disparity when it comes to the coverage of community type. Overall, the 

majority of assessment tools were catered towards urban infrastructure and urban communities, 

with 33 tools specifically designed to assess urban areas. Rural and suburban tool coverage were 

both less than half of the tools catering to urban areas. Most of the tools that contained rural and 

suburban assessments also contained urban factors. Only 2 tools catered specifically to rural 
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areas; Rural Active Living Assessment Tools (92) and Community Health Quick Audit (93). 

This disparity, along with ease of use was analyzed to show the imbalance of tool coverage for 

rural areas and can be seen in Figure 2.1.  

  

Figure 2.1 AT assessment tools based on community context and ease of use 

 

Figure 2.1 shows a visualization of crosstabulation between community type (y-axis) and 

ease of use (x-axis). As seen from the table, tools that are urban and complex make up the 

majority of the tools collected with unspecified, uncomplicated tools following. The data 

presented above shows the need for more tools that cater to rural areas and are uncomplicated to 

a member of the general public. It is important to develop tools such as Rural Active Living 

Assessment Tools (92) to support communities in rural areas.  

 There is also meaningful variety in scale of evaluation. The scale ranged from segment to 

neighborhood to township or city. Some tools, “Defining a GIS-based Walkability Index” 

(87)addressed neighborhoods, while Pedestrian and Bicyclist Safety Guides (94, 95)  evaluate 

areas on a bigger scale, township or city. The LOS-type tools commonly focused on segment 

1 1

1

4 2 16

1 3 5

11 2 6

Uncomplicated Manageable            Complex

Not Specified

All

Urban

Suburban

Rural
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assessment with the idea to connect segment assessments to create an assessment of full 

networks. LOS tools also had fewer BE characteristics included in the assessment.  

2.2 Factors Affecting Walkability and AT 

The BE characteristics included in the table were based on the previous findings of 

influences on walkability and AT. Pedestrian, Bicyclist, and Transit columns identify the 

assessment tools that include each network. Healthy Streets Design Check (117) is a 

questionnaire tool that assesses all three networks, though not uncommon for questionnaires. 

LOS tools usually focus on one or two networks (i.e., PLOS, BLOS). However, two LOS tools 

are specifically designed to address multimodality, Multimodal Level of Service Analysis for 

Urban Streets: User Guide (114)and MultiModal Quality/ Level of Service Handbook (115). 

Additionally, Low-Stress Bicycling and Network Connectivity (113) also use influences from all 

three networks. Shared-Use Path Level of Service and PLOS and BLOS calculation Using HCM 

(112)includes both pedestrian and bicyclist networks in its analysis.  

18



 

Assessment Tools 

Table 2. 1 Existing AT Assessment Tools 

  
 
 
 
 
 
 
 
 

Reference (96) (92) (72) (73) (74) (75) (97) (70) (71) 
 Technical Rating 1 1 1 3 3 2 3 3 3 

Assessment 
Type 

Questionnaire          
 

LOS          
 

Guideline          
 

Issued U. S          
 

International          
 

Source Public          
 

Research Paper          
 

Media Type Printout          
 

Application          
 

Community 
Type 

Rural          
 

Urban          
 

Suburban          
 

Assessment 
Level 

Segment          
 

Neighborhood          
 

Town or City          
 

Built 
Environment 

Factors 

Pedestrian Infrastructure          
 

Bicyclist Infrastructure          
 

Transit Infrastructure          
 

Road and Traffic Characteristics          
 

Connectivity          
 

Landscaping and Aesthetics          
 

Public Amenities and Furniture          
 

Accessibility and Disadvantage          
 

Comfort and Safety         
 

Destination and Land Use         
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Assessment Tools 

Table 2.1 (cont.) Existing AT Assessment Tools 
 
 
 
 
 
 
 
 
 
 

Reference (98) (76) (99) (100) (101) (94) (95) (102) (103) 
 Technical Rating 1 2 1 1 2 2 2 2 2 

Assessment 
Type 

Questionnaire          
 

LOS               
 

Guideline             
 

Issued 
U. S          

 

International                  
 

Source 
Public          

 

Research Paper                   
 

Media Type 
Printout           

 

Application              
 

Community 
Type 

Rural            
 

Urban            
 

Suburban              
 

Assessment 
Level 

Segment             
 

Neighborhood           
 

Town or City               
 

Built 
Environment 

Factors 

Pedestrian Infrastructure           
 

Bicyclist Infrastructure           
 

Transit Infrastructure           
 

Road and Traffic Characteristics          
 

Connectivity            
 

Landscaping and Aesthetics           
 

Public Amenities and Furniture           
` 

Accessibility and Disadvantage          
 

Comfort and Safety           
 

Destination and Land Use             
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Assessment Tools 

Table 2.1 (cont.) Existing AT Assessment Tools 
 
 
 
 
 
 
 
 
 
 

Reference (104) 
(105

) (106) (107) (79) (108) (80) (91) (109) (93) (110) (68) 

 

Technical Rating 3 1 1 1 1 1 1 1 1 2 1 3  

Assessment 
Type 

Questionnaire             
LOS               

Guideline               

Issued U. S             
International                 

Source Public             
Research Paper                 

Media Type Printout             
Application                 

Community 
Type 

Rural              
Urban              

Suburban                

Assessment 
Level 

Segment             
Neighborhood             
Town or City                

Built 
Environment 

Factors 

Pedestrian Infrastructure             
Bicyclist Infrastructure              
Transit Infrastructure              

Road and Traffic Characteristics             
Connectivity             

Landscaping and Aesthetics             
Public Amenities and Furniture             
Accessibility and Disadvantage             

Comfort and Safety             
Destination and Land Use               
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Assessment Tools 

Table 2.1 (cont.) Existing AT Assessment Tools 
 
 
 
 
 
 
 
 
 
 

Reference (77) (111) (112) (113) (114) (115) (116) (117) (78)  

Technical Rating 1 3 3 3 3 3 3 2 3  

Assessment 
Type 

Questionnaire              
LOS           

Guideline                

Issued 
U.S            

International                

Source 
Public           

Research Paper                  

Media Type 
Printout            

Application                 

Community 
Type 

Rural               
Urban            

Suburban                

Assessment 
Level 

Segment          
Neighborhood              
Town or City                 

Built 
Environmen

t Factors 

Pedestrian Infrastructure           
Bicyclist Infrastructure            
Transit Infrastructure             

Road and Traffic Characteristics          
Connectivity             

Landscaping and Aesthetics              
Public Amenities and Furniture              
Accessibility and Disadvantage              

Comfort and Safety             
Destination and Land Use              
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Assessment Tools 

Table 2.1 (cont.) Existing AT Assessment Tools 
 
 
 
 
 
 
 
 
 
 

Reference (118) (90) (119) (87) (89) (120) (121)  
Technical Rating 1 3 3 3 3 3 3  

Assessment 
Type 

Questionnaire         
LOS           

Guideline               

Issued 
U. S         

International            

Source 
Public            

Research Paper        

Media Type 
Printout        

Application               

Community 
Type 

Rural          
Urban        

Suburban             

Assessment 
Level 

Segment        
Neighborhood           
Town or City             

Built 
Environment 

Factors 

Pedestrian Infrastructure         
Bicyclist Infrastructure         
Transit Infrastructure          

Road and Traffic Characteristics         
Connectivity          

Landscaping and Aesthetics          
Public Amenities and Furniture         
Accessibility and Disadvantage          

Comfort and Safety         
Destination and Land Use            
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Assessment Tools 

Table 2.1 (cont.) Existing AT Assessment Tools 
 
 
 
 
 
 
 
 
 
 

Reference (81) (85) (86) (82)  
Technical Rating 3 3 3 3  

Assessment 
Type 

Questionnaire       
LOS     

Guideline         

Issued 
U.S       

International     

Source 
Public       

Research Paper     

Media Type 
Printout      

Application         

Community 
Type 

Rural       
Urban     

Suburban         

Assessment 
Level 

Segment      
Neighborhood       
Town or City         

Built 
Environment 

Factors 

Pedestrian Infrastructure      
Bicyclist Infrastructure      
Transit Infrastructure      

Road and Traffic Characteristics     
Connectivity       

Landscaping and Aesthetics      
Public Amenities and Furniture      
Accessibility and Disadvantage      

Comfort and Safety       
Destination and Land Use        
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Assessment Tools 

Table 2.1 (cont.) Existing AT Assessment Tools 
 
 
 
 
 
 
 
 

 
 

Reference (88)  (83)   (84)  
Technical Rating 3 3 3  

Assessment 
Type 

Questionnaire      
LOS    

Guideline       

Issued 
U.S      

International    

Access 
Public      

Research Paper    

Media Type 
Printout    

Application       

Community 
Type 

Rural      
Urban    

Suburban       

Assessment 
Level 

Segment    
Neighborhood      
Town or City       

Built 
Environment 

Factors 

Pedestrian Infrastructure    
Bicyclist Infrastructure      
Transit Infrastructure      

Road and Traffic Characteristics    
Connectivity      

Landscaping and Aesthetics      
Public Amenities and Furniture     
Accessibility and Disadvantage      

Comfort and Safety    
Destination and Land Use      
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‘Road and Traffic’ is an attribute that identifies the use of factors that include roadway 

characteristics, vehicle behavior, and perception of the road and vehicles. This attribute was 

identified in tools 49 times, the most identifications of any attribute. The connectivity attribute 

identified tools that included continuity, driveway interruptions, and multimodal 

interconnectedness. Landscaping and Aesthetics identified tools that utilized factors that 

documented trees, shrubbery, visual permeability, and any factor describing aesthetics. Public 

amenities identified assessment tools that contained questions on lighting, roadway furniture, 

trashcan availability, the presence of public bathrooms, and so on. Accessibility highlighted the 

tools that specifically addressed ADA infrastructure design, the presence of ramps, infrastructure 

supporting the visually impaired, and disadvantaged groups. Comfort identified the tools that use 

factors about safety, perceived safety, and weather. Lastly, Destination highlights the tools that 

use land use, density, distance, and destinations.  

 AT is a complex system of different networks often sharing limited space with other 

modes of transportation. Within the AT system are many networks including pedestrian, 

bicyclist, and occasionally transit. Along with AT networks, other modes of transportation, like 

vehicle and rail, interact and intersect, all impacting one another. The combination of many 

networks can often feel overwhelming to any road user especially if there is not a space 

specifically allocated to your mode choice. This situation is commonly seen for AT users (122). 

