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ABSTRACT 

 

 

The field of transportation engineering has an opportunity to positively impact the 

medical community, specifically the clinicians who evaluate, train, and rehabilitate at-risk 

drivers. Driving Rehabilitation Specialists (DRSs) have an essential role in making roads 

safer for medically-at-risk drivers, their passengers, and other road users. DRSs conduct 

on-road driving evaluations, which are considered the gold standard to make fitness-to-

drive decisions due to their high face validity. Most DRSs use a fixed route, meaning the 

exact same route is used to evaluate each client. When a DRS develops a fixed route, that 

clinician identifies characteristics of the roadway they think are most important (e.g., 

signalized intersections, unprotected left-turns, protected left-turns). While transportation 

engineers are trained to know that the combination of static (e.g., roadway type, median, 

presence of lighting) and dynamic (e.g., traffic density, traffic speed, weather) conditions 

together define the complexity of a driving environment, transportation engineers have not 

previously developed materials specifically for DRSs. On the other hand, clinicians do not 

receive specialized training on these engineering topics and, as a result, do not have the 

skill set or tools to quantify and measure critical aspects of the roadway context in which 

the on-road evaluation is conducted.  

This dissertation sought to create a methodology to measure the contextual 

complexity of the driving environment considering the roadway’s static and dynamic 

characteristics with the long-term goal of providing DRSs the tools to design and evaluate 

routes using tools similar to those available to transportation engineers. This study utilized 

comprehensive open-source data collected by Waymo autonomous vehicles that allow for 



 

 iii 

the development of models to estimate the roadway environment’s complexity considering 

both static and dynamic traffic characteristics. An unsupervised machine learning 

technique using clustering algorithms was used to measure and classify the driving 

environment’s dynamic characteristics (e.g., vehicle, pedestrians, bicycles) into 

appropriate risk categories to develop a dynamic complexity model. A static complexity 

model was developed utilizing safety performance models and critical variables identified 

in the American Association of State Highway and Transportation Officials (AASHTO) 

Highway Safety Manual (HSM). The dynamic and static complexity models were then 

combined to build an absolute complexity model that provides a comprehensive and 

quantitative evaluation of the roadways. The knowledge and insights gained from the 

models developed to quantify static, dynamic, and absolute complexity is foundational 

work that would enable development of the tools for DRSs to evaluate their routes to ensure 

the most critical roadway components from the transportation engineering perspective are 

considered in evaluation of driving context. This process is anticipated to revolutionize the 

process in which on-road driving assessments are designed and evaluated by the clinicians 

who assess medically at-risk drivers.  
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CHAPTER ONE 

 

   INTRODUCTION 

 

 

This research study develops and assesses a methodology to assist Driving 

Rehabilitation Specialists (DRSs) to understand and estimate the complexity of routes used 

for on-road driving evaluations for medically-at-risk1 drivers considering both static2 (e.g., 

lane-width, functional class, parking, etc.) and dynamic3 (e.g., vehicle density, proximity,  

traffic speed, etc.) variables. A DRS is a professional who plans, develops, coordinates, 

and implements driving services for medically-at-risk individuals. These professionals are 

typically allied health personnel, driving instructors, and others who have specialized in 

this area and have received continuing education in this field. These professionals play an 

essential role in making roads safer for medically-at-risk drivers, their passengers, and 

other road users. A referral to a DRS for a driver with a medical risk can be made by 

physicians, eye doctors, occupational therapists, family members, the DMV, etc. Driver 

training for a medically-at-risk client is a service provided by a DRS and is often custom-

designed after a thorough driving evaluation. A driving assessment consists of clinical and 

behind-the-wheel assessments or on-road assessments. The on-road assessment evaluates 

safe driving capabilities by assigning various driving-related tasks at pre-specified 

 
1 A medically-at-risk driver is a person with a medical condition that may deter completion of daily tasks 

using traditional methods. Risk types include physical impairments, such as an amputation, cerebral palsy, 

Parkinson’s disease, a spinal cord injury, or a stroke; sensory impairments, such as poor vision or hearing 

loss/deafness; cognitive impairments, such as dementia, Autism Spectrum Disorder, or a traumatic brain 

injury; and psychiatric conditions, such as schizophrenia and or severe anxiety disorders.  
2 Static variables are conditions that remain constant. For example, lane width, speed limit, shoulder width, 

parking type, etc. are examples of static variables.  
3 Dynamic variables that are conditions that fluctuate. For example, traffic density, the proximity of vehicles, 

platoon speed, etc., are examples of dynamic variables.  
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locations on a driving route. DRS investigate their client's driving capabilities by 

monitoring performance on each driving-related task (i.e., maintaining safe following 

distance, negotiating lane changes, making left turns at unsignalized and signalized 

intersections, and managing speed) to determine if an individual is fit to drive.  

