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ABSTRACT

Traffic safety culture does not merely focus on risky behaviors and their consequences, but
also on creating better social norms, values, and beliefs. Past research has recommended
establishing a comprehensive program to shape the culture from different aspects of society
as the most effective method to create a comprehensive traffic safety culture in the United
States (U.S.). In 2011, a cell phone and landline questionnaire survey regarding lowa traffic
safety culture was conducted across the State. The survey gauged opinions from 1088
participants on traffic safety and driving experience in lowa, which covered a wide range of
traffic safety topics including traffic enforcement, driver education program, various driving
behaviors, and attitudes toward traffic safety policies, activities and enforcement techniques.
A descriptive analysis of the responses revealed a need for in-depth study of the current
culture related to distracted driving in Iowa.

A Structural Equation Modeling (SEM) was estimated to define the relationship
among individual characteristics (participants’ socioeconomic and demographic status),
experience and attitudes towards distracted driving. The preliminary model results indicated
that the socioeconomic and demographic statuses were explained significantly by age, gender,
education, and household income. Four other latent variables: distractibility (DB), self-
reported distracted driving behavior (SDDB), personal acceptability for distracted driving
(PADD) and prediction of possible accidents (PPA) caused by distraction were formed based
on the participant’s responses on selected distracted driving-related questions. The SEM
estimation results suggested that participants’ distracted driving attitudes, experiences and
behaviors were highly correlated, and also that participants’ characteristics were strongly

influenced their attitudes, experiences and behaviors on distracted driving. The results of this
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study can be useful for developing interventions designed for target groups of drivers (with

different individual characteristics) in a bid to transform distracted driving safety culture.
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CHAPTER 1. INTRODUCTION

1.1 Research Motivation

Traffic crashes are considered as one of the most serious threats to public health. Figure 1-1
illustrates the trend in the number of fatalities and fatality rates in the United States (U.S.)
from 1949 to 2009 (NHTSA, 2012). The number of fatalities have fluctuated during that
period and dropped to around 32,000 in 2011. The overall fatality rate has continuously

declined over the years.

60,000 8.00
50,000 - - 7.00
| il I I 600 _
g 4000 =1 500 F
= 30,000 1 - L 400 F
s L300 &
% 20,000 =
L 2.00
10,000 L 1.00
- 0.00

0_
1949 1954 1959 1964 1969 1974 1979 1984 1989 1994 1999 2004 2009
= Fatalities Fatality Rate per 100M VMT

Figure 1-1: Fatalities and fatality rate per 100M VMT nationwide by year (NHTSA, 2012)

The significant reduction in traffic fatality rates can be partly attributed to the better
traffic safety culture that has been established nationwide with respect to stricter law
enforcement, roadway design as well as vehicle design. However, some specific types of
traffic crashes have increased, such as the ones caused by distracted driving. Distracted
driving can be simply defined as any activities that could divert driver’s attention away from
driving. These activities include eating, talking to passengers, listening to the radio, and
using cell phone for place a call or texting. According to previous studies (Atchley,

Hadlocka, & Lane, 2012; Neyens & Boyle, 2008; Hancock, Lesch, & Simmons, 2003;
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Horrey & Wickens, 2006), two major concern areas for distracted driving are younger drivers

and cell phone use while driving. Figure 1-2 presents the overall percentage of distracted

drivers involved in fatal crashes nationwide. It shows that drivers under 20 years old are

involved in most fatal crashes among all the age groups (Vermette, 2010).

18%
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10%

10%

10%

Under 20 20-29

30-39
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50-59

60-69

70 and
Over

# Fatal crashes

Figure 1-2: Percentage of distracted drivers involved in fatal crashes by age, 2008
(Vermette, 2010)

Regarding using cell phone, Figure 1-3 presents the percentage growth in fatalities

caused by distracted driving (Wilson & Stimpson, 2010). Evidently, with the increase in cell

phone use over the past decade, the corresponding number of fatalities has increased

dramatically.
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Figure 1-3: Percentage of fatalities resulting from distraction and number of cell phone
subscriptions per capita and monthly text messages sent (in millions), by year: Fatality
Analysis Reporting System, 1999-2008. Adopted in (Wilson & Stimpson, 2010).
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According to Betkey, Jr., Governors Highway Safety Association (GHSA) Chairman,
“We need to develop a traffic safety culture that does not condone driving while distracted
much like we have done with drunk driving. ” (Vermette, 2010).

Transforming the current traffic safety culture of distracted driving could be one of
the solutions to reducing the crashes caused by distracted driving. In 2008, the AAA
Foundation for Traffic Safety began conducting a nationwide survey to assess American
drivers’ attitudes, behaviors, knowledge and opinions of traffic safety culture. According to
the most recent 2012 Traffic Safety Culture Index conducted by the AAA Foundation for
Traffic Safety (2013), 67% of Americans indicated that distracted driving was a great
problem in 2012 compared to three years before, and also ranked distracted driving high in
the list of safety concerns including aggressive drivers, drinking and driving, and other.

Similarly, the states of lowa, Texas, Tennessee, and North Dakota launched statewide
traffic safety surveys to solicit public opinions on traffic safety culture. Iowa had conducted
a statewide survey of adult drivers in 2000 to solicit their opinions on safety goals and
strategies for the state. Eleven years later, an updated traffic safety survey was conducted in
Iowa, that included questions on distracted driving-related behaviors, experiences and
attitudes, as distracted driving has been a growing safety concern among lowan drivers. In
specific, most adult [owans (95%) rated distracted driving as a serious threat to traffic safety.

In view of the above, transforming the current culture of distracted driving could be

one of the solutions to reduce the crashes caused by distracted driving.

1.2 Thesis Objectives and Framework

The objectives of this thesis are to:
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e Explore the concept of traffic safety culture and assess the hazards of distracted
driving.

e Investigate the overall traffic safety culture and assess the distracted driving problem
in Iowa based on a public opinion survey conducted in 2011.

e Develop a statistical model to identify the factors contributing to distracted driving in
Iowa and determine the driver groups that are prone to be involved in distracted

driving.

Figure 1-4 shows the thesis framework. The central focus of the thesis will be on the

distracted driving culture as it related to cell phone use.

Safety

/ Culture \

Attitudes,
behaviors &

experiences

Age, gender, education
level & income

Traffic Safety

A

Distracted Driving

/\

Build-in vehicle Cell Other activities: eating, talking
devices: GPS, phone to passengers, children in the

radio, etc. / \ backseat. etc.