Built environment, vehicle behavior, crossing the road, and many other factors impact AT and 

influence pedestrians and bicyclists (8–12, 51) 

 One major concept that describes how successful AT is in a segment or area is 

walkability. Though walkability does not have a standard definition and has many interpretations 
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  (19, 123), it can be summarized as the many factors, that enhance not only walking but all 

forms of physical activity (124). Specifically, walkability is defined by factors such as BE 

characteristics (e.g., AT infrastructure, roadway characteristics, vehicle behavior), social 

demographics (125), and user perceptions(e.g., safety, comfort) (19, 123, 124, 126–128). Some 

researchers have categorized walkability into a number of comprehensive factors, as seen in 

Table 2.1 (123, 126–128).  

Table 2. 2 Categorized walkability factors 

Source Walkability Factor Categories 

Forsyth, 2015 (123) 

(1) transversable, (2) compact/close, (3) safe, (4) 

physical/enticing, (5) lively and sociable, (6) sustainable option, 

(7) exercise-inducing, (8) multidimensional, and (9) holistic 

solution 

Speck, 2012 (126) (1) useful, (2) safe, (3) comfortable, and (4) interesting 

Alfonzo, 2005 (127) 
(1) pleasurability, (2) comfort, (3) safety, (4) accessibility, (5) 

feasibility 

Southworth, 2005 

(128) 

(1) connectivity of path network, (2) linkage with other modes, 

(3) varied land use, (4) safety, (5) quality of path, and (6) path 

context 

 

Forsyth, 2015, categorized walkability with the nine factors shown in Table 2.1. The 

categories impact condition or means, outcomes, and proxy definitions of walkability. 

Tranverseable, compact/close, safe, and physical/enticing are factors that make up the means of 

walkability. The author relates walkability to the word transverable, a segments capability of 

being walked or traveled on. Forsyth also describes walkability as having destinations nearby, 

safety from the environment, including vehicles, and enticing through the availability of 
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pedestrian-oriented features. This author contributes the next three factors as outcomes of 

walkable areas. Walkability impacts areas by creating spaces that are sociable, more sustainable, 

and encourage physical activity which supports the previous findings (37). Forsyth also defines 

walkable as measurable and holistic, representative of how the term is used in research and 

debate.  

Speck, 2012 categorizes walkability with four factors, Table 2.1. Similar to the previous 

study, interest, or enticement, was used to define walkability. Safety was also a repeated factor 

used in each study. Speck also uses comfort and useful as factors where comfort is perceived 

safety and useful describes concepts similar to compact/close. Alfonzo, 2005 uses comfort as 

well, along with pleasurability, accessibility, and feasibility. Comfort and pleasurability are 

defined similarly by the factors in the previous studies. Accessibility describes walkability as 

supporting inclusivity by making sure that areas accommodate individuals with disabilities. 

Walkable projects and implantation feasibility was considered in this study as well. Smithworth, 

2005 describes walkability similarly to the previous studies with land use, quality of path, and 

path context. These factors are similar to transferable, useful, comfort, enticing, and accessibility. 

However, this author includes connectivity in the study as well to describe walkability as a 

continuous network of AT pathways and interconnect modes.  

Walkability categories showed how comprehensive AT networks can be and the complex 

influences on AT. The factors used to define walkability are very similar to factors that affect the 

AT network. (8–12). These factors, along with walkability factors, are both subjective and 

objective (5). Studies have shown that compact destinations, mixed-use, safety, and the presence 

of AT infrastructure are al factors that influence AT (9, 11, 43). Physical environment and user 

perception along with the sociocultural environment and economic factors have been seen to 
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impact AT users such as societal norms, gender, and ethnicity (5, 10, 13–15, 38). Grabow et al., 

2019 estimated that demographics (i.e., age, gender, education, marital status, income, race, 

community type), subjective factors (i.e., travel time, distance, community characteristics, traffic 

safety), and objective characteristics (i.e., AT facilities and public amenities) predicted AT use.   
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Chapter 3: Data Collection 

 This chapter covers the methods used to complete the first research objective, develop 

and collect video-based built environment assessment surveys. Completing the first objective 

was done by fulfilling the steps seen in Figure 3.1. This section begins by discussing the segment 

location selection process. With the segments selected, technical data, specifically, BE 

characteristics and perception factors, were collected for each location. Additionally, video-

based assessment surveys were created and collected to obtain rural perceptions of the same 

segments. This chapter will also cover the summary of responses from both the technical data 

collection and the surveys. Completion of the first objective allows for data analysis and leads to 

the second objective as seen in Figure 3.2. 

 

 

Figure 3. 1 Research process and objectives 
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3.1 Selecting Representative Segments 

To begin, 25 segments were selected for assessments. Each selected segment location 

varied in place, land use, and condition. The segments were located in different Alabama 

counties, as seen in Figure 3.2. The number segments chosen in each county can be seen in 

Figure 3.2.a. The segments are located in the following counties, as seen in Figure 3.2.b: 

Baldwin, Macon, Mobile, Monroe, Montgomery, Pike, and Lee. The majority of the segments 

were located in the Auburn-Opelika area, Figure 3.2.c. The segments in Lee County totaled to 16 

locations including the segments in Waverly, Alabama, Figure 3.2.d. Multiple segments were 

located in Troy, Alabama and Fairhope, Alabama, and can be seen in Figure 3.2.e and 3.2.f 

respectively.  

Selecting segments from different areas allowed for a wider range of road types, 

conditions, and situations. This also allowed for selecting segments that serviced different land 

uses. Segments in residential, and commercial areas were chosen along with segments servicing 

downtown areas and segments of county roads. Segments were also intentionally selected to 

show a range of conditions (i.e., good, fair, poor) and can be seen in Figure 3.2 as well. 

However, no formal ranking system was created, the research team hypothesized conditions for 

each segment. The hypothesized condition of each segment was classified using criteria based on 

the findings from the literature review. Infrastructure present, maintenance, overall walkability, 

and perception of safety were some factors used for condition classification.  
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Figure 3. 2 Locations and hypothesized condition of each segment  

32



 

Out of the 25 segments, 6 were classified as being in “good” condition, 12 being in “fair” 

condition, and 7 segments being in “poor” condition. The segments classified as being in “good” 

condition had significant support of AT infrastructure, walkability, and user perception. The 

segments classified in this condition often had wide sidewalks and were located in downtown or 

residential areas. The segments hypothesized as being in “fair” condition supported AT but 

lacked infrastructure or caused user discomfort. The segments classified under “poor” 

hypothesized conditions lacked AT characteristics and caused user discomfort. The segments 

under both ‘fair” and “poor” conditions serviced all the areas (i.e., downtown areas, county 

roads, commercial areas, and residential areas).  

Video recordings of each segment were taken to be used later for data collection. The 

videos were reviewed to ensure that each video was around 1-2 minutes long to mitigate survey 

fatigue and recorded at a walking pace for unhurried observations. The video recordings of each 

segment allowed the research team to create virtual data collection opportunities. This allowed 

for virtual walking audits and allowed segments to be easily “revisited” for data collection. 

3.2 Selecting Built Environment Factors and Collecting Supporting Segment Data 

Data was collected virtually through the use of the segment recordings, Alabama 

Department of Transportation Traffic Data Manager (129), and Google Maps. The characteristics 

of each segment were documented using factors from existing literature. The factors collected 

contained both qualitative and quantitative data and were documented through Likert scales, 

binary options (i.e., yes/no, present/not present), and measurements of physical features. Factors 

were selected based on the literature reviewed and organized by the four characteristics of 

walkability, usefulness, safety, comfort, and interest (126). This was done to ensure thorough 
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documentation of each segment (e.g., confirm different aspects of AT). The factors selected were 

categorized into four sections, each representing a factor of walkability.  

The questions placed into the “Useful” section collected factors on the importance of the 

segment. Not only the ability to connect individuals to destinations but the value of the segment 

and its surroundings as well, whether it be historical or commercial. The 13 factors included in 

this section are as follows: land use (i.e., commercial, residential, educational, etc.), area 

significance (i.e., located downtown, historical significance, community gathering areas), traffic 

perceptions, vehicle types, AT users, and trail access. This section ensured that segment 

importance was documented.  

Questions organized into the “Safety” section documented many technical elements of 

roadway assessment. This section highlights the factors that ensure segment safety for all users, 

including the presence of AT infrastructure, roadway characteristics, and accessibility. This 

section included 48 factors that document physical measurements of roadway components and 

the presence of safety features. The factors included in this section are as follows: vehicle 

behavior (i.e. speed limit, traffic, parking), lane characteristics (i.e., marking visibility, turning 

lane, number of lanes, width), presence of traffic calming devices, segment slope, and curvature, 

signage, bicyclist network characteristics (i.e., bicycle lane, bicycle buffer, visible markings), 

pedestrian network characteristics (i.e., sidewalk characteristics, crosswalk characteristics, 

accessibility, continuity), presence of roadway shoulders, and intersection characteristics.  

Factors placed in the “Comfortable” section focused on characteristics that support AT 

users. Another aspect of AT safety is the perceived safety of segments commonly termed 

comfort. The 12 factors in this section focus on documenting the presence of amenities and user 

perception of safety. The questions included in this section are as follows: segment is free of 
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trash, debris, and standing water, the segment has lighting for all users, the segment has rest 

areas for pedestrians (i.e., benches, bus stops, patio areas, parks), the segment has shaded areas 

(i.e., bus stops, patio areas, trees), the segment has sheltered areas (i.e., restaurants, public 

bathrooms, bus stops), the segment has public amenities (i.e., bathrooms, water fountains, dog 

stations, trashcans), segment users feel seen (i.e., presence of big windows, patio areas, other 

pedestrians, and frequent vehicles), pedestrian and bicyclist discomfort due to vehicle speed, 

pedestrian and bicyclist discomfort due to physical aspects of the segment, and discomfort 

crossing the segment.  

 The last section hosted questions that documented segment characteristics that appeal to 

users, features that draw residents and tourists to the segment. The “Interesting’ section 

contained 7 factors intended to report on characteristics that wholistically describe the segment. 

Factors include perception of segment representation of the community, community support, 

segment support on community collaboration, support for all ages, encouragement of physical 

activity, and encouragement of more visits. While these factors are best answered by local and 

long-time residents, the perception from individuals outside of the community is also valuable. 

The factors were collected through technical data collection and survey collection. Technical 

data collection focused on documenting quantitative data (i.e., measurements, presence of 

infrastructure) while the survey was designed to obtain the more qualitative factors (i.e., user 

perceptions, comfort, interest) 
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3.3 Comparing Segment Built Environment Factors with Hypothesized Segment AT 
Performance  

The technical data collected through the questionnaire can be categorized as built 

environment characteristics or segment user perception. Tables 3.1.a through Table.3.1.c show 

the hypothesized condition and a select amount of technical data collected on each segment. The 

table shows both BE characteristics present at the segment and hypothesized user perception of 

the segment. The address of each segment can also be seen in the following tables. 

