
 

POTENTIAL IMPACTS OF WIDER LONGITUDINAL EDGELINE PAVEMENT 

MARKINGS  

 

A Thesis 

Presented in Partial Fulfillment of the Requirements for the 

Degree of Master of Science 

with a  

Major in Civil Engineering 

in the 

College of Graduate Studies 

University of Idaho 

by 

Marvin V. Ramirez 

 

Major Professor: Kevin Chang, Ph.D. 

Committee Members: Ahmed Abdel-Rahim, Ph.D.; Brian P. Dyre, Ph.D.  

Department Administrator: Patricia J. S. Colberg, Ph.D. 

 

 

July 2016 

 



  ii 
 

 
 

AUTHORIZATION TO SUBMIT THESIS 

This thesis of Marvin V. Ramirez, submitted for the degree of Master of Science with a major 

in Civil Engineering and titled “POTENTIAL IMPACTS OF WIDER LONGITUDINAL 

EDGELINE PAVEMENT MARKINGS,” has been reviewed in final form. Permission, as 

indicated by the signatures and dates below, is now granted to submit final copies to the 

college of Graduate Studies for approval. 

 

Major Professor:                 Date: 

                  ________________________________            ______________ 

                    Kevin Chang, Ph.D.    

 

 

Committee Members:                  Date: 

                  ________________________________            ______________ 

                    Ahmed Abdel-Rahim, Ph.D.   

  

   

                   Date: 

                  ________________________________            ______________ 

                    Brian P. Dyre, Ph.D.   

 

 

Department  

Administrator:                  Date: 

                  ________________________________            ______________ 

                    Patricia J. S. Colberg, Ph.D.    

     

 

 

 

 

 

 

 

 



  iii 
 

 
 

ABSTRACT 

The goal of the research presented in this thesis was to study the safety effects of 

wider longitudinal edgeline pavement markings based on lane position and vehicle speed. 

Different marking deterioration percentages and roadway geometries on two-lane rural 

highways were implemented using the University of Idaho’s driving simulator to examine 

these safety effects. Twenty-four people participated in this study, and the results from the 

driving simulator experiment suggest that wider longitudinal edgeline pavement markings do 

not provide safety benefits based on lane position but do provide a minor positive impact by 

slightly reducing vehicle speeds; however, the speed differential from an operational 

standpoint is negligible. 
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CHAPTER 1: INTRODUCTION 

In the State of Idaho, two of the largest contributors to single vehicle crashes are 

related to the inability of drivers to maintain appropriate lane position and inadequate vehicle 

speed. Vehicle speed contributed to just over 22% of single vehicle crashes in 2012, while 

failing to maintain lane position was the second most prevalent circumstance, contributing to 

just under 22% of single vehicle crashes (1). Wider longitudinal edgeline pavement markings 

is one treatment that may provide positive effects on these two driver performances and 

therefore reduce single vehicle crashes, especially run-off-the-road. Hereafter, a wider 

longitudinal edgeline pavement marking will be referred to as “wider edgeline” and a 

longitudinal edgeline pavement marking will be referred to as “edgeline”. The objective of 

this research is to determine if the implementation of wider edgeline can improve a driver’s 

ability to better identify the roadway alignment and maintain appropriate lane position and 

vehicle speed in a two-lane rural highway setting.  

 For this study, three different edgeline widths (2 inch, 4 inch, and 6 inch) were 

implemented in a roadway simulation environment to determine how these width variations 

impact driver performance, especially when switching from the standard (4 inch) to a wider (6 

inch) width. Along with these three edgeline width variations, the percent of edgeline 

deterioration for each width was also considered and consisted of 0%, 25%, 50%, and 75%. 

For example, an edgeline width with a 75% edgeline deterioration was almost worn out (less 

visible and opaque), while an edgeline width with a 0% edgeline deterioration was brand new 

(really visible and bright). The roadway geometry characteristic was also taken into 

consideration and included straight and curved horizontal segments throughout the roadway 

simulation environment. 

As part of this driving simulator experiment, this study also included a post 

experiment questionnaire that each participant was required to fill out after completing their 

final session. This questionnaire was composed of questions regarding the participant’s 

experience, their driving behaviors while they experienced the different scenarios, if they 

noticed the variation in edgeline widths on the roadway simulation, and if the edgeline 

deterioration percentages affected their lane position.   
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Research Objectives 

The research presented in this thesis has two primary objectives: 

1. Determine if wider edgelines increase driver visibility of the roadway alignment of a 

two-lane rural highway and help drivers maintain appropriate lane position at different 

edgeline deterioration percentages and roadway geometries. 

2. Determine if wider edgelines aid drivers to maintain adequate vehicle speed on two-

lane rural highways at different edgeline deterioration percentages and roadway 

geometries. 

Thesis Organization 

This thesis is organized into five chapters. An introduction is presented in Chapter 1. 

A literature review is presented in Chapter 2 and focuses on past research work related to this 

specific research topic. It provides information about the application, impacts, and evaluation 

of wider edgelines along with information related to studies that have been conducted with a 

driving simulator on two-lane rural highways based on lane position and vehicle speed, 

marking retro-reflectivity, and marking service life. Chapter 3 presents the methodology for 

the driving simulator experiment. Chapter 4 presents the data analysis and results of this 

study, and Chapter 5 discusses the research conclusions. 

 

 

 

 

 

 

 

 

 

 

 

 



  3 
 

 
 

CHAPTER 2: LITERATURE REVIEW 

This chapter provides the literature review and describes the key elements that are 

involved with this research: application of wider edgelines, safety impacts of wider edgelines, 

evaluation of wider edgelines, use of a driving simulator on two-lane rural highways with an 

emphasis on lane position and vehicle speed, and marking retro-reflectivity and service life. 

Industry Practices 

Wider longitudinal pavement markings that include edgelines are very common in the 

Eastern United States. Most of the states located east of the Mississippi River (22 out of 26) 

currently use them. West of the Mississippi River, only 7 of the 24 states use them. Based on 

survey data collected from different state agencies, the main reason for implementing wider 

longitudinal pavement markings was improved visibility (identified by 57% of respondents). 

The second reason was as an older driver countermeasure (19%), and the third reason was 

crash reduction (14%) (2).  

Safety effects of wider edgelines on rural two-lane highways were examined in the 

states of Illinois, Michigan, and Kansas. The states of Michigan and Kansas increased the 

edgeline width from 4 inches to 6 inches during the analysis, while Illinois only increased it 

from 4 inches to 5 inches. Each state performed different statistical analysis on crash data that 

were obtained (before and after implementing wider edgelines) from the field (roadway). 

Even though the three states conducted different analyses, the study found that wider 

edgelines reduce vehicle crashes. The highest crash reduction percentage was on fatal plus 

injury (Kansas - 36.5%, Michigan analysis 1 - 15.4%, Michigan analysis 2 - 16.1%, and 

Illinois without animal collisions - 37.7%) (3).  

A similar study was conducted to determine how edgelines and retro-reflectivity affect 

older drivers on rural highways. For this study 25 participants were hired and each participant 

experienced the following: standard edgelines with no additional task (described later), 

standard edgelines with additional task, enhanced edgelines with no additional task, and 

enhanced edgelines with additional task. Here the enhancement in edgelines was the 

placement of glass beads into the painted edgelines. Even though in this research the 

implementation of glass beads embedded into the painted edgelines was not the main analysis 

purpose, the supplemental information could provide insight as to how the improvement of 

retro-reflectivity of the edgelines can positively benefit the lateral lane position and travel 
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speed of older drivers. The additional task for this study was a mental arithmetic activity 

where participants were given a two digit number every 2 seconds and asked to separate the 

number and give the absolute difference between them. Each participant was asked to drive as 

closely as possible to 100 kilometers per hour (km/h). This study found that the participants 

were able to drive closer to 100 km/h with the enhanced markings, and that the standard 

deviations in road position were significantly lower when participants experienced the 

enhanced markings (4).  

Benefit/Cost 

A study was conducted on a benefit/cost analysis method to select the most cost-

effective policy that could help provide quantitative evidence of crash reductions. In this 

study, crash data were used to analyze the costs related to fatal and injury crashes. The 

method included summing the benefits from the wider edgelines minus the assumed service 

life of the standard edgeline and then dividing it by installation costs. The benefits for fatal 

and injury crashes were obtained by calculating the difference between the estimated crashes 

and observed crashes, and then multiplying this result by how much a fatality and injury was 

worth. The cost of installing 4 inch waterborne edgelines was about $0.10 per foot, while the 

cost for installing 6 inch waterborne edgelines was about $0.15 per foot, with a resulting 

difference in cost of $528 per mile. This study found that there is a strong benefit to cost ratio 

for fatal crashes; for every $1 invested in the installation of 6 inch edgelines an estimated 

benefit of $55.20 in crash cost reduction is realized (5).    

Marking Retro-Reflectivity 

Retro-reflectivity of edgelines is measured in units of millicandelas per square meter 

per lux. Edgeline visibility at night is mainly a function of contrast between the edgeline and 

the roadway surface. Visibility is crucial in nighttime accidents, especially fatalities. Three 

major components play an important role in nighttime visibility: headlights, edgeline retro-

reflectivity, and the driver’s visual capacities.  

The retro-reflectiveness of edgelines is directly related to service life. As the wear of 

edgelines increases, their retro-reflectivity decreases, indicating that the marking needs to be 

refurbished or replaced. Edgelines should be replaced prior to the time when they no longer 

meet the nighttime visibility for drivers (6). 
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The deterioration of the edgeline’s retro-reflectivity is due to a number of factors 

including: climate/environment, plowing and snow removal (in some states), vehicle loading, 

edgeline material type, edgeline placement, and quality control. All of these factors affect 

how often the edgelines should be replaced in order to provide appropriate visibility of the 

roadway at night through their retro-reflectiveness. The Michigan DOT restripes 85% of their 

roadways on a yearly basis due to snow plowing that occurs during a large portion of the year 

(7).  