Handheld
vs. Hands-free cell
phone

Calling vs. texting
and emailing

Figure 1-4: Study framework
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1.3  Thesis Structure
This thesis includes six chapters:

Chapter 2: Literature Review includes an overview of previous studies on traffic
safety culture and distracted driving.

Chapter 3: Data Description provides a summary of the data on the traffic safety
culture in Iowa as stated in a public opinion survey and discussed in detail the responses to
distracted driving-related questions.

Chapter 4: Methodology discusses the Structure Equation Modeling (SEM) method
used in the analysis. A brief history and the fundamental theories of SEM are discussed.

Chapter 5: Estimation Results and Discussion presents the estimation results of SEM
and discusses the major findings obtained from the analysis

Chapter 6: Conclusions, Limitations and Recommendations offers some concluding
remarks as well as the limitations of the study, followed by recommendations for future

researches.
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CHAPTER 2. LITERATURE REVIEW

2.1 Overview

This chapter discusses previous national and international studies of traffic safety culture.
Improving traffic safety should not merely be considered as the substantial reduction in
traffic crashes, but also achieving a paradigm shift on the way people are thinking about
traffic safety issues.

Historically, three traditional strategies have been widely used to reduce traffic
fatalities in the U.S., and they are mainly focused on risky behaviors and their consequences.
Education aims to train safe drive behaviors; enforcement is used to punish risk behaviors;
lastly, road and vehicle design are mainly used to prevent crashes and protect drivers from
the consequences of unsafe behaviors (Ward et al., 2010). Although the traditional strategies
contributed largely to the reduction in traffic fatalities in the United States (U.S.) over the last
several decades, the current slow rate of improvement indicates that the old interventions
may not be able to fully address the risky driving behaviors (Ward et al., 2010). Another
important missing factor in those three strtegies is “culture”. Lonero (2007) stated that
individual driving behaviors were significantly influenced by driving culture, and defined
culture as “the common practices, expectations, and informal rules that drivers learn by
observation from others in their communities.”

This Chapter explores first the definition and how culture can be used for improving
traffic safety in the U.S. and then provides a review of previous national and international

studies on the issue of distracted driving.
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2.2 Traffic Safety Culture
This section will introduce the overall definition of safety culture and how it can be applied
in the transportation field. The evolution of traffic safety culture in the U.S. and the

suggested strategies to achieve a better culture for traffic safety are discussed as well.

2.2.1 Overall definition of safety culture

The concept of safety culture was first introduced to industries due to higher and complex
safety concerns. Back to 1986, the nuclear accident at Chernobyl first raised the public
awareness on the importance of industry safety culture (Zhang et al., 2002). The definitions
of safety culture are different in various industries. Table 2-1, which was adopted from a
synthesis of safety culture and safety climate research, presents the definitions of safety
culture in different industries.

Table 2-1: Definitions of safety culture, adopted from: (Wiegmann et al., 2002)

Source/Industry Definitions
Carroll (1998) Safety culture refers to a high value (priority) placed on
(Nuclear power, US) worker safety and public (nuclear) safety by everyone in

every group and at every level of the plant. It also refers to
expectations that people will act to preserve and enhance
safety, take personal responsibility for safety, and be
rewarded consistent with these values.

Ciavarelli & Figlock (1996) Safety culture is defined as the shared values, beliefs,

(Naval aviation, US) assumptions, and norms which may govern organizational
decision making, as well as individual and group attitudes
about safety.

Cooper (2000) Safety culture is a sub-facet of organizational culture, which

(Theoretical) is thought to affect member's attitudes and behavior in
relation to an organization’s ongoing health and safety
performance.

Eiff (1999) A safety culture exists within an organization where each

(Aviation, US) individual employee, regardless of their position, assumes an

active role in error prevention and that role is supported by
the organization.
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Table 2-1 (continued)

Cox & Cox (1991) Safety culture reflects attitudes, beliefs, perceptions, and
(Industrial gases, European) values that employees share in relation to safety.

Cox & Flin (1998) The safety culture of an organization is the product of
(Theoretical) individual and group wvalues, attitudes, perceptions,
Lee (1998) competencies, and patterns of behavior that determine the
(Nuclear reprocessing, UK) commitment to, and the style and proficiency of, an
Wilpert (2000) organization's health and safety management.

(Theoretical in context of nuclear

power)

Eiff (1999) A safety culture exists within an organization where each

(Aviation, US)

individual employee, regardless of their position, assumes an
active role in error prevention and that role is supported by
the organization.

Flin, Mearns, Gordon, &
Fleming (1998)

(Offshore oil and gas, UK)
Helmreich & Merritt (1998)
(Aviation, US)

Safety Culture refers to entrenched attitudes and opinions
which a group of people share with respect to safety. It is
more stable [than safety climate] and resistant to change.
Safety culture (p 133): a group of individuals guided in their
behavior by their joint belief in the importance of safety, and
their shared understanding that every member willingly
upholds the group's safety norms and will support other
members to that common end.

McDonald & Ryan (1992)

(Theoretical in context of road
transportation)

Mearns & Flin (1999)

(Theoretical)

Pidgeon (1991)

(Theoretical)

Pidgeon & Oleary (1994)

(Theoretical in context of aviation)

Safety culture is defined as the set of beliefs, norms,
attitudes, roles, and social and technical practices that are
concerned with minimizing the exposure of employees,
managers, customers, and members of the public to
conditions considered dangerous or injurious.

Mearns, Flin, Gordon, &
Fleming (1998)
(Offshore oil and gas, UK)

Safety culture is defined as the attitudes, values, norms and
beliefs which a particular group of people share with respect
to risk and safety.

Meshkati (1997)
(Transportation industry, US)

Safety culture is defined as that assembly of characteristics
and attitudes in organizations and individuals which
establishes that, as an overriding priority, nuclear plant safety
issues receive the attention warranted by their significance.

Minerals Council of Australia (1999)
(Mineral industry, Australia)

Safety culture refers to the formal safety issues in the
company, dealing with perceptions of management,
supervision, management systems and perceptions of the

organization.
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A comprehensive definition of safety culture, encompassing all the definitions applicable to
various industries, as follows:

“Safety culture is the enduring value and priority placed on worker and

public safety by everyone in every group at every level of an organization. It

refers to the extent to which individuals and groups will commit to personal

responsibility for safety, act to preserve, enhance and communicate safety

concerns, strive to actively learn, adapt and modify (both individual and
organizational) behavior based on lessons learned from mistakes, and be
rewarded in a manner consistent with these values. (Wiegmann et al. 2002)”

According to white paper on safety culture (Ward et al., 2010), there are three major
factors that can be apply to any culture. Figure 2-1 presents these three facets of the culture.
Cognition is considered a motivator and guideline to lead the culture-based behaviors.
Establishing a better understanding of safety culture is the first step of enforcing a traffic
culture paradigm shift.