Tables 3.1.a, b, and c visualize the factors most present in each segment by hypothesized 

condition. The factors most present regardless of hypothesized condition were shaded areas, and 

visible lanes, these two BE characteristics were present in over 75 % of all segments. The BE 

characteristics present in at least 50% of all segments were sidewalks, crosswalks, curbs, buffers, 

rest areas and light fixtures. BE characteristics that represented at least 25% of all segments were 

bicycle lanes, speed signage, cars parked in roadway, on street parking, sheltered areas, public 

amenities, downtown location, and access to trials. Traffic calming devices, pedestrian signage, 

steep roadway, and curved roadway were represented in less than 25% of the segment sample. 

The tables also show that the BE characteristics most present in all segments are commonly well 

represented in “good” segments but not in “poor” segments. The table also shows which factors 

are not represented in the segments classified as “good” and “poor”, all factors were represented 

in “fair” segments. The “good” segments were not represented by access to trails showing that no 

segment classified as “good” provided access to trails.  There was no documentation of 

sidewalks and traffic calming devices in all segments with hypothesized poor conditions. 
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Table 3. 1. a Select BE characteristics of segments characterized with hypothesized good condition 

Location 

       

BE Characteristics Hypothesized Good  

Sidewalks       
Sidewalk Width (ft) 10.5 9.0 5.0 9.5 3.5 12.0  

Bicycle Lanes        
Bicycle Lane With (ft) 0.0 0.0 4.0 0.0 0.0 0.0  

Crosswalks       
Crosswalk Width (ft) 6.0 8.0 8.0 6.5 0.0 8.5  

Visible Lanes       
Number of Lanes 2.0 3.0 2.0 2.0 2.0 3.0  
Lane Width (ft) 10.0 11.0 13.0 13.5 10.0 9.5  

Traffic Calming Devices       
Curbs       

Buffers        
Buffer Width (ft) 6.0 0.0 3.0 6.0 4.5 13.5  
Speed Signage        

Speed Limit (mph) 35.0 25.0 25.0 30.0 25.0 20.0  
Pedestrian Signage       

Cars Parked in Roadway       
On Street Parking       

Parking Space Width (ft) 6.0 11.0 0.0 8.0 0.0 10.5  
Shaded Areas       

Sheltered Areas       
Public Amenities       

Rest Areas       
Light Fixtures       
Steep Slope        

Curved Roadway        
Located Downtown       

Provides Access to Trails        
Number of Vehicles per Minute 109.0 627.0 34.0 579.0 183.0 480.0  
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  Table 3. 1. b Select BE characteristics of segments characterized with hypothesized fair condition 

BE Characteristics Hypothesized Fair  

Sidewalks        
Sidewalk Width (ft) 12.0 13.5 0.0 9.0 0.0 5.0 0.0 8.0 0.0 8.0 6.0 0.0 

Bicycle Lanes   
Bicycle Lane With (ft) 0.0 0.0 0.0 0.0 0.0 0.0 3.5 0.0 7.0 0.0 0.0 6.0 

Crosswalks       
Crosswalk Width (ft) 7.0 7.0 0.0 7.0 0.0 0.0 0.0 7.0 0.0 7.0 6.0 7.5 

Visible Lanes          
Number of Lanes 5.0 2.0 2.0 1.0 2.0 6.0 2.0 2.0 2.0 2.0 2.0 5.0 
Lane Width (ft) 10.0 16.0 14.0 18.0 17.0 12.5 10.5 17.5 19.5 11.5 11.5 14.0 

Traffic Calming Devices   

Curbs          

Buffers          

Buffer Width (ft) 12.0 16.5 0.0 0.0 0.0 3.0 0.0 4.5 0.0 0.0 2.5 0.0 
Speed Signage      

Speed Limit (mph) 35.0 25.0 30.0 25.0 30.0 45.0 35.0 30.0 25.0 35.0 35.0 40.0 
Pedestrian Signage    

Cars Parked in Roadway      

On Street Parking     

Parking Space Width (ft) 9.0 10.0 0.0 11.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 
Shaded Areas            

Sheltered Areas      

Public Amenities     

Rest Areas        

Light Fixtures       
Steep Slope 

Curved Roadway      

Located Downtown      

Provides Access to Trails       
Number of Vehicles per Minute 1,554.0 415.0 32.0 232.0 64.0 1,433.0 547.0 579.0 127.0 306.0 306.0 645.0 
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Table 3. 1. c Select BE characteristics of segments characterized with hypothesized poor 
condition 

 

 
 
 
 

 
The BE characteristics were further studied by determining the factor presence for each 

hypothesized condition, Table 3.2.  This table shows how much percent each BE characteristic is 

seen in segments of a certain condition. The percentages are based on the number of times each 

BE characteristic is present within segments of the same condition out of the total number of 

segments of the same condition. Among the segments classified as being in “good” condition, 

BE Characteristics Hypothesized Poor  

Sidewalks  

Sidewalk Width (ft) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Bicycle Lanes     

Bicycle Lane With (ft) 3.0 5.0 5.0 0.0 0.0 0.0 0.0 
Crosswalks   

Crosswalk Width (ft) 0.0 7.0 7.0 0.0 0.0 0.0 0.0 
Visible Lanes      

Number of Lanes 2.0 3.0 3.0 2.0 2.0 2.0 5.0 
Lane Width (ft) 11.0 11.0 11.0 10.0 10.0 9.5 11.5 

Traffic Calming Devices  

Curbs   
Buffers    

Buffer Width (ft) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Speed Signage    

Speed Limit (mph) 45.0 30.0 30.0 25.0 25.0 35.0 45.0 
Pedestrian Signage   

Cars Parked in Roadway   

On Street Parking   

Parking Space Width (ft) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Shaded Areas       

Sheltered Areas  
Public Amenities  

Rest Areas   
Light Fixtures    
Steep Slope    

Curved Roadway   

Located Downtown    

Provides Access to Trails     

Number of Vehicles per Minute 525.0 995.0 995.0 47.0 47.0 26.0 1,270.0 

Location 
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the BE characteristics of shaded areas, visible lanes, curbs, sidewalks, and cars parked in the 

roadway were seen in all 6 of these segments. The BE characteristics of buffers, crosswalks, and 

light fixtures are seen in 83.3% of the “good” segments, which amounts to 5 of the 6 segments. 

The presence of rest areas, on-street parking, trashcans, and located in the downtown area are 

characteristics seen in 66.7% of the segments characterized as ‘good”. Sheltered areas, speed 

signage, traffic calming devices, pedestrian signage, bicycle lanes, steep slopes, curved 

roadways, and access to trails are seen in these segments 50% or less. 

Table 3. 1 Percentage of BE characteristics present in each segment condition 

  Hypothesized Condition (%) 

Built Environment Characteristics Good Fair Poor 

Shaded Areas 100.0  83.3  100.0  

Visible Lanes 100.0  83.3  85.7  

Curbs 100.0  66.7  42.9  

Sidewalks 100.0  58.3  0.0  

Cars Parked in Roadway 100.0  33.3  14.3  

Buffers 83.3  66.7  57.1  

Crosswalks 83.3  58.3  14.3  

Light Fixtures 83.3  58.3  57.1  

Rest Areas 66.7  50.0  42.9  

On Street Parking 66.7  25.0  14.3  

Located Downtown 66.7  33.3  28.6  

Trashcans 66.7  16.7  14.3  

Sheltered Areas 50.0  33.3  28.6  

Speed Signage 50.0  50.0  28.6  

Traffic Calming Devices 33.3  8.3  0.0  

Pedestrian Signage 33.3  16.7  14.3  

Bicycle Lanes 16.7  25.0  42.9  

Steep Roadway 16.7  8.3  28.6  

Curved Roadway 16.7  33.3  14.3  

Provides Access to Trails 0.0  58.3  42.9  
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The segments categorized as “fair” usually had the following characteristics (e.g., more 

than a 50% documentation percentage): shaded areas, visible lanes, and trails along with the 

presence of curbs, sidewalks, buffers, crosswalks, and light fixtures. The characteristics shaded 

areas and visible lanes are documented the most in these segments (83.3%), with curbs and 

buffers following (66.7%), then sidewalks, crosswalks, light fixtures, and access to trails 

(58.3%). The characteristics with low percentages include rest areas, speed signage, cars parked 

in the roadway, located downtown, sheltered areas, curved roadways, on-street parking, bicycle 

lanes, trashcans, pedestrian signage, traffic calming devices, and steep roadway.  

Compared to BE characteristic percentages for segments classified as “good”, “fair” 

segments had lower percentages for each characteristic except speed signage, which remained at 

50% across the two conditions, and bicycle lanes, curved roadway, and access to trails, which 

saw increases in percentages from “good” to “fair”. The top two characteristics for both 

conditions stayed the same: shaded areas and visible lanes. Some percentages of BE 

characteristics changed drastically between segments considered ‘good” and segments 

considered ‘fair”. The greatest decreases in BE characteristics between the two conditions were 

cars parked in roadway percentage at 66.7% followed by the presence of trashcans at 50%. 

Another significant change was the BE characteristics sidewalk presence and on-street parking 

(41.7%).  

The segments classified as having “poor” conditions had high percentages for shaded 

areas (100%) and visible lanes (85.7%); this was similarly seen for the other two conditions as 

well. The other high percentages were the presence of buffers and light fixtures, both at 57.1%. 

Moving from “fair” to “poor” segment conditions show many percentage differences. The 

biggest percent decreases between the segments with “fair” conditions and segments with “poor” 
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conditions were the presence of sidewalks (58.3%) and the presence of crosswalks (44%). Other 

notable decreases are seen for the presence of curbs (23.8%), speed signage (21.4), cars parked 

in the roadway (19.0%), curved roadways (19.0%), and access to trails (15.5%). Percentages also 

increased for some BE characteristics. Including steep roadways (20.2%), the presence of bicycle 

lanes (17.9%), shaded areas (16.7%), and visible lanes (2.40%).  

As mentioned before, shaded areas and the presence of visible lanes remained relatively 

high in percentage across each segment condition. The biggest change in BE characteristics was 

the presence of sidewalks from “good” segments at 100% to “poor” segments at 0%. Other BE 

characteristics following the same majority-to-minority percentage trend from “good” to “fair” to 

“poor” conditions include the presence of curbs, cars parked in the roadway, crosswalks, rest 

areas, on-street parking, downtown located, and presence of trashcans. This shows that as 

segment conditions hypothetically decreased, the BE characteristics listed above were less 

present. Other notable decreases in percentages from ‘good” to “poor” were buffers and light 

fixtures, though both characteristics, regardless of condition, were present the majority of the 

time (i.e., percentages stayed above 50%). BE characteristics that decreased from “good” to 

“poor” conditions but started with minority percentages (i.e., less than 50% regardless of 

condition) are as follows: the presence of sheltered areas, traffic calming devices, and pedestrian 

signage. 

