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ABSTRACT OF THESIS 

 

 
CLUSTERING STATES TO IMPROVE THE  

STRATEGIC HIGHWAY SAFETY PLAN 
 

Each update to a Strategic Highway Safety Plan (SHSP) can require a large amount of time, 
resources, and funding. From the requirements in U.S.C.148(a)(13)(E-F), in the SHSP 
update process states must consider the results of other transportation planning processes 
and develop a list of strategies to reduce or eliminate fatal and serious injury crashes 
(United States , 2023). To fulfil these requirements more efficiently and to gain the largest 
amount of benefit from said research, this thesis asks the question: how do we select other 
state transportation plans to study for ideas on improving our own SHSP? In this thesis, a 
k-means clustering method is proposed to group states based on a variety of factors. These 
include state demographics, roadway attributes, highway safety performance, and SHSP 
characteristics. Specific clusters of states can then be selected based on other states that 
share characteristics most like our own, or based on other states that have the best safety 
performance. Then, in future studies, the smaller group of states selected can be studied for 
successful safety improvement programs that have been implemented to gain ideas for 
improving our own state’s next SHSP. As a case study, the methodology and resulting 
conclusions are applied to Kentucky in this thesis. 
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CHAPTER 1.  INTRODUCTION 

1.1 Introduction 

Space exploration in the United States has been known to push the limits of science, 
engineering, technology, and human abilities. With these complex and powerful 
technologies, space exploration involving human crew members comes with serious risks. 
NASA Administrator Aaron Cohen once said “Let’s face it, space is a risky business. I 
always considered every launch a barely controlled explosion”  (Cohen). As of 2022, there 
have been 23 astronaut fatalities, which have been a result of fatal incidents during 
preparations for the flight or during the actual flight (Orbital Today, 2022). Despite these 
tragic losses, there have been fewer astronauts that have died in the history of space 
exploration than the amount of people who are killed from car crashes each week in some 
larger states within the United States. Part of this is because space exploration has included 
redundant systems to increase safety to counteract the dangers of space travel. Astronauts 
are also safe users of space travel equipment. According to the book Safety Design for 
Space Systems, there are detailed and redundant safety systems set in place for the space 
environment, life support systems, emergency systems, collision avoidance systems, 
robotic systems, materials, oxygen systems, software systems, mechanical components, 
crew safety training, and more (Musgrave, Larsen, & Sgobba, 2009). While there are a 
variety of factors that must be avoided with space travel but are not a concern with highway 
travel (such as loss of oxygen), more extensive safety systems should be included in 
roadway safety to increase the factor of safety and reduce the serious injuries and fatalities.  

Highway transportation has been the most popular form of transportation within the United 
States since the early 1900’s. In the 1960’s highway fatalities increased by 47.1% along 
with vehicle-miles traveled, which increased by 47.8% (Bureau of Transportation 
Statistics, 2016). As a result of these rising numbers, the first major efforts toward 
improving highway safety came with the creation of the Department of Transportation in 
1966  (Weingrof, 2021) and again in 1970 with the formation of the National Highway 
Traffic Safety Administration (NHTSA) (National Highway Traffic Safety Administration, 
2015).  The 1970’s also saw a rise in highway fatalities, with 1972 having the highest 
number of fatalities ever recorded in one year at 54,589 fatalities. However, the end of the 
decade began to see results with the national fatality rate dropping from 4.7 to 3.3 (fatalities 
per 100 million vehicle-miles traveled). In the 1980’s there was a continued drop in the 
national fatality rate, from 3.4 to 2.2 fatalities per 100 million vehicle-miles traveled 
(VMT); in the 1990’s, the national fatality rate was reduced from 2.1 to 1.6 per 100 million 
VMT (Bureau of Transportation Statistics, 2016). The national average has continued to 
fall to 1.33 fatalities per 100 million VMT as of 2021 (National Highway Traffic Safety 
Administration, 2022). These reductions in highway fatalities are the result of safer vehicle 
designs, new safety technology within vehicles, safer roads and infrastructure, the 
implementation of behavioral safety programs, and more standardized emergency medical 
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services (Bureau of Transportation Statistics, 2016). However, there is still work to be done 
to reduce this number to zero.  

Recently, a Safe Systems Approach has been adopted by the U.S. Department of 
Transportation Federal Highway Administration (FHWA) with a goal to eliminate all 
traffic related fatal and serious injuries. This approach includes five key element – safe 
road users, safe vehicles, safe speeds, safe roads, and post-crash care (Federal Highway 
Administration, 2023) – which should be integrated in a holistic manner (Doctor & Ngo, 
2022). According to the FHWA Safe System mentality, it is understood that humans will 
make mistakes; however, these mistakes should never lead to death. Therefore, risks for 
the error occurring must first be reduced (Federal Highway Administration, 2023). Then, 
when crashes do occur, collision forces on the human body must be kept within tolerable 
limits to reduce injury severity from the crash (Doctor & Ngo, 2022). The graphic below 
from the FHWA illustrates the connection between each component of the Safe System 
Approach (U.S. Department of Transportation, 2022). 

 

Figure 1: Safe Systems Approach, Image from FHWA 

1.2 Strategic Highway Safety Plan Background 

The Strategic Highway Safety Plan (SHSP) is the highest-level, coordinating safety plan 
that “identifies and analyzes highway safety problems and opportunities” within the state 
(Federal Highway Administration, 2020). The SHSP is a performance-based approach to 
highway safety. It also takes a systems-based approach, pointing back to the Safe System 
Approach defined above in Section 1.1. The SHSP should analyze crash data, roadway 
data, and traffic data to identify critical highway safety problems and corresponding safety 
improvement opportunities. SHSP multi-year performance goals are then established along 
with emphasis areas and countermeasure strategies (Federal Highway Administration, 
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2016). They are meant to be measurable and ambitious, such as “striving towards zero 
deaths” (Federal Highway Administration, 2020). After this, the SHSP is used to provide 
“strategic direction” for the state plans listed above by incorporating the safety 
performance goals, emphasis areas, and countermeasure strategies included in the SHSP 
where appropriate. 

Since 2005, each state has been required to submit an updated SHSP document every five 
years to be eligible for Highway Safety Improvement Program (HSIP) funding (23 U.S.C. 
148(c)) (Federal Highway Administration, 2016). The HSIP program is one of the largest 
transportation safety funding sources from the federal government, so it is essential for 
states to fulfill this requirement. The main components that must be included in each SHSP 
update are codified in 23 U.S.C. 148(a)(13)(A-E) These were extracted and included in 
Table 1.1 below (United States , 2023). This thesis will focus on improving the process to 
fulfill requirements (E) and (F), which will be discussed further in Section 1.3.  

Table 1:  SHSP Requirements, as listed in 23 U.S.C. 148(a)(13)(A-E) 
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Kentucky’s most recent SHSP update is for the years 2020-2024. Therefore, Kentucky’s 
next SHSP update is due December 31, 2024. The current SHSP identifies six emphasis 
areas: 

• Aggressive Driving 

• Distracted Driving 

• Impaired Driving 

• Occupant Protection 

• Roadway Departure 

• Vulnerable Road Users 

The SHSP also provides strategic direction for other transportation safety plans created by 
the state. Some examples of the plans that must coordinate with the state’s most recent 
SHSP and any corresponding legislation include:  

• HSIP Annual Report and Annual Investment Plan  

• Triennial Highway Safety Plan (3HSP) (Title 23 U.S.C. 402(b)(1)(F)(v)) 

• Commercial Vehicle Safety Plan (CVSP) (49 CFR 350.201 and 205) 

• VRU Assessment (Title 23 U.S.C. 148(a)(13)(H)) 

• Local safety plans 

As mentioned above, HSIP is a “core Federal-aid program” that provides funding to states 
for projects aimed at reducing roadway fatalities and serious injuries. According to FHWA, 
the HSIP has three main components: the SHSP, the State HSIP or program of highway 
safety improvement projects, and the Railway-Highway Crossing Program (Federal 
Highway Administration, 2022) The HSIP report is submitted by each state to FHWA each 
year, which details the specific projects being implemented that have received HSIP 
funding for the year. The state also internally produces an HSIP Investment Plan annually, 
which must coordinate with the goals, emphasis areas, and strategies spelled out in the 
most recent SHSP. The HSIP report is focused more on engineering countermeasures to 
reduce roadway related fatalities and injuries. 