In another study, glass bead and pavement marker materials were tested in 19 states 

that included 85 sites. The results showed that the service life for a two-lane rural highway 

edgeline that experiences speeds of 45 miles per hour (mph) or greater is in the range of 3 to 5 

years (8), with the epoxy material (5 years) lasting longer than the profiled thermoplastic (3 

years). In this study, the edgeline widths were not mentioned. 

Statistical methodologies and models were developed to determine the relationship 

between retro-reflectivity values and marking age. The striping cost of two types of pavement 

marking materials, waterborne paint and thermoplastic, were considered and included labor 

and traffic control costs. The striping cost (1996 information) for waterborne paint was $0.06 

per linear foot and $0.30 per linear foot for thermoplastic. The installation of the striping 

materials was performed on a one mile section of a four-lane highway (one direction) that 

included a yellow edge line, one solid white edge line, and one broken white center line with 

10 foot line segments and 30 foot gaps. The installation cost for the waterborne paint was 

$317 per mile and $1,584 per mile for the thermoplastic. The application included installation 

cost, delay cost, crash cost, life-cycle cost analysis, and restriping scheduling. Thermoplastic 

is about five times more expensive than paint if only one time installation is considered. The 

results showed that the cost of thermoplastic material was about 3.1 times as much as the 

paint for low volume conditions and only about 2.0 times as expensive at high volume 

conditions (9). These costs were mainly based on installation and delay costs, and crash cost 

was not included. 

Effects of Alcohol 

Wider edgelines help drivers under sober and alcohol impaired conditions to further 

identify the roadway delineation on two-lane rural highways. Sixteen male participants 

(students between 21 and 25 years old) drove over sections of a rural highway in northern 
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New Jersey that was composed of no edgelines, 4 inch, 6 inch, and 8 inch edgelines under 

sober and alcohol impaired conditions. Each participant drove twice, once with a zero Blood 

Alcohol Concentration (BAC) level and also with levels of either 0.05 or 0.08 BAC. These 

test drives occurred between midnight and 3:00AM with the help of police officers that 

controlled traffic by closing these highway sections. During this study, lateral lane position 

was recorded photographically every 100 feet to analyze driver performance. Wider edgelines 

were found to provide benefits when compared with standard width (4 inch), especially the 

wider 8 inch edgeline, whereas no reduction in variability occurred at some instances with the 

6 inch edgeline (10).  

Another study was conducted to confirm if the use of edgelines and wider edgelines 

would really benefit drivers under normal and impaired conditions. As part of the 

methodology for the study, twelve male participants with driver licenses and in the age range 

of 21 to 55 years old were hired. Each participant completed six experimental sessions at 

BAC levels of 0.00%, 0.07%, and 0.12% (above the legal BAC level to drive in most states). 

Each participant encountered curves, obstacles, and road signs as part of their driving task. 

The design of the roadway simulation session was composed of different edgeline widths 

(none, 4 inch, and 8 inch), spot treatments, and curves. For this study an Analysis of Variance 

(ANOVA) was conducted. The study found that in a sober condition the wider edgelines (8 

inch) were associated with greater lateral lane position error than standard edgelines (4 inch); 

however, neither edgeline was significantly different from the no edgeline condition (11). On 

the other hand, participants with a high BAC level (0.12%) had greater lateral lane position 

error when there was no edgelines, with the error decreasing as the edgelines got wider (11). 

In the State of Idaho there is no previous research related to the implementation of 

wider longitudinal pavement markings on two-lane rural highways. Some past research only 

included one gender (mostly males) when a driving simulator was used; in this research study, 

males and females of different ages were hired. Some studies did not consider different 

pavement marking deterioration stages; here, four different stages of the pavement marking 

deteriorations were considered with regard to edgelines. Finally, oncoming traffic volumes 

similar to what one would encounter on a typical two-lane rural highway in the State of Idaho 

were incorporated into the study. 
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CHAPTER 3: DRIVING SIMULATOR METHODOLOGY 

This chapter provides the methodology used to test the different scenarios for this 

research, as well as the outputs obtained. First, the background section describes the general 

concept of the research. Second, the scenario development is explained, which is composed of 

a general summary and a description of all 12 specific scenarios created. Third, information 

about the driving simulator is presented. Fourth, the experiment description is provided. 

Finally, the output data is discussed at the end of this chapter. 

Background 

To evaluate the safety benefits of wider edgelines at different edgeline deterioration 

percentages and geometries, a sample of 24 participants were tested using a driving 

simulation environment that replicated a two-lane rural highway in the State of Idaho. First, 

each participant was required to drive for about five minutes before the actual experiment 

scenarios commenced so that they could become familiar with the responsiveness of the 

driving simulator. The initial drive segment helped the participants become accustom to the 

sensitivity of the gas pedal, brake pedal, and steering wheel to help mitigate for data 

anomalies due to the driver’s lack of familiarity with the driving simulator. Each participant 

was exposed to a 42 ½ mile roadway simulation track during each session. Within the 42 ½ 

mile track, 40 miles were ideally driven at speeds close to 60 mph (as shown on the regulatory 

speed limit signs which appeared during the experiment). One extra mile was placed at the 

beginning of each scenario roadway track to allow participants to reach a speed of 60 mph. 

An extra half mile was placed at the halfway point for participants to rest during the 

experiment drive. Finally, an extra mile was placed at the end of the track so that participants 

could come to a stop and complete the experiment. All participants conducted three sessions, 

driving for about 45 - 50 minutes during each session. Every participant was given about a 10 

minute break halfway during each session. Each participant experienced the same pattern for 

all edgeline deterioration percentages in each of their three sessions. For example, a 

participant who experienced the 75% edgeline deterioration at the beginning of the roadway 

simulation track on his first session experienced the same deterioration level at the start of his 

or her second and third sessions. After the participants concluded their third session, they 

responded to questions from the debriefing form related to this study. 
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Scenario Development 

General Summary: 

To develop the appropriate scenarios for each participant, one computer program and 

two tools were used along with a simulator program. Every scenario was composed of 

multiple tiles that displayed the appropriate roadway geometries and surrounding 

environment. The roadway geometry was composed of the paved roadway, edgelines, gravel 

shoulder, and varying edgeline deterioration percentages. These roadway geometries were 

composed of straight and horizontal curved segments (wide and narrow curves). Figure 1 

shows an example of a straight horizontal segment. Figure 2 shows an example of a wide 

horizontal curved segment, and Figure 3 shows an example of a narrow horizontal curved 

segment. 

 
Figure 1: Driver simulation graphic - Straight horizontal segment 
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Figure 2: Driver simulation graphic - Wide curved horizontal segment 

 
Figure 3: Driver simulation graphic - Narrow curved horizontal segment 

According to the Highway Capacity Manual (HCM 2010), the base conditions of a 

two lane highway requires lane widths greater than or equal to 12 feet, shoulder widths up to 

6 feet, zero no-passing zones, all passenger cars in the traffic stream, level terrain, and no 

impediments to through traffic (12). Based on these conditions, each scenario was composed 

of: 12 foot lane widths, 10 foot shoulders (8 foot gravel shoulder and 2 foot paved shoulder), 

zero no-passing zones, level terrain, and also no impediments to through traffic. The 

surrounding environment was composed of trees, mountains, hills, house/building structures, 

and a daytime appearance. For this specific study, some adjustments were performed on the 

roadway geometries, specifically on the edgeline width and deterioration. According to the 
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Manual on Uniform Traffic Control Devices (MUTCD), the nominal (standard) edgeline is 4 

inches wide (13). For this study; scenarios with 2 inch, 4 inch, and 6 inch edgeline widths 

were included.  

The development of the simulation environment featured a multi-step and multi-

program approach. The 3ds MAX Design program (by Autodesk) was used to make the 

edgeline width and edgeline deterioration percentage adjustments (for every single tile) for all 

12 study scenarios. The Tile Mosaic Tool (TMT) was used to join multiple tiles together to 

create the appropriate roadway simulation tracks for all scenarios. The Interactive Scenario 

Authoring Tool (ISAT) was used to import all scenarios and add vehicles, speed limit signs, 

information signs, and triggers (data collection points) to each roadway simulation track. The 

ISAT was created for the National Advanced Driving Simulator (NADS), which was 

developed by the National Highway Traffic Safety Administration (14). These roadway 

simulation tracks were then tested (trial tests) to make certain that all scenarios looked 

appropriate and with the right adjustments and appearances for this study. A total of six trial 

tests were conducted to confirm that the scenarios were ready prior to the start of the data 

collection process.  

Simulated Traffic: 

 Annual Average Daily Traffic (AADT) varies depending of the location of the two-

lane rural highway. According to the Idaho Transportation Department (ITD), typical values 

for two lane rural highways range from 500 to 10,000 vehicles per day (veh/day) in the State 

of Idaho (15). For example, the rural Highway 95 north of Moscow, Idaho that connects the 

towns of Moscow and Potlatch experienced an AADT of 6,391 in the 2014 year. In order to 

obtain an appropriate AADT value for the 12 scenarios, traffic survey and analysis monitoring 

stations of the ITD were reviewed. The ITD has six district boundaries in the State of Idaho 

and at least two two-lane rural highway locations within each district were identified. A 

sample size of 30 AADT values from the 2014 year (2013 if data for the 2014 was not 

provided) was reviewed. Based on these findings, an AADT of 3,200 veh/day was determined 

to be appropriate for all of the scenarios of this study (see Appendix A).  

The following equation (Figure 4) was used to obtain the number of vehicles per hour 

in the oncoming lane based on the AADT previously mentioned.  
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Figure 4: Directional design hourly volume equation 

DDHV is the directional design hourly volume, K is the proportion of AADT 

occurring in the peak hour, and D is the proportion of peak-hour traffic in the peak direction. 