BE characteristics that increased from “good” to “poor” condition were the presence of 

bicycle lanes. This shows that while sidewalk presence decreased, the presence of bicycle lanes 

increased, though not at the same rates. Some BE characteristics did not follow linear trends.  

The presence of shaded areas, visible lanes, and steep roadway characteristics decreases from 

“good” to “fair” but then increases from “fair” to “poor”. Segments that provided access to trails 
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increased as conditions went from “good” to “poor”. Although, the presence of trail access was 

seen more in “fair” segments.  

3.4 Developing and Collecting Surveys on User Perceptions of Segment AT Performance 

Although technical data collection addressed many active transportation characteristics, 

rural and AT user perceptions were needed. To collect additional perspectives, shorter video-

based built environment assessment surveys were created, an example can be seen in Appendix 

A. The survey was created and collected through Qualtrics.xm. The survey was structured into 

two sections, a section collecting demographic-type data and a section that hosted the virtual 

walk audit. The first section consisted of 6 questions all relating to the respondent’s individual 

data/personal data. The data collected included community type (i.e., urban, suburban, and rural), 

respondent's recruitment affiliation, age, race, and gender. The second section was comprised of 

one video recording and 18 questions about the recorded segment. 

There were two types of questions included in this section of the survey. The first type 

documented the presence of certain characteristics with check all that apply answer choices 

including types of development along the segment (i.e., residential, agricultural, educational, 

etc.) and types of amenities along the segment (i.e., lighting, benches, bus stops, restaurant 

patios, etc.). The second type of question documented answers through Likert scales. These 

questions included the perception of sidewalk maintenance, safety from vehicle traffic, and 

perception of how sustainable, accessible, livable, attractive, and interesting the segment was. 

Additionally, questions on the perception of segment support for physical activity, more visits, 

older pedestrians, children and strollers, pedestrians with mobility impairments, and pedestrians 

with visual impairments were included as well.  

43



 

 The surveys were collected over a period of four months from March 2022 to July 2022, 

ending with a total of 177 usable responses. Respondents were invited to take surveys initially 

through online recruitment and then through event recruitment. The online recruitment happened 

by emailing the surveys out to different organizations and groups in order to get responses from 

individuals with differing levels of AT knowledge and experience. These organizations included 

the Centers for Disease Control (CDC) and Alabama Extension and Cooperative System. The 

surveys were also sent to community coalition leaders throughout Alabama to obtain local rural 

responses. Figure 3.3 shows the response percentages of each group (i.e., CDC, Alabama 

Extension, Coalition, Community Member) out of the total number of responses. The responses 

from CDC members were mainly recruited online. Online recruitment responses were also from 

Alabama Extension members as well as relatively low percentage of community member 

responses.  

 

Figure 3. 3 Total recruitment response percentages  

Since the responses from online recruiting showed low numbers of community coalitions 

and individuals within these communities, the research team attended and recruited at events in 
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small-sized communities. Event recruitment, also seen in Figure 3.3 shows that there were many 

responses from local individuals (i.e., Community Member). In total, CDC members comprised 

the largest respondent group at 42% followed by local individuals at 40%. Members of Alabama 

Extension made up 19% of the responses while responses from community coalition leaders 

made up 3% of total responses. 

Event recruitment spanned from May 2022 until July 2022 in three different Alabama 

communities, Eufaula, Tuskegee, and Wetumpka. The research team collected surveys at seven 

events which can be seen in Figure 3.4. The events were each hosted by organizations within the 

communities. Surveys were collected by setting up a table or tent at each event along with 

instructional signs and bottled water. Responses were collected with iPads and the number of 

responses per location were kept uniform to assure a moderately even distribution of survey 

responses. 

 

Figure 3. 4 Percentage of recruitment responses by event 

As mentioned previously, certain demographic characteristics were documented during 

survey collection. These characteristics, gender, age, race, and community type, were self-

reported. These response percentages show that there was sample bias as some response 
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percentages did not represent the Alabama population or the U.S. population (130, 131). The 

data shows that most of the respondents identified as female (75%), with male respondents 

representing only 24% of the sample, as seen in Figure 3.5. These percentages do not match the 

gender ratio for either the Alabama population of the U.S. population (130). Sampling bias can 

also be seen in age, Figure 3.6. The figure shows that response percentages were heavily skewed 

towards the age group 26 to 35 which represented 41% of responses. The other percentages were 

relatively more representative of the state and county populations. Compared to the population 

the age groups 56 to 65 and 66 to 75 were overrepresented while age groups 18 to 25, 36 to 45, 

46 to 55, and 76 and up were underrepresented. Notably, while age groups 18 to 25, and 76 and 

up have the lowest percentages or survey responses, these age groups respectively make up 9% 

and about 7% of the overall population (130). 

 

Figure 3. 5 Percentage of responses by gender 
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Figure 3. 6 Percentage of responses by age 

The responses were also overwhelmingly from white respondents at 72% of the total 

response rate as seen in Figure 3.7. Individuals who identify as white had 47% more 

representation than the next highest population percentage. Though more diversity is needed, the 

response percentage closely follow the race percentages of the Alabama population (131). The 

US population also sees the same trend; where white individuals are the majority, a much lower 

black or African American population, and even lower percentages for other ethnic groups and 

races (i.e., Asian, Indigenous Americans) (131).  

Figure 3. 7 Responses by race 
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The percentage of urban, suburban, and rural respondents can be seen in Figure 3.8. The 

percentages below can be compared to the Urban Rural Decennial Census (DEC) Survey, though 

the DEC characterizes housing units by only urban areas, urban clusters, and rural thresholds 

(132). Compared to the Alabama population, both urban and rural residents are 

underrepresented. However, compared to the US population, urban residents are 

underrepresented while rural residents are overrepresented.  

Figure 3. 8 Response by community type 
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that documented respondents’ perceptions and the overall mean of each perception. The average 
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middle to low scores of each perception shows the need for increasing both support for active 

transportation and placemaking.  Notably, while the perception of segment support on 

pedestrians from vehicle traffic was the highest perception average, the lowest averages were 

perceptions of how well segments supported pedestrians with either mobility or visual 

impairments. The two highest-scoring perceptions were I feel safe from traffic crossing the road 

(3.07) and I feel safe from traffic walking or running (3.00). The lowest scoring perceptions were 

this roadway segment supports pedestrians with mobility impairments (2.18), and this roadway 

segment supports pedestrians with visual impairments (2.03).  

Table 3. 2 Average rating of user perceptions 

User Perception Mean 
How well maintained is the sidewalk? 2.46 
How safe from vehicle traffic do you feel if you are… 

walking or running (a) 3.00 
crossing the road  3.07 
riding a bicycle (b) 2.46 

How well does this roadway segment… 
encourages physical activity (c) 2.81 
entices you to visit again 2.49 

How well does this roadway segment support… 
older pedestrians (d) 2.49 
children and strollers (e) 2.38 
pedestrians with mobility impairments 2.18 
pedestrians with visual impairments 2.03 

Do you think this roadway segment is… 
accessible 2.64 
livable 2.83 
attractive 2.63 
sustainable 2.77 
interesting 2.56 

Table 3.3 also identifies the five perceptions that were chosen to determine model 

estimations (i.e., a-e). The perceptions are as follows: (a) how safe from vehicle traffic do you 
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feel if you are walking and running, (b) how safe from vehicle traffic do you feel if you are 

riding a bicycle, (c) how well does this roadway segment encourage physical activity, how well 

does this roadway segment support older pedestrians, and (e) how well does this roadway 

segment support children and strollers. The perceptions were selected as they represent a wide 

variety of AT user groups. Perceptions of walkers, runners, and bicyclists will be represented in 

the scorecard, along with older pedestrians and children. Additionally, the perception of how 

well segment features support or encourage PA was chosen since increasing PA has been linked 

to healthier communities, as mentioned previously. The five perceptions will be further discussed 

at the end of this section.   

3.6 Comparing User Perceptions of Segment AT Performance with Hypothesized Segment 
AT Performance  

Documented user perceptions were also examined for each segment, seen in Table 3.4. 

The 15 user perceptions, shown previously in Table 3.3, were averaged for each segment. Table 

3.4 shows the hypothesized conditions juxtaposed to the average user perception along with the 

average user perception of each group (i.e., CDC, Alabama Extension, Coalitions, and 

Community Members). The table also contains the number of responses for each segment, where 

each segment location had at least 6 responses, the highest at 11 responses. The segments were 

organized by hypothesized conditions and then ranked highest to lowest perception by condition. 

The segment with the highest mean user perception was located on W Magnolia Ave, Auburn, 

Alabama at 3.98, followed by Government Street, Mobile, Alabama 3.66. The segment with the 

lowest user perception was located on Ogletree Rd, Auburn, Alabama with an average 

perception of 1.54 followed by Opelika Rd Auburn, Alabama with a mean perception of 1.55.  
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 Table 3. 3 Average rating of segments **Updated Table** 

Responses 
Hypothesized 

Condition 

User Perception 

Location Mean (SD) CDC (SD) 
Alabama 

Extension (SD) 
Coalition 

Member (SD) 
Community 

Member (SD) 