As of February 2023, the 3HSP is prepared by each State and submitted to NHTSA every 
three years. There are three different submissions included in the triennial framework: the 
3HSP, the annual grant application, and the annual HSP report (National Highway Traffic 
Safety Administration, 2023). These three documents build upon each other by providing 
program information collected at different stages along the program timeline. The 3HSP 
plan creates the long-term highway safety plan, which focuses more on education and 
enforcement programs to reduce roadway related fatalities and injuries. It also includes 
triennial safety performance reporting. The annual grant application allows for annual 
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implementation of the 3HSP plan. Finally, the HSP Annual Report includes the progress 
towards achieving the performance targets set in the 3HSP planning document. If the 
performance targets are not on track to be met, the HSP Annual Report will include 
adjustments for the next 3HSP to better meet these targets. It also includes a list of projects 
and activities that have been federally funded over the prior fiscal year (National Highway 
Traffic Safety Administration, 2023). NHTSA has created a set of performance measures, 
as seen in Table 1.2 below (Federal Highway Administration, 2020) of which the states 
must submit in their Annual Report. Performance measures that begin with “C-“ are core 
measures that measures overall safety progress. Performance measures that begin with “A-
“ are activity measures that track program implementation In addition to core and activity 
measures, behavioral measures begin with “B-“ and assess driver behavior based on safety 
programs that are being implemented. 

Table 2:  NHTSA Safety Performance Measures for 3HSP 
C-1 Number of traffic fatalities (three-year or five-year moving average) 

C-2 Number of serious injuries in traffic crashes 

C-3 Fatalities/VMT (including rural, urban, and total fatalities) 

C-4 Number of unrestrained passenger vehicle occupant fatalities, all seat positions 

C-5 Number of fatalities in crashes involving a driver or motorcycle operator with a 
blood alcohol concentration of 0.08 g/dL or higher 

C-6 Number of speeding-related fatalities 

C-7 Number of motorcycle fatalities 

C-8 Number of un-helmeted motorcycle fatalities 

C-9 Number of drivers 20 of younger involved in fatal crashes 

C-10 Number of pedestrian fatalities 

B-1 Observed seat belt use for passenger vehicles, front seat outboard occupants 

A-1 Number of seat belt citations issued during grant-funded enforcement activities 

A-2 Number of impaired-driving arrests made during grant-funded enforcement 
activities 

A-3 Number of speed citations issued during grant-funded activities 

 

The Motor Carrier Safety Assistance Program (MCSAP) Grant is a federal funding 
program that focuses on reducing the “number and severity of crashes and hazardous 
materials incidents involving commercial motor vehicles (CMVs)” (Federal Motor Carrier 
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Safety Administrateion, 2021). To be eligible to receive this funding, states must submit a 
commercial vehicle safety plan (CVSP).  

As of October 2022, states will be required to submit a Vulnerable Road Users (VRU) 
Assessment to the FHWA. They will first be required to submit this document by 
November 2023; after this, the updated VRU Assessment will be included with SHSP 
updates as an appendix. In this assessment, data will be analyzed to determine safety risks 
to VRU in areas that have been identified using high-risk and subsequently develop 
projects and strategies to reduce these risks (Federal Highway Administration, 2022).  

To recap, all the planning documents mentioned above are connected to the SHSP and all 
can play a part in improving overall highway safety. Some focus more heavily on certain 
categories of the safe systems approach than others. Figure 2 below is a graphic that shows 
the relationship between potential emphasis areas identified from the SHSP, other highway 
safety planning documents, and the safe systems approach. Data quality and management 
makes up the foundation of the relationship graphic because quality data is necessary to 
plan and implement any aspect of highway safety.  
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Figure 2: Highway Safety Planning Relationship with Highway Safety 

1.3 Problem Statement 

Each update to a SHSP requires a large amount of time, resources, and funding. To fulfil 
the requirement of U.S.C. 148(a)(13)(E) more efficiently and to gain the largest amount of 
benefit from said research, this thesis will ask the question: how do we select other state 
transportation plans to study for ideas on improving our own SHSP? Researching all fifty 
states would take too much time, so how does Kentucky effectively pick the “best” state 
safety programs to look at? Ultimately, how can the states be grouped so that Kentucky 
can compare our safety performance and current SHSP to other state safety programs and 
improve our next SHSP? 
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CHAPTER 2. LITERATURE REVIEW 

2.1 Using highway safety performance data 

Before beginning analysis using highway safety performance data in this thesis, it is 
important to understand the uses and misuses of this data. A study by O’Neill and 
Kyrychenko discusses just this: uses and misuses of motor-vehicle crash death rates when 
assessing highway-safety performance (O'Neill & Kyrychenko, 2006). In their analysis, 
they recognize that motor vehicle fatality rates are commonly used to measure a 
jurisdiction’s progress in highway safety over time. They are also often used to analyze the 
success or “failure” of a particular countermeasure. Crash fatality rates have been a popular 
safety performance measure because the numerator (the number of deaths) is known with 
decent accuracy and the denominator (such as vehicle miles traveled, number of registered 
drivers, population) attempts to control for variance in driving risk exposure between 
locations. However, after the analysis they note that many factors outside of highway-
safety policy influence the mileage death rates. For example, O’Neill and Kyrychenko note 
that almost 60% of the variability of crash rate differences between states can be explained 
by urbanization (O'Neill & Kyrychenko, 2006). Therefore, the denominators in crash 
fatality rates do not account for all or even most of the variations in exposure over time and 
across jurisdictions. While these crash fatality rates do reflect the general status of highway 
safety within an area, they recommend researchers should use caution when comparing 
highway-safety performance with this performance measure and not assume that all the 
variation in crash fatality rates are due to particular highway policy or countermeasure. 
Additionally, the authors of the same study highlighted that outcome measures directed 
related to the countermeasure are better for evaluation than overall crash fatality rates. For 
example, if the impact of motorcycle helmet laws is being studied, motorcyclist deaths 
should be used rather than the total number of vehicle crash fatalities (O'Neill & 
Kyrychenko, 2006).  

2.2 Impact of COVID-19 on highway safety 

Beginning in March 2020, the World Health Organization announced that the spread of the 
COVID-19 virus was a global pandemic (World Health Organization, 2020). In an attempt 
to reduce the spread of the disease, governing jurisdictions introduced unprecedented 
public health measures to limit people’s in-person contact with one another. These included 
temporarily closing schools, businesses, entertainment venues, and leisure activities, to 
name a few. As a result of this, transportation patterns were also largely impacted. The 
FHWA’s annual Highway Statistics Series reports the annual vehicle-miles travelled for 
the United States. From this data shown in Table 2.2 below, there was a drastic drop in 
VMT during 2020 when COVID-19 restrictions were the strictest (U.S. Federal Highway 
Administration, 2021). The VMT data was adapted from the Highway Statistics Series 
table VM-202; percent change added. 
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Table 3: Percent change of annual VMT before and during COVID-19 pandemic 

 

From these changes in travel during the COVID-19 pandemic, it must also be considered 
if and how changes in driving patterns and driving behavior affected roadway safety and 
the highway safety performance measures each state records and submits to the United 
States Federal Highway Administration (FHWA). A study published in 2020 by Vingilis 
et al. focuses on just this: identifying research questions to consider on driver behavior and 
situation factors associated with COVID-19 that could affect road safety during and after 
the pandemic (Vingilis, et al., 2020). The areas highlighted in this study included economic 
downturn having an impact on road travel and hence on road safety. Human factors such 
as increased stress, more “free” time, and increased alcohol and drug consumption were 
potential aspects that could negatively affect highway safety. Furthermore, changing public 
policy restrictions could change patterns of driver behavior, such as daily commuting 
verses working from home. While this study was written in 2020 during the beginning 
stages of the pandemic, multiple studies have been conducted since then that focus on one 
or more aspects mentioned above and quantified the impact they had on road safety. 