A K-value of 0.10 is recommended by the HCM 2010 for a rural highway (12). A D-value of 

0.5 assumed that the same traffic volume is experienced in both directions with the same 

number of vehicles per hour in each lane. A DDHV of 160 vehicles was calculated for the 

oncoming lane (typical two-lane rural highway traffic volume per hour on one lane in the 

State of Idaho). This DDHV value was used on all scenarios for this study.  

Vehicle, Speed Limit and Information Sign, and Trigger Placement: 

According to the HCM 2010, the State of Idaho has a default value of 12% heavy 

vehicles on two-lane highways (12). Using this information, regular vehicles (SUVs, sedans, 

pickups, vans, etc.), two police vehicles, and 12% heavy vehicles (semi-trucks, dump trucks, 

etc.) were placed in the oncoming lane, so each driver was exposed to a total of approximately 

160 vehicles in each scenario.  

 Figure 5 shows an example of a regular vehicle encountered by participants. Figure 6 

shows an example of one of the police vehicles, and Figure 7 shows an example of a heavy 

vehicle. 

 
Figure 5: Driver simulation graphic - Regular vehicle in oncoming lane 
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Figure 6: Driver simulation graphic - Police vehicle in oncoming lane 

 
Figure 7: Driver simulation graphic - Semi-truck vehicle in oncoming lane 

All of these vehicles were placed using the ISAT for all 12 scenarios in order to create 

the appropriate roadway simulation tracks with realistic traffic volumes. These oncoming 

vehicles were positioned as vehicles would appear on a rural highway with an oncoming 

approach speed of 60 mph. Based on the assumed percentage, heavy vehicles (mostly semi-

trucks) were placed at an interval of every 15 regular vehicles. The experimental vehicle 

(subject vehicle) was placed near the start of the simulation roadway track. The subject 

vehicle was accompanied by a vehicle following at a distance of about 1,320 feet (one quarter 

mile), and also by another vehicle in front at a distance of about 1,320 feet. These distances 

were held constant throughout the experiment so the participant was not able to pass the 
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vehicle in front or be passed by the vehicle behind it. This arrangement made the participants 

feel as if they were driving on a rural highway with a realistic traffic environment where they 

were exposed to vehicles in the oncoming lane and also to vehicles in front and behind them.  

Two speed limit signs of 60 mph were installed for all scenarios, one at the beginning 

and another one about halfway through the roadway simulation track. Figure 8 shows the 

speed limit sign of 60 mph at the beginning of the experiment drive that each participant was 

asked to follow and respect as they would in real-world conditions. A similar speed limit sign 

was located at about halfway of the simulation track. 

 
Figure 8: Driver simulation graphic - Speed limit sign of 60 mph 

  The information signs included curved caution warning signs that provided 

information about the approach of a curve. Figure 9 shows an example of an approach curved 

information sign placed before every curved segment turning right, and Figure 10 shows an 

example of an approach curved information sign placed before every curved segment turning 

left. 
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Figure 9: Driver simulation graphic - Right turn curved information sign 

 
Figure 10: Driver simulation graphic - Left turn curved information sign 

All participants were required to complete one session for each edgeline width. Each 

width scenario had 32 logs throughout the roadway simulation track on each scenario. These 

logs are triggers that created epics, and as previously stated, these triggers were placed using 

the ISAT. Figure 11 is an example of one of the tracks that was created showing the types of 

roadway geometries and the boundaries between the edgeline deterioration percentages 

(dotted lines). 
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Figure 11: Graphical description of actual scenario track 

There are 8 logs for each edgeline deterioration percentage, and since each scenario is 

composed of four different edgeline deterioration percentages, a total of 32 logs was 

generated from each roadway simulation track. Four logs were obtained from the triggers 

located on the straight segments, one log from the trigger located on the wide curved segment 

while turning left, one log from the trigger located on the wide curved segment while turning 

right, and two logs from the triggers located along the narrow curved segments for each 

edgeline deterioration percentage section within each scenario. The first session covered log1 

– log32, the second session covered log33 – log64, and the third session covered log65 – 

log96. Figure 12 shows these descriptions graphically (not actual scenario tracks).  
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Figure 12: Graphic description of epics among scenario tracks 

Each participant drove through 96 triggers during their three sessions so therefore 96 

data points were collected for each of the 24 participants, resulting in a total of 2,304 data 

collection points. For this study, it was particularly important to keep track of the triggers, 

since these triggers collected the data needed for analysis purposes.   
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Description of All 12 Scenarios Created: 

Table 1: Description of all 12 scenarios created 

Scenario # Edgeline Width (in) Edgeline Deterioration Percentage Distribution (%)  

1 2 0 25 75 50 

2 2 25 50 0 75 

3 2 50 75 25 0 

4 2 75 0 50 25 

5 4 0 25 75 50 

6 4 25 50 0 75 

7 4 50 75 25 0 

8 4 75 0 50 25 

9 6 0 25 75 50 

10 6 25 50 0 75 

11 6 50 75 25 0 

12 6 75 0 50 25 

 

As Table 1 shows, scenarios 1 through 4 had the same edgeline width of 2 inches but a 

different distribution of edgeline deterioration percentages. Each edgeline deterioration 

percentage covered 10 miles out of the total 40 miles, which was followed by a switch to 

another deterioration level for 10 miles until all four deterioration percentages were covered 

in the same session. For example, scenario 1 had the 2 inch edgeline width starting with a 0% 

edgeline deterioration percentage for the first 10 miles, then switched to a 25% edgeline 

deterioration percentage for the next 10 miles and so on, until the last 10 miles where it 

switched to a 50% edgeline deterioration percentage. Adjustments to the edgeline width from 

the standard 4 inch to 2 inch did not increase the 12 foot width of the roadway lane; instead, 

the extra 2 inches were added to the shoulder side of the roadway environment. Scenarios 5 

through 8 have the same edgeline width of 4 inches but with a different distribution of the 

edgeline deterioration percentages. The distribution of the edgeline deterioration percentages 

for scenarios 1 through 4 are the same as for scenarios 5 through 8, and 9 through 12, 

respectively. For scenarios 9 through 12, changes were made to the edgeline width from the 

standard 4 inch to 6 inch. These changes did not decrease the width of the roadway lane of 12 

feet; instead, the extra 2 inches needed was taken from the shoulder side. 

The following figures show the graphical representations of the 2 inch, 4 inch and 6 

inch scenario sections that were created to construct the complete scenarios (composed of 4 

different deterioration percentages) for this study. 
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Figure 13: Driver simulation graphic - 2-in edgeline with 0% deterioration 

 
Figure 14: Driver simulation graphic - 2-in edgeline with 25% deterioration 
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Figure 15: Driver simulation graphic - 2-in edgeline with 50% deterioration 

 
Figure 16: Driver simulation graphic - 2-in edgeline with 75% deterioration 
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Figure 17: Driver simulation graphic - 4-in edgeline with 0% deterioration 

 
Figure 18: Driver simulation graphic - 4-in edgeline with 25% deterioration 
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Figure 19: Driver simulation graphic - 4-in edgeline with 50% deterioration 

 
Figure 20: Driver simulation graphic - 4-in edgeline with 75% deterioration 
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Figure 21: Driver simulation graphic - 6-in edgeline with 0% deterioration 

 
Figure 22: Driver simulation graphic - 6-in edgeline with 25% deterioration 
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Figure 23: Driver simulation graphic - 6-in edgeline with 50% deterioration 

 
Figure 24: Driver simulation graphic - 6-in edgeline with 75% deterioration 

Driving Simulator 

 To perform the driving simulation experiment, the University of Idaho’s simulator lab 

was used. The NADS MiniSim program provided the display of the simulations and also 

collected and recorded the data for this study. Within the lab, a 2001 Chevrolet S10 pick-up 

truck cabin was used for participants to drive the three specific scenarios. The cabin was 

stationary and positioned in such a way that the driver’s eyes were directly aimed at the 

roadway, similar to a real roadway environment. Figure 25 shows an overhead view of the 

truck cabin with the three main projection screens and the right side view mirror display. 
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Figure 25: Overhead view of Chevy S-10 with projected screens 

Three Canon REALiS SX800 projectors displayed the simulation environment on 

white screens that were located next to each other and about 6 feet in front of the cab. These 

white screens were positioned in a way that the center of the middle screen coincided with the 

projected eye-point of the simulation. These screens provided a field of view of 

approximately 135 degrees horizontally and 34 degrees vertically. Each screen had a refresh 

rate of 60 Hertz with a spatial resolution of 4200 (horizontal) by 1050 (vertical) pixels, 

reflecting an appropriate event time accuracy per the Society of Automotive Engineers (SAE) 

International recommended practice. In Europe and other places, some video systems have 

frame rates of 50 Hertz that provide event time accuracy to the nearest 20 ms (16). 

Three screens were also installed in the cab to make the participants’ drive more 

realistic, and these screens simulated the view seen by each participant looking either behind 

them through the rear view mirror or looking at either of the side view mirrors. A 10.4-inch 

liquid crystal display (LCD) touch screen with a spatial resolution of 800 (horizontal) by 600 

(vertical) pixels was mounted on each side view mirror housing (left and right). A 65-inch 

plasma screen with a spatial resolution of 1280 (horizontal) by 720 (vertical) pixels and a 
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refresh rate of 60 Hertz was mounted out of the rear window of the cab to reflect images from 

the rear view mirror. 

A 10-inch LCD screen with a resolution of 1280 (horizontal) by 800 (vertical) pixels 

was installed to display the dashboard instrument cluster that included a tachometer, 

speedometer, engine temperature gauge, gear selection, and fuel gauge. This screen was 

mounted in place of the original mechanical analog instrument cluster of the Chevy S-10 cab. 

At the corresponding workstation, seven screen displays were rendered by the NADS 

Minisim software. Figure 26 shows the workstation comprised of the multiple screen displays.  