S 9th St, Opelika, AL 11 5 3.53 (0.69) 3.36 (0.96) 3.18 (1.17) 3.86 (1.02) 
W Laurel Ave, Foley, AL 7 5 3.66 (1.36) 3.93 (0.46) 3.97 (1.25) 3.19 (1.24) 
Cary Dr, Auburn, AL 7 5 2.98 (0.96) 2.73 (1.15) 3.40 (0.74) 3.09 (1.33) 
S 3 Notch St, Troy, AL 6 5 3.50 (0.91) 3.27 (1.01) 4.20 (0.56) 3.77 (0.60) 
Payne St, Auburn, AL 6 5 3.52 (1.26) 2.87 (1.33) 4.53 (0.64) 3.63 (1.34) 
W Magnolia Ave, Auburn, AL 6 5 3.98 (1.04) 4.05 (0.79) 3.73 (0.46) 3.93 (0.26) 
Government St, Mobile, AL 7 3 3.83 (1.12) 4.02 (0.95) 4.33 (0.49) 3.11 (1.01) 
N Mnt Peasant Ave, Monroeville, AL 8 3 3.62 (1.08) 3.35 (1.19) 4.07 (0.62) 
7th St, Opelika AL 6 3 3.13 (1.20) 1.40 (0.74) 3.08 (0.95) 3.59 (0.89) 
Fred Gray St, Tuskegee, AL 9 3 2.96 (1.01) 2.90 (1.30) 3.00 (1.02) 3.00 (1.04) 
Harper Avenue, Auburn, AL 7 3 1.62 (1.37) 1.23 (0.50) 1.53 (0.74) 1.86 (1.04) 
S College St, Auburn AL 7 3 1.94 (1.09) 1.92 (1.18) 1.47 (0.74) 2.23 (0.97) 
Wrights Mill Rd, Auburn, AL 7 3 1.93 (1.12) 1.18 (0.39) 2.37 (1.25) 2.63 (1.07) 
AL-15, Troy AL 7 3 2.91 (1.12) 3.09 (1.14) 2.80 (1.42) 2.78 (0.90) 
Cloverdale Rd, Montgomery, AL 7 3 3.27 (1.23) 2.50 (1.28) 4.20 (0.56) 2.20 (1.01) 3.82 (1.23) 
US 98 ALT, Fairhope, AL 6 3 2.98 (1.09) 3.22 (0.93) 3.80 (0.41) 2.20 (0.76) 
US 98 ALT, Fairhope, AL 6 3 2.92 (0.90) 2.77 (1.24) 3.80 (0.42) 3.43 (1.13) 
Wire Rd, Auburn, AL 7 3 2.41 (0.72) 1.40 (0.81) 2.67 (0.62) 2.88 (1.02) 
Ogletree Rd, Auburn, AL 8 1 1.54 (1.07) 1.27 (0.76) 2.00 (1.26) 
E University Blvd, Auburn, AL 8 1 1.58 (1.20) 1.23 (0.50) 1.53 (0.74) 1.75 (1.02) 
E University Blvd, Auburn, AL 7 1 2.42 (0.99) 1.83 (0.91) 3.07 (1.16) 2.55 (1.28) 
Patrick St, Waverly, AL 7 1 2.06 (1.21) 1.65 (1.15) 2.67 (0.82) 3.07 (1.44) 
Patrick St, Waverly, AL 6 1 1.87 (1.09) 1.20 (0.48) 1.64 (0.93) 2.07 (1.04) 3.14 (1.10) 
Bernard Ave, Waverly, AL 7 1 2.21 (1.09) 1.37 (0.67) 2.62 (1.24) 
Opelika Rd, Auburn, AL 7 1 1.55 (1.23) 1.44 (0.69) 1.63 (0.74) 
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3.6.1 Visual Inspection of Hypothesized Condition vs. User Perception 

In order to explore the differences between hypothesized conditions and user perspective, 

the hypothesized condition ratings were scaled to match the survey response rating to allow for 

visual inspection. This was done since the hypothesized conditions used a 3-point scale (i.e., 

good, fair, poor), and survey responses were measured on a 5-point rating, Appendix A. As seen 

in Table 3.4, the hypothesized conditions were simplified into values of 5 for hypothesized good, 

3 for hypothesized fair and 1 for  hypothesized poor. The same conditional format color scheme 

was used for both datasets to show the variability between hypothesized and perceived 

conditions. Through visual analysis, one can see that user perception mirrors the hypothesized 

condition to a certain extent.  

The user perceptions  in green or light green are most concentrated in the same grouping 

as the segments classified as hypothesized good. This behavior is also seen with user perception 

in red and the segment hypothesized to be in poor condition. The user perceptions for the 

segments hypothesized as fair condition have a mix of ratings, ranging from 4.33 (Alabama 

Extension rating of Government Street, Mobile, Alabama) to 1.18 (CDC rating of Wrights Mill 

Road, Auburn, Alabama. As seen in Table 3.4, many segments have differing hypothesized 

condition and user perceptions. For example, Cary Dr, Auburn, Alabama has a mean user 

perception classified as fair or yellow though it was hypothesized to be good.  Some segments 

hypothesized as poor were perceived as between fair and poor, in orange.  Visually speaking, 

while most of the segments were hypothesized as fair, users tended to perceive them as either 

good or poor. Compared to the mean user perspectives, CDC members had more responses in 

red and orange showing that this group rated more segments negatively than the mean. 

Additionally, Alabama Extension members and community members rated segments more 
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positively compared to the mean. To summarize, the visual analysis showed the nuances of user 

perception and its difference from hypothesized classification. Additionally, though Table 3.3 

shows that many of the user perceptions had an overall neutral score, the visual inspection, Table 

3.4  demonstrated the range of user perceived conditions. The range of perceived conditions 

shows that the research team was successful in selecting a segment sample with a variety of 

conditions.   

3.6.2 Value Inspection of Hypothesized Condition vs. User Perception  

The data can also be interpreted using the 5-point rating (i.e., extremely well, somewhat 

well, neutral, somewhat poor, extremely poor). The user response rating was translated onto the 

hypothesized scale to define the conditions based on response perceptions. The 5-point scale was 

divided into three equal ranges to translate average perception values into condition 

classifications. The perceived condition ranges are as follows: segments with good conditions 

fall between the values of 5.00 and 3.67, fair conditions range between 3.66 and 2.34, and poor 

conditions range from 2.33 to 1.00. The values can be seen in Table 3.4 as well. 

Assessing conditions using the values of perceived condition showed different condition 

ratings than the visual inspection. The values of the mean perceptions show that only two 

segments classify as having a good perceived condition (located at W Magnolia Ave, Auburn, 

Alabama, and Government Street, Mobile, Alabama). Using the same translation, nine segments 

fall into the range of values of the mean perceptions defining poor condition. The locations of the 

nine segments are as follows: S College St, Auburn AL, Wrights Mill Rd, Auburn, Alabama, 

Harper Avenue, Auburn, Alabama, Bernard Ave, Waverly, Alabama, Patrick St, Waverly, 

Alabama, Patrick St, Waverly, Alabama, E University Blvd, Auburn, Alabama, Opelika Rd, 

Auburn, Alabama, and Ogletree Rd, Auburn, Alabama. This means that 14 segments were 
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perceived as being in fair condition, which differed from the visual inspection  

Out of the 25 segments, 10 segments had differing condition classifications between 

hypothesized condition and the mean perceived condition. Five segments were originally 

hypothesized as good were perceived as fair, W Laurel Ave, Foley, Alabama, S 9th St, Opelika, 

Alabama, Payne St, Auburn, Alabama, S 3 Notch St, Troy, Alabama, and Cary Dr, Auburn, 

Alabama. One segment, Government St, Mobile, Alabama, was hypothesized as fair but 

perceived as good. Three segments were hypothesized as being in fair condition but were 

perceived as being in poor condition, S College St, Auburn AL, Wrights Mill Rd, Auburn, 

Alabama, and Harper Avenue, Auburn, Alabama. The segment located on E University Blvd, 

Auburn, Alabama was hypothesized as poor and perceived as fair. 

User perception between the groups differed as well. Compared to the mean, CDC 

members rated the segments more positively and negatively meaning that there were less 

segments rated as being in fair condition. Alabama Extension members rated segments more 

positively compared to the mean which was similar to the previous finding. Community 

members tended to rate the segments as being in fair condition. 

3.7 Comparing User Perceptions of Segment AT Performance with Segment Built 
Environment Factors 

Next, the interaction between perception and BE characteristics was explored. To delve 

deeper into the five user perceptions chosen for estimation, responses from each perception are 

cataloged by segment and answer choice, as seen in Figures 3.9 through Figure 3.13. Each figure 

shows a histogram containing response percentages and a table of select BE characteristics. The 

segments were organized percentage by most positive to least positive response percentage, 

highest percentages of extremely safe, then highest percentages of somewhat safe, and so on. 

Along with the histogram, hypothesized conditions and BE characteristics from select factors 
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were shown. The BE characteristics for each represented perception were selected based on 

knowledge from literature review findings. The BE characteristics shown are documented as a 

continuous number (i.e., measurement, amount) or checkmark to show the presence of 

infrastructure or availability of access (e.g., sidewalk, buffer, access to trails, park access). This 

type of data presentation allows for the identification of certain trends between user perception 

and BE characteristics. Since the locations are presented from positive to negative perceptions, 

trends can be identified by consistent characteristics. For example, in Figure 3.9, the column 

“Sidewalk” has consistent checkmarks in the upper half of the table. This shows that segments 

perceived more positively had sidewalks. This trend shows that there may be a positive impact of 

sidewalk presence on pedestrian safety from vehicles.   

To begin, the responses documented by the question, “How safe from vehicle traffic do 

you feel if you are walking and running?”, can be seen in Figure 3.9. Overall, the perception of 

traffic as a pedestrian is evenly spread. Meaning, that the amount of positive and negative 

responses was relatively equal. This is supported by previous findings on pedestrian safety 

perception where the average perception was 3.00 (Table 3.3). The trending BE characteristics 

seen for the perception of pedestrian safety from vehicles are the segment is located downtown, 

sidewalk presence, and speed limit. These findings were determined by response concentrations 

and segment perception. The checkmarks for the factors located downtown and sidewalk 

characteristics are concentrated on the segments with more positive responses. These 

characteristics may show a positive impact on this perception. The speed limit factor shows 

higher speed limits for the segments with more negative responses. This shows that lower speed 

limits may have a positive impact on perception. As seen in Figure 3.9, the other characteristics 

are not concentrated on segments with either positive or negative segment perceptions.     
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Next, Figure 3.10 presents the perception, “How safe from vehicle traffic do you feel if 

you are riding a bicycle?”. Compared to the previous variable, perception as a bicyclist is more 

negative showing that individuals usually felt unsafe. This is also supported by the average of 

this variable which is lower than 3.00, seen in Table 3.3 with an average of 2.46. This perception 

also has higher speed limits concentrated in segments that are more negatively perceived. This 

shows that higher speed limits decrease the perception of safety as a bicyclist and thus show the 

possibility that lower speed limits have a positive impact on bicyclist safety perception. Along 

with speed limit, bicycle lanes and trail access show possible impact on this perception. This was 

determined by identifying the concentration of responses though in this case, since there is a 

more negative perception overall, there was a smaller number of segments with more positive 

perceptions. The concentration of responses for the two latter factors is shown to be in the 

negatively perceived segments. This shows that the presence of bicycle lanes and access to trails 

may decrease segment perception. However, this may also show the need for improving 

roadways that have bicyclist and trail infrastructure.  

Figure 3.11 shows the responses to the question, “How well does this segment encourage 

physical activity?”. The response percentages for this perception have trends that follow more 

closely to the perception of pedestrian safety than bicyclist safety which is supported by an 

average of 2,81 (Table 3.3). The trending BE characteristics for this perception are lower speed 

limit and sidewalk presence, similar to pedestrian safety perception, along with crosswalk 

presence. This shows that lower speed limits, the presence of sidewalks, and the presence of 

crosswalks may positively impact the perception of a segment's ability to encourage physical 

activity.  
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Response percentages for, “How well does this segment support older pedestrians?” can 

be seen in Figure 3.12. The response histogram for this perception contains more negative 

responses than positive responses. This is supported by the average perception seen in Table 3.3 

of 2.49.  The trends seen for this perception are located downtown, on-street parking spaces, 

sidewalk presence, crosswalk presence, and speed limit. The responses are concentrated on the 

segments with more positive perceptions. This shows that the perception of segment support for 

older pedestrians may be impacted by downtown areas, on-street parking, sidewalks, crosswalks, 

and lower speed limits.  