In a study on the impact of COVID-19 on road safety in Canada and the United States, 
authors Vanlaar et al. compared self-reported changes in risky driving behaviors before 
and during the pandemic between Canada and the United States. Risky driving behaviors 
considered in this study included speeding, distracted driving, drinking and driving, and 
drugged driving. The authors hypothesized that decreases in traffic volume led to an 
increase in risky driving behaviors, especially speeding. Initial data showed an average 
decrease in all traffic crashes in the U.S. during 2020 of 41%-76%; however, research also 
indicated that while overall crashes decreased, there was an average increase in severe 
crashes by 25% (Vanlaar, et al., 2021). Survey results from the U.S. showed that while 
most of the respondents reported their driving behavior did not change during the 
pandemic, and a small proportion reported they were less likely to partake in risky driving 
behaviors, there was a notable portion that reported they were more likely to partake in 
risky driving behaviors during the pandemic as compared to before. In the U.S. this 
included 7.6% of respondents saying they were more likely to speed, 6.8% were more 
likely to be distracted while driving, 6.2% were more likely to drive after using drugs, and 
7.6% were more likely to drink and drive. A following analysis concluded that the 
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respondent’s country and age had a significant impact on if they were more likely to engage 
in risky driving behaviors (Vanlaar, et al., 2021).  

Yet another study looked at a case study in Salt Lake County, Utah to identify the impact 
of COVID-19 on traffic safety in the later stages of the pandemic (Gong, Lu, & Xianfeng, 
2023). Using statistical models, crash severity and crash frequency were studied while 
factoring in exposure, environmental, and human factors. Results showed that crash 
frequency dropped significantly when lockdown restrictions were in place. As restrictions 
were relaxed, crash frequency steadily increased until the later stages of the pandemic, 
where crash frequency was slightly less but similar to pre-pandemic levels. The varying 
vehicle miles traveled (VMT) throughout the pandemic was identified as a contributing 
factor to the trends found in crash frequencies. In contrast to the crash frequency, crash 
severity increased substantially during the earlier stages of the pandemic, then steadily 
reduced to pre-pandemic levels during later stages. Characteristics of the vehicles involved 
in the crashes and driver behavior (especially speeding and drinking while driving) were 
identified as contributing factors for this trend in crash severity (Gong, Lu, & Xianfeng, 
2023). One other case study from California compared crash severity and frequency before, 
during, and after the COVID-19 pandemic travel restrictions to determine the effects that 
changing VMT and average vehicle speeds had on crashes (Hughes, Kaffine, & Kaffine, 
2023). Results from this study also found that VMT and crash frequency decreased 
significantly during the pandemic, while the frequency of severe crashes increased during 
this same time period. Authors acknowledged that while their case studies may not be 
consistent with all other areas in the United States, it is likely generally consistent to 
pandemic crash frequency and severity trends in other urban areas because these other areas 
saw similar drops in VMT as well (Hughes, Kaffine, & Kaffine, 2023). 

The studies above that analyzed the impact COVID-19 had on highway safety will be 
important to consider in this thesis because some of the most recent highway safety 
performance data submitted to the FHWA by the states are from the pandemic time period. 
Based on the literature researched above, in this thesis the data should be compared to pre-
pandemic levels so that short-term changes in highway travel and safety do not lead to 
incorrect analyses or conclusions. The selection of data years is discussed further in Section 
3.2.  

2.3 Literature on Strategic Highway Safety Plans 

Since this thesis focuses on SHSPs of all the states, a literature review of current research 
on SHSPs must first be conducted. A study in Missouri from 2014 evaluated the change in 
Missouri’s motor vehicle crashes after their first SHSP was developed and implemented 
between 2004 and 2007 (Mohammadi, Samaranayake, & Bham, 2014). Mohammadi et al. 
used models for different crash types to estimate the anticipated number of crashes in 2008 
based on the implementation or no implementation of the Missouri SHSP safety 
improvements (Mohammadi, Samaranayake, & Bham, 2014). They predicted that fatal 
crashes could be reduced by 30% from implementing crash countermeasures included in 
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the SHSP. However, this analysis only evaluated Missouri’s change in highway safety 
performance internally, it was not compared to other states, and not over multiple time 
periods. The results were theoretical and did not compare theoretical values with the actual 
number of fatal crashes that occurred in Missouri in 2008. The authors also mentioned that 
further analysis of effectiveness for specific emphasis areas identified in the SHSP would 
be helpful (Mohammadi, Samaranayake, & Bham, 2014). Additionally, as mentioned in 
Section 2.1 by researchers O’Neill and Kyrychenko, this report did not mention other 
factors that could have resulted in this reduction of fatal crashes. 

Two other journal articles were found on topics meant to help states develop a better SHSP 
document. One study by Ogle et al. identifies successful safety programs implemented in 
other states based on emphasis areas South Carolina had identified in their SHSP document 
(Ogle, Islam, Brown, Davis, & Sarasua, 2018). After the authors identified successful 
safety programs in other states, they then estimated the safety improvement potential in 
South Carolina based on several factors, including but not limited to: magnitude of the 
problem in the state, demographic trends, and current legislation (Ogle, Islam, Brown, 
Davis, & Sarasua, 2018). This study could be helpful to provide a list of potential resources 
to use when finding other states’ successful safety programs. It also highlights factors that 
may change the effectiveness of a safety strategy when implemented in one state as 
compared to another. However, there are several limitations to this study. First, the study 
was unique to South Carolina. Second, it does not mention how the other programs were 
selected. Did this study conduct a nationwide search, or did it search the other states at 
random? Conducting a nationwide search would take much longer, and the strategies may 
not be near as effective when implemented in South Carolina if the example state has very 
different demographics, culture, geography, legislation, etc. This thesis will essentially turn 
this process around, where similar states are first grouped. Then, researchers would be able 
to narrow down the safety program search to the states in the same grouping.   

Another study by Park and Young in 2011 focused on a supplementary method for states 
to select and prioritize emphasis areas in their SHSP updates. This is meant to enhance the 
analysis done with high-level crash statistics and expert opinion from SHSP stakeholders 
to provide more insight in the areas where highway safety has the greatest potential and 
need for improvement. According to their research, the federal government through the 
American Association of State Highway and Transportation Officials (AASHTO) has 
recommended 22 emphasis areas. The study compiled data on the emphasis areas each state 
picked for the SHSP documents at the time and then provided some summary statistics on 
the data. See an excerpt of a table from Park & Young’s study in Figure 3 below. The 
authors found that many states selected a large number of emphasis areas and that certain 
emphasis areas were picked frequently among many states (Park & Young, 2012).  

In this thesis analysis of characteristics of different state SHSPs it will be helpful to 
compare trends among emphasis areas that were chosen in the most recent SHSP updates 
as of 2023. When grouping similar emphasis areas together, inspiration could be taken 
from the “elements” or categories listed in Park and Young’s study, as seen below in Figure 
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3. This thesis will also compare trends for the most current selected emphasis areas. Park 
and Young mention in their conclusion that some states may be targeting too many 
emphasis areas, which can make coordination between different stakeholder groups in the 
SHSP more difficult and therefore implementation of countermeasures for each of the 
emphasis areas even more challenging within the set period of time (Park & Young, 2012). 
This should be studied even further in this thesis to determine if there is an amount of 
emphasis areas that is most beneficial for state roadway safety.  

 

Figure 3: Summary and analysis of state emphasis areas, image from Park & Young 

2.4 Clustering States based on highway safety performance 

The United States is made up of a unique group of states that can vary greatly in their 
geography, economy, population demographics, traffic growth, highway system size, and 
more (U.S. Federal Highway Administration, 2021). A study by Henderson & Niemeier 
used variables from categories similar to above to delineate peer states with similar 
attributes to better account for the jurisdiction variation in the planning and maintenance 
of state transportation systems (Hendren & Niemeier, 2008). The FHWA Highway 
Statistics Series recommends using the approach laid out in this study to compare state 
highway safety performance effectively and unbiasedly. Henderson & Niemeier took data 
for 42 variables (extracted from table PS-1 in the FHWA’s Highway Statistics Series) that 
impacted transportation investment and policy was collected for two time periods: 1985-
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1990 and 1995-2000. These variables focus on three main themes of general features, 
degree of urbanization, and growth characteristics. From a agglomerative clustering 
hierarchical method analysis, 10-, 9-, 8-, and 7- cluster solutions were created for the first 
time period (1985-1990). For the second time period analysis (1995-2000), cluster options 
for 12, 11, 10, 9, and 8 groups were presented. An image of the resulting cluster solutions 
created by Hendren & Niemeier for the years 1985-1990 can be seen below in Figure 4 
(Hendren & Niemeier, 2008). Additionally, Hendren & Niemeier created a map where 
states have been color-coded by clusters, as seen in Figure 5 below (Hendren & Niemeier, 
2008). This visual can be used in this thesis to highlight any geographic trends from cluster 
analysis results. While the data used to conduct the analysis is now out of data, the process 
and the fundamental findings are still relevant and can be applied to more recent data 
collected from each of the states for this thesis. Moreso, in the methods used for this thesis, 
it could be beneficial to cluster states based on their SHSP characteristics to expand on the 
cluster groups that were created from Hendren & Niemeier’s study.  