From an engineering perspective, the ability to demonstrate safe driving 

capabilities to a sufficient degree on a given driving task depends upon the complexity of 

the driving context. However, no single tool, material, or resource exists that will aid DRSs 

in determining the roadway context in which the driving task is assessed. Measuring the 

driving context's complexity may help DRSs from different geographic locations design 

comparable standardized routes for on-road evaluation. Using the methodology presented 

in this research, DRSs will be able to empirically determine the driving complexity of a 

road based upon the following factors that define the roadway environment: 

●   Static characteristics of the roadway are based on roadway geometry (i.e., lane 

width, shoulder width, and the number of lanes) as well as contextual factors (i.e., 

roadside hazards, level of business development, type of area (rural or urban), etc.) 

●  Dynamic characteristics of the roadway reflect the mix of traffic (i.e., pedestrians, 

bicycles, and vehicles) and the traffic density, proximity, and speed. 

The static contextual complexity metrics were derived from the contents of the 

American Association of State Highway and Transportation Officials (AASHTO) 

Highway Safety Manual (National Research Council et al., 2010), which transportation 

https://www.zotero.org/google-docs/?xVb68q
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engineers predominantly use to assess the safety of the roadway environment. Contributory 

effects of each roadway element to the overall safety were evaluated using their respective 

crash modification factors (CMFs). This material was condensed and tailored to the needs 

of DRSs. The dynamic contextual complexity was estimated using unsupervised machine 

learning techniques to categorize driving scenes by varying levels of complexity. The 

proposed Contextual Risk Factor (CCF) model combines the driving environment's static 

and dynamic variables and classifies the complexity into a graduated risk scale that ranges 

from high-risk to low-risk. Using the CCF model, DRSs will be able to assign a numerical 

rating to a road segment or intersection and categorize it appropriately depending upon the 

relevant conditions of the road that define it. Such a capability will help establish common 

standards for DRSs to design fixed routes of comparable complexity across various 

locations in the United States. While transferability of the model beyond the U.S. is 

possible, the Highway Safety Manual is specific to U.S. conditions and may not capture 

the variety and safety of roadway design elements in other countries.  

Background 

In the United States, the screenings of medically at-risk drivers are conducted by Driving 

Rehabilitation Specialists (DRSs). DRSs are often occupational therapists with a 

background in health care or driver education who have completed additional training and 

education in driver rehabilitation. DRSs assess a broad spectrum of clients, ranging from 

young, novice drivers to older, experienced drivers suffering from functional limitations 

that may affect their ability to drive safely. Typically, evaluations of medically at-risk 
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clients include both an in-clinic assessment (also referred to as pre-road or off-road 

evaluation) and an on-road assessment (Di Stefano & Macdonald, 2010). The in-clinic 

evaluation includes a clinical assessment of an individual's visual, perceptual, cognitive, 

and physical skills necessary for driving.  

The DRSs conduct on-road assessment on either a standard, fixed route or a non-

standard, variable route. A standard, fixed-route is a pre-planned route with pre-specified 

instructions to the driver and is designed by DRSs to assess a driver's capabilities at pre-

specified locations on the route. The route planning and design process is currently carried 

out to incorporate various roadway features. Non-standard, variable routes are local routes 

used by DRSs who travel to the client's location or can be used for clients who drive in a 

limited capacity or environment. Following the on-road evaluation, if the DRS determines 

that the person cannot drive safely, further training to develop skill and competency is 

offered, or the person is reported to the state Department of Motor Vehicles  (DMV) for 

revocation of the driving license (Janke & Eberhard, 1998).  

Motivation 

The on-road assessment is considered the gold standard due to its high face validity 

and widespread use by practicing DRSs (Shechtman, O et al., 2010). DRSs assess their 

clients' specific driving skills (i.e., visual scanning, gap acceptance, driver planning of the 

travel route to a destination, etc.) by assigning various driving tasks and activities at critical 

locations on a fixed or variable route designed by the DRS.  

https://www.zotero.org/google-docs/?1kkpxN
https://www.zotero.org/google-docs/?K0nLuK
https://www.zotero.org/google-docs/?ILtIHh
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In a study conducted by Di Stefano & Macdonald (2010), 55 clinicians practicing 

driving rehabilitation were interviewed. Among clinicians interviewed, there was a high 

level of agreement (84%) on the need to improve the reliability and validity of the on-road 

procedures. Most participants indicated that the on-road evaluation should include a 

standard set of driving-related tasks. However, the difficulty of these driving-related tasks 

is influenced by the roadway environment's characteristics4. According to the authors, the 

extent to which standardization can be achieved is limited by the varying roadway 

conditions where assessments are conducted (Di Stefano & Macdonald, 2010). Dickerson 

(2013) surveyed 227 North American DRSs to determine the various assessment tools used 

for in-clinic and on-road assessments. The study found that at least 40 different in-clinic 

assessments were listed as the top five choices for making fitness-to-drive decisions, thus 

illustrating the diversity of assessment techniques across different clinics. The on-road 

assessment was considered by far to be the primary component in decision-making 

(Dickerson, 2013). Another study by Di Stefano & Macdonald, (2012), involving 

interviews with 22 DRSs, revealed that the outcome of the on-road test is influenced by the 

different traffic levels and associated road and environmental conditions. The ability of a 

driver to display adequate driving skills for an on-road evaluation depends upon the 

complexity of the driving environment (Pellerito, 2006; Schultheis et al., 2001). This, in 

turn, has an impact on the validity of any on-road assessment process, whether for novice 

or medically at-risk drivers. The need for all road tests to be sufficiently consistent and 