 
Figure 26: Workstation showing seven screen displays 

These screens run under the Windows 7 operating system. The computer that 

displayed graphics on these screens contained a six-core Intel Core I7 processor running at 3.9 

GHz, 32 GB of RAM, and two NVidia video display adapters. A GeForce GTX680 connected 

through a Matrox T2G-D3D-IF controlled the three main displays. The NVidia video adapter 

rendered the dashboard and right side mirror displays. The left side view mirror and center 

rear view mirror displays were rendered by the GeForce GTX660TI video adapter. A 4.1 

channel audio system was used by the four mounted speakers located inside the cab doors and 
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by a sub-woofer that was mounted behind the driver’s seat in order to provide automobile and 

roadway noise. 

The steering wheel, gear selector, turn signals, and brake and accelerator pedals were 

connected through the Suzo-Happ model 95-0800-10k USB Game Controller Interface 

(UGCI) to the MiniSim. The original steering wheel was self-centered, with a 540 degrees of 

steering range. The center console housed an automatic gear selector from a 2001 Honda 

Civic. Finally, the original brake pedals provided displacement similar to any normal 

automobile. 

Experiment Description 

 For this research, twenty-four participants with unrestricted valid driver’s licenses 

were tested. Every participant was recruited from the general community through an 

advertisement that was posted to the public online. Flyers were also placed at local 

commercial stores and in the downtown’s public square. The advertisement stated that 

participants were needed immediately for a driving simulator study, and it was going to take a 

total of three hours spread across three 60 minute sessions within one week. Participants 

needed to be 18 years of age or older. The study paid $20 per hour (for each session) and 

included a $10 bonus for completing all three sessions. Additional details of the advertisement 

are shown in Appendix B. 

Procedure: 

 All participants involved in this study were treated in accordance with the University 

of Idaho’s protocol governing the use of human subjects in research. Before starting, 

participants were given a consent form to read, agree to its contents, and sign. This consent 

form explained that a simulated virtual environment was going to be presented. It stated that 

their task was to control their movement in the virtual world using input devices like a 

steering wheel and brake/gas pedals. It also mentioned that their participation was going to 

require three sessions of approximately 60 minutes, and they could withdraw from the study 

at any time without penalty. The form also stated that the data that they were going to provide 

was going to be kept anonymous. More details about the content of the consent form is 

provided in Appendix B.  
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Participants were also given a W-9 form. This was done in order for the National 

Institute for Advanced Transportation Technology (NIATT) to pay the participants for their 

time and participation.  

A general description of the study was read to all participants prior to participation. 

The general description pointed out that the participants’ goal was to keep their vehicle 

centered in their lane and to travel at an appropriate speed, just as they would in everyday 

driving. The description also emphasized that every participant would go through three trials 

lasting approximately 45 minutes, simulating a 40 mile drive on a rural highway where they 

were returning from a weekend camping trip in rural Idaho. Figure 27 shows the instructions 

of the study. 
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Figure 27: Study instructions 

To ensure all participants had a firm understanding of the study procedures, 

participants were given a five minute test drive on a two-lane rural highway composed of 
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straight and curved horizontal segments. Participants were asked to get inside the vehicle and 

adjust their rear view mirror and driver’s seat to their preference. They were also asked to 

center the steering wheel of the vehicle before they began their test drive. This test drive was 

done in order for the participants to familiarize themselves with the driver simulator and the 

control devices. 

After the completion of their test drive, the participants were asked to remain in their 

seat while the researcher uploaded the experiment simulation. Again, the participants were 

reminded that the steering wheel needed to be centered. They were also reminded that the 

speed limit was 60 mph throughout the experiment track, and that after 20 minutes a message 

was going to appear on the screen asking them to pull over onto the shoulder for a quick 

break. During the break, participants were asked to get out of the vehicle to walk around and 

stretch their legs for at least one minute. 

Once the participants felt like they could continue with the experiment, they returned 

to the vehicle and completed the last half of the track. At the end of the experiment the 

message, “Please pull over, thank you for your time!” was provided to each participant letting 

them know that the experiment had ended. After making sure the participant had pulled over 

and parked the vehicle, the researcher proceeded to stop the simulation. The researcher then 

stored the experiment data and saved it into the appropriate folder for analysis. 

Almost the same experiment procedure was followed for the other two sessions that 

each participant completed as part of the study. On the second and third sessions, the 

participants did not have to sign any forms, but they were given the study instructions and 

reminded about their tasks. The participants also had to complete a test drive to familiarize 

themselves with the responsiveness of the simulator vehicle before they began the experiment. 

Participants also took quick breaks halfway through the final two sessions.  

After the participants completed their third session, they were asked to answer 

questions from the debriefing form that was provided by the researcher. For example, 

participants were asked about their age, gender, years of driving experience, if they noticed 

anything unusual about the edgeline deteriorations and edgeline widths, and if the edgelines 

affected their driving behavior. More detailed information about the debriefing questions are 

provided in Appendix B. Following these questions, the purpose of the study was shared with 
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the participants, and the researchers answered any questions that the participants had about 

the study. Each participant was then compensated for his or her time. 

Participants’ Session Distribution: 

 Every participant was assigned three different edgeline widths (2 inch, 4 inch, and 6 

inch) that was composed of all four edgeline deterioration percentages. A total of three 

sessions were completed, one for each edgeline width. 

Figure 28 shows that participants 1 through 4 experienced the 2 inch edgeline width 

on their first session, but each participant had a different distribution of the edgeline 

deterioration percentages throughout the experiment drive. Participants 1 through 4 

experienced the 4 inch edgeline width on their second session, and the 6 inch edgeline width 

on their third session. Participants 5 through 8 experienced the 4 inch edgeline width on their 

first session, the 6 inch edgeline width on their second session, and the 2 inch edgeline width 

on their third session. The edgeline deterioration percentages varied from participant to 

participant but the pattern of how they were presented was the same for their first, second, and 

third session, and this was done to have consistency when it came to collect data. Participants 

9 through 12 experienced the 6 inch edgeline width on their first session, the 2 inch edgeline 

width on their second session, and the 4 inch edgeline width on their third session.  
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Figure 28: Participants session distribution 

As shown in Figure 28, every participant was grouped in a set of four with a different 

edgeline deterioration percentage ordering for each person; however, they were given the 

same edgeline width order as previously mentioned. In this way, every set of four participants 

experienced unique patterns of edgeline deterioration percentages that were randomly 

presented in order to obtain less biased data.   

Output Data 

Data Collection: 

A significant amount of data were collected by the MiniSim, but only the following 

data were of interest for this study: 

Accelerator Pedal Position: 

 This type of data was important to include in order to determine if participants would 

apply different pressure at some point throughout the experiment. A wide range between 
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minimum and maximum accelerator position values might indicate that participants behaved 

differently at some roadway geometries (e.g. when roadway geometry switched from curved 

segments to straight segments, or when they experienced big differences between the edgeline 

deterioration percentages, or when edgeline deterioration percentages changed from 0% to 

75%). If the accelerator pedal position was almost constant throughout the experiment then 

that might indicate that the accelerator pedal position did not affect vehicle speed. 

Steering Wheel Angle: 

 Steering wheel angle data were also fundamental in order to determine if steering 

wheel angle had any influence on lane deviation. As with the accelerator pedal position, a 

wide range between the minimum and maximum steering wheel angle values might indicate 

that participants turned abruptly at some sections of the roadway, which might help to 

determine the reason of these differences (e.g. switching from a straight segment into a curved 

segment). 

Lane Deviation: 

 Vehicle lane position was analyzed based on lane deviation. Before participants 

started the experiment, the vehicle was centered on the right lane with zero lane deviation. 

When a vehicle moved toward the center of the two-lane rural highway, a negative lane 

deviation value was generated. When a vehicle moved toward the edgeline, a positive lane 

deviation value was generated. These lane deviation values were measured in feet. 

Vehicle Speed: 

 Along with the lane deviation data, vehicle speed data was important to determine if 

there was reduction or increase in vehicle speed. Within the speed data, values fluctuated up 

and down as drivers reacted to the posted speed limit of 60 mph. Average vehicle speeds were 

recorded in miles per hour (mph).  
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CHAPTER 4: DATA ANALYSIS AND RESULTS 

 In this chapter, the participant information was analyzed first, followed by the analysis 

of the accelerator pedal position and steering wheel angle, lane position and vehicle speed, 

and debriefing survey. For the analysis of the lane position and vehicle speed, an ANOVA 

was used. A three way ANOVA was applied to do a general analysis of the lane position and 

vehicle speed, with these two driver performances as dependent variables and edgeline width, 

percentage of edgeline deterioration, and roadway geometry as independent variables. To 

make individual comparisons an ANOVA with a single factor was performed. 

Participant Information 

 Data were collected from a total of 24 participants. Fourteen participants were males, 

and 10 participants were females. During the data collection process, only one participant 

(female) dropped out due to simulation sickness. All of the other participants were able to 

conclude all three sessions satisfactorily. 

 Regarding the age groups, 14 participants were in the range of 18 to 30 years old, 6 

participants were in the range of 30 to 50 years old, and 4 participants were in the range of 50 

to 70 years old.  

 The youngest participant was 19 years old (female), the oldest participant was 64 

years old (male), and the average age among all participants was 31.58 years old. For this 

project balanced gender and age groups were desired but not a required condition. The 

average number of years driving among all participants was 15.17 years. These participants 

were hired from the local community, with most of them from the Moscow community. Since 

Moscow is a college town, an age group primarily between 18 to 30 years old was not entirely 

surprising.  

 Data analysis was only conducted using data from 21 out of the total 24 participants. 

This was due to the fact that some issues were encountered with data from 3 participants 

while converting the daq files (from the MiniSim program) into an hdf5 file and eventually 

into a csv file (into an excel file). While performing preliminary analysis, it was noticed that 

one participant was an outlier so that participant’s data was removed from the data analysis 

process. The following tables relate to the actual participant information on which data 

analysis was performed. Table 2 provides information about the gender groups. Table 3 
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provides information about the age groups, and Table 4 provides descriptive statistics among 

the final 20 participants. 