 

Figure 4: 1985-1990 Comparison of Cluster Results, Image from Hendren & Niemeier 
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Figure 5: 1995-2000 9-Cluster Solution, Image from Hendren & Neimeier 

2.5 Demographic and socioeconomic effect on highway safety 

Much research is available on the relationship between independent variables and their 
effect on highway safety. While the studies listed below are not directly used in this thesis 
analysis, it is still helpful to have a general understanding of the different factors that can 
affect roadway safety. Potential demographic and socioeconomic factors that affect 
highway safety identified in this study include household income, educational attainment, 
GDP per capita, gender, age, seat belt usage, alcohol consumption, and urbanization of an 
area.  

From existing literature, researchers Stamatiadis et al. analyzed why there are higher 
fatality crash rates in the southeastern portion of the U.S. as compared to other parts of the 
country. They found that the southeast region has a lower educational attainment and 
economic standing, and there are more drivers in groups that have been identified as more 
likely to participate in risky driving behaviors. The analysis confirmed that lower 
educational attainment and economic standing, and the younger and older ages groups were 
correlated with single-vehicle crashes (Stamatiadis & Puccini, 1999). Another study by 
Lyon et al. focused specifically on younger and older drivers and their crash risk, which is 
higher than other driver age groups. Through self-reported data, the authors found that 
young drivers (18-21 years old) had the highest proportion of drivers who engaged in 
distracted driving or fatigued driving, while older drivers (65 years and older) had the 
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lowest proportion of drivers who reported this driving behavior (Lyon, et al., 2020). In yet 
another analysis of traffic crashes among the younger and older drivers, McGwin & Brown 
confirmed again that young drivers were more likely and older drivers were less likely to 
partake in risky driving behaviors. They continued to conclude that for young drivers, this 
higher level of risk taking combined with less driving experience led to this age group 
having a higher risk of being involved in a crash. Even though older drivers were less likely 
to partake in distracted or risky driving behaviors, the age group is overrepresented in 
crashes as well, due to perceptual problems and slower response times (McGwin & Brown, 
1999). 

A study by Lee et al. determined that using proper restraints (i.e. seat belts) could decrease 
the fatal crash risk of vehicle occupants up to 54%. They also found that young drivers 
were overrepresented in unrestrained crash fatalities (Lee & Schofer, 2003). Another study 
from Norway shows consistent results with Lee et al. and concludes that using a seat belt 
reduces fatal and serious injuries by 60% for front seat occupants and 44% for rear seat 
occupants (Hoye, 2016). Hoye also estimated that unbelted drivers had an 8.3 times higher 
fatal crash risk and 5.2 times higher serious injury crash risk as compared to belted drivers 
(Hoye, 2016).   

In another study by Ye et al. identified other socioeconomic factors related to distracted 
driving that are associated with crash risk. These include texting and age, where younger 
drivers are more likely to text, annual miles driven, which was also correlated with a higher 
likelihood of texting, as were gender (women were more likely to text) and marital status 
(married persons were more likely to text) (Ye, Osman, & Ishak, 2017).  

In a survey to Americans to analyze the relationship between crash histories, risky driving 
behavior, demographic characteristics, and driver opinions on traffic safety 
countermeasures, Chen et al. determined that women were more likely to text and drive 
while men were more likely to drink and drive. Drivers who were married were more likely 
to speed. Drivers who regularly text while driving increased the likelihood of a crash. 
Single men drivers had a higher driver’s license revocation rate, received more traffic 
citations, and were less likely to wear a seat belt. Impaired driving countermeasures 
received the most support from respondents (Chen & Kockelman, 2013).  

It is also known that fatality rates and severity of rural crashes are worse than those in urban 
areas. This must be kept in mind when comparing different regions. The Kentucky SHSP 
identifies four factors that contribute to this trend: human behavior (such as lower seat belt 
usage rates in rural areas), vehicle size (there are often more fatal crashes in rural areas 
involving large trucks, SUVs, and pickup trucks), roadway environment (rural roads often 
have narrow shoulders and only a painted centerline between opposing traffic, which 
allows less room for error in roadway departure crashes), and a higher emergency response 
time to reach the crash or hospitals in rural areas (Kentucky Transportation Cabinet, 2020). 
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2.6 Public policy effect on highway safety 

There is also a large amount of literature that focuses on public policy’s effects on highway 
safety. This section serves to provide a general overview of how policy can also affect 
highway safety. Most of these public policies are focused on the “safe drivers” and “safe 
speeds” elements of the Safe Systems approach by regulating risky driving behavior 
through laws such as speed limits, seatbelt laws, laws against drinking and driving, and 
laws against cell phone use.  

McCarthy analyzed the effect of highway speed limits, seat belt use laws, availability of 
alcohol, restrictions on common site sale of gasoline and alcohol, and traffic enforcement 
on fatal crashes in urban areas (McCarthy, 1999). Results did not provide significant 
support for the hypothesis that relaxed speed limits increased fatality crashes or that stricter 
seat belt laws reduced fatal crashes. Results supported the hypothesis that police 
enforcement is beneficial for drivers to adhere to traffic regulations. There was also support 
that increased alcohol availability reduces highway safety; however, this result was based 
on the number of alcohol licenses in the urban area and does not solely reflect the amount 
of alcohol consumed (McCarthy, 1999). Bans on common gasoline and alcohol sites had a 
slight increase in fatal crashes right outside of the urban areas, but the hypothesis that the 
ban had no effect could not be rejected for other areas in the study. The author proposes 
that this could increase traffic exposure because the average distance travelled to reach 
common site sales for gasoline and alcohol are increased. However, there was not enough 
data to test this hypothesis in the study. McCarthy concludes that despite the positive trend 
of alcohol licenses on fatal accidents, the results should not support limiting the number of 
alcohol licenses since alcohol consumption or traffic exposure cannot be explicitly 
controlled (McCarthy, 1999).  

Another study by Dong et al. also looked at the effects of highway safety laws and 
sociocultural characteristics on fatal crashes. In this study, the researchers found that states 
that allow speed camera enforcement are associated with a lower amount of fatal crashes 
(Dong, Nambisan, & Clarke, 2017). The long-term effect that distracted driving laws have 
on driving behavior and subsequently crash frequencies still need to be studied further 
before supporting or opposing legislation, findings in this study indicated that limited or 
no handheld cell phone enforcement could increase the likelihood of fatal crashes by 25 
percent (Dong, Nambisan, & Clarke, 2017). 
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CHAPTER 3. METHODOLOGY 

3.1 Motivation for clustering states 

This study will focus on clustering states to compare and improve their highway safety 
performance. In roadway safety, learning from other states can be extremely beneficial in 
improving road safety planning, strategies, and implementation. Moreso, this is a 
requirement for each SHSP update (see U.S.C. 148(a)(13)(E-F)) (United States , 2023). 
However, in the United States, researching fifty states for each road safety projects would 
be very time consuming. To use roadway safety researchers’ time more efficiently, this 
thesis creates a methodology to identify a group of states that would be most relevant to 
learn from based on the roadway safety topic. This thesis considers a variety of different 
ways to cluster states: by demographic characteristics of the state, by state highway safety 
performance, and by state SHSP document characteristics. Then, this thesis will consider 
how the results from these cluster analyses could help improve Kentucky’s next SHSP 
update. 

3.2 COVID-19 Comments and Data Years Selection 

As mentioned in the literature review, the COVID-19 pandemic had a major impact on 
transportation patterns. The FHWA reported a large decrease in vehicle miles traveled 
during 2020 when COVID-19 restrictions were the strictest (see Section 2.2) (U.S. Federal 
Highway Administration, 2021). The precise impact that this change in transportation had 
on highway safety is still being researched. This study focuses on clustering states to 
compare and improve their highway safety performance under typical travel conditions. 
Therefore, variables regarding highway safety performance or highway travel are not used 
from the years 2020-2021 to avoid short-term fluctuations in travel risk exposure (and 
therefore safety performance) caused by the COVID-19 pandemic.  