Lastly, response percentages from the question “How well does this segment support 

children and strollers?” can be seen in Figure 3.13. This perception has more negative responses 

as well and is supported by the overall user perception average of 2.38 (Table 3.3). The trends 

seen for this perception are on-street parking spaces, sidewalk presence, crosswalk presence, and 

speed limit. The responses are concentrated on more positive segment perceptions. This shows 

that the perception of segment support for children and strollers may increase by implementing 

on-street parking, sidewalks, crosswalks, and lower speed limits. To summarize, each user 

perception had trending BE characteristics and many of them were repeatedly seen. In total, the 

trending characteristics are as follows: located downtown, sidewalk presence, speed limit, 

bicycle lane presence, trail access, on-street parking space, and crosswalk presence. This being 

said, the five perceptions are hypothesized to be impacted by the seven BE characteristics, or 

factors, stated previously.  
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Figure 3. 9 Pedestrian safety perception rates and select BE characteristics for each segment 

W Magnolia Ave, Auburn, AL
Payne St, Auburn, AL

Government St, Mobile, AL
N Mnt Peasant Ave, Monroeville, AL

S 9th St, Opelika, AL
S 3 Notch St, Troy, AL

W Laurel Ave, Foley, AL
Cary Dr, Auburn, AL

US 98 ALT, Fairhope, AL
AL-15, Troy AL

Cloverdale Rd, Montgomery, AL
Patrick St, Waverly, AL

7th St, Opelika AL
US 98 ALT, Fairhope, AL

Fred Gray St, Tuskegee, AL
Bernard Ave, Waverly, AL

Patrick St, Waverly, AL
Wire Rd, Auburn, AL

E University Blvd, Auburn, AL
Harper Avenue, Auburn, AL

Wrights Mill Rd, Auburn, AL
E University Blvd, Auburn, AL

Opelika Rd, Auburn, AL
Ogletree Rd, Auburn, AL
S College St, Auburn AL

How safe from vehicle traffic do you feel 
if you are walking and running?

Extremely Safe Somewhat Safe Neutral Somewhat Unsafe Extremely Unsafe No Answer
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Figure 3. 10 Bicyclist safety perception rates and select BE characteristics for each segment 

Payne St, Auburn, AL
S 9th St, Opelika, AL

US 98 ALT, Fairhope, AL
W Magnolia Ave, Auburn, AL

Cloverdale Rd, Montgomery, AL
Government St, Mobile, AL

Cary Dr, Auburn, AL
Patrick St, Waverly, AL

W Laurel Ave, Foley, AL
Bernard Ave, Waverly, AL

AL-15, Troy AL
N Mnt Peasant Ave, Monroeville, AL

US 98 ALT, Fairhope, AL
7th St, Opelika AL

Patrick St, Waverly, AL
Fred Gray St, Tuskegee, AL

S 3 Notch St, Troy, AL
Wire Rd, Auburn, AL

E University Blvd, Auburn, AL
Harper Avenue, Auburn, AL

Wrights Mill Rd, Auburn, AL
E University Blvd, Auburn, AL

Opelika Rd, Auburn, AL
Ogletree Rd, Auburn, AL
S College St, Auburn AL

How safe from vehicle traffic do you feel
if you are riding a bicycle ?

Extremely Safe Somewhat Safe Neutral Somewhat Unsafe Extremely Unsafe No Answer
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Figure 3. 11 Segment encouragement of PA perception rates and BE characteristics 

Government St, Mobile, AL
W Laurel Ave, Foley, AL

Payne St, Auburn, AL
N Mnt Peasant Ave, Monroeville, AL

W Magnolia Ave, Auburn, AL
Cloverdale Rd, Montgomery, AL

Cary Dr, Auburn, AL
Fred Gray St, Tuskegee, AL

S 9th St, Opelika, AL
S 3 Notch St, Troy, AL

US 98 ALT, Fairhope, AL
US 98 ALT, Fairhope, AL

7th St, Opelika AL
AL-15, Troy AL

Bernard Ave, Waverly, AL
E University Blvd, Auburn, AL

Wrights Mill Rd, Auburn, AL
Wire Rd, Auburn, AL

S College St, Auburn AL
Ogletree Rd, Auburn, AL

Patrick St, Waverly, AL
Patrick St, Waverly, AL

Harper Avenue, Auburn, AL
Opelika Rd, Auburn, AL

E University Blvd, Auburn, AL

How well does this segment encourage 
physical activity?

Extremely Well Somewhat Well Neutral Somewhat Well Extremely Well No Answer

60



H
yp

ot
he

si
ze

d 
C

on
di

ti
on

 

L
oc

at
ed

 
D

ow
nt

ow
n 

T
ra

il
 A

cc
es

s 

O
n 

S
tr

ee
t 

P
ar

ki
ng

 

S
id

ew
al

k 

P
ed

es
tr

ia
n 

S
ig

na
ge

 

C
ro

ss
w

al
k 

V
eh

ic
le

s 
pe

r 
H

ou
r 

S
pe

ed
 L

im
it

 
(m

ph
) 

        1554 35 
       415 25 
       480 20 
       579 30 

 

       183 25 
        627 25 

        127 25 
        109 35 
        306 35 
        306 35 
        34 25 
        32 30 
        232 25 
        579 30 
        645 40 
        995 30 
        1433 45 
        47 25 
        26 35 
        47 25 
        547 35 
        64 30 
        995 30 
        1270 45 
        525 45 

Figure 3. 12 Segment support for older pedestrian perception rates and BE characteristics 

Government St, Mobile, AL
N Mnt Peasant Ave, Monroeville, AL

W Magnolia Ave, Auburn, AL
S 3 Notch St, Troy, AL
Payne St, Auburn, AL

W Laurel Ave, Foley, AL
Cloverdale Rd, Montgomery, AL

S 9th St, Opelika, AL
US 98 ALT, Fairhope, AL
US 98 ALT, Fairhope, AL

Cary Dr, Auburn, AL
7th St, Opelika AL

Fred Gray St, Tuskegee, AL
AL-15, Troy AL

Wire Rd, Auburn, AL
E University Blvd, Auburn, AL

S College St, Auburn AL
Patrick St, Waverly, AL

Bernard Ave, Waverly, AL
Patrick St, Waverly, AL

Wrights Mill Rd, Auburn, AL
Harper Avenue, Auburn, AL

E University Blvd, Auburn, AL
Opelika Rd, Auburn, AL

Ogletree Rd, Auburn, AL

How well does this segment support
older pedestrians?

Extremely Agree Somewhat Agree Neutral Somewhat Disagree Extremely Disagree No Answer
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       1554 35 

     109 35 

    415 25 

     480 20 

        183 25 

       579 30 

       627 25 

        127 25 

        32 30 

     306 35 
       306 35 
      232 25 
       34 25 

       579 30 

       645 40 

       995 30 

        26 35 

        1433 45 

        547 35 

        1270 45 

        47 25 

        64 30 

        47 25 

      995 30 

       525 45 

Figure 3. 13 Segment support of children perception rates and BE characteristics

Government St, Mobile, AL
S 9th St, Opelika, AL

N Mnt Peasant Ave, Monroeville, AL
W Magnolia Ave, Auburn, AL

Payne St, Auburn, AL
S 3 Notch St, Troy, AL

W Laurel Ave, Foley, AL
Cloverdale Rd, Montgomery, AL

7th St, Opelika AL
US 98 ALT, Fairhope, AL
US 98 ALT, Fairhope, AL

Fred Gray St, Tuskegee, AL
Cary Dr, Auburn, AL

AL-15, Troy AL
Wire Rd, Auburn, AL

E University Blvd, Auburn, AL
Bernard Ave, Waverly, AL

S College St, Auburn AL
Wrights Mill Rd, Auburn, AL

Opelika Rd, Auburn, AL
Patrick St, Waverly, AL

Harper Avenue, Auburn, AL
Patrick St, Waverly, AL

E University Blvd, Auburn, AL
Ogletree Rd, Auburn, AL

How well does this segment support 
children and strollers?

Extremely Agree Somewhat Agree Neutral Somewhat Disagree Extremely Disagree No Answer
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Chapter 4: Roadway Perception Model Estimation 

This chapter presents both the ordinal probit regression model methodology used to 

estimate the five perception equations as well as the results of each estimation.  The five segment 

perceptions include (a) pedestrian safety from vehicular traffic, (b) bicyclist safety from vehicular 

traffic, (c) segment encouragement of physical activity, (d) segment support of children and 

strollers, and (e) segment support of older pedestrians.  

4.1 Ordinal Probit Regression Methodology  

This thesis utilized an ordinal probit regression model to determine the significant factors 

that impact roadway perception relating to active travel. The perception of five different activities 

and user groups was determined. This model is the most appropriate regression for predicting 

segment perceptions because ordinal values (i.e., meaning that there are more than two values that 

are ranked or on a scale) were used to measure each dependent variable. Specifically, respondents 

described their perception of different user groups in the following choices: extremely safe/well, 

somewhat safe/well, neutral, somewhat unsafe/poor, or extremely unsafe/poor. Additionally, the 

independent variables included in the analysis fit the criteria for this regression type (i.e., 

continuous, categorical, and ordinal).  

The ordered probit regression operates by determining an underlying continuous function 

that relates the variables, not unlike the linear regression model. This unitless continuous function 

calculates a segment perception rating based on the independent variables and can be written as: 

𝑦∗ 𝛽 𝑥 𝜀  

Where  

𝑦∗= segment perception rating (continuous) 
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𝛽 = matrix of estimated coefficients 

𝑥 = matrix of independent variables impacting n 

𝜀 = error term  

The 𝜀  term is assumed to be normally distributed and independent from 𝑥 . Following the ordinal 

regression methodology, the respondent’s final perception choice is then determined using 𝑦  and 

can be related to the continuous function with the equations below:

𝑦  extremely unsafe/poor 

𝑦  somewhat unsafe/poor 

𝑦  neutral 

𝑦  somewhat safe/well 

𝑦  extremely safe/well 

if 𝑦∗ 𝛾   

if 𝛾 𝑦∗  𝛾   

if 𝛾 𝑦∗  𝛾  

if 𝛾 𝑦∗  𝛾  

if 𝛾 𝑦∗ 

where the variable 𝛾  represents the thresholds. These thresholds break the continuous function 

into the different choices of perception, Figure **. For example, a segment with a perception 

rating that falls in between 𝛾  and 𝛾  would most likely result in a prediction rating of 

“somewhat unsafe”. The thresholds calculated are determined by the regression model and are 

not required to be evenly spaced. Thresholds also vary for each estimation. 