Table 2: Gender groups 

males 13 participants 

females 7 participants 

 
Table 3: Age groups 

18-30 years old 13 participants 

31-49 years old 4 participants 

50-70 years old 3 participants 

 
Table 4: Descriptive statistics of all 20 participants 

youngers participant age 19 years old (female) 

oldest participant age  64 years old (male) 

average participant age 31.2 years old 

average years of driving experience 15.0 years 

 

While the two main driver performances analyzed in this study were lane position 

(through lane deviation), and vehicle speed, an initial assessment of the accelerator pedal 

position and steering wheel angle was completed. These driver performances were analyzed 

based on three edgeline widths (2 inch, 4 inch, and 6 inch) at four different edgeline 

deterioration percentages (0%, 25%, 50%, and 75%) that were tested on two types of roadway 

geometry (straight and curved horizontal segments) by different gender and age groups. The 

goal of the experiment was to determine if the 6 inch edgeline width would help drivers to 

maintain appropriate lane position and vehicle speed at those four different edgeline 

deterioration percentages on both types of roadway geometries when compared with the 4 

inch (standard) width. The 2 inch edgeline width was included in this study for comparative 

purposes. The participants were neither asked to maintain lane position nor asked to drive at 

the speed limit of 60 mph. They were only reminded that the speed limit was 60 mph and 

asked to follow normal driving etiquette in order to assess their real driving behavior.   
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Accelerator Pedal Position and Steering Wheel Angle 

The accelerator pedal position and steering wheel angle were evaluated, and Table 5 

shows a summary related to those two factors.  

Table 5: Summary of accelerator position and steering wheel angle 

Measures Accelerator pedal position Steering wheel angle 

min 0.292 -6.137 

max 0.519 5.837 

average 0.436 -0.002 

standard dev. 0.039 2.520 

 

For the accelerator, values were recorded as percentages, with a value of 0 denoting 

0% or no pressure on the accelerator and a value of 1 denoting 100% and the accelerator 

being pressed to its maximum. This format follows SAE International recommended practice. 

Brake pressure or another indicator of brake position was evaluated in a similar manner. 

Normally, 0% of maximum brake pressure indicates that the foot is off the brake and 100% is 

maximum pressure (and full pedal application) (16). For the steering wheel angle, a positive 

value means that the steering wheel angle is being turned to the right, and a negative value 

means that the steering wheel is being turned to the left. The values for the steering wheel 

denote angle in degrees, which follows the SAE International recommended practice. The 

amount of movement, such as angular rotation of the steering wheel, are usually measured in 

degrees (16). By looking at the values obtained, it was concluded that the accelerator pedal 

position was almost constant throughout the experiment for all participants, and the steering 

wheel angle positions were small, which means that the position of the steering wheel was 

centered throughout the experiment for all participants. 

Based on this information, it was determined that accelerator pedal position had a 

minimal effect on vehicle speed, and that the steering wheel angle did not have an effect on 

lane position.  

Lane Position 

Lane position was analyzed based on lane deviation. These values were measured off 

the centerline of the right lane, and followed the SAE International recommended practice. A 

value of 0 implied that the vehicle was centered on the right lane. A negative value meant that 

the vehicle moved to the left (towards the centerline of the roadway). A positive value meant 

that the vehicle moved to the right (towards the edgeline) from the center of the right lane. 
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Lateral distance is usually measured in feet or meters from the longitudinal centerline of the 

lane of travel to the longitudinal centerline of the vehicle, where the distance to the right of 

the lane centerline is positive and to the left is negative (16). 

Figures 29, 30, and 31 suggest that the drivers on average tended to move toward the 

edgeline from the centerline of the right lane (denoted by the thicker line). The y-axis 

represents the lane deviation of the vehicle that was recorded in feet. A value of 0 feet was 

recorded if the vehicle stayed centered on the right lane, while deviations from the center of 

the right lane to the center of the roadway provided negative values, and deviations toward the 

edgeline provided positive values. The x-axis shows the edgeline deterioration percentages, 

which was composed of four different percentages for each edgeline width as experienced by 

each participant. Also, the recurring spike present in these figures show the lane deviations 

when participants drove over the wide curved segments (while turning left). It can be 

observed that it happened at all four different edgeline deterioration percentages. 

 
Figure 29: Participants' performance based on lane deviation - 2-in edgeline width 
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Figure 30: Participant's performance based on lane deviation - 4-in edgeline width 

 
Figure 31: Participants' performance based on lane deviation - 6-in edgeline width 

A three way ANOVA was used to determine if edgeline width, edgeline deterioration 

percentages, and roadway geometry had significant impact on lane deviation. A type I error 

probability of alpha = 0.05 was used during the analysis in order to draw conclusions from a 

statistical perspective.  

Figure 32 shows the results obtained from the ANOVA analysis. These results show 

that edgeline deterioration percentages (p-value = 7.775e-05) and roadway geometry (p-value 

< 2.2e-16) had significant impact on lane deviation at the 0.05 significance level. On the other 

hand, edgeline width, interaction between edgeline width and edgeline deterioration 

percentages, interaction between edgeline width and roadway geometry, and interaction 
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between edgeline width and edgeline deterioration percentages and roadway geometry did not 

have significant impact on lane deviation at the same significance level.  

 
Figure 32: ANOVA based on lane deviation 

Figure 33 shows the impacts of edgeline widths on lane deviation. All three edgeline 

widths (2 inch, 4 inch, and 6 inch) provide approximately the same lane deviation of 0.43 feet 

(5.2 inches) and was statistically unreliable. 

 
Figure 33: Impact of edgeline widths on lane deviation 

Figure 34 describes the impact that edgeline deterioration percentages had on lane 

deviation. As the percentage of edgeline deterioration increased, lane deviation increased as 

well. When participants experienced 0% edgeline deterioration they had a lane deviation of 

about 0.43 feet (5.2 inches), and when they experienced 75% edgeline deterioration they had a 

lane deviation of about 0.60 feet (7.2 inches). The percentage of edgeline deterioration did 

have an impact on lane deviation and was statistically reliable. 
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Figure 34: Impact of percentage of edgeline deterioration on lane deviation 

Figure 35 shows a graphical representation of the impacts of edgeline widths on lane 

deviation at specific roadway geometries. 

 
Figure 35: Impact of edgeline widths on lane deviation at different roadway geometries 

From Figure 35, it can be observed that when participants drove over the wide curved 

segment while turning left, they experienced a higher lane deviation of about 1.00 foot (12.0 

inches) as compared to the other roadway geometries that had lane deviations of about 0.40 

feet (4.8 inches). According to the SAE International recommended practice, people tend to 

drive closer to the inside of the curve on roadway facilities, especially if the curve radius is 

small (16). From Figure 35 it can be observed that the lane deviation values are positive, 

which means that participants moved towards the edgeline for all four roadway geometry 
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types, and not closer to the inside of the curves. The specific cause of this behavior from this 

particular sample group was not clear. 

Lane Deviation Based on Standard Deviation Values: 

Figure 36 shows the results obtained from the ANOVA analysis. These results show 

that edgeline width (p-value = 0.04967) and roadway geometry (p-value < 2e-16) had 

significant impact on lane deviation at the 0.05 significance level based on standard deviation 

values. Edgeline deterioration, interaction between edgeline width and edgeline deterioration 

percentages, interaction between edgeline width and roadway geometry, and interaction 

between edgeline width and edgeline deterioration percentages and roadway geometry did not 

have significant impact on lane deviation at the same significance level. 

 
Figure 36: ANOVA based on lane deviation  

 Figure 37 shows the impacts of edgeline widths on lane deviation based on standard 

deviation values. It can be observed that as the edgeline width increases from 2 inches to 4 

inches the standard deviation increases as well, and keeps increasing as the edgeline width 

increases from 4 inches to 6 inches. The difference among the three edgeline widths were 

reliable based on standard deviation values. The 2 inch edgeline width had a standard 

deviation of 0.83 feet (10.0 inches), the 4 inch edgeline width had a standard deviation of 0.85 

feet (10.2 inches), and the 6 inch edgeline width had a standard deviation of 0.87 feet (10.4 

inches). 
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Figure 37: Impact of edgeline widths on lane deviation (standard deviation) 

 Figure 38 shows the impact that percentage of edgeline deterioration had on lane 

deviation based on standard deviation values. It can be observed that as the percentage of 

edgeline deterioration increases, the standard deviation increases as well, except when the 

edgeline deterioration reaches to 50%. These percentages of edgeline deterioration did not 

have an impact on lane deviation (standard deviation) and therefore were not statistically 

reliable. 

 
Figure 38: Impact of percentage of edgeline deterioration on lane deviation (standard deviation) 
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 Figure 39 shows a graphical representation of the impacts of edgeline width on 

roadway geometry based on lane deviation and standard deviation values. It can be observed 

that there was a greater standard deviation when participants experienced the narrow curved 

segment as compared to the other roadway geometries. 

 
Figure 39: Impact of roadway geometry on lane deviation (standard deviation) 

Comparison between Edgeline Widths Based on Lane Deviation: 

 An ANOVA with a single factor was conducted to compare specific edgeline widths at 

different deterioration percentages among the 2 inch, 4 inch, and 6 inch edgeline widths based 

on lane deviation. Table 6 shows the comparisons made between the 2 inch edgeline width 

against the 4 inch edgeline width at different edgeline deterioration percentages, and the 

statistical analyses are shown in Appendix D. These results are based on a 95% confidence 

interval.  

Where N/A is shown, it means that no comparisons were performed on those cells, 

since no added value was gained. 

As an example, the results indicate that the lane deviation was essentially the same for 

a driver exposed to either a 2 inch edgeline with 0% edgeline deterioration or a 4 inch 

edgeline with 25% edgeline deterioration. 