 
4 Roadway environment is the current condition of the road which includes the physical conditions (i.e., 

single lane/multi-lane road, lane width, shoulder width, speed limit, intersection type) and variable 

conditions of traffic (i.e., low density/high density traffic, pedestrian traffic). 

https://www.zotero.org/google-docs/?iZddxV
https://www.zotero.org/google-docs/?6cYmzi
https://www.zotero.org/google-docs/?43GlZ6
https://www.zotero.org/google-docs/?43GlZ6
https://www.zotero.org/google-docs/?6EsfK6
https://www.zotero.org/google-docs/?9WzjSh
https://www.zotero.org/google-docs/?MyaXvw
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challenging was determined by DRSs as a primary concern and is widely acknowledged in 

the literature (Di Stefano & Macdonald, 2012; Kay et al., 2008). 

The roadway environment in which the driving assessment is conducted influences an 

individual's driving behavior. Specifically, the roadway environment impacts both the 

driver’s perceptual and cognitive resources as well as their ability to coordinate motor 

responses under realistic time pressures. This is important because these aspects of driver 

competency are critical to road safety (Di Stefano & Macdonald, 2012). 

Research studies have also revealed inconsistencies in the inclusion of desirable 

roadway test features in DRSs’ routes (Stefano & Macdonald, 2006). The Victorian 

Occupational Therapy Professional Group and the Licensing Authority in Australia have 

established guidelines related to on and off-road driving assessments. The guidelines list 

compulsory and desirable features that need to be included while planning a fixed route. 

Australian researchers (Di Stefano & Macdonald, 2012) surveyed occupational therapy 

driver assessors (similar to DRS in the USA) to determine the list of compulsory route 

features that DRSs should use when designing a fixed route. Table 1.1 shows the list of 

mandatory route features and the number of DRSs practicing in urban and rural areas who 

mentioned each feature. 

 

 

 

https://www.zotero.org/google-docs/?5AL91O
https://www.zotero.org/google-docs/?zY75uA
https://www.zotero.org/google-docs/?M5rQUO
https://www.zotero.org/google-docs/?Cu5raw
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Table 1.1. Frequency of DRSs Using Compulsory Route Features (Source: Di Stefano & 

Macdonald, 2012).  

 
 

The route features specified in guidelines as 

compulsory 

Percent of 

urban DRSs 

(n=15) 

Percent of 

regional/rural 

DRSs (n=7) 

Drive along following the road with the following features: 

Single lane road with centerline 100 100 

Multi-laned road 100 100 

Crossing (pedestrian/children/railway) 93.33 100 

Strip shopping center 93.33 85.71 

Single lane road with no center line 86.67 71.43 

Negotiate intersection (straight through or turn) in the following context: 

Intersection with parked cars occluding the view 100 100 

Intersection controlled with a yield sign 100 100 

Intersection controlled with a stop sign 100 100 

T-intersection 100 100 

Roundabout 100 100 

Intersection controlled by traffic lights 100 85.71 

Perform other driving tasks or maneuvers: 

Quiet drive through low-density area/familiarization 

opportunity 100 100 

Lane change to the left 100 100 

Lane change to the right 100 100 

Parking: 90 deg/angle, or reverse 100 100 

Vary required vehicle speed 100 100 

Lane change when instructed, and as required, e.g., to go 

around parked cars 93.33 85.71 

Locate a street sign 33.33 28.57 

Types of environmental conditions: 

Low-density traffic 100 100 

https://www.zotero.org/google-docs/?LC4y0L
https://www.zotero.org/google-docs/?LC4y0L
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High-density traffic 100 100 

Road with visual distractions, e.g. traffic, pedestrians, 

scenery 100 100 

Distraction, e.g. intentional general discussion/answering 

questions in the vehicle to create a distraction 73.33 100 

 

  

The authors found high compliance with compulsory route features by DRSs 

practicing in rural and urban areas yet saw very low compliance with desirable features in 

their routes. About 48% of the desirable features were absent from the standard routes used. 

Table 1.2 shows the frequency of DRSs using desirable features when designing fixed 

routes, for rural and urban DRSs. 