Before creating or shifting to a better culture, it is important to get a better
understanding of the important characteristics for culture. Five attributes of culture that
defined by past research are (Moeckli & Lee, 2007):

1. Culture is never naturally given.

2. Culture is never singular.

3. Culture is never neutral.

4. Culture is always an effect of power.

5. Culture is best modified through changes in social practice.
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Cognition
* Values
* Beliefs
* Expectations
* Attitudes
* Decisions

Figure 2-1: Simplified model of major facets that describe culture (Ward,
et al., 2010)

Based on the reviews of-previous definitions of safety culture, a well-organized safety
culture can be developed for a safe transportation system. Today, improving traffic safety,
primarily in terms of reducing crashes, is going through a “bottleneck™ period, and the

application of the safety culture concept can be deemed as a potential solution.

2.2.2 Evolution of traffic safety culture in the U.S.

Traffic safety gained broad attention from the U.S. government and the public in the late
1960s. Since then, a new safety initiative was established that has shifted from time to time.
A substantial road safety paradigm shift took place in 1960s and it contributed significantly
to the current high level of traffic safety environment in the U.S. During this period, the
major improvement in traffic safety focused on roadway and vehicle design, therefore, the
car manufacturers and the state highway authorities played an important role for this

significant evolution of traffic safety. As an additional benefit, the interstate highway system
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was first introduced to the public at that point and it created a new travel mode in the U.S.
By the end of 20™ century, with better designed vehicles and roadways, this safety paradigm
shifting led to a significant reduction in traffic crashes. This extraordinary period provides a
precious lesson about the importance of how science, economic, political, bureaucratic
interests and other cultural factors can work together to create a suitable environment to
extend the newly established safety culture (Lonero, 2007).

According to Lonero (2007), law enforcement has been always recognized as a
fundamental part of all traffic safety culture improvement activities, and it reflects the
expectation and core values for the whole society. The author argued that driving is civil
right with limits, and, “no rights are absolute, without limits”.

Public hold zero tolerance of risk behavior and better safety consciousness are the

final goals of achieving the better traffic safety culture in the U.S.

2.2.3 How to achieve a better traffic safety culture in the U.S.

In a bid to achieve a better traffic safety culture in the U.S., there were plenty of studies that
investigated an effective approach to shift the current traffic safety culture from risk-tolerant
to risk-averse. Several recommended approaches are discussed in this section.

First of all, an intervention approach was recommended by the lessons learned for
changing the culture related to solid waste recycling, drug abuse, and tobacco use. These
experiences provide practical insights for improving traffic safety culture in the future.
According to these lessons, intervention approaches have been implemented to shape a
culture through three strategies: 1) education programs addressing home, school and

community influences, 2) multilevel strategies addressing social environments and 3)
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interventions addressing social and economic conditions (McNeely & Gifford, 2007).
McNeely et al. (2007) concluded that public education, media campaigns, school program
and legislative support were especially effective on producing a better traffic safety culture.
Regarding mass media campaigns, the University of Adelaide evaluated mass media
campaigns conducted in different countries from 2001 to 2009 and offered recommendations
to make mass media campaigns more effective in changing driving behaviors and shaping a
new traffic safety culture, including:
e Conducting scientific evaluations to measure the change in behaviors due to
campaigns;
¢ Combining with other activities such as enforcement to make the campaigns more
effective;
e Establishing campaigns based on theories, such as psychological theories;
e Better documenting campaign activities;
e Combining different forms of media, such as television, radio station, newspapers,

etc. (Wundersitz, Hutchinson, & Woolley, 2010).

Moeckli and Lee (2007) provided four other theory-based interventions approaches

which can be helpful transforming culture in the future.
1. A place-based approach: the research suggests that the place plays an important role
on people’s experiencing traffic safety culture. The place with local customs or
different laws would foster various cultures. For example, driving on urban roadways

has different norms of vehicle communication and acceptable level of risk behavior
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than does driving on rural roadways. Consequently, driving area characteristics are

considered as essential factors for shaping the culture.

2. Cyborg interventions: with the development of new vehicle design and technologies,
the “smart” vehicle could be another solution to today’s high traffic fatality rate. This
intervention strategy is mainly applying technology on current culture, promoting
safety-oriented equipment in vehicles, and making car-driver hybrid as part of
solution to achieve a traffic safety culture in the U.S.

3. A network-based approach: a network of people, vehicle, organizations and
infrastructure is established. The traffic safety culture is constructed, interacted, and
transformed across different levels of the network. A strong network would be more
influential on the whole society. Promoting the traffic safety culture through the
network would facilitate to stabilize the culture over time.

4. A multilevel control approach: control at various level of the network by
understanding multidisciplinary expertise. A safety-oriented driving culture does not
merely depend on drivers, but also the governments, organizations, regulation
associates, and other.

According to Johnston (2009), the best practice strategies for shifting the current
traffic safety culture can be summed up in the four Cs which are constituency, commitment,
cooperation and coordination. Constituency is represented by public-sustained support for
actions that shift the current culture; commitment is expressed by the political leaders tending
to change the behavioral norms; cooperation requires numerous agencies to work together;

and lastly, coordination refers to the integration and synergy across institutional efforts.

www.manaraa.com



15

Establishing a comprehensive program to shape the culture from different aspects of
society has been recommended as the most effective method to create a comprehensive

traffic safety culture.

2.3 Distracted Driving
In general, reducing crashes is a priority goal in the process of developing a better traffic
safety culture in the U.S. Today, an increasing number of crashes are related to distracted
driving, and with the increasing safety concerns, distracted driving has received broad
attention from both the public and the government. The distracted driving-related fatalities in
the U.S. increased from 10.9% to 15.8% from 1999 to 2008; and specifically, the number of
fatalities increased from 2005 to 2008 by 28.4% (Wilson & Stimpson, 2010). Reducing
distracted driving can be a key factor to form a better safety culture in the U.S.

To address this problem, many previous studies were aimed to gauge the hazard of
distracted driving and how those distraction activities affect the driving behavior among
different driver ages groups. The following section will discuss the current state of distracted

driving in the U.S. and in lowa; as well as previous studies on distracted driving.