Figure 4. 1 Segment perception scale 

𝛾  
𝑦∗

𝛾  𝛾  𝛾  

1: Extremely 
Unsafe  

2: Somewhat 
Unsafe  

3: Neutral 4: Somewhat 
Safe  

5: Extremely 
Safe  
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The term “most likely” was used intentionally since this regression method uses 

maximum log-likelihood to determine the threshold and coefficient estimations. This estimation 

can be written as 

𝑙𝑜𝑔𝐿 lnPr 𝑦 , 𝑥 |𝛽, 𝛾  

Where 

𝑙𝑜𝑔𝐿 = log-likelihood maximization 

𝑘 = observed choices  

𝑃𝑟 = probability functions 

The probability functions determine the likelihood between 0 to 1 that a given event will happen. 

Probability functions are different for each choice and can be written as 

Pr 𝑦 𝜙 𝛾 𝛽 𝑥   

Pr 𝑦 𝜙 𝛾 𝛽 𝑥 𝜙 𝛾 𝛽 𝑥   

Pr 𝑦 𝜙 𝛾 𝛽 𝑥 𝜙 𝛾 𝛽 𝑥   

Pr 𝑦 𝜙 𝛾 𝛽 𝑥 𝜙 𝛾 𝛽 𝑥   

Pr 𝑦 1 𝜙 𝛾 𝛽 𝑥   

Using this methodology, the models were iteratively estimated by removing independent 

variables that were redundant until a final model was determined. Notably, one variable proved 

redundant but was included in the final model since only two dependent variables were affected. 

The log-likelihood test values of the final estimations, Table 4.1, were all greater than the chi-
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squared values which show that the final estimations seen in Table 4.2 describe the choice 

behavior better than the constants-only estimations. 

Table 4. 1 Ordinal probit regression estimation information 

Segment Perception 

Model Fitting 
Information  

Pseudo R-Square Log 
Likelihood 

X  df p-value 
Cox and 

Snell Nagelkerke Final 
Safety from traffic as a 
pedestrian 133.007 21 0.000 0.556 0.584 311.078 

Safety from traffic as a 
bicyclist 87.045 21 0.000 0.414 0.435 360.002 

Encourages physical 
activity 128.274 21 0.000 0.530 0.555 342.483 

Supports children and 
strollers 

187.376 21 0.000 0.681 0.723 233.669 

Supports elderly 
individuals 

166.459 21 0.000 0.624 0.660 286.011 

4.2 Model Results 

The factors mentioned in the previous sections were included in the final ordinal probit 

estimation including user perception, respondent community type, segment land use, roadway 

characteristics, and active travel characteristics, Table 4.2. Factors with 85% confidence were 

included in the final model This confidence level was selected due to the novelty of the study. 

The final estimated coefficients seen in Table 4.2, show the impact of each segment factor on the 

five segment perceptions (a) pedestrian safety from vehicular traffic, (b) bicyclist safety from 

vehicular traffic, (c) segment encouragement of physical activity, (d) segment support of children 

and strollers, and (e) segment support of older pedestrians. However, the increase and decrease 

of each coefficient imply relative influence on the variables, assuming that all other factors are 

held constant.  
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Table 4. 2 Ordered Probit Results for User Perceptions 

Variable 

Pedestrian Safety Bicyclist Safety Physical Activity Support for Children Support for Elderly 

Coeff. Sig.  Coeff. Sig.  Coeff. Sig.  Coeff. Sig.  Coeff. Sig.  

Threshold 
1 (𝛾 ) -2.69  -0.96  -1.53  6.62 *** 1.54  
2 (𝛾 ) -0.17  1.10  0.43  8.58 **** 3.34  
3 (𝛾 ) 0.46  1.99  1.83  9.33 **** 4.34 ** 
4 (𝛾 ) 3.23  4.00 ** 4.43 ***  13.02 **** 7.55 **** 
User Perspective: 
Sidewalk Condition 0.76 **** 0.71 **** 0.99 ****  1.83 **** 1.36 **** 
Respondent Community Type 
Suburban  1.16 ***   


   1.59 **** 1.01 *** 

Rural   1.01 ****      
Segment Land Use 
Downtown Area     


-1.55 *  


 

Trail Access   1.99 **       2.66 *** 
Roadway Characteristics 
Vehicles per Minute -0.13 **  


  -0.15 **  

Posted Speed Limit     


-0.07 * 0.10 **  
Number of Lanes    


      

Width of Lane -0.20 ***  


   -0.19 **  
Vehicles Parked in Roadway     


    


 

On Street Parking     


    


 
Parking Space Width     0.23 * 0.28 *  
Active Transportation Characteristics 
Unpaved Pathways     


2.09 **   3.96 ***  

Visible Bicycle Lane    -1.73 ***    -3.00 **** -2.78 **** 
Presence of Curbs       2.16 * 4.66 **** 3.34 *** 
Sidewalk Width    -0.53 *     -0.57 * -0.68 ** 
Continuous Sidewalks     


    


 

Number of Driveways             -0.41 * 
Buffer Width 0.23 ****       0.20 *** 0.15 *** 
Crosswalks at Intersection 3.18 ** 4.75 *** 3.38 **   19.75 **** 20.60 **** 
Visible Crosswalks   -2.34 *  
* 85% significance    **90% significance     *** 95% significance    **** 99% significance
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The thresholds for each estimation can be seen in Table 4.2 as well. Threshold 4 (e.g., the 

partition between choices somewhat safe and extremely safe) is the only consistently significant 

threshold throughout the five estimations. This threshold is the only significant threshold for 

three estimations: perceptions of segment safety as a pedestrian, safety as a bicyclist, and 

encouragement of physical activity. This result relates that there is no significant difference 

between the choices neutral, somewhat unsafe, and extremely unsafe. Along with Threshold 4, 

Thresholds 1, 2, and 3 were also significant for the model estimating perception of segment 

support for children. This shows that the differences between all choices were meaningful. The 

last estimation, perceived support for older pedestrians, showed that Thresholds 3, and 4 were 

significant. This shows that there were meaningful differences between answer choices 

extremely safe, somewhat safe, and neutral. These trends highlight the higher-ranking answer 

choices showing a meaningful difference between perceptions of neutral, somewhat safe, and 

extremely safe. In most of the estimations, the perception of extremely unsafe/poor and 

somewhat unsafe/poor are very similar.  

4.2.1 Segment Perception Discussion 

The coefficients were organized into five sections: user perspective, community type, 

land use, roadway characteristics, and active transportation characteristics, Table 4.2. Out of the 

21 factors included in the final estimations, each estimation is influenced by a select number of 

different factors. Perception of pedestrian safety is influenced by the six factors, the lowest 

number of influences. Perceptions of bicyclist safety and encouragement of physical activity are 

influenced by seven factors. The perception of segment support for children had the highest 

number of influencing factors at 12 and the perception of segment support for older pedestrians 

followed with 9 factors. Sidewalk conditions and the presence of crosswalks at intersections 
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positively influenced all five models. Positive influence can be interpreted as sidewalk 

conditions improve estimation perceptions increase as well. The presence of crosswalks at 

intersections shows that all perception scores increase when crosswalks are present at segment 

intersections. The latter factor has the biggest impact on each estimation than any other factor. 

Notably, the two factors had a greater effect on children and older pedestrian estimation showing 

that sidewalk condition and the presence of crosswalks at intersections have a greater influence 

on the perception of support for vulnerable age populations. Three factors included in the final 

estimations (i.e., parked vehicles, on-street parking, and sidewalk continuity) did not have 

significant differences from the other factors and thus did not affect any of the estimations. 

However, similar factors, the width of on-street parking and the number of driveways, 

significantly influenced some of the estimations. 

Perception of pedestrian safety from vehicle traffic is influenced by sidewalk condition, 

suburban community type, number of vehicles per minute, the width of roadway lanes, the width 

of buffer, and the presence of crosswalks at intersections. Respondent community type has an 

impact on this estimation, though only for respondents from suburban communities, rural 

community type does not impact the perception of pedestrian safety. Number of vehicles per 

minute has a negative impact which can be interpreted as, for every vehicle counted the 

perception of pedestrian safety decreases, this result supports literature previously reviewed. The 

width of the lane negatively affects the perception of pedestrian safety as well, for every unit 

increase in lane width perception decreases. This coefficient also follows previously reviewed 

materials on the impact of wide roadways on pedestrian safety. As stated previously intersection 

crosswalks have the greatest impact on pedestrian safety perceptions showing that this factor 

greatly influences pedestrians.  
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Perception of bicyclist safety from vehicle traffics is influenced by sidewalk condition, 

rural community type, trail access, visible bicycle lane, the width of the sidewalk, presence of 

crosswalks at intersections, and visible crosswalks. Respondent community type has a positive 

impact on the perception of bicyclist safety, interpreted as users that live in rural communities 

will positively influence estimation. Access to trails, and courses also have a positive influence 

on this estimation. This follows literature as trails, shared-use pathways, and other similar types 

of infrastructure support outdoor activities such as bicycling. The other factors affecting this 

estimation are active transportation characteristics and do not follow common trends seen in the 

literature. These factors, visible bicycle lanes, the width of the sidewalk, and visible crosswalks 

all have negative impacts on estimation. Visible bicycle lane markings or the presence of bicycle 

lane is thought to have a positive influence on perception since it gives cyclists a space of their 

own. This particular trend may be the result of bicyclists preferring the width of car lanes to the 

much narrow bicycle lanes. Sidewalks having a negative impact on estimation shows that for 

every unit increase of sidewalk, width decreases the perception of bicyclist safety. The presence 

of crosswalks has a negative impact on segment perception scores unless the crosswalks service 

the intersection. This result does not support the literature on the importance of midblock 

crossings.   

The perception of how well a segment encourages physical activity was influenced by the 

following factors: sidewalk condition, downtown location, speed limit, on-street parking spaces, 

presence of unpaved paths, presence of curbs, and presence of crosswalks at intersections. These 

results show that an increase in sidewalk conditions will increase the perception that the segment 

encourages physical activity. However, if the segment is located in a downtown area, the 

perception will decrease. Increasing the speed limit by one unit decreases the estimation as well 
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which follows the literature on negative perceptions of high speeds relating to walkability. The 

width of parking spaces also influences the estimation, as the width increases so does the 

perception score. The presence of unpaved paths and curbs also increases the perception score. 

These factors show that the presence of parking and active transportation characteristics is 

beneficial for encouraging physical activity.  