2020 Demographic data from the U.S. Census Bureau are used because these variables are 
much slower to change and are therefore more resistant to being impacted by the COVID-
19 pandemic. Also, because the U.S. Census Bureau only conducts a census once a decade, 
the 2020 census has the most recent information on demographic or socioeconomic 
statistics from the states.  

3.3 State Highway Performance Data, Demographic Information, and SHSP 
Characteristics 

To support the cluster analysis included in following sections of this thesis, data must be 
compiled from multiple sources. As mentioned in the introduction, states are required to 
submit reports to be eligible for various federal transportation funding programs. The 
FHWA and NHTSA have multiple databases that store the information reported by states. 
These databases include state highway information on safety performance, safety 
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performance targets and goals, and reports (such as for the SHSP or HSIP report) for each 
state. While this list is not exhaustive of the state highway data available on the FHWA’s 
and NHTSA’s websites, the information gathered and included in this thesis supports the 
analysis explained in following sections.  

The data collected was available for all 50 states but was not aggregated. In some cases, 
the data was available by state for multiple years. Or, if the data was presented with all 50 
states listed, they were available for one year only. This study created tables of safety 
performance data for all 50 states over multiple years. The years included were typically 
from the ten-year period 2012-2021. The compiled data is then used to support the analysis 
in this thesis.  

The list below summarizes the sources of data used in this study or data compiled for ready 
reference for future studies. It also lists the appendix where the raw data tables are included 
in this thesis.  

• FHWA Highway Statistics Series 
o Appendix A: Annual vehicle miles travelled by state  
o Appendix B: Public road length (total, rural, and urban)  

• Appendix C: NHTSA State Highway Safety Plans and Annual Reports 
o Annual number of roadway fatalities by state 
o Annual fatality rate by state (fatalities per 100 MVMT) 
o Annual rural fatality rate by state (fatalities per 100 MVMT) 
o Annual urban fatality rate by state (fatalities per 100 MVMT) 
o Annual passenger vehicle occupant fatalities (total, restrained, unrestrained, 

unknown) 
o Annual alcohol-impaired driving fatalities 
o Annual speeding-related driving fatalities 
o Annual motorcyclist fatalities 
o Annual pedestrian fatalities 
o Annual bicyclist and other cyclist fatalities 
o Annual observed seat belt use 

• US Census Bureau 
o Appendix D: Percent of the state population that lives in urban areas 

• FHWA SHSP Report Database 
o Appendix E: SHSP emphasis areas by state 
o Appendix F: SHSP safety performance goals by state 

Note that in Appendix C, the safety performance measures from the state Highway Safety 
Plan annual reports highlights several performance measures labelled with a (C-#). These 
coincide with the core safety performance measures identified by NHTSA, which are listed 
in Chapter 1. While not all these safety performance measures were used in this thesis, they 
were still included for completeness.  
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3.4 Clustering states based on demographic information 

Section 2.1 mentions a study by O’Neill and Kyrychenko that discusses the uses and 
misuses of motor-vehicle crash death rates when assessing highway-safety performance. 
In their analysis, they found that urbanization can explain almost 60% of the variability of 
crash rate differences between states. Therefore, this section focuses on clustering states 
by their urbanization using a k-means clustering technique. Three different cluster analyses 
regarding the urbanization of each state are conducted: 

• The percent of the state’s population that lives in urban areas and the 2019 five-
year rolling average of the state’s urban fatality crash rate 

• The percent of the state’s total road length that are urban and the 2019 five-year 
rolling average of the state’s urban fatality crash rate 

• The percent of the state’s total road length that are rural and the 2019 five-year 
rolling average of the state’s rural fatality crash rate 

The 2019 five-year rolling average was used for the crash rates to help smooth out the 
natural fluctuations that happen with crash statistics from year to year.  

The k-means cluster analyses were conducted using R Studio. First, the “elbow” method 
was used to determine the optimal number of clusters. This method creates a plot that shows 
the proposed number of clusters (k) on the x-axis and the total within sum of square for 
each corresponding number of clusters on the y-axis. The “elbow”, or inflection point, on 
this plot is where the improved reduction of total within sum of squares begins diminishing 
at a much lower rate, making the benefit of adding more clusters much less after this point. 
Therefore, the optimal number of clusters is at this inflection point in the graph. An 
example optimal number of clusters plot is shown below in Figure 6. The optimal number 
of k clusters in the example plot is k=3.  

 

Figure 6: Optimal number of clusters plot example 
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Then, the clusters of states are created using k-means clustering. The example code for the 
state’s urban population and the state’s urban fatality rate can be seen below in Figure 7. 
The same code was used for the other k-means analyses in this study. The only change is 
the input spreadsheet with the unique variable data for each cluster analysis. Appendix A, 
B, C, and D are used to create these inputs for the k-means analyses mentioned in this 
chapter, as seen in Appendix E Appendix F shows the resulting outputs from the k-means 
cluster analyses conducted in chapter 4. 

From this code, an optimal number of clusters plot and a cluster plot showing the resulting 
clustering groups is produced. The cluster assigned to each state is then exported to 
Microsoft Excel to produce a spatial map that color codes the state by their cluster number 
from the k-means analysis.  

 

Figure 7: Example R Studio Code for K-Means Cluster Analysis 

3.5 Clustering states based on core safety performance measures 

While there are many potential safety performance measures to cluster the states by, just 
one was selected for this study to serve as an example of how the safety performance 
measure being studied by the state can be used to cluster and evaluate where they are 



21 
 

compared to other states. This study will cluster the 2019 five-year rolling average percent 
of total passenger vehicle occupant fatalities where occupants were unrestrained and the 
2019 five-year rolling average of observed seat belt use. Then, depending on what area of 
safety a state is focusing on, they can customize the variables and conduct the cluster 
analysis to best fit their safety analysis and planning.  

R studio is used to determine the optimal number of clusters for these variables and then 
to conduct the k-means cluster analysis. Similar code can be found in Figure 7 in Section 
3.4. The only change is the input spreadsheet that was used, which contained the unique 
data for these two variables. The raw spreadsheet data is found in Appendix E. 

3.6 Clustering states based on SHSP characteristics 

In this section, the states are sorted and grouped based on two characteristics of their SHSP 
documents: the emphasis areas identified, and the safety performance goals set.  

 

3.6.1 SHSP Emphasis Areas 

The state emphasis areas are grouped in two different ways. First, as mentioned in Section 
3.3, the emphasis areas the states identified in their most recent and available SHSP update 
were compiled and aggregated. In this section, the method for sorting and grouping the 
emphasis areas into a matrix format is described. Such output creates a helpful visual for 
state safety professionals to use when comparing the emphasis areas their state has 
identified to other states. To create the emphasis area matrix (as seen in Appendix G), the 
states comprise rows and the emphasis areas comprise columns. Each cell reports all the 
emphasis areas identified for the state on that row. 

Next, the emphasis areas are sorted into groups. Twelve different groups of similar 
emphasis areas are created by engineering judgement. Two other emphasis areas did not 
fit into groups, so they comprise stand-alone “groups.” These twelve groups are: 

• Driver behavior 
• Roadway design 
• Vulnerable road users 
• Younger & older users 
• Other vehicle groups 
• Reports 

• Post-crash 
• Technology 
• Education 
• Local Safety 
• Licensing 
• Changing road conditions 

Some of these groups were created because they included emphasis areas that were of the 
same type (for example, the VRU group includes emphasis areas pedestrians, bicycles, and 
bicycles & pedestrians). Other groups were created using the Safe Systems Approach 
attributes, as defined in Section 1.1. For example, the group of emphasis areas “driver 
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behavior” included emphasis areas such as aggressive driving, speed management, 
distracted driving, safe road users, etc.  

Next, matrix rows and columns are totaled. For the columns, the sum of the total number 
of emphasis areas for each state and the sum of the total number of groups for each state 
are included. Finally, the rows of the matrix are sorted from greatest to least by the total 
number of emphasis areas for each state.  

The second way the states’ emphasis areas are clustered is by using a k-means clustering 
method for two variables: the total number of emphasis areas identified in the SHSP and 
2019 five-year rolling average for the total fatality rate. R studio is used to determine the 
optimal number of clusters for these variables and then to conduct the k-means cluster 
analysis. Similar code can be found in Figure 7 in Section 3.4. The only change is the 
spreadsheet that was used, which contained the unique data for these two variables. The 
raw spreadsheet data can be found in Appendix E.  