 

Table 1.2. Frequency of DRSs Using Desirable Route Features (Source: Di Stefano & 

Macdonald, 2012) 

 

The route features specified in guidelines 

as 'desirable' 

Percent of 

urban DRSs 

(n=15) 

Percent of 

regional/rural 

DRSs (n=7) 

Speed zone changes 100 100 

Merging/slip lane 86.67 100 

Road marking information, e.g. exit arrows 73.33 85.71 

Speed humps 86.67 57.14 

Curved/highly cambered road 80 57.14 

One way street 53.33 85.71 

Freeway/highway (70+km/hour speed limit) 46.67 42.86 

100 km/hour speed limit 46.67 42.86 

Trams 46.67 14.29 

No entry street 13.33 57.14 

https://usc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en%2DUS&rs=en%2DUS&wopisrc=https%3A%2F%2Fclemson-my.sharepoint.com%2Fpersonal%2Fvbendig_clemson_edu%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Fc96a2b96524f4b0dbd7544e0844cbc16&wdenableroaming=1&mscc=0&wdodb=1&hid=B3C6D49F-90AF-C000-38AD-06B9C95295E1&wdorigin=Sharing&jsapi=1&jsapiver=v1&newsession=1&corrid=c6ecf774-6f80-4f1a-8843-26df1df6777e&usid=c6ecf774-6f80-4f1a-8843-26df1df6777e&sftc=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected#_ENREF_4
https://usc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en%2DUS&rs=en%2DUS&wopisrc=https%3A%2F%2Fclemson-my.sharepoint.com%2Fpersonal%2Fvbendig_clemson_edu%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Fc96a2b96524f4b0dbd7544e0844cbc16&wdenableroaming=1&mscc=0&wdodb=1&hid=B3C6D49F-90AF-C000-38AD-06B9C95295E1&wdorigin=Sharing&jsapi=1&jsapiver=v1&newsession=1&corrid=c6ecf774-6f80-4f1a-8843-26df1df6777e&usid=c6ecf774-6f80-4f1a-8843-26df1df6777e&sftc=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected#_ENREF_4
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Road dips (blind vertical curves) 20 42.86 

Narrow bridges (one car at a time) 6.67 14.29 

Unsealed roads/Gravel (specified for rural 

areas) 0 0 

Negotiate intersection (straight through or turn) in the following contexts: 

Traffic lights with a turning arrow 100 85.71 

Non-uniform intersection 86.67 57.14 

Multi-laned roundabout 66.67 42.86 

Perform other driving tasks or maneuvers: 

Locate and negotiate a car park 86.67 57.14 

Turning onto a high-speed road 80 57.14 

The navigational task, return to entry point 

form within a shopping center car park 60 57.14 

U turn 46.67 42.86 

Simulated emergency braking 13.33 28.57 

Overtaking 13.33 28.57 

Types of environmental conditions: 

Underground car park 20 14.29 

 

 

Some of the route features mentioned in Table 1.2 are encountered routinely by 

drivers during normal driving. For example, it is typical for a driver to confront a road with 

a 60 mph (100 kmph) speed limit in ordinary driving activity. Yet, only 45% of DRSs 

reported incorporating roads with higher speeds in their route. This is important because 

failing to include these features in fixed routes may decrease the utility of the assessment, 

weakening the authenticity of the evaluation.          
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Designing a fixed route using a checklist provides a mechanism for DRSs to assess 

specific driving skills in the presence of crucial roadway features. However, the difficulty 

of operating through a given road stretch is not governed by individual roadway features; 

instead, a myriad of road factors, traffic, and surroundings, collectively influence the 

complexity of the driving environment. For example, consider two roadway scenarios: 

scenario A (see Figure 1.1) and scenario B (see Figure 1.2). 

 

  

  

Figure 1.1. Scenario A, a road with low traffic, a median divider, and no driveways.   
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Figure 1.2. Scenario B, a road with a high traffic volume, left-turn traffic, and driveways.   

The amount of information that needs to be processed for a driver to navigate safely on 

both of these roads is very different. In scenario A the driver does not need to worry about 

turning vehicles or vehicles coming out of a driveway. There is a median divider separating 

the traffic in opposite directions. The level of traffic is low, so the cars are distributed far 

from each other on the road, and there are no vulnerable road users (i.e., no pedestrians or 

bicyclists) present. However, in scenario B, the driver needs to keep track of other vehicles 

in the left turn lanes that are waiting to make turns. In addition, the driver needs to observe 

if there are any vehicles in the driveways waiting to make turns. The driver must keep track 

of the cars, and judge the course of action from surrounding information. The traffic level 

is high, meaning the vehicles are closely spaced. In addition, the area is busy with many 

commercial establishments. The driver must discern crucial information amidst all the 

clutter to make driving-related decisions.  
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There is a significant difference in the cognitive load on the driver in both scenarios. 

The first scenario requires a lower cognitive load on the driver when compared to the 

second roadway scenario. Thus, the amount and type of information that needs to be 

processed are partially determined by the characteristics of the roadway environment. As 

such, DRSs must understand the roadway context in which the on-road assessment is 

conducted. Diverse elements of the roadway context collectively influence the range of 

skills, knowledge, and functional abilities that need to be used. However, guidance on 

considering the interdependencies of roadway features and their influence on driving 

behavior have not been identified in extensive literature searches. 

1.2  Problem Statement  

Driving Rehabilitation Specialists in the United States use fixed and/or variable routes to 

evaluate the driving competencies of medically at-risk drivers; however, DRSs may be 

unaware of the circumstances that form the roadway environment for a driving evaluation. 