2.3.1 The state of distracted driving in the U.S. and Iowa

According to DISTRACTION.GOV, 18% of injury crashes were distracted driving-related in

2010. In the same year, 3,092 people were killed and nearly 416,000 were injured in traffic

crashes involving distracted drivers. In Iowa, a total of 5,129 motor vehicle crashes from

2001 to 2010 were attributed to cell phone use (Governor's Traffic Safety Bureau, 2010).
Conceptually, distracted driving is defined as any activities that could divert driver’s

attention away from driving; those activities greatly increase the risk of driving error and
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crash involvement. = The major distracted activities defined by National Highway
Transportation Safety Associate (NHTSA) include: texting and emailing; using cell phone or
smartphone; eating and drinking; talking to passengers; grooming; reading, including map;
using a navigation system; watching a video; or adjusting a radio, CD player, or MP3 player.
All of above activities can be classified to four types of distraction, which are manual, visual,
auditory and cognitive (GHSA, 2011). Regarding the frequency of these activities, according
to the findings from national phones survey on distracted driving attitudes and behaviors
which was conducted in 2011, the most commonly distracted driving activity while driving is
talking to other passages in the vehicle, occurring for nearly 80% of all the drivers.
Adjusting the radio is another distracted activity that about 65% of people have this
experience while driving. Cell phone usage while driving is another serious threat to traffic
safety. Almost 40% of drivers admit that they were making or answering phone calls when
they were driving. Younger driver (25 or younger) were two to three times more likely than
other drivers to read or send text messages or emailing while driving (Tison et al., 2011).

In 2005, a 100-car naturalistic driving study was completed by the Virginia
Polytechnic Institute and State University (Virginia Tech), NHTSA, Virginia Department of
Transportation, and the Virginia Transportation Research Council. The study collected more
than 42,000 hours of data, and covered more than two million vehicles miles. The study
indicated that nearly 80% of all crashes involved driver inattention, and younger drivers had
the higher rate of distracted-related crashes (Hanowski et al., 2006).

The above statistics reveal that distracted driving is recognized as a serious threat to
traffic safety. A review of previous studies on different aspects of distracted driving would

provide more insights and assist in identifying the best solution to this epidemic.
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2.3.2 Previous simulation-based research on distracted driving

Many of the past studies of distracted driving involved driving on a simulator. In a study by
Kaber et al., (2012), 20 healthy young drivers between 16 and 21 years of age (10 females
and 10 males) were given two driving tasks (passing and following) as well as various
distraction tasks. The results indicated that visual and cognitive driven have independent and
combined effect on driving performance, visual behavior and workload.

To combine cognitive and visual distraction impact while driving, the University of
Iowa developed a medium-fidelity simulator study to examine driver behavior during four
different levels of distractions. A total of sixteen healthy volunteers involved in this study
were asked to complete 8-minute drives under four levels of distractions (no distraction,
visual distraction, cognitive distraction, and combined visual and cognitive distraction). The
results showed that the combined distraction was less detrimental than visual distraction
along, but both visual and combined distraction impaired vehicle control, hazard detection
and long off-road glances (Liang & Lee, 2010).

Another simulation study used the technology of fictional magnetic resonance
imaging (FMRI) to identify the human brain activation associated with driving when
listening to someone speak. The results, illustrated in Figure 2-2, show that the driving-
related activation in bilateral parietal cortex (blue circle) decreased with the addition of the
sentence listening task, and the yellow ovals indicate the listening task cause activation of
temporal and prefrontal language areas in the brain (Just et al., 2008). Moreover, a
simulation study in the U.K. found that the mean heart rate increased during receiving call
while driving. It was shown that cell phone use during driving increased the cognitive

demand for drivers (Haigney et al., 2000).
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A. Driving Alone minus Driving with Listening

Figure 2-2: Whole brain activation under two different driving
situations. Adopted in (Just et al., 2008)

A simulation study conducted in France aimed to assess the different distraction
effects between an answerphone and normal hands-free phone. A total of thirty drivers
participated in that study and received six calls with answerphone and six calls with normal
hands-free phone. The driving performances for answerphone were analyzed for three
phases: interaction phase, listening phase, and answering phase. The results showed that
answering phone was the most disturbing phase for receiving answerphone call, but in
overall, splitting up the conversation into different phases decreases the overall task difficulty
for drivers. The statistic of correct reaction and mean responses time while driving for
answerphone were all better than regular hands-free phone (Bruyas et al., 2009).

Bayly et al. (2009) summarized several studies of the effects of distraction activities
while driving, include radio, CD and MP3 players, video system, email, eating and drinking,
etc. The study observed that different in-vehicle source of distractions would affect driver

performance. The most common driving behaviors under distractions were both hands off
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the wheel, glance behavior, difficulty in maintaining lane position, and increase in the
braking distance and subjective mental workload. Especially, the e-mail system would cause
all of the above behaviors. Both technology devices (such as GPS, cell phone etc.) and
personal driving habits (such as eating, talking etc.) are factors that can cause distracting
driving behavior.

The Monash University and the National Roads and Motorists Association in
Australia conducted a simulator study to measure the effects of distracting driving on the
performance of three age groups of drivers: less than 25 years old, between 30 to 45 years old,
and between 60 to75 years old. The drivers were given driving tasks under two types of
distraction. The first was using hands-free cell phone as auditory (vocal) distraction, and the
second was using in-vehicle entertainment/information system as visual or manual distraction.
The mean speed and deviation from the posted speed limit for each drive were recorded. The
study concluded an important finding that distractions related to an in-car entertainment
system had the greatest negative impact on driving performance across the different age
groups, while talking on hands-free cell phone was easier for drivers to keep the eyes on the

road (Horberry et al., 2006).

2.3.3 Cell phone related studies of distracted driving

With the fast growth of cell phone use, cell phones have become a significant factor for
distracted driving. There are many studies on the impact of cell phone use on distracted
driving. Figure 2-3 and Figure 2-4 present the overall law restriction on the use of Mobile
Communications Devices (MCDs) in the United States in 2010 and 2012 (Ibrahim et al.,

2013). In 2010, eleven states in white had no restriction on handheld use of MCDs by all
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drivers, however, in 2012, this number decreased to five. Iowa prohibited the use of MCDs

by young inexperienced driver and texting for all drivers (secondary enforcement).