 

 



  43 
 

 
 

Table 6: Comparison between edgeline widths (2-in vs 4-in) based on lane deviation at specific deteriorations 

Lane Deviation 

  4"; 0% 4"; 25% 4"; 50% 4"; 75% 

2"; 0% N/A same same same  

2"; 25% N/A N/A same  same  

2"; 50% N/A N/A N/A same  

2"; 75% N/A N/A N/A N/A 

 

Table 7 shows the comparisons made between the 6 inch edgeline width against the 4 

inch edgeline width at different edgeline deterioration percentages, and the statistical analyses 

are shown in Appendix D. These results are based on a 95% confidence interval. 

Table 7: Comparison between edgeline widths (6-in vs 4-in) based on lane deviation at specific deteriorations 

Lane Deviation 

  6"; 25% 6"; 50% 6"; 75% 

4"; 0% same  same different (6"; 75% provides higher lane deviation) 

4"; 25% N/A same  different (6"; 75% provides higher lane deviation) 

4"; 50% N/A N/A same  

4"; 75% N/A N/A N/A 

 

 Tables 6 and 7 indicate that most of the comparisons performed show that the means 

between them were statistically equivalent, which means that they result in about the same 

lane deviation. However, a 6 inch edgeline width with 75% edgeline deterioration compared 

with a 4 inch edgeline width with 0% edgeline deterioration was not statistically equivalent 

(p-value = 0.047), with the 6 inch edgeline width with 75% edgeline deterioration providing 

higher lane deviation. Also, there was not statistical equivalency (p-value = 0.049) between a 

6 inch edgeline width with 75% edgeline deterioration and a 4 inch edgeline width with 25% 

edgeline deterioration; the 6 inch edgeline width with 75% edgeline deterioration provided 

higher lane deviation as well. 

Vehicle Speed 

The posted speed limit for this study was 60 mph. Figures 40, 41, and 42 suggest that 

drivers tended to go above the posted speed limit based on the average speed (denoted by the 

thicker line). 



  44 
 

 
 

 
Figure 40: Participants' performance based on vehicle speed - 2-in edgeline width 

 
Figure 41: Participants' performance based on vehicle speed - 4-in edgeline width 
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Figure 42: Participants' performance based on vehicle speed - 6-in edgeline width 

A three way ANOVA was used to determine if edgeline width, edgeline deterioration, 

and roadway geometry had significant impact on vehicle speed. A type I error probability of 

alpha = 0.05 was used during the analysis in order to draw conclusions from a statistical 

perspective.  

Figure 43 shows the results obtained from the ANOVA analysis. These results show 

that edgeline widths (p-value = 0.014), edgeline deterioration percentages (p-value = 0.013) 

and roadway geometry (p-value < 2e-16) had significant impact on vehicle speed at a 

significance level of 0.05. The interaction among each one of them show that they did not 

have significant impact on vehicle speed at a significance level of 0.05.  

 
Figure 43: ANOVA based on vehicle speed 

Figure 44 shows a graphical representation of the impacts of edgeline widths on 

vehicle speed, where it can be seen that, as the edgeline width increases the vehicle speed 

decreases, and these results were statistically reliable. Operationally speaking, it is 

acknowledged that this difference, for all practical purposes, is negligible. 
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Figure 44: Impact of edgeline widths on vehicle speed 

Figure 45 shows a graphical representation of the impacts that edgeline deterioration 

percentages had on vehicle speed. It can be observed that participants were able to maintain 

about the same vehicle speed when they experienced 25% and 50% edgeline deteriorations 

(lower vehicle speeds) as compared to when they experienced 0% and 75% edgeline 

deteriorations (higher vehicle speeds). The percentage of edgeline deterioration did have an 

impact on vehicle speed and was statistically reliable. 



  47 
 

 
 

 
Figure 45: Impact of percentage of edgeline deterioration on vehicle speed 

Figure 46 shows a graphical representation of the impacts that edgeline widths had on 

vehicle speed at specific roadway geometries.  

 
Figure 46: Impact of edgeline widths on vehicle speed at different roadway geometries 

From Figure 46, it can be observed that when the participants drove over a narrow 

curved segment, they had a lower vehicle speed of about 60.0 to 61.0 mph as compared with 
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the other roadway geometries where they experienced higher vehicle speeds of about 61.5 to 

62.5 mph.  

Comparison between Edgeline Widths Based on Vehicle Speed: 

 An ANOVA with a single factor was conducted to compare specific edgeline widths at 

different deterioration percentages among the 2 inch, 4 inch, and 6 inch edgeline widths based 

on vehicle speed. Table 8 shows the comparisons made between the 2 inch edgeline width 

against the 4 inch edgeline width at different edgeline deterioration percentages, and the 

statistical analyses are shown in Appendix E. These results are based on a 95% confidence 

interval. 

Table 8: Comparison between edgeline widths (2-in vs 4-in) based on vehicle speed at specific deteriorations 

Vehicle Speed 

  4"; 0% 4"; 25% 4"; 50% 4"; 75% 

2"; 0% N/A different  (2"; 0% provides higher speed) same same  

2"; 25% N/A N/A same  same  

2"; 50% N/A N/A N/A same  

2"; 75% N/A N/A N/A N/A 

 

 Table 9 shows the comparisons made between the 6 inch edgeline width against the 4 

inch edgeline width at different edgeline deterioration percentages, and the statistical analyses 

are shown in Appendix E. These results are based on a 95% confidence interval. 

Table 9: Comparison between edgeline widths (6-in vs 4-in) based on vehicle speed at specific deteriorations 

Vehicle Speed 

  6"; 25% 6"; 50% 6"; 75% 

4"; 0% different (6"; 25% provides lower speed) same  same 

4"; 25% N/A same  same 

4"; 50% N/A N/A same  

4"; 75% N/A N/A N/A 

 

From Tables 8 and 9 it can be observed that most of the comparisons performed show 

that the means between them were statistically equivalent, resulting in about the same vehicle 

speed. The results do not show statistical equivalency (p-value = 0.037) between the 2 inch 

edgeline width with 0% edgeline deterioration and a 4 inch edgeline width with 25% edgeline 

deterioration; the 2 inch edgeline width with 0% edgeline deterioration resulted in a higher 

vehicle speed. The results also show that there was not statistical equivalency (p-value = 

0.014) between the 6 inch edgeline width with 25% edgeline deterioration and the 4 inch 
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edgeline width with 0% deterioration; the 6 inch edgeline width with 25% edgeline 

deterioration resulted in a lower vehicle speed. 

Based on the statistical results obtained from the ANOVA analysis, it was concluded 

that replacing a 4 inch edgeline width with a 2 inch edgeline width will not provide safety 

benefits and is not recommended. The hypothesis was that the 2 inch edgeline width with 0% 

edgeline deterioration would provide at least the same performance as a 4 inch edgeline width 

with 25% edgeline deterioration based on lane deviation and vehicle speed, but participant 

testing determined that their performances were not the same.  

Based on the statistical results obtained with regard to the 6 inch edgeline width with 

50% edgeline deterioration against a 4 inch edgeline width with 0% edgeline deterioration, it 

was concluded that replacing a 4 inch edgeline width by a 6 inch edgeline width will provide 

safety benefits. Even though the results showed that the 6 inch edgeline width with 50% 

edgeline deterioration does not provide safety benefits when compared to the 4 inch edgeline 

width with 0% edgeline deterioration, it does provide similar performances. This means that a 

6 inch edgeline width, once implemented, would not need to be replaced after one year; 

instead, it could be replaced after one and a half years and still provide the same performance 

as a 4 inch edgeline width with 0% edgeline deterioration (brand new pavement marking). 

Debriefing Information Analysis 

 Participants were asked different questions at the end of their third session about their 

experience with the driving simulator and overall experiment. Some of these questions were 

specifically related to the edgelines while others asked about what they experienced and how 

they felt about the experiment. The following information is a summary of all information that 

was collected. The complete debriefing questions and answers can be found in Appendix C. 

 Participants mentioned that the types of vehicles that they drive are cars (regular 4 

door) and trucks, followed by vans, SUVs, commercial vehicles, semi-trucks, and 

motorcycles. Participants provided percentage ratings about driving on rural highways, towns, 

interstates, and cities. Some participants mentioned that they drive more on rural highways, 

while others mentioned that they drive more in cities. Most of the participants mentioned that 

they were defensive drivers, followed by aggressive, careful, and passive. 

 All participants stated that the simulation did make them feel as if they were driving in 

a three-dimensional environment. Sixty percent (12 out of the 20 participants) said that they 
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did not notice anything unusual about the simulated environment, while others mentioned that 

the driving simulator vehicle’s Revolution per Minute (RPM) would jump randomly while 

catching up to speed, and some would say that the steering wheel was almost too smooth to 

control. Sixty percent (12 out of the 20 participants) said that they did not notice anything 

unusual about the edgeline deterioration, while others did notice a change in brightness. 

Ninety percent (18 out of the 20 participants) did not notice anything unusual about the 

edgeline widths, while the remaining participants were unsure.  

 Sixty-five percent (13 out of the 20 participants) said that the edgelines did not affect 

their driving behavior, while some of the remaining mentioned that they used the edgelines to 

maintain their lane position, and some said that the edgelines did not affect their driving 

behavior where only the yellow markings did. Eighty percent (16 out of 20 participants) said 

that the edgelines did not affect their speed. Sixty-five percent (13 out of the 20 participants) 

said that the edgelines did affect how they maintained their lane position, while the remaining 

did not think so. Seventy percent (14 out of the 20 participants) said that the edgelines did not 

affect how they drove in general, while the remaining mentioned that the edgelines helped 

them to not go over the shoulder or stay centered on their lane. 

 All of the participants (20 out of the 20 participants) mentioned that they did notice the 

other vehicles in the simulation. All of the participants (20 out of the 20 participants) 

mentioned that they did notice vehicles ahead of and behind them in the simulation. All of the 

participants (20 out of the 20 participants) mentioned that they did notice vehicles in the 

opposing lane in the simulation. 