 

3.6.2 SHSP Goals 

Appendix H includes a table of all the safety performance goals extracted from each state’s 
SHSP document. This is used to group SH2ySP goals in two different ways: by the type of 
performance measure(s) included in the goal and by aggressiveness of the goal. In 
Appendix H, the SHSP update year and goals are the only information taken direction from 
SHSP documents. A good/fair/poor rating was also given to each state to roughly indicate 
how prominent the goal was in the SHSP document. A “good” rating was given if the goal 
was clearly labelled, highlighted, or bolded to stand out from the rest of the text, and given 
in a heading in the table of contents. A “fair” rating was given if the goal included some 
but not all of the criteria listed above. A “poor” rating was given if the goal was not clearly 
stated, labelled, or if there was no effort to make it stand out from the surrounding text.  

In Appendix H, column with the “type” of goal indicates what safety performance target(s) 
the goal is based on. The type of goal for each state is used in this study as both an 
organizational and a clustering method. If the type of goal is listed as a “%” this means the 
goal is listed as a percent reduction in the performance measure(s). If the type of goal is 
listed as a “number” this means the goal is listed as a specific performance measure number 
the state would like to achieve (e.g. Prevent serious crashes on Kentucky's highways such 
that the annual number of deaths falls at or below 500 by the year 2024). For states that 
have “5 safety performance measures” listed as the goal type, this refers to the five core 
safety measures identified by the FHWA in their HSIP methodology. The type of goal 
labelled “TZD” refers to the Towards Zero Deaths goal identified in the Safe Systems 
approach. If the type of goal is labelled “No Date” this means that the state has a goal 
Towards Zero Deaths but did not identify the timeline by which they would like to achieve 
this goal. The states are clustered into 11, 7, and 5 clusters based on type.  
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Finally, in Appendix H the “aggressiveness” of each SHSP goal is reported in terms of the 
percent reduction of fatalities over the life of the SHSP plan (5 years). This column in 
Appendix H is calculated in this thesis. Each state’s goal aggressiveness is based on percent 
reductions of fatalities, even if the state included more than one safety performance 
measure goal. The only exception to this is Kansas, which only included a goal that 
combined fatal and serious injury crash rate reductions. The calculated “aggressiveness” 
of the Kansas goal assumes this reduction is the same for fatal crashes.  

States categorized with the goal type “TZD” (Towards Zero Deaths) means the state has a 
goal to reach zero roadway fatalities by a target year. To calculate the aggressiveness of 
the SHSP goal in terms of percent reduction of fatalities over just the five-year life of the 
life of the SHSP document, a 100% reduction is assumed from the first listed SHSP year 
in the most recent update to the target date the state set for reaching zero deaths. The percent 
annual reduction that would be needed to achieve this goal by the target year was computed. 
Then, the percent annual reductions were summed over the life of the SHSP document, 
which is five years.  

If states have identified a goal to reach zero roadway fatalities but did not specify a target 
year for when they want to achieve this, they were categorized with a “No Dates” goal 
type. These states were assigned the percent reduction from the least aggressive goal of the 
“TZD” category. This was determined to be California, which set a goal for 16.7% 
reduction of fatalities over the five-year life of their SHSP document. This assumption was 
made because most of the states in the “No Date” category had a goal of reaching zero 
roadway deaths but did not have a year listed for when they wanted to achieve this, keeping 
actual numerical calculations from being made.  

To calculate the aggressiveness of the SHSP goal for states with a “Number of Fatalities” 
type, the equation below was used. For the inputs to this equation, the goal listed in each 
SHSP document is assumed to be the final five-year rolling average number of fatalities. 
The initial five-year rolling average number of fatalities is calculated from the actual annual 
number of fatalities reported in the HSP reports. This value is the five year rolling average 
from the year before the SHSP document began, then back five years prior. For example, 
the initial five-year average number of fatalities for Kentucky’s most recent SHSP 
document (2020-2024) is the 2019 five year rolling average, which averages the number 
of fatalities for the years 2015-2019. 

 

% 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =
(𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 5 𝑦𝑦𝑦𝑦 𝑎𝑎𝑎𝑎𝑎𝑎.𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) − (𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 5 𝑦𝑦𝑦𝑦 𝑎𝑎𝑎𝑎𝑎𝑎. 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓)

(𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 5 𝑦𝑦𝑦𝑦 𝑎𝑎𝑎𝑎𝑎𝑎. 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓)
 

To calculate the aggressiveness of the SHSP goal for states with a “Number of Fatality 
Rate” type, the percent reduction equation above was used, even though in reality fatality 
rates may be more challenging to decrease if the annual VMT increases in that state. 
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Finally, the states were clustered using a k-means clustering method for two variables: the 
aggressiveness of their SHSP goal and the actual net percent change in fatalities for the 
years 2015-2019. This five-year data was chosen because it was the most recent data 
available that also excluded 2020, where the numbers could have been affected by the 
COVID-19 pandemic. R studio was used to determine the optimal number of clusters for 
these variables and then to conduct the k-means cluster analysis. Similar code can be found 
in Figure 7 in Section 3.4. The only change is the spreadsheet that was used, which 
contained the unique data for these two variables. The raw spreadsheet data can be found 
in Appendix E.  
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CHAPTER 4. DATA AND ANALYSIS 

4.1 Clustering states based on demographic information 

From the methodology explained in Section 3.4, the following analyses are conducted: 

 

4.1.1 Population living in urban areas and urban fatality rate 

The two variables used to cluster the states in this analysis are the percent of the state 
population living in an urban area and the 2019 five-year rolling average urban fatality rate. 
Figure 8 shows an optimal number of clusters plot. From this plot, the inflection point is at 
k=5, which is the optimal number of clusters. 

 

Figure 8: Urban population and urban fatality rate elbow test for k number of clusters 
 

Using the number of clusters k=5, a k-means cluster analysis is performed. A cluster plot 
is created, as shown in Figure 9. In this cluster plot, clusters 3, 4, and 5 have a higher 
percentage of their total state population living in urban areas. Clusters 1 and 2 have a 
lower percentage of the total state population living in urban areas.  Additionally, cluster 1 
has the best safety performance when looking at urban crash fatality rates, followed by 
cluster 4. Kentucky is in cluster 2, which has similar percentages of the state population 
living in urban areas as cluster 1, but higher urban crash fatality rates. Differences could 
be due to culture, demographics, safe strategies being implemented, or other factors. Figure 
10 shows the states color coded by the cluster assignment from the k-means test. Cluster 1 
is mostly northern, midwestern states. Cluster 2 (Kentucky’s cluster) are typically 
geographically close to Kentucky and mostly comprise of southeastern states (except for 
Alaska).  
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Figure 9: Urban population and urban fatality rate cluster plot 
 

From observing the different clusters for the urban fatality rate and urban population, R 
can identify states that have a similar spread of the population living in urban areas but 
have a better safety performance when it comes to urban fatality rates. For example, 
Virginia, North Carolina, Ohio, and Indiana from Cluster 4 are geographically close to 
Kentucky, but consistently record a lower urban fatality rate than Kentucky.   

 

Figure 10: Urban population and urban fatality rate map of state cluster groups 
 

4.1.2 Percent of total road length that is urban and urban fatality rate 

The two variables used to cluster the states in this analysis are the 2020 percent of total 
road length in the state that is classified as urban and the 2019 five-year rolling average 
urban fatality rate. This groups states by how “urban” their transportation systems are and 
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by their actual urban fatality rate safety performance. Figure 11 shows the optimal number 
of clusters plot. From this plot, the inflection point can be identified as k=3, which is the 
optimal number of clusters.  

 

Figure 11: Percent of total road length classified as urban and urban fatality rate elbow 
test for k number of clusters 

 

A plot displaying the 3 clusters is shown in Figure 12. In this plot, cluster 2 has the lowest 
average urban crash fatality rate (i.e. the best safety performance for this safety 
performance measure). States in cluster 1 and cluster 2 have similar percentages of total 
road length classified as urban roads. Cluster 3 has a much higher percentage of roads 
classified as urban. Kentucky falls in in cluster 1, which means the state is in the group 
with higher (and therefore “worse”) actual safety performance when looking at urban 
fatality rates.   
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Figure 12: Percent of total road length classified as urban and urban fatality rate cluster 
plot 

 

Figure 13 shows a map where states are color coded by the cluster assignment from the k-
means test. It is interesting to note that cluster 1 is predominantly southern states, while 
cluster 2 is predominantly northern states.  