HI VT NH
o MT ND
OR (p 1
sD

m NJ
NV OH DE
MD
DCc

ﬁag

Restricts the handheld use of MCDs by al
—  drivers FU
Restricts all use of MCDs by all drivers but only
in specified areas ]

PR - (Puerto Rico)
Reh:rlcts the use of MCDs by school bus B V- (U.S. Vigin Isbnds)
drivers

Regulates the use of MCDs by young or Note:

inexperienced drivers Florida and Binois prohibit the use of two-
sided MC D headsets

Regulates the use of MCDs by school bus drivers
and young or inexperienced drivers

E Restricts the use of MCDs for texting for all
drivers

Figure 2-3: Map of laws restricting use of mobile communication devices (MCDs)
while driving as of November 2010. Adopted in (Ibrahim et al., 2011)
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According to Guarino (2013), the 2009 Omnibus Household Survey (OHS) found that
younger people and people of higher household income tend to accept cell phone use while
driving more easily than others.

An observational study conducted in Israel on driving performance while using cell
phones indicated that drivers who were engaged in talking on the cell phone for either short
(less than 11 minutes) or long conversation (16 minutes long) found difficult to keep the
proper gap between their own car and the other car ahead of them. Moreover, the
observations demonstrated that drivers subconsciously increased speed when the
conversation went longer (Rosenbloom, 2006).

An assessment of the difference in the hazards between handheld (HH) cell phone
and hands-free (HF) cell phone use has been analyzed in many studies. According to
Ishigami and Klein (2009), the results obtained from many of previous studies included both
field and simulated driving studies showed that using HH or HF type of cell phone would
impair driving performance almost equally. Same conclusion reached in Abdel-Aty (2003)
which found that restricting handheld devices but permitting hands-free devices was not
likely to reduce distraction from phone conversation as well.

A similar study conducted in Sweden examined the difference in mental workload
while driving between simple versus complex conversation by using either hands-free or
handheld phone. Forty professional drivers (taxi drivers, couriers) participated in this study.
The study used peripheral detection task (PDT) to evaluate the participants’ workload while
driving, and the results showed that conversation type significantly affected mental load but

no differences were found between the two telephone modes, in other words, hands-free cell
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phone did not provide any benefits over handheld phone in terms of decreasing mental
workload (Patten et al., 2004).

Another simulator-based study conducted in Sweden compared the effects of using a
cell phone while driving in rural and urban environments. A total of 48 drivers aged between
24 and 60 years old drove while talking using a hands-free or handheld phone. The results
indicated that cell phone conversation using either mode impaired work load in both areas.
In addition, driving speed was reduced during conversation on a handheld device in all
environments, but the effect on speed was less obvious when using a hands-free mode
(Tornros & Bolling, 2006).

A study conducted in Miami University investigated the reaction time (RT) in braking
response for five distraction conditions while driving. A total of 22 students from Miami
University drove in a simulation laboratory station and used a cell phone. The results
indicated that phone use caused reaction time to decrease by 19%. In addition, the study
found no significant advantage of reducing reaction time that the hands-free phone would
provide over the handheld model (Consiglio et al., 2003).

A survey study conducted in France investigated the individual factors that affect cell
phone use while driving. A total of 1,973 responses were collected by phone during a
summer month in 2003. The results indicated that men, less than 45 years old and married
were more exposed to the risk of using cell phone while driving. Also, higher and middle
social groups were over-represented in this study (Brusque & Alauzet, 2008).

A case-control study conducted in Perth, Australia assessed the contribution of
passenger-related distractions versus cell phone use to motor vehicle crashes. The study

investigated a total of 274 drivers involved in a crash with passengers in the car and 456
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drivers used a cell phone before the crash happened. The results showed that a driver with
passengers was about 60 % more likely to be involved in a crash. Nonetheless, the risk was
considerably lower to that of using a cell phone use while driving (McEvoy et al., 2007).
Besides passenger vehicles, a survey study conducted in Denmark investigated the
extent and variations in phone use among drivers of heavy vehicles. A totals of 1,044 drivers
participated in this study, and over 99% of the drivers claimed that they used cell phones
while driving. Approximately 66% of drivers reported having experienced dangerous
situations because of cell phone use among other road users. The study indicated that the
frequency of using a cell phone while driving was substantially higher among truck drivers
than among private drivers. Similarly, the younger truck drivers had higher frequency of cell
phone use while driving. Moreover, truck drivers with a higher number of driving hours

were more likely to use a cell phone (Troglauer et al., 2006).

2.3.4 Age-oriented research on distracted driving

Another major factor that has been established to influence the driving performance under
different distracted conditions is age or driving experience. Previous studies have attempted
to assess the performance differences among novice and experienced drivers, and different
age groups.

According to the National Highway Traffic Safety Administration (NHTSA), the
greatest proportion of distracted drivers was in the under-20 year old age group.
Approximately 16% of fatal crashes of all under-20 drivers were distracted driving-related
(NHTSA, 2009). The data indicated that younger drivers seem to be more easily involved in

distracted driving.
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A self-reported study conducted in Finland determined that age was a significant
factor affecting the decision of using a cell phone while driving. The survey indicated that
the frequency of younger drivers (18-24 years old) responding to phone calls while driving
was about 20% more older drivers (50-64 years old). In addition, younger drivers reported
experiencing hazards while using a phone eight times more often than older drivers (Poysti et
al., 2005).

Kass et al. (2007) measured the number of driving violations committed: speeding,
collisions, pedestrians struck, stop signs missed, and centerline and road edge crossings. The
participants included 25 novice drivers (ages 14-16 years old) and 26 experienced drivers
(ages 21-52 years old). The results indicated that novice drivers were involved in more
driving violations and had lower awareness of the driving situation than experienced drivers.
However, the result also found that both novice and experienced drivers suffered somewhat
decrements while distracted by cell phone while driving (including hands-free cell phone).

A novice driver’s related test was conducted in Griffith University, Australia. Nine
novice drivers (18.4 years old on average) holding provisional licenses (with an average
driving experience of 19 months) participated in the test. All participants were distracted by
hands-free cell phone while driving. The results showed that driver performance degraded in
coordination and control in three tasks representative of everyday driving conditions that
include cornering, controlled braking, and obstacle avoidance (Treffner & Barrett, 2004).

Another younger driver-related study was conducted by the AAA Foundation for
Traffic Safety (Goodwin et al., 2012). As part of the study, a video camera was installed on
38 family vehicles in order to collect data on the driving performance of 38 newly licensed

teens, as well as 14 high-school-aged siblings. After six months of data collection, a sample
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of 7,858 video clips was selected for analysis. The observations showed that younger
females were twice as likely as males to use an electronic device. Moreover, the study result
indicated that novice drivers were approximately six times more likely to have a serious
crash when there was loud conversation in the vehicle.