 Participants also shared the following feedback about what influenced their driving 

during the study: oncoming vehicles (which made them slow down on curve segments), speed 

limit, police vehicles, not having music or being entertained because of being bored, “it was 

just a simulation”, and curve segments. Eighty percent (16 out of the 20 participants) 

mentioned that the speed of the vehicle in front of them did not influence their driving during 

the study. Ninety-five percent (19 out of the 20 participants) mentioned that the number of 

vehicles traveling in the lane ahead of them did not influence their driving during the study. 

Fifty percent (10 out of the 20 participants) said that the amount of traffic in the opposing lane 

influenced their driving during the study, while the other fifty percent said that the amount of 

traffic in the opposing lane did not influence their driving during the study. Sixty percent (12 
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out of the 20 participants) mentioned that the layout of the road did influence their driving 

during the study, while the remaining said that the layout of the road did not influence their 

driving during the study. Sixty-five percent (13 out of the 20 participants) mentioned that the 

markings on the road did not influence their driving during the study. Sixty percent (12 out of 

the 20 participants) mentioned that there were no other things that influenced their driving 

during the study, while the remaining mentioned: the vehicle’s RPM, switching from straight 

to curve segments, the change from concrete to pavement, police vehicles, speed limits, and 

turns. 

 Sixty percent (12 out of the 20 participants) mentioned that they did not have 

additional comments, while the remaining mentioned that the study was interesting, 

participants noticed the vehicle’s RPM would jump randomly, and others suggested including 

radio stereos and/or cruise control mechanisms in future studies since the majority of people 

use them nowadays. 
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CHAPTER 5: RESEARCH CONCLUSIONS 

This chapter presents conclusions based on the results obtained and summarized in the 

previous chapter. Before proceeding with an interpretation and analysis of the results 

obtained, it is important to note that edgelines are replaced every one to two years in most 

states. For this study, it was assumed that pavement markings are replaced on a yearly basis, 

which follows Michigan DOT’s restriping guidelines (as mentioned in the literature review 

section), as well as ITD’s restriping protocol. 

Lane Position 

By performing this study it was observed that most of the participants tended to move 

toward the right of the center of the lane (toward the edgeline) rather than to the left of the 

center of the lane (toward the center line of the roadway). 

All three edgeline widths provide approximately the same lane deviation. As 

percentage of edgeline deterioration increased, lane deviation increased as well. 

Edgeline widths did not have an impact on lane position. Increasing the width of the 

edgeline from 4 inches to 6 inches would not provide lane position safety benefits based on 

lane deviation. At some edgeline deterioration percentages it provides higher lane deviation 

while at other edgeline deterioration percentages it provides about the same lane deviation. 

A 6 inch edgeline width with 50% deterioration does not provide safety benefits as 

compared to a brand new 4 inch edgeline width marking, but it does provide the same 

performance based on lane deviation. This could be something to consider because the 

implementation of a 6 inch edgeline width could increase the service life of the pavement 

marking; replacement would occur after a year and a half but still provide the same 

performance based on lane deviation as a brand new 4 inch edgeline width marking despite 

50% deterioration. The extra cost related to wider edgelines should be considered and a 

benefit/cost ratio analysis performed before a final decision is made.  

Replacing a 4 inch edgeline width with a 2 inch edgeline width would not provide 

safety benefits at any edgeline deterioration percentage, but would provide about the same 

performance, based on lane deviation when comparing a brand new 2 inch edgeline width 

marking against a 4 inch edgeline width with 25% deterioration. This could be something to 

consider since the implementation of a 2 inch edgeline width could reduce the cost of 

pavement markings. At the same time, it would have to be replaced in less than a year because 
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it would perform as a 4 inch edgeline width with 25% deterioration, keeping in mind that 

pavement markings are assumed to be replaced on a yearly basis once installed as brand new 

pavement markings. 

Vehicle Speed 

On average, participants tended to drive at or above the posted speed limit of 60 mph 

regardless of the edgeline width, edgeline deterioration percentage, and roadway geometry. 

Edgeline widths do have an impact on vehicle speed. As the edgeline width increased, 

vehicle speeds decreased, although this reduction is minimal. Similarly, the percentage of 

edgeline deterioration also had a small benefit.  

Increasing the width of the edgeline from 4 inches to 6 inches would provide safety 

benefits by reducing vehicle speed, but at the same time this positive impact, both statistically 

and operationally speaking, is minimal. 

 Safety benefits are realized when comparing a brand new 4 inch edgeline width 

marking with a 6 inch edgeline width with 25% deterioration, but the extra cost associated 

with wider edgelines might influence the decision to implement because of the minimal 

vehicle speed benefits. A 6 inch edgeline width with 50% deterioration would not provide 

safety benefits as when compared with the brand new 4 inch edgeline width marking, but 

would provide about the same performance based on vehicle speed, and will still provide the 

same performance when it deteriorates to 75%. This could be something to consider because 

implementing wider edgelines extends the replacement window in excess of one year. 

Replacing a 4 inch edgeline width with a 2 inch edgeline width would not provide 

safety benefits at any of the edgeline deterioration percentages based on vehicle speed. A 

brand new 2 inch edgeline width marking would not provide the same performance as a 4 

inch with 25% edgeline deterioration and therefore a 2 inch edgeline width should not be 

considered based on vehicle speed.  

Edgeline Deterioration Percentages and Roadway Geometry 

 Edgeline deterioration percentages had an impact on both lane deviation and vehicle 

speed. The 75% edgeline deterioration (almost worn out) contributed to more lane deviation 

and slightly higher vehicle speeds. 

Edgeline widths at specific roadway geometries had an impact on both lane deviation 

and vehicle speed. Participants experienced a greater lane deviation when driving along wide 
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curved segments and turning left, which contradicts the SAE International recommended 

practice. Based on a visual review of the driving simulator, some of the oncoming vehicles 

appeared to encroach toward the center of the roadway, and this could have been one reason 

for the contradiction. Participants seemed to slow down when driving over the narrow curved 

segments, regardless of the edgeline width and edgeline deterioration percentage.  

Future Research 

One of the major limitations of this project was that a daytime environment was 

exclusively considered for this experiment. A nighttime environment is recommended in 

future research, since retro-reflectivity of the edgelines is one of the major factors that guide 

drivers when daylight is not present. Also, only two-lane highways were analyzed for this 

study, and it may be beneficial to study multi-lane highways as well. Lastly, only horizontal 

roadway alignments were considered in this study. Vertical roadway alignments should be 

incorporated in future studies, since this type of geometry is frequently encountered in the 

rural highway roadway environment. 
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Appendix A: Calculating Traffic Volume 

Calculating the Annual Average Daily Traffic, AADT (veh/day):  

 
Figure 47: Annual Average Daily Traffic (AADT) 

Equation to Calculate the Directional Design Hourly Volume, DDHV (veh/hr): 

Calculating the DDHV (veh/hr): 

   

Table 10: Calculating Directional Design Hourly Volume (DDHV) 

AADT (veh/day)  3200 

k  0.1 

D  0.5 

DDHV (veh/hr)  160 

 

#
ITD Distric 

Boundary

Automatic Traffic 

Counter #
Hwy # Location AADT (veh/day)

District 

Average

1 1 46 US-95 Copeland 1,181                    

2 1 114 US-2 Moyie Springs 1,134                    

3 1 147 SH-57 Falls Inn 1,582                    

4 1 26 SH-200 Kootenai 3,477                    

5 1 47 US-2 Priest River 6,799                    

6 1 112 SH-3 Santa 1,731                    

7 2 45 SH-3 Bovill 426                        

8 2 126 US-95 North of Moscow 6,391                    

9 2 15 US-95 Potlatch 3,061                    

10 2 116 US-12 Lenore 3,292                    

11 2 84 US-12 Powell 529                        

12 2 49 US-95 Riggins 1,944                    

13 3 244 SH-55 Packer Jhon 3,046                    

14 3 23 US-95 Council 1,598                    

15 3 144 US-95 N. Weiser 3,289                    

16 3 54 US-20 Mountain Home 1,811                    

17 3 107 SH-78 Castle Creek 483                        

18 3 83 SH-17 Garden Valley 673                        

19 4 104 US-26 Gooding 1,390                    

20 4 28 SH-75 Ketchum 1,185                    

21 4 14 SH-75 Shoshone 3,064                    

22 4 105 US-30 Hansen 1,974                    

23 4 91 US-30 Filer 4,704                    

24 5 90 US-30 Georgetown 2,459                    

25 5 36 US-30 Border 1,154                    

26 6 158 US-93 Gibbonsville 605                        

27 6 13 US-94 Salmon 2,441                    

28 6 58 SH-28 Leadore 472                        

29 6 82 SH-75 Clayton 580                        

30 6 55 US-93 Dickey 542                        

Min 426                        

Max 6,799                    

Average AADT 2,101                    

ADDT used for Driver Simulator 3,200                    

AADT values highlighted in yellow are from year 2013

2,651       

2,607       

1,817       

928           

1,807       

2,463       

Therefore, 160 veh/hr were placed on the oncoming lane. 
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Appendix B: Forms and Study Instructions 

 

Craigslist Advertisement – Driving Study 

uihumanfactors@gmail.com 

pw: (same as lab computers) 

 

University of Idaho IRB Approved 

 

Participants needed IMMEDIATELY for Driving Simulator Study 

3 hours across three 60 minute sessions over approximately 1 week 

 

Requirements 

Participants must be 18 or older, have a valid Driver’s License, and have at least 20/30 

UNCORRECTED vision. If your vision is corrected to at least 20/30, please bring either 

glasses or wear contacts. 

 

CAUTION: If you are prone to Motion Sickness/Nausea this study is not recommended. 

 

Please contact me ASAP if you are have any questions or are interested, and meet the 

requirements above. 