 

Figure 13: Percent of total road length classified as urban and urban fatality rate map of 
state cluster groups 

 

4.1.3 Percent of total road length that is rural and rural fatality rate 

This k-means cluster analysis is similar to the analysis conducted in section 4.1.2. The two 
variables used to cluster the states in this analysis are the 2020 percent of total road length 
in the state that is classified as rural and the 2019 five-year rolling average rural fatality 
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rate. This is not necessarily the inverse of the variables used in Section 4.1.2. because this 
analysis uses rural fatality rates as the highway safety performance measure. The inflection 
point on the optimal number of clusters graph can be seen in Figure 14, which is k=4. 

 

Figure 14: Percent of total road length classified as rural and rural fatality rate elbow test 
for k number of clusters 

 

A cluster plot is shown in Figure 15. In this plot, cluster 1 states have a very small 
percentage of their roads that are classified as rural. They also have a very low rural fatality 
rate, which makes sense because they do not have many rural roads. Cluster 2 and 3 have 
the highest percentage of rural roads in their states, while cluster 2 has better safety 
performance with lower rural crash fatality rates. Cluster 3 has slightly higher rural fatality 
rates. Finally, cluster 4 has roughly the same amount of rural and urban roads in each of its 
states, but states in this cluster consistently have the highest rural fatality rates.  

Since Kentucky is in cluster 3, it is in the middle of the pack when looking at rural fatality 
rate performance. When looking at just cluster 2 and 3 (which have similar roadway 
characteristics distributions), it is in the more under-performing group. This means that our 
rural roads are not as safe when it comes to preventing fatal crashes in rural locations as 
compared to other states that have approximately the same distribution of rural vs. urban 
roads in their state.  
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Figure 15: Percent of total road length classified as rural and rural fatality rate cluster plot 
 

Figure 16 shows a map where states are color coded by the cluster assignment from the k-
means test. The clusters and geographical locations follow the same general trend as the 
map in Figure 13, where the northern states typically had better safety performance for 
both rural and urban fatality rates.  

 

Figure 16: Percent of total road length classified as rural and rural fatality rate map of 
state cluster groups 

4.2 Clustering states based on core safety performance measures 

From the methodology explained in Section 3.5, the following analysis in 4.2.1. is 
conducted. Two related safety performance measures are selected to conduct a k-means 
cluster analysis to demonstrate how clustering states solely by their safety performance can 
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be used to help compare state highway safety to each other. States that are performing well 
for the selected performance measures could be studied more closely to determine other 
factors or safety planning strategies that are being used to help them achieve better roadway 
safety performance. There are many safety performance measures that could be used to 
cluster states. Section 4.2.1. highlights one k-means clustering analysis based on two 
selected safety performance measures. States can then use this model to adapt the safety 
performance measures selection to assist in understanding data related to their specific 
safety goals or SHSP emphasis areas.  

 

4.2.1 Percent of total passenger vehicle occupant fatalities were occupants were 
unrestrained and observed seat belt use 

The two variables used to cluster the states in this analysis are the percent of unrestrained 
passenger vehicle fatalities and percent of observed seat belt usage. The percent of 
passenger vehicle fatalities that were unrestrained is the 2019 five-year rolling average of 
the number of total passenger vehicle fatalities, and the 2019 five-year rolling average of 
the number of unrestrained passenger vehicle fatalities, from the Highway Safety Plan 
reports. Then, the two averages were made into a proportion to calculate the percentage of 
total passenger vehicle fatalities that were unrestrained. The observed seat belt use was also 
the 2019 five-year average of observed seat belt use, recorded as percentages. The 
inflection point that determines the optimal number of clusters can be seen in Figure 17 , 
which is determined to be k=3.  

 

Figure 17: Percent of unrestrained passenger vehicle fatalities and percent of seat belt 
usage elbow test for k number of clusters 

 

Using the number of clusters k=3, a k-means cluster analysis is performed. A cluster plot 
is created, as shown in Figure 18. In this cluster plot, there is a loose linear relationship 
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between the percent of passenger vehicle fatalities that were unrestrained and the observed 
seat belt usage in a state. States that have high percentages of unrestrained passenger 
vehicle fatalities are also more likely to observe lower percentages of seat belt usage 
(cluster 1). These are the lowest performing states for these two safety performance 
measures. Kentucky is in the middle of the safety performance range, located in cluster 2. 
States in cluster 3 observed high percentages of seat belt usage in their states and also 
recorded lower percentages of unrestrained passenger vehicle fatalities.  

 

Figure 18: Percent of unrestrained passenger vehicle fatalities and percent of seat belt 
usage 

 

Figure 19 shows a map where states are color coded by the cluster assignment from the k-
means test. Cross referencing the map in Section 4.1.1. (Figure 10), the states with higher 
percentages of their population living in urban areas also typically saw higher seat belt use 
percentages.  
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Figure 19: Percent of unrestrained passenger vehicle fatalities and percent of seat belt 
usage map of state cluster groups 

 

4.3 Clustering states based on SHSP characteristics 

From the methodology explained in Section 3.6, the following analyses are conducted: 

 

4.3.1 SHSP Emphasis Areas 

The first way the states can be clustered is simply by analyzing the matrix of emphasis 
areas identified by each state in Appendix G. Most states included at least one emphasis 
area in their SHSP from the driver behavior, roadway design, and vulnerable road users 
(VRU) category groups of emphasis areas. Minnesota included the largest number of 
emphasis areas in their most recent SHSP, which was 20. The smallest total number of 
emphasis areas identified by a state was 3, and these states were Alaska, Pennsylvania, and 
South Carolina. The average number of total emphasis areas identified by a state was 8 
emphasis areas. Kentucky is right under this average, with 6 emphasis areas included in 
their most recent SHSP update. This comprehensive list of emphasis areas for each state 
could provide a beneficial visual for state roadway safety planners when updating their 
SHSP document to see popular emphasis areas that other states have identified. This can 
also be helpful for states to think about emerging emphasis areas that come with new 
technology in transportation or changing travel behavior.  

The second way the states can be clustered is by the k-means analysis, clustering 
states by the total number of emphasis areas they identified and by the actual fatality rate 
performance. The two variables used to cluster the states in this analysis are the total 
number of emphasis areas the state identified in their most recent SHSP document and the 
actual 2019 five year rolling average fatality rate. Because each state is on a different 
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rotation schedule for the SHSP update, and because data for the years of their most recent 
SHSP update may not be available yet, the actual fatality rate from the years 2015-2019 
are used for all states to calculate the 2019 five year rolling average. The inflection point 
that determines the optimal number of clusters can be seen in Figure 20, which is k=4.  

 

Figure 20: SHSP number of emphasis areas and fatality rate elbow test for k number of 
clusters 

 

Using the number of clusters k=4, a k-means cluster analysis is performed. A cluster plot 
is created, as shown in Figure 22. Cluster 3 has the lowest number of emphasis areas 
included in these states’ SHSP. Cluster 1 has the second lowest number of emphasis areas. 
Kentucky is included in this cluster. Cluster 2 has the second highest number of emphasis 
areas, and Cluster 4 has the highest number of emphasis areas. According to this plot, there 
is not much correlation between the number of emphasis areas a state has in their SHSP 
and the fatality rate of the state. Therefore, according to this plot, roadway safety 
performance is not really affected whether a greater number of emphasis (that are more 
specific) or a fewer number of emphasis areas (that encompass a larger range of roadway 
safety concerns) are used in the SHSP.  
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Figure 21: SHSP emphasis areas and actual fatality rate cluster plot 
 

Figure 22 shows a map where states are color coded by the cluster assignment from the k-
means test. There are not any strong geographic patterns when it comes to the cluster the 
states have been assigned from the k-means analysis.  

 

Figure 22: SHSP emphasis areas map of state cluster groups 
 

4.3.2 SHSP Goals 

The states are clustered by their SHSP goals two ways in this thesis. The first way states 
were clustered by their SHSP goals is by the type of safety performance measure(s). The 
list of the SHSP goal for each state can be found in Appendix H.  Eleven unique types of 
safety performance measures (or combinations of safety performance measures) were used 
in the state goals. As mentioned in Section 3.6.2, clustering by 11 groups, 7 groups, and 5 
groups are created from engineering judgement to combine the types of goals that were 
most similar. The resulting groupings are seen below in Figure 23. From this list, states can 
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identify other states that have goals like theirs in terms of safety performance measures 
used. The most common type of safety performance measures included in state SHSP goals 
were both fatalities and serious injuries, in the form of a percent reduction or a numerical 
reduction. Kentucky is included in the cluster for SHSP goals focusing just on reducing 
fatalities.  