The perception of how well a segment supports children and strollers is described by the 

following factors: sidewalk condition, suburban community type, number of vehicles, speed 

limit, the width of lanes, width of on-street parking spaces, presence of unpaved paths, visible 

bicycle lanes, presence of curbs, the width of the sidewalk, width of buffer, and presence of 

crosswalks at intersections. The impact of sidewalk conditions and respondents having a 

suburban community type follow the same behavior as the previous estimations. The roadway 

characteristic factors also follow the same behavior seen previously, except for the speed limit. 

Curiously, an increase in speed limit increases perception score as well. This result does not 

follow the literature previously discussed. The other roadway characteristics, increasing the 

number of vehicles and lane width both decrease perception scores while increasing parking 

space width increases perception. The factors that characterize active travel have the most impact 

on this estimation highlighting the importance of active transportation in child-friendly segments. 

The presence of unpaved paths, curbs, and crosswalks at intersections, and increasing buffer 

width would improve perception scores. However, the presence of bicycle lanes and increasing 

sidewalk width would decrease perception scores.   

Finally, the factors influencing the perception of how well a segment supports older 

pedestrians are listed: sidewalk condition, suburban community type, trail access, number of 

driveways, visible bicycle lanes, the presence of curbs, the width of the sidewalk, the width of 
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buffer, and the presence of crosswalks at intersections. This prediction is not influenced by 

factors characterized by roadway elements. The majority of influence is from active 

transportation characteristics. Each factor follows the same behaviors as in the previous 

estimations as well (e.g., access to trails increases perception score) except driveway 

interruptions, a factor only significant for this specific estimation. An increase in the number of 

driveways in the segment decreases this perception score, along with increasing sidewalk width 

and the presence of visible bicycle lanes. Support for older pedestrians can increase by suburban 

community type, the presence of trail access, curbs, crosswalks at intersections, and increasing 

sidewalk width and condition.  
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Chapter 5: AT Assessment Scorecard 

Finally, to translate this academic work into practice, an easy-to-implement scorecard 

was developed (seen in Figure 5.1).  This scorecard assessment tool represents a combination of 

the best aspects of a questionnaire (i.e. easy to understand and answer) and a LOS tool (i.e. 

provides a quantifiable value for comparison and ranking).  Overall, the scorecard was designed 

to simplify data collection and the scoring process.  As such, the five different models are 

presented on the scorecard in a way that requires no knowledge of modeling, and anyone in a 

rural community can assess a roadway segment on these five factors.  Ideally, communities 

would use the assessment tool to evaluate many different roadway segments, collecting data and 

scoring each.  These scores would be compared to determine which segments had the best and 

worst scores, so hopefully those with the worst relative scores would be improved.   

The front of the scorecard lists the BE characteristics (i.e., questions 1 through 16) and 

provides the estimated coefficients for each model (which are each identified by a unique icon). 

This grid like structure visually shows the significant factors for each model. After users provide 

the required information about each segment, its value is assigned to each question and then 

multiplied to the coefficients in the neighboring five columns. Though the calculations may seem 

complex to some users, care was taken to make this process as easy as possible.  Additionally, 

presenting the models as such supports transparency of the estimations while showing users the 

individual impacts of each factor.  

The back of the scorecard shares a visualization of the estimated thresholds. This page 

connects the scores calculated on the front side to the user perspective ratings (e.g., unsafe, 

somewhat unsafe, neutral, somewhat safe, safe!). The last step of the scorecard summarizes each 

user perception rating in a final tally.  This final summary is important so communities can 
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understand how each roadway segment may be supportive of different AT user groups.  Not 

every segment needs to support every AT user group, and this assessment tool allows engineers, 

planners and everyday citizens the ability to recognize which segments will support their 

community best.  
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Flip! Active Transportation Assessment Scorecard
Segment ID:____________________ Date:____/_____/_________ Time:_____:______am  /  pm

Step 2. Multiply the numbers with each coefficient belowStep 1. Answer the questions. 
Circle/write the number assigned
to each question below. 

x1.01=______x1.59=______x1.16=______Suburban(1)What community type 
do YOU live in? 

1
x1.01=______Rural (1)

x1.55= -_____

Yes (1) 
No (0)

This segment is 
located downtown

2

x2.66=_______x1.99=_______
Yes (1) 
No (0)

This segment provides 
trail access

3

I spy with my little eye…

x0.10=_______x0.07= -_____
Yes (1) 
No (0)

Posted speed 
limit sign

4

x3.96=_______x2.09=______
Yes (1) 
No (0)

Unpaved paths
along the roadway

5

x2.78= -_____x3.00= -_____x1.73= -_____
Yes (1) 
No (0)

Visible bike lane 
markings6

x20.6=______x19.8=_______x3.38=_______x4.75=_____x3.18=______
Yes (1) 
No (0)

Crosswalks at 
intersections7

x2.34= -_____
Yes (1) 
No (0)

Visible crosswalk 
markings8

x3.34=______x4.66=______x2.16=______
Yes (1) 
No (0)

Curbs9

Everything counts!

x0.15= 

-_________

x0.13=

-________________

Number of vehicles 
that pass by in 1 
minute

10

x0.41= -_____________Number of driveways11

Put your engineering hat on!

x0.19= -____x0.20= -___________ ftWidth of 1 lane12

x0.28=_____x0.23=____________ ftParking width13

x0.68= -____x0.57= -____x0.53= -___________ ftSidewalk width14

x0.15=______x0.20=_______x0.23=_____________ ftBuffer/shoulder width15

x1.36=______x1.83=______x0.99=______x0.71=______x0.76=______

Rank:

_________

Rank sidewalk 
maintenance
Good>>Neutral>>Poor

5>>>4>>>3>>>2>>>1

16

_____________________________________________________

Step 3. Calculate your scores! Add up 
the values in each column and 

remember, mind the negatives! Or go 
to http://www.aupartnerprogram.com Each column will get its own have a score! Flip!

Figure 5. 1 Active Transportation Assessment Scorecard 

75



StartActive Transportation Assessment Scorecard
Segment ID:____________________ Date:____/_____/_________ Time:_____:______am/pm

Step 4. Fill in the calculated scores from the front page. Compare your scores to the scale bar 
to find out how the public feels about active transportation on your roadway segment.

Pedestrians feel safe from vehicle traffic

Score:

_________
Improvements: Provide crosswalks at intersections, reduce lane widths, increase buffer or shoulder 
widths, and maintain sidewalks.

Bicyclists feel safe from vehicle traffic

Score:

_________ Improvements: Provide trail access, and maintain sidewalks

This segment encourages physical activity

Score:

_________
Improvements: Provide crosswalks at intersections, include curbs, increase on street parking widths, 
and maintain sidewalks

Segment supports children and strollers

Score:

_________
Improvements: Provide crosswalks at intersections, include curbs, reduce lane widths, increase on 
street parking widths, increase buffer or shoulder widths, and maintain sidewalks

Segment supports older pedestrians 

Score:

_________
Improvements: Provide trail access, provide crosswalks at intersections, include curbs, reduce, 
number of driveways, increase buffer or shoulder widths, and maintain sidewalks

PREDICTED SEGMENT IMPACT ON USER PERCEPTION

Segment 
supports

older 
pedestrians

Segment 
supports 
children 

& strollers

Segment 
encourages 

physical 
activity

Bicyclists
feel

from vehicle 
traffic

Pedestrians
feel

from vehicle 
traffic

Safe!Somewhat 
SafeNeutralSomewhat 

UnsafeUnsafe

3.230.46-0.17-2.69

Safe!Somewhat 
SafeNeutralSomewhat 

UnsafeUnsafe

4.001.991.10-0.96

Encouraging!Somewhat 
EncouragingNeutralSomewhat 

DiscouragingDiscouraging

4.431.830.43-1.53

Supportive!Somewhat 
SupportiveNeutralSomewhat 

UnsupportiveUnsupportive

13.029.338.586.62

Supportive!Somewhat 
SupportiveNeutralSomewhat 

UnsupportiveUnsupportive

7.554.343.341.54

Figure 5. 1 (cont.) Active Transportation Assessment Scorecard 
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Chapter 6: Conclusion 

 This research paper shows the development of AT assessment models to help fill the gap 

in AT planning resources for rural communities. Small rural communities often struggle with 

improving pedestrian and bicyclist-friendly transportation infrastructure. Though many 

assessment tools are available to the public, most cater to more urban areas. Assessment tools are 

also challenging to complete due to complexity, which stem from high levels of understanding, 

time requirements, and lack of resources (e.g., staff, institutions, funding, education). To mitigate 

these disparities, AT assessment models were created to assist communities in assessing 

walkability. The models highlighted significant BE characteristics and their impact on user 

perspectives. This paper follows a unique process to create AT assessment models through an 

analysis of the relationship between built environment characteristics and user perceptions. 

To develop the final scorecard tool, the research team collected video-based assessment 

surveys to identify the significant factors affecting AT perception. This process began by 

selecting 25 segments in 7 different counties of Alabama. The segments ranged in condition, 

land use, and roadway type. Data was collected for every segment, including BE characteristics 

and user perception User perception was documented using video-based surveys and were 

created based on the reviewed factors that influence walkability and AT. The two data sets were 

then combined and analyzed using the ordinal probit regression approach. This allowed for the 

estimation of five models. These models are as follows: (a) perceived safety from vehicle traffic 

as a pedestrian, (b) perceived safety from vehicle traffic as a bicyclist, (c) perceived segment 

encouragement for physical activity, (d) perceived segment support for older pedestrians, and (e) 

perceived segment support for children and strollers. These perceptions were chosen as they 

show perceived walkability for different users and commonly disadvantaged groups.  
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The resulting models present a range of BE factors influencing the perceptions of AT 

safety and adoption. The analysis determined the statistically significant factors at the 85% 

confidence level. User perception of sidewalk maintenance proved to influence all five models. 

The other factors, including community type, segment land use, roadway characteristics, and AT 

characteristics varied for each model. The thresholds for segment support for children and 

strollers were all significant, showing that there was a significant difference between levels of 

perceived safety.   

To summarize, the research process highlighted influential BE characteristics that impact 

AT user perceptions. The estimates captured BE characteristics from many segments in 

Alabama, varying in condition, and perspectives from professionals and community members. 

Rural local perspectives were also included, providing rural communities a voice and 

representing their perception of AT and walkability.  

6.1 Limitations and Further Research 

This research process does come with limitations. Since many of the survey responses 

came from residents of a few counties of Alabama, the models are calibrated to the eastern 

Alabama region. This being said, larger sample sizes and samples from many other counties of 

Alabama would create more robust model estimates. Recommendations for future work include 

validation for the estimated models in terms implementation and assessment outcomes. 

Additionally, it is useful to explore the impact of infrastructure improvements on the scores 

generated by the scorecard, along with comparing scores to actual community priorities. 

Furthermore, it is beneficial to consider how to incorporate the scorecard outcomes into planning 

documents and processes, aiding in segment assessments and identification of influential BE 

improvements. 
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