According to Tractinsky et al. (2013), the most common use of cell phone while
driving was answering a call, instead of initiating calls. However, regardless of road
conditions, younger drivers (under 20 years old) were more likely to initiate calls than older
drivers (over 65 years old) or experienced drivers (24 to 30 years old with at least 7 years of
driving experiences). Comparing to younger drivers, older drivers were highly sensitive to
varying road conditions (such as heavy traffic flow or winding road) and drove slower. The
study found that younger drivers were more likely to underestimate the risk of distracted
driving than other experienced and older drivers.

Besides having conversation on a cell phone, texting is another distracting activity
that is mainly performed by younger drivers. Hosking et al. (2009) conducted a study to
investigate the effects of using a cell phone for receiving and sending text messages while
driving for young novice drivers. The study asked twenty young drivers using a cell phone
to retrieve and send massages while driving in a simulator. The results showed that texting a
message would increase the time of looking off-road up to 400%. Moreover, the likelithood
of a driver missing lane changes increased 140% in overall.

Novice (younger) drivers were not the only group whose driving performance is
affected by distractions. Middle-aged and elder drivers were also greatly influenced by
distracted driving. Thompson et al. (2011) examined distracted driving performance of 86

elderly (72.5 years old on average) and 51 middle-aged (53.7 years old on average) drivers.
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The test results showed that middle-aged drivers experienced greater variability in steering
control than elderly drivers. Older drivers tended to spend more time to hold the gas pedal
steady. Approximately 39 % of elderly and 43% of middle-aged drivers generated more
driving safety errors while they were distracted.

A simulation study conducted in Sweden in 1995 indicated that, while following a car
and driving under distraction by a cell phone, older drivers (over 60 years old) experienced
longer reaction time than younger drivers (less than 60), but both age group did not
compensate for it by increasing their headway during the telephone task (Alm & Nilsson,
1995). Similarly, Strayer and Drew (2004) found that using a cell phone has equivalent
effects on both younger drivers (18-25 years old) and older drivers (65-74 years old).

According to Fofanova and Vollrath (2011), for different scenarios of driving task
performance during distraction, older drivers’ performance (60-73 years) was more affected
in lane keeping compared to younger drivers (31-44 years old). The results indicated that
older drivers had worse driving performance in distraction conditions (d2 Test of Attention)
as compared to the younger ones. However, this study suggested that if older drivers became
aware of their difficulties in driving under distraction, they would reduce the probability of

being involved in distracted driving by self-regulation.

2.3.5 Potential strategies to reduce distracted driving
Knowing the impact of distracted driving on traffic safety, it is important to identify effective
strategies to reduce or prevent distracted driving. According to the blueprint for ending

distracted driving, which was launched by the National Highway Transportation Safety
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Administration (NHTSA, 2012), a series of actions should be taken to build a momentum to
end distracted driving, such as:

e Raising public awareness;

e Enacting and enforcing strict state law;

e Addressing preventing distracted driving-related technology;

e Better educating young drivers;

e Getting public and government involved;

o Establishing self-responsibility for traffic safety among all the drivers;

e Advocacy.

With respect to enforcement, NHTSA conducted a high-visibility enforcement
program to reduce cell phone related distracted driving in two states, New York and
Connecticut. The study showed that strong laws combined with highly-visible police
enforcement can significantly reduce cell phone use while driving. (Cosgrove et al., 2011)

According to the Governor Highway Safety Association (GHSA, 2011), additional
countermeasures such as technology-related can be implemented for distracted driving. For
example, some software applications (apps) can be loaded onto the cell phone and block text
message or calls (except emergency calls) while driving. In addition, some devices can be
installed in the vehicle which can sense whether a vehicle is moving and then would disable
texting, emailing, web surfing and calling from a cell phone.

However, there is no clear evidence that the suggested countermeasures can have a
long-term effectiveness on distracted driving. Creating an effective safety culture for

distracted driving maybe deemed as solution for this problem.
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2.4 Summary

The concept of safety culture and how it can be applied on traffic safety has recently received
increased attention by transportation-related associations, institutions and the government. A
review of previous studies on traffic safety culture can help future research to enhance traffic
safety culture in the U.S. The different strategies to achieve a better traffic safety culture
introduced in this chapter are considered a good starting point to shape the new culture in the
U.S.

Within the context of overall traffic safety issues, distracted driving is a newly raised
concern that requires significant improvements in the future. Cell phone use and novice
drivers are two major factors related to distracted driving that often correlate to each other.
Many previous studies examined the overall impact of different types of distraction activities
on driving. A drawback of previous studies is the lacking of field data to observe distracted
driving behaviors.

The next chapter will describe the data collected to document the distracted driving
culture in Iowa, as part of a large public opinion survey conducted in the state in 2011. The
data include responses to traffic safety topics such as traffic enforcement, driver education
program, various driving behaviors, and attitudes toward traffic safety policies, activities and

enforcement techniques.
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CHAPTER 3. DATA DESCRIPTION

3.1 Overview

In 2011, the University of Northern Iowa, Center for Social & Behavioral Research,
designed a cell phone and landline questionnaires survey regarding lowa traffic safety culture
in consultation with the Office of Transportation Safety at the lowa Department of
Transportation and the Institute of Transportation at lowa State University. The major
purpose of the survey was to gauge public opinions on traffic safety and driving experience
in Towa, which covered a wide range of traffic safety topics including traffic enforcement,
driver education program, various driving behaviors, experiences and attitudes toward traffic
safety policies, activities and enforcement techniques. The survey also included standard
questions about the demographic-and socioeconomic-status of participants.

The survey included a total of 50 questions and the data collection lasted over a 10-
week period. All the participants were randomly selected from various cities in lowa, and
the qualified participants had to be at least 18 years old. The final-completed interviews
were 1088, 684 of which were landline interviews and 404 were contacted by cell phone.
The complete survey questionnaire is presented in detail in Appendix B.

Finally, statistical weighting adjustments were made to ensure respondents’ answers
were representative of the actual attitudes, behaviors, and experiences of adults Iowans.
These included adjustments for the sample strata (i.e., landline vs. cell phone number), within
household selection probabilities, and demographic characteristics of gender, age,

race/ethnicity, and education.
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The comprehensive responses collected from the public would provide policy makers
with information to help make decisions about which traffic safety policies, practices, and
strategies should be maintained or which should modified, and which efforts aimed to
improve traffic safety were most likely to be supported by lowans.