The study pays $20 per hour and includes a $10 bonus for completing all three sessions (up to 

$70 total). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:uihumanfactors@gmail.com
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CONSENT FORM 

Idaho Visual Performance Laboratory 

Department of Psychology and Communication Studies 

College of Liberal Arts and Social Sciences 

University of Idaho 

 

The University of Idaho Institutional Review Board has approved this project. 

 

During this experiment you will be presented a simulated virtual environment. Various 

parameters of the environment will be manipulated to examine the processes underlying 

vision and decision making. The experimental tasks will require you control your movement 

in the virtual world using input devices like a steering wheel and brake/gas pedals.  

 

Your participation will help increase knowledge of visual processes underlying locomotion 

and aid in the design of visual displays used in transportation. Subsequent to your 

participation the purpose and methods of the study will be described to you and any questions 

you have about the study will be answered.  It is our sincere hope that you will learn 

something interesting about your visual system from this debriefing. 

 

We believe the risks in this study are minimal, however displays simulating movement 

through virtual environments may on rare occasion cause motion sickness or eye fatigue.  If at 

any time during the experiment you feel any discomfort, eye fatigue, dizziness, headache or 

nausea, please let the experimenter know immediately so that you can prevent these 

symptoms from becoming more intense. We endeavor to design our virtual environments to 

minimize eye fatigue and motion sickness.  We also schedule periodic breaks to further 

reduce the occurrence of these risks.  As a result, these risks are generally avoided, but it is 

important for you to inform us immediately if they do occur.  At such time we will 

immediately terminate the experiment and provide you with a comfortable place to rest.  If 

your discomfort is mild and passes quickly you will be given the opportunity to continue the 

experiment if you so desire.  Any new information developed during the course of this 

research which might affect your willingness to continue participation will be provided as 

soon as it is available.   

 

Your participation will require 3 sessions of approximately 60 minutes.  You may withdraw 

from this study at any time without penalty.  If you do wish to withdraw, simply inform the 

experimenter; you will receive full compensation for your time spent in the experiment up to 

that point.  However, please be aware that your data will have the greatest scientific value if 

you complete the experiment in its entirety.   

 

The data you provide will be kept anonymous. There will be absolutely no link between your 

identity and your particular set of data.  

 

If you have further questions or issues please contact:  

 

Dr. Brian P. Dyre 

Department of Psychology and Communications Studies 
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University of Idaho 

(208) 885-6927 

bdyre@uidaho.edu 

 

I have reviewed this consent form and understand and agree to its contents. 

 

Participant  Name __________________________________________ 

       Date of Birth ____________________________________ 

       Signature _______________________________________ 

       Date ___________________________________________ 

Experimenter  Name_______________________________________ 

  Signature____________________________________ 

Date _______________________________________ 

Thank you for your participation. 
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Idaho Visual Performance Laboratory 

Department of Psychology and Communication Studies 

College of Liberal Arts and Social Sciences 

University of Idaho 

 

UTC Study 

 

 

Participant ID ________ 

Demographics 

1.  Age:_____, Gender:_______ 

2. Years of driving experience _________ 

a. Types of vehicles______________ 

b. Types of roadways (% of rural highways, towns, city, 

interstate)____________________________ 

3. Describe your real-life driving style (careful, defensive, passive, aggressive, 

NASCAR, downright mean, etc.) 

_____________________________________________________________________

________________ 

Simulation 

1. Did the simulation make you feel as if you were driving through a three-dimensional 

environment? 

 

2. Did you notice anything unusual about the simulated environment? 

 

a. About the side line marking weathering? 
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b. About the side line marking width? 

 

 

 

3. Did these line markings affect your driving behavior?  

a. Speed? 

 

b. How you maintained your lane position? 

 

c. How you drove in general? 

 

4. Did you notice the other vehicles in the simulation? 

a. Ahead of you? 

 

b. Behind you? 

 

 

c. Opposing Lane? 

 

5. During the study what influenced your driving? 

a. Speed of vehicle in front of you? 

 

b. Number of cars traveling in the lane ahead of you? 

 

c. Amount of traffic in opposing lane? 
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d. The layout of the road?  

 

e. The markings on the road? 

 

f. Other? 

 

 

 

(Encourage to elaborate as much as possible) 

 

6. Please provide any additional comments you might have. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  64 
 

 
 

Appendix C: Debriefing Questions and Answers 

 
Figure 48: Debriefing Information part 1 
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Figure 49: Debriefing information part 2 
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Figure 50: Debriefing information part 3 



  67 
 

 
 

 
Figure 51: Debriefing information part 4 
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Figure 52: Debriefing information part 5 
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Figure 53: Debriefing information part 6 
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Figure 54: Debriefing information part 7 
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Figure 55: Debriefing information part 8 
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Figure 56: Debriefing information part 9 
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Figure 57: Debriefing information part 10 
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Figure 58: Debriefing information part 11 
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Figure 59: Debriefing information part 12 
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Figure 60: Debriefing information part 13 
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Figure 61: Debriefing information part 14 
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Figure 62: Debriefing information part 15 
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Figure 63: Debriefing information part 16 
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Figure 64: Debriefing information part 17 
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Figure 65: Debriefing information part 18 



  82 
 

 
 

 
Figure 66: Debriefing information part 19 
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Figure 67: Debriefing information part 20 
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Figure 68: Debriefing information part 21 
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Appendix D: Lane Deviation Results 

 
Figure 69: Lane deviation - normality assumption met 

 
Figure 70: Lane deviation - homogeneity of variances met 
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Lane Deviation Based on Standard Deviation Values: 

 
Figure 71: Lane deviation (standard deviation) - normality assumption met 

 
Figure 72: Lane deviation (standard deviation) - homogeneity of variances met 
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ANOVA between Edgelines Based on Lane Deviation: 

 
Figure 73: Lane deviation - ANOVA 2-in 0% deterioration vs 4-in 25% deterioration 

 
Figure 74: Lane deviation - ANOVA 2-in 0% deterioration vs 4-in 50% deterioration 

 
Figure 75: Lane deviation - ANOVA 2-in 25% deterioration vs 4-in 50% deterioration  
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Figure 76: Lane deviation - ANOVA 2-in 0% deterioration vs 4-in 75% deterioration  

 
Figure 77: Lane deviation - ANOVA 2-in 25% deterioration vs 4-in 75% deterioration  

 
Figure 78: Lane deviation - ANOVA 2-in 50% deterioration vs 4-in 75% deterioration  
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Figure 79: Lane deviation - ANOVA 2-in 0% deterioration vs 6-in 25% deterioration  

 
Figure 80: Lane deviation - ANOVA 2-in 0% deterioration vs 6-in 50% deterioration  

 
Figure 81: Lane deviation - ANOVA 2-in 25% deterioration vs 6-in 50% deterioration  
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Figure 82: Lane deviation - ANOVA 2-in 0% deterioration vs 6-in 75% deterioration  

 
Figure 83: Lane deviation - ANOVA 2-in 25% deterioration vs 6-in 75% deterioration  

 
Figure 84: Lane deviation - ANOVA 2-in 50% deterioration vs 6-in 75% deterioration  
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Figure 85: Lane deviation - ANOVA 6-in 25% deterioration vs 4-in 0% deterioration  

 
Figure 86: Lane deviation - ANOVA 6-in 50% deterioration vs 4-in 0% deterioration  

 
Figure 87: Lane deviation - ANOVA 6-in 50% deterioration vs 4-in 25% deterioration  
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Figure 88: Lane deviation - ANOVA 6-in 75% deterioration vs 4-in 0% deterioration  

 
Figure 89: Lane deviation - ANOVA 6-in 75% deterioration vs 4-in 25% deterioration  

 
Figure 90: Lane deviation - ANOVA 6-in 75% deterioration vs 4-in 50% deterioration  
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Appendix E: Vehicle Speed Results 

 
Figure 91: Vehicle speed - normality assumption met 

 
Figure 92: Vehicle speed - homogeneity of variances met 
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ANOVA between Edgelines Based on Vehicle Speed: 

 
Figure 93: Vehicle speed - ANOVA 2-in 0% deterioration vs 4-in 25% deterioration  

 
Figure 94: Vehicle speed - ANOVA 2-in 0% deterioration vs 4-in 50% deterioration  

 
Figure 95: Vehicle speed - ANOVA 2-in 25% deterioration vs 4-in 50% deterioration  
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Figure 96: Vehicle speed - ANOVA 2-in 0% deterioration vs 4-in 75% deterioration  

 
Figure 97: Vehicle speed - ANOVA 2-in 25% deterioration vs 4-in 75% deterioration  

 
Figure 98: Vehicle speed - ANOVA 2-in 50% deterioration vs 4-in 75% deterioration  
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Figure 99: Vehicle speed - ANOVA 2-in 0% deterioration vs 6-in 25% deterioration  

 
Figure 100: Vehicle speed - ANOVA 2-in 0% deterioration vs 6-in 50% deterioration  

 
Figure 101: Vehicle speed - ANOVA 2-in 25% deterioration vs 6-in 50% deterioration  
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Figure 102: Vehicle speed - ANOVA 2-in 0% deterioration vs 6-in 75% deterioration  

 
Figure 103: Vehicle speed - ANOVA 2-in 25% deterioration vs 6-in 75% deterioration  

 
Figure 104: Vehicle speed - ANOVA 2-in 50% deterioration vs 6-in 75% deterioration  
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Figure 105: Vehicle speed - ANOVA 6-in 25% deterioration vs 4-in 0% deterioration  

 
Figure 106: Vehicle speed - ANOVA 6-in 50% deterioration vs 4-in 0% deterioration  

 
Figure 107: Vehicle speed - ANOVA 6-in 50% deterioration vs 4-in 25% deterioration  
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Figure 108: Vehicle speed - ANOVA 6-in 75% deterioration vs 4-in 0% deterioration  

 
Figure 109: Vehicle speed - ANOVA 6-in 75% deterioration vs 4-in 25% deterioration  

 
Figure 110: Vehicle speed - ANOVA 6-in 75% deterioration vs 4-in 50% deterioration  

 

 