As mentioned previously, the complexity of the driving environment is governed by the 

roadway geometry, traffic volumes, and the roadside environment. 

         While Transportation Engineers know that the combination of roadway geometry, 

operations, and associated environmental conditions together define the complexity of a 

driving environment, DRSs are not trained on these engineering topics and as a result, do 

not have the skill set or tools to quantify and measure critical aspects of the roadway context 

in which the on-road evaluation is conducted. Several researchers have emphasized the 

importance of establishing guidelines and standards in designing fixed routes to enhance 

the consistency and validity of on-road driving evaluation procedures (Di Stefano & 
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Macdonald, 2010; Di Stefano & Macdonald, 2012; Korner-Bitensky, Bitensky, Sofer, 

Man-Son-Hing, & Gelinas, 2006); however, there are no materials or guidelines currently 

available to help DRSs design routes of comparable complexities across different locations 

in the United States. 

When one’s driver's license status is impacted by the outcomes of the in-clinic and on-road 

assessments, ensuring the on-road evaluation is reliable and valid is essential for medically 

at-risk drivers. Thus, it is vital to provide DRSs with the knowledge, skills, and ability to 

design on-road routes to be consistent in driving complexity (i.e., geometric, operational, 

and environmental features).  

1.3 Goals and Objectives 

This research aims to establish guidelines for developing common standards to design 

fixed routes for on-road evaluations for at-risk drivers. The guidance is based on a 

thorough understanding of the driving context -- the circumstances that form the setting 

for a driving evaluation (i.e., operational, geometric, and environmental) and in 

quantitative terms that can be fully understood and assessed by a non-technical DRSs.  

The research objectives to support this goal are as follows: 

1. To develop a dynamic complexity model to measure dynamic complexity and 

categorize each scene appropriately from high to low risk.  

2. To develop a static risk model to measure static risk and categorize each scene 

appropriately from high to low risk.  

https://usc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en%2DUS&rs=en%2DUS&wopisrc=https%3A%2F%2Fclemson-my.sharepoint.com%2Fpersonal%2Fvbendig_clemson_edu%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Fc96a2b96524f4b0dbd7544e0844cbc16&wdenableroaming=1&mscc=0&wdodb=1&hid=B3C6D49F-90AF-C000-38AD-06B9C95295E1&wdorigin=Sharing&jsapi=1&jsapiver=v1&newsession=1&corrid=c6ecf774-6f80-4f1a-8843-26df1df6777e&usid=c6ecf774-6f80-4f1a-8843-26df1df6777e&sftc=1&mtf=1&sfp=1&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush&rct=Medium&ctp=LeastProtected#_ENREF_4
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3. To build an absolute contextual complexity model combining results from 

dynamic complexity and static risk models to measure and categorize total 

complexity of the scene from high to low risk.   

4. Develop metrics to measure and classify dynamic complexity, static risk, and 

absolute complexity of the drivng environment.  

 

1.3  Expected Research Contributions  

The outcome of this research is expected to make the following contributions: 

1. Develop a methodology to measure the dynamic and static risk of the driving 

environment. 

2. Develop static risk and dynamic complexity metrics along with a rating system 

for DRSs to measure and score the total contextual complexity of the entire route. 
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CHAPTER TWO 

 

LITERATURE REVIEW 

 

 

Approximately 60 million people in the United States have a medical condition that affects 

their ability to drive safely (Warren & Smalley, 2014). With 10,000 baby boomers turning 

65 years of age every day (Center for Disease Control and Prevention, 2020), there is an 

ever-increasing need for healthcare professionals, primarily occupational therapists, to 

screen and comprehensively evaluate individuals who are potentially at-risk drivers (Di 

Stefano & Macdonald, 2003; McGwin et al., 2000). Due to this surge in the need to assess, 

evaluate and rehabilitate medically at-risk drivers, there is an increased onus on the 

specialists who address driving to have research-based best practices to enhance the 

validity and reliability of on-road driving evaluations. 

Aside from occupational therapy, DRSs may also have backgrounds in kinesiotherapy, 

driver education, or other related fields. A DRS plans, develops, coordinates, and 

implements driving services for individuals with disabilities (Association for Driver 

Rehabilitation Specialists, 2022). Additionally, a DRS evaluates their client's driving skills, 

recommends rehabilitation as needed, and suggests vehicle and route modifications (e.g., 

avoiding driving at night) to enable a person to resume or continue driving or in some 

instances, recommends the individual no longer drives. Many DRSs gain experience, 

complete additional training and take a national certification exam offered by the 

Association for Driving Rehabilitation Specialists (ADED) to become Certified Driving 

https://www.zotero.org/google-docs/?uxFgzl
https://www.zotero.org/google-docs/?Y5UM30
https://www.zotero.org/google-docs/?broken=HWECWy
https://www.zotero.org/google-docs/?broken=HWECWy
https://www.zotero.org/google-docs/?broken=HWECWy
https://www.zotero.org/google-docs/?broken=lEbBsA
https://www.zotero.org/google-docs/?broken=lEbBsA
https://www.zotero.org/google-docs/?broken=lEbBsA
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Rehabilitation Specialists (CDRS) (Association for Driver Rehabilitation Specialists, 

2022). 