This chapter first discusses briefly the design of the survey questionnaire followed by
a summary of the survey results with respect to eleven pre-defined safety goals (Section 3.2).
Then, the survey results related to distracted driving and the main objective of this thesis, are
discussed in Section 3.3, followed by a summary of the key findings of this chapter (Section

3.4).

3.2 lowa Telephone Survey

3.2.1 Survey Design

The telephone questionnaire was constructed based on a series of studies, including review of
previous traffic safety surveys and literature on safety culture. Furthermore, interviews of
experts in traffic safety were essential in developing the telephone questionnaire.

To develop the questions for the survey, experts in traffic safety were interviewed in a
bid to solicit their opinions on potential traffic safety improvement activities in lowa. The
interviews helped to form a total of 11 goals that covered potential traffic safety concerns
raised in lowa. The major part of the questionnaire was developed based on the following
ten goals:

1. Improve Emergency Medical Service (EMS) Response
2. Toughen Law Enforcement and Prosecution

3. Increase Safety Belt Use
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4. Reduce Speeding-Related Crashes
5. Reduce Alcohol-Related Crashes

6. Improve Motorcycle Safety

7. Improve Young Driver Education

8. Improve Older Driver Safety

9. Strength Teenage Licensing Process

10. Reduce Distracted Driving

3.2.2 Survey Results

Overall, the responses showed that about two-third of Iowans believed driving in
Iowa were about as safe now as it was five years ago. The following histogram, Figure 3-1
showed the overall responses. Regarding improvement on driving skills, most (72.5%) adult
Iowans said they had not made effort to improve or maintain driving skills in the last five

years.

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%
Safer About the same Less safe

Figure 3-1: Do you think driving in Iowa feels safer, less safe, or about the same as it did 5
years ago?
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Among different types of road infrastructure, approximately one half of adult lowans
(46.8%) stated that they felt very safe when driving licensed motor vehicles on highways or
interstates in lowa. City streets ranked second with 43.3% of participants rating them as very
safe to drive on. About one-third of adult lowans (32.9%) rated rural gravel roads as very
safe in lowa.

Several survey questions about maintaining driving skills were included in the survey.
About one-fourth (27.5%) of adult lIowans stated that they had made specific effort to
improve or maintain their driving skills in the last five years , such as reading about safe
driving, looking at the official lowa driver’s manual, or taking a refresher class. Moreover,
nearly three-fourths (76.3%) of Iowans said they supported providing insurance discounts or
other incentives to licensed drivers to take a refresher class to improve driving skills and
knowledge. Meanwhile, approximately 74 % of lowans supported requiring drivers desiring
to renew their licenses to spend 10 to 15 minutes reviewing safe driving tips and updates on
laws and road design.

Besides general questions on traffic safety, participants were also asked to state their
opinions with respect to the ten pre-defined goals mentioned in section 3.2.1. A concise
summary of the overall responses for each goal would be presented in the following sections.

e Emergency Medical Service (EMS)

A total of two Emergency Medical Services (EMS) related questions were included in
the questionnaire. Most adult lowans (90%) were satisfied with the EMS in their living area
and close to three-fourths (74%) of the participants stated that the state of lowa has done in
improving EMS well or excellent.

e Law Enforcement and Prosecution
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In terms of the public’s perceptions about how effective enforcement, education and
engineering were in improving traffic safety in lowa, enforcement such as fines and penalties
on speeding and sending text messages was ranked the most effective. Figure 3-2 presented

the overall responses on the most effective strategy in making driving in lowa safer.

2.50%

B Enforcement
B Education
B Engineering

O Don't know/not sure

Figure 3-2: Most effective in making driving in Iowa safer
Iowan’s opinion on using speed cameras, as another type of automated enforcement

techniques, were also solicited in the survey. Over a half of the survey participants agreed
with the use of speed cameras on major highways (55.0%) and city streets (56.4%) to reduce
speeding. 70.8% of participants were supportive of using cameras to automatically fine
drivers who drive through red lights.
o Safety Belt

In terms of safety belt usage, a large majority of adult lowans (92%) considered
driving without wearing seatbelts to be a serious threat to traffic safety. Most participants
(66%) also said it should never be acceptable to drive without wearing seatbelt.

Speeding
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The survey included a wide range of questions regarding speeding. About two-thirds
of adult Iowans (68%) felt satisfied with the improvement on enforcing the speed limit in
Iowa. Over 94% of participants recognized excessive speeding as a serious threat to traffic
safety. By exploring the responses on speeding related questions, younger (18-39 years old)
male drivers seemed to be a latent safety concern group because they reported higher
acceptable level in speeding than other age groups or females.

e Alcohol

Alcohol-impaired driving in Iowa received relatively higher against rate by all the
participants. The responses indicate that adult Iowans have pervasive cognition for the
hazard of driving under impaired by alcohol. Over 90% of participants rated driving after
drinking too much alcohol as a very serious threat to traffic safety. = Most (94.6%)
participants reported that they would never accept drunk driving. Approximately 93% of
participants also indicated that driving after drinking alcohol would increase the chance of
crash.

e Motorcycle

Motorcycle safety is another safety concern area in lowa. Only 6.4% of adult Iowans
stated that the state of lowa has done excellent in improving motorcycle safety in Iowa.
Specific questions were also asked about potential extensive training program, helmet use
and graduated licensing system. The survey responses indicated that the majority of
motorcycle occupants (60%-80%) would not support additional regulations or programs, but
large numbers of drivers (50%-70%) would support to improve the overall motorcycle safety
in various aspects (helmet law, extensive training, etc.). This big discrepancy would bring

huge obstruction in the process of improving motorcycle safety in the future.
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e Young Drivers/ Strength Teenage Licensing Process
Approximately 80% of the participants recognized that young drivers pose a
somewhat or very serious threat to traffic safety. In terms of the teenage licensing process,
more than half of the participants (58.1%) thought the age of 14 is okay to obtain the first
driving license. Other than that, 62.4% of participants supported to increase the permit
length to 12 months instead of the current length of 6 months. Moreover, nearly three fourth
of the participants agreed to limit the newly licensed teen drivers to driving with no more
than one teen passenger. Meanwhile, half of the participants (55.4%) also supported to limit
driving after 10 pm for newly licensed teen drivers.
e Older Drivers (65 or older)
With the physical limitations of older drivers, over 75% of the participants felt that
older drivers were a somewhat or very serious threat to traffic safety.
Last, distracted driving was stated as another potential area if safety concern. The

corresponding questions will be discussed in detail in the next sections.