 

Figure 23: Clustering states by type of SHSP goal 
 

Next, a k-means cluster analysis is also used to cluster the states by the goals set in their 
SHSP documents. This analysis looks at the relative “aggressiveness” of their goals in a 
numerical sense instead of by the type of safety performance measures that are included in 
the goal. The two variables used to cluster the states in this analysis are the percent 
reduction in crash fatalities over the life of the SHSP document (five years) and the actual 
net percent change in crash fatalities over five years. Because each state is on a different 
rotation schedule for the SHSP update, and because data for the years of their most recent 
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SHSP update may not be available yet, the actual number of crash fatalities from the years 
2015-2019 are used for all states. Each year’s number of fatalities is a five-year rolling 
average. The inflection point that determines the optimal number of clusters can be seen in 
Figure 24, which is k=3.  

 

Figure 24: SHSP goals aggressiveness and actual improvement elbow test for k number 
of clusters 

 

Using the number of clusters k=3, a k-means cluster analysis is performed. A cluster plot 
is created, as shown in Figure 25. In this cluster plot, because we are looking at fatality 
reductions, the states on the left side of the plot have set the most “aggressive” goals in 
their SHSP. These states are in cluster 3. Kentucky is in this lead group when it comes to 
setting ambitious goals aiming to reduce crash fatalities. However, when it comes to actual 
reduction in fatalities, only states in cluster 2 have seen an actual overall decrease in their 
fatalities for the past several years. Cluster 1 and 3 have actually seen a slight net increase 
in actual fatalities recorded.  
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Figure 25: SHSP goals aggressiveness and actual improvement cluster plot 
 

Figure 26 shows a map where states are color coded by the cluster assignment from the k-
means test. Geographically, cluster 2, where most states in this cluster have seen a decrease 
in fatalities over recent years, are mostly northern states. The exception to this is 
Louisianna, Mississippi, and Oklahoma.  

 

Figure 26: SHSP goal aggressiveness map of state cluster groups 
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CHAPTER 5. CONCLUSIONS 

5.1 General Conclusions 

Researching all fifty states for safety strategy ideas during the SHSP update process could 
be very time consuming. Additionally, the safety strategy ideas gathered in such a 
nationwide search may not all be useful for comparison states with very different 
demographic, cultural, legislation, and/or other factors that affect highway safety 
improvement potential. This thesis used statistical analyses to provide clusters of other 
states that are likely to be most useful for informing a state as to developing strategies and 
emphasis areas to include in SHSP revision. This is intended to narrow down the number 
of states to research for successful safety programs, by identifying states that have similar 
highway safety improvement potential or similar highway safety planning documents. 

5.2 Limitations 

A significant limitation to the analysis in this research is the access to the data for all 50 
states. While the k-means clustering method described in this thesis can be adapted to 
analyze a wide variety of highway safety or SHSP related data, this information must first 
be available for all 50 states.  

Data for the years 2020-2021 were left out of the analysis to avoid any confounding effects 
from the change in transportation safety patterns due to the COVID-19 pandemic. This 
analysis was conducted in 2023, so the data used in this thesis is already several years old 
and may already be outdated from actual current highway safety trends.  

The k-means cluster analysis that is used in this thesis only considers two variables at a 
time, when in reality there are a large number of variables that affect highway safety at the 
same time. It is difficult to grasp and model the relationship between all the factors that 
affect highway safety. 

5.3 Recommendations & Suggestions for Future Research 

The outputs from the cluster analyses conducted in chapter 4 provide a more specified 
group of states to use when comparing highway safety programs. The next step for future 
research would be to research successful safety programs being implemented in the states 
from the selected cluster.  

The cluster chosen to investigate further could be based on states with the same 
demographics as the subject state.  For example, from the results in Section 4.1.1, more 
investigation would be needed in a future study to determine why states in Cluster 1 have 
similar urban population demographics as Cluster 2, but consistently have lower urban fatal 
crash rates than Cluster 2. It could be useful to compare urban highway safety programs 
that may explain different safety performance between the clusters. 
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Clusters could also be chosen based on groups with the best highway safety performance. 
For example, from the results in Section 4.2.1, states in Cluster 3 consistently recorded a 
lower percentage of fatalities for unrestrained vehicle occupants and observed high seat 
belt usage. The states in this cluster are therefore considered to have the best safety 
performance for occupant protection. Future research in a certain state (i.e. Kentucky) 
could look at states in Cluster 3 to find new safety strategy ideas to encourage and increase 
seat belt usage in their own state, which would hopefully result in a lower number of 
unrestrained passenger fatalities and a lower number of total roadway fatalities.   

Finally, comparison states could be based on states’ SHSP characteristics, such as emphasis 
areas identified. The compiled emphasis area table in Appendix G could be useful when 
states consider which emphasis areas, they should include in their next SHSP update. 
Specifically, when developing Kentucky’s next SHSP update in 2024, this list can be used 
to compare other common emphasis areas identified by other states with the current 
emphasis areas in Kentucky’s document. It could also be used to identify new emphasis 
areas other states are identifying as transportation safety research continues to evolve or as 
new technology is being used in transportation. 

For specific highway safety performance measures or state characteristics not included in 
the cluster analyses of this thesis, the k-means clustering method can be modified in future 
studies to use the data most relevant to a state’s safety planning. Ideas for other data that 
could be included in future state clustering analyses are: the percentage of total vehicle 
miles that are travelled on rural roads within a state, median or mean income of a state, and 
the amount of funding spent on different types of roadway safety projects (such as 
engineering improvements for roadways or educational campaigns). Furthermore, 
expanding this methodology to cluster the states based on multiple time periods could 
identify states that are consistently similar to each other over multiple SHSP updates and 
better highlight safety performance trends among states. Finally, conducting a meta-
clustering analysis where more than two variables are used at one time could provide even 
more specialized and accurate clustering of states. 
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Table 4: Annual Vehicle Miles Travelled by Stated (100 Million VMT), compiled from FHWA Statistics Series 
 

APPENDIX A. ANNUAL VEHICLE MILES TRAVELLED BY STATE 
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APPENDIX B. ROAD LENGTH BY STATE 
Table 5: Road Length by State (miles), compiled from FHWA Statistics Series 
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Table 6: 2012 NHTSA HSP Annual Report Data 
APPENDIX C. 2012-2021 NHTSA STATE HSP ANNUAL REPORT DATA 
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Table 7: 2013 NHTSA HSP Annual Report Data 
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Table 8: 2014 NHTSA HSP Annual Report Data 
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Table 9: 2015 NHTSA HSP Annual Report Data 
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Table 10: 2016 NHTSA HSP Annual Report Data 
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Table 11: 2017 NHTSA HSP Annual Report Data 
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Table 12: 2018 NHTSA HSP Annual Report Data 
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Table 13: 2019 NHTSA HSP Annual Report Data 
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Table 14: 2020 NHTSA HSP Annual Report Data 
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Table 15: 2021 NHTSA HSP Annual Report Data 
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 APPENDIX D. PERCENT OF STATE POPULATION LIVING IN URBAN AREAS 

Table 16: 2020 Percent of State Population Living in Urban Areas 
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APPENDIX E. R STUDIO INPUT DATA FOR K-MEANS CLUSTERING 

 
Table 17: R Studio Input Data for Section 4.1.1. Analysis 
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Table 18: R Studio Input Data for Section 4.1.2. Analysis
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Table 19: R Studio Input Data for Section 4.1.3. Analysis
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Table 20: R Studio Input Data for Section 4.2.1. Analysis 
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Table 21: R Studio Input Data for Section 4.3.1. Analysis 
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Table 22: R Studio Input Data for Section 4.3.2. Analysis 
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APPENDIX F. R STUDIO OUTPUT DATA FROM K-MEANS CLUSTERING 

Table 23: R Studio Cluster Group Output Data for All Analyses 
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APPENDIX G. SHSP EMPHASIS AREAS BY STATE 

 

 

 
Table 24: SHSP Emphasis Areas by State
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APPENDIX H. SHSP SAFETY PERFORMANCE GOALS BY STATE 

Table 25: SHSP Performance Measure Goals 
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