The two most common reasons why DRSs evaluate driving performance are to determine 

whether the client meets acceptable competency requirements (e.g., whether he or she 

would be likely to pass a standard license test at the state Department of Motor Vehicles) 

and to identify impairment-related deficiencies in driving performance to develop a 

remediation program (Stefano & Macdonald, 2006). A DRS’s driving assessment 

objectives are somewhat different from those of entry-level license testing, although both 

have a paramount concern with road safety. The majority of DRSs’ clients are not novice 

drivers. Most DRSs’ clients are experienced drivers with visual, physical, and/or cognitive 

impairments that may negatively impact their ability to drive safely, such as dementia, 

stroke, arthritis, low vision, limb amputations, neuromuscular disorders, spinal cord 

injuries, cardiovascular diseases, and other causes of functional deficits (Association for 

Driver Rehabilitation Specialists, 2019).  One of the primary aims of DRSs is to identify 

and assess how an individual's health, disability, or age-related impairments impact their 

ability to drive safely (Ashman et al., 1994). In addition to these impairment-related 

assessment topics, there are also safety-related requirements to determine whether the 

driver demonstrates sufficient competence in executing various driving maneuvers in a 

wide range of road traffic conditions. This outcome justifies a driver's ability to obtain a 

full or a restricted driver's license (Di Stefano & Macdonald, 2012; Shechtman, et al., 2010; 

Stutts & Wilkins, 2003).  

https://www.zotero.org/google-docs/?broken=lEbBsA
https://www.zotero.org/google-docs/?broken=lEbBsA
https://www.zotero.org/google-docs/?broken=uvcW5C
https://www.zotero.org/google-docs/?broken=uvcW5C
https://www.zotero.org/google-docs/?bQJjB6
https://www.zotero.org/google-docs/?bQJjB6
https://www.zotero.org/google-docs/?broken=1PwtMZ
https://www.zotero.org/google-docs/?broken=1PwtMZ
https://www.zotero.org/google-docs/?broken=UUM2FF
https://www.zotero.org/google-docs/?broken=UUM2FF
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The ability to drive safely changes by the driving environment’s contextual complexity. 

The driving context consists of static components (i.e., roadway type, speed limit, road 

width, presence of median, etc.) and fast-changing dynamic components such as moving 

objects (i.e., vehicles, pedestrians, bicyclists, etc.). Weather and other externalities also 

influence the contextual risk of the driving environment. Researchers define all the visual 

cues and information that a driver must process to operate a vehicle as visual demand. 

Visual demand encompasses both the static and dynamic content (Dewar & Olson, 2002). 

Human factors experts generally believe that crashes increase when the visual demand rises 

(Dewar & Olson, 2002). Research studies documented more crashes on roads with heavy 

traffic or complicated roadway geometric configurations, both of which pertain to dynamic 

and static constituents of the driving ecosystem (Shinar et al., 1977). DRSs have 

inexplicably considered the complexity of the driving environment in the design of their 

on-road evaluation route based upon their experience and knowledge of the geographic 

region.    

The literature review summarizes what is known about planning practices and 

challenges facing the design of fixed routes for on-road evaluations. Further discussion is 

divided into seven sections. Sections 2.1 and 2.2 discuss the two main components of the 

assessment procedure used by DRSs (i.e., the in-clinic and on-road evaluation) to 

determine a client’s ability to drive safely. Section 2.3 discusses current route planning and 

design practices used in the field of driving rehabilitation. Section 2.4 presents the issues 

related to the reliability and validity of the current route design practices and discusses the 

importance of considering the roadway context. Section 2.5 describes attributes of the 

https://www.zotero.org/google-docs/?8I5jky
https://www.zotero.org/google-docs/?yTChTG
https://www.zotero.org/google-docs/?ZxLxjT
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Front View 
Bottom View 

Back View Top View 

Figure A.3. K-means clustering (K=4) 
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Front View Bottom 

View 

Back View Top View 

Figure A.4. K-means clustering (K=5) 
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Front View 
Bottom 

View 

Back View Top View 

Figure A.5. K-means clustering (K=6) 
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APPENDIX B  

Absolute Contextual Complexity Plots 
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B.1. Market Street (Between 3rd St and O'Farrel St) 

 

Table B.1. Static complexity analysis results of Market Street Segment.  

 

SEGMENTID 

segment-

4641822195449131669_380_000_400_000_with_camera_labels 

Market Street (Between 

3rd St and O'Farrel St)  Complexity 

Roadway Type 4U Medium 

On Street Parking Parallel Commercial Medium 

Median width (ft) 10 High 

Lighting Present Low 

Fixed Object Offset 5 High 

Auto Speed Enforcement Not Present High 

SEGMENT RISK  High 

 

 

Table B.2. Static complexity analysis results of intersection at Market Street and 3rd 

Street.  

 

Intersection: Market St @ 3rd St 

Intersection Type 4 Approach Signalized High 

Intersection Lighting Present Low 

Approaches with Left 

Turn Lanes 0 High 

Approaches with Right 

Turn Lanes 0 High 

Approaches with Left 

Turn Signal Phasing 0 High 

Type of Signal Phasing Permissive High 

Approaches RTOR 

Prohibited 0 High 

Intersection Red Light 

Running Not Present High 

INTERSECTION RISK  HIGH 
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Table B.3. Static complexity analysis results of intersection at Market Street & O’Farrel 

Street.  

Intersection: Market St @ O'Farrel St 

Intersection Type 3 Approach Signalized Medium 

Intersection Lighting Present Low 

Approaches with Left 

Turn Lanes 1 Medium 

Approaches with Right 

Turn Lanes 0 High 

Approaches with Left 

Turn Signal Phasing 0 High 

Type of Signal Phasing Permissive High 

Approaches RTOR 

Prohibited 0 High 

Intersection Red Light 

Running Not Present High 

INTERSECTION RISK  HIGH 
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B.2. Market Street (Between 16th & 17th St) 

 

Table B.4. Static complexity analysis results of  Market Street (Between 16th & 17th 

Street) segment.  

 

SEGMENTID 

segment-

10876852935525353526_1640_000_1660_000_with_camera_l

abels 

Market Street (Between 16th 

& 17th St)  Complexity 

Roadway Type 4 Lane Divided Medium 

On Street Parking Parallel Commercial High 

Median width (ft) 10 High 

Lighting Present Low 

Fixed Object Offset 5 High 

Auto Speed Enforcement Not Present High 

SEGMENT RISK  HIGH 

 

 

Table B.5. Static complexity analysis results of intersection on Market Street & 16th 

Street.  

 

Intersection: Market St @ 16rd St Complexity 

Intersection Type 6 Approach Signalized High 

Intersection Lighting Present Low 

Approaches with Left Turn 

Lanes 2 Medium 

Approaches with Right Turn 

Lanes 1 High 

Approaches with Left Turn 

Signal Phasing 0 High 

Type of Signal Phasing Permissive High 

Approaches RTOR Prohibited 0 High 
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Intersection Red Light Running Not Present High 

INTERSECTION RISK  HIGH 

 

 

 

 

Table. B.6. Static complexity analysis results of intersection on Market Street & 17th 

Street.  

 

Intersection: Market St @ 17th St Complexity 

Intersection Type 6 Approach Signalized High 

Intersection Lighting Present Low 

Approaches with Left Turn 

Lanes 2 Medium 

Approaches with Right Turn 

Lanes 4 Low 

Approaches with Left Turn 

Signal Phasing 0 High 

Type of Signal Phasing Permissive High 

Approaches RTOR Prohibited 3 Low 

Intersection Red Light Running Not Present High 

INTERSECTION RISK  HIGH 
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B.3. Mission Street (Between 22nd Street & 23rd Street)  

 

Table B. 7. Static complexity analysis of segment on Mission Street (between 22nd street 

and 23rd street).  

SEGMENTID 

segment-

11925224148023145510_1040_000_1060_000_with_camera

_labels 

Mission St (Between 22nd & 

23rd)  Complexity 

Roadway Type 2 Lane Undivided Low 

On Street Parking Parallel - Commercial Medium 

Median width (ft) None High 

Lighting yes Low 

Fixed Object Offset 5 High 

Auto Speed Enforcement None High 

SEGMENT RISK  High 

 

 

Table B.8. Static complexity analysis of intersection on Mission Street and 23rd Street.  

 

Intersection: Mission St @ 23rd St Complexity 

Fixed Object Offset 4 Leg Signalized High 

Intersection Lighting Present Low 

Approaches with Left Turn 

Lanes 0 High 

Approaches with Right Turn 

Lanes 2 Medium 

Approaches with Left Turn 

Signal Phasing 0 High 

Type of Signal Phasing Permissive High 

Approaches RTOR Prohibited 0 High 

Intersection Red Light Running 0 Low 

INTERSECTION RISK  High 
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B.4. Folsom Street (Between 3rd Street & Mabini Street)  

 

Table B.9. Static complexity analysis of segment on Folsom Street (between 3rd street 

and Mabini Street)  

 

SEGMENTID 

segment-

11928449532664718059_1200_000_1220_000_with_camera

_labels 

Folsom St (Between 3rd st & 

Mabini St)  Complexity 

Roadway Type 4D Medium 

On Street Parking Parallel-Commercial Medium 

Median width (ft) None (One Way) Low 

Lighting Yes Low 

Fixed Object Offset 10 High 

Auto Speed Enforcement No High 

SEGMENT RISK  MEDIUM 
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Table B.10. Static complexity analysis of intersection on Folsom Street and 3rd Street.  

 

Intersection: Folsom St @ 3rd Street Complexity 

Intersection Type 4 leg Signalized High 

Intersection Lighting Present Low 

Approaches with Left Turn 

Lanes 4 Low 

Approaches with Right Turn 

Lanes 4 Low 

Approaches with Left Turn 

Signal Phasing 4 Low 

Type of Signal Phasing Protected Low 

Approaches RTOR Prohibited 0 High 

Intersection Red Light Running Not Present High 

INTERSECTION RISK  LOW 

 

 

 

Table B. 11. Static Complexity analysis of intersection on Folsom Street and Mabini 

Street, San Francisco, CA.  

 

Intersection: Folsom St @ Mabini St. Complexity 

Intersection Type 3 Approach Signalized Medium 

Intersection Lighting Present Low 

Approaches with Left Turn 

Lanes 3 Low 

Approaches with Right Turn 

Lanes 3 Low 

Approaches with Left Turn 

Signal Phasing 3 Low 

Type of Signal Phasing Protected Low 

Approaches RTOR Prohibited 0 High 

Intersection Red Light Running Not Present High 

INTERSECTION RISK  LOW 
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B. 5. 26th Street (Between Guerrero Street & Valencia Street)  

 

Table B.11. Static complexity analysis of segment on 26th street (between Guerrero 

Street and Valencia Street)  

SEGMENTID 

segment-

13619063687271391084_1519_680_1539_680_with_camer

a_labels 

26th St (Between Guerrero St & Valencia St) Complexity 

Roadway Type 4 lane Divided Medium 

On Street Parking Parallel-Residential Medium 

Median width (ft) 0 High 

Lighting Present Low 

Fixed Object Offset 15 Medium 

Auto Speed Enforcement None High 

SEGMENT RISK  Medium 

 

Table B.12. Static complexity analysis of intersection on 26th Street and Guerrero Street.  

Intersection: 26th st @ Guerrero St Complexity 

Intersection Type 4 Approach Signalized Medium 

Intersection Lighting Present Low 

Approaches with Left Turn Lanes 0 High 

Approaches with Right Turn 

Lanes 0 High 

Approaches with Left Turn Signal 

Phasing 0 High 

Type of Signal Phasing Permissive High 

Approaches RTOR Prohibited 0 High 

Intersection Red Light Running Not Present High 

INTERSECTION RISK  HIGH 
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Table B.13. Static complexity analysis of intersection on 26th street and San Jose 

Avenue.  

Intersection: 26th St @ San Jose Ave Complexity 

Intersection Type 3 Approach stop Medium 

Intersection Lighting Not Present High 

Approaches with Left Turn Lanes 0 High 

Approaches with Right Turn 

Lanes 0 High 

Approaches with Left Turn Signal 

Phasing 0 NA 

Type of Signal Phasing NA NA 

Approaches RTOR Prohibited NA NA 

Intersection Red Light Running 0 NA 

INTERSECTION RISK  HIGH 
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B.6. 19th Street (Between Yukon Street and Seward Street)  

 

Table. B.14. Static complexity analysis of segment on 19th Street (between Yukon Street 

and Seward Street).  

SEGMENTID 

segment-

14869732972903148657_2420_000_2440_000_with_camera_la

bels 

19th St (Between Yukon St & 

Seward St)  Complexity 

Segment Type 2 lane undivided Low 

On Street Parking Parallel-Residential Low 

Median width (ft) 0 Medium 

Lighting Present Low 

Fixed Object Offset 5 High 

Auto Speed Enforcement None Low 

SEGMENT RISK  Low 

 

Table B.15. Static complexity analysis of intersection on 19th Street and Yukon Street.  

 

 

Intersection: 19th St @ Yukon St Complexity 

Intersection Control Type 4 leg stop Low 

Intersection Lighting Present Low 

Approaches with Left Turn 

Lanes 0 High 

Approaches with Right Turn 

Lanes 0 High 

Approaches with Left Turn 

Signal Phasing NA NA 

Type of Signal Phasing NA NA 

Approaches RTOR Prohibited NA NA 

Intersection Red Light 

Running 0 NA 

INTERSECTION RISK  Low 
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Table B.16. Static complexity analysis of intersection on 19th Street and Seward Street.  

 

Intersection: 19th St @ Seward St Complexity 

Intersection Control Type Yield Low 

Intersection Lighting Present Low 

Approaches with Left Turn 

Lanes 0 High 

Approaches with Right Turn 

Lanes 0 High 

Approaches with Left Turn 

Signal Phasing 0 NA 

Type of Signal Phasing NA NA 

Approaches RTOR Prohibited NA NA 

Intersection Red Light 

Running 0 NA 

INTERSECTION RISK  Low 
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Table B.24. Static complexity analysis results of intersection on 16th avenue and Lawton 

Street.  

 

Intersection: 16th & Lawton ST Complexity 

Intersection Type Minor Road Yield Low 

Intersection Lighting Present Low 

Approaches with Left Turn Lanes 0 High 

Approaches with Right Turn Lanes 0 High 

Approaches with Left Turn Signal 

Phasing NA NA 

Type of Signal Phasing NA NA 

Approaches RTOR Prohibited NA NA 

Intersection Red Light Running 0 NA 

INTERSECTION RISK  Low 

 

 