3.3 Distracted Driving

With the growing safety concern of distracted driving, primarily cell phone use,
reducing distracted-related crashes has become a national priority. Reducing distracted
driving was also identified by the experts in Iowa, and as such, the questionnaire included a
total of 13 distracted driving related questions. The corresponding questions and responses
are presented in detail in Appendix A: Survey Questions and Responses Related to Distracted

Driving.
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Most adult lowans (95%) rated distracted driving as a serious threat to traffic safety.
However, with respect to reported self-behavior, many participants indicated high frequency
of distracted driving activities that performed by themselves or the other drivers. This result
could be deemed as the current distracted driving culture in Iowa: “people failed to match
their words with actions”.

Since there are many activities could be treated as distracted driving, in a bid to
investigate the degree of distraction on several common driving behaviors, the questionnaire
asked participants to provide opinions based on their previous driving experience. Figure 3-3
shows the comparison results for selected activities and indicates that most participants
(84.3%) felt very distracted in receiving text messages or emails while driving. Making or
receiving cell phone calls was ranked second with 35.5% selection. In general, cell phone

usage was recognized as a dangerous distracting driving behavior by most adult lowans.

Selected
Rate, %

90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%

Radio or Have Children  Area with alot Use a GPS Make or Receive text

music playing conversation sitting in the of commercial device while receive cell messages or

orinteracting  backseat  signage such driving phone calls emails
with as billboards
passagers
M Very Distracting B Somewhat distracting i Not at all distracting

Figure 3-3: Degree of distraction for different actions while driving
With respect to reducing distracted driving in Iowa, about one-third (34.1%) of the

participants rated previous improvement activities the state of Iowa had done as good or
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excellent. In terms of the responses on legal or illegal issue, approximately 86.7% adult
Iowans stated it is illegal for driver under 18 to use a cell phone while driving, and most
(88.8%) participants viewed the activities of reading, writing, or sending a text message
while driving as illegal behaviors. In general, using cell phones while driving was
considered somewhat or a very serious threat to traffic safety by more than 89% of the
participants. Relatively higher against rate for cell phone usage while driving can be
explicitly inferred from the aforementioned results; however, the responses obtained from
self-reported driving behavior were quite the opposite ironically.

In the questionnaire, participants were asked to report their personal acceptance for
sending messages or emails, talking on a handheld cell phone and talking on a hands-free cell
phone while driving. Most (88%) adult lowans would never accept the activities of sending
message or emails while driving, but this against rate decreased to 45.6% for making a call
by using handheld cell phone. Moreover, only 17.5% of participants would never accept to
talk on a hands-free cell phone while driving.

Regarding observation of the driving behavior of other drivers, more than 90% of
participants indicated that they had seen other drivers talking on a cell phone while driving a
few times a week or even every day. Approximately 64% adult lowans had seen other
drivers reading or sending a text message or emailing while driving. According to the
responses, approximately 66.8% of the participants reported that they had talked on either
handheld or hands-free cell while driving in the last 30 days of taking the survey. Nearly 20%
of people also reported the activities of “have read or sent text messages or emails while

driving”. As mentioned before, people in lowa had pervasive realization on the hazard of
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distracted driving, but they were the opposite way which can be obtained from their self-
reported driving behaviors.

Two other questions in the survey aimed to investigate the relationship between work
and cell phone use frequency while driving. Nearly one-fourth (22.5%) adult Iowans
reported that they had been required or expected to talk on their cell phone while driving
because of work, and 5% of respondents had been required or expected to send or receive
text message or email.

The questionnaire also solicited opinions on three distracted driving related
statements. First statement argues that driving while talking on a cell phone would increase
the chance of an accident. Most (90%) people agreed or strongly agreed with that statement.
Approximately 88% of participants agreed or strongly agreed that driving while eating or
drinking would increase the chance of crash. Nearly three-fourth (74%) of adult Iowans
agreed or strongly agreed the chance of being caught is small for sending or receiving text
message while driving.

The next section investigate the factors that influence lowan’s attitudes towards

distracted driving such as age, gender and other factors that might influence their responses.

3.3.1 Age-oriented attitudes towards distracted driving

In a bid to explore the various attitudes among different ages of respondent, the responses for
specific questions was classified into three different age groups: younger age group (18 to 39
years old); middle age group (40 to 64 years old); and older age group (greater than 65 years

old). Figure 3-5 showed about 34% of participants felt the state of lowa has done good or
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excellent in reducing distracted driving, with the participants in the age of 18 to 39 years old

reporting higher satisfaction than the other age groups.

0.75

0.50

Very serious threat to traffic safety
0.25

threat to traffic safety you think it is

0.00

18-39 ' 40-64 years old ' 65 and older
years old

DRIVERS USING CELL PHONES: How serious

Age group of respondent

1.00
e [
0.75 --

0.50

Slightly serious

Somewhat serious

Very serious threat to traffic safety

0.25

DISTRACTED DRIVING: How serious
threat to traffic safety you think it is

0.00

' 40 - 64 years old " 65 and older

18-39
years old
Age group of respondent

Figure 3-4: Opinions on the severity of driver using cell phone and distracted driving
to traffic safety by age groups
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Figure 3-5: Opinions on how well the state of Iowa has done in reducing distracted
driving by age group

According to Figure 3-4, lower percentage of younger participants (18-39 years old)
reported distracted driving and drivers using cell phones as very serious threats to traffic
safety than the other age groups.

Regarding the personal acceptance for talking on handheld, hands-free phone, and
sending text messages or emails while driving, the results represented explicitly distinct
different opinions among younger and older participants. Comparably, younger participants
did not take distracted driving as a serious threat as older participants, and they potentially

indicated themselves as risk-takers.
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Figure 3-6 illustrates the relationship between age of respondents and their acceptable
level of talking on hands-free cell phone while driving and it shows that the acceptance level

decreases as age increases.
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Figure 3-6: Acceptability of talk on a hands-free cell phone while driving by age groups

Apart from self-reported attitude towards distracted driving, the reported observations
for other drivers by different age groups were illustrated in Figure 3-7. The distraction
activity (read or send a text message or email while driving) observation rates decreased with
an increase in age. The overall responses stated clearly that the younger participants have

observed more distracting driving activities than older drivers.
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Never

Once a month or less

A few times a month

0.50
A few times a week

0.25
Every day

0.00

18-39 ' 40-64 yearsold ' 65 and older
years old

Age group of respondent

READ OR SEND A TEXT MESSAGE OR EMAIL WHILE DRIVING
How often you have seen other drivers in your area..

Figure 3-7: Observations on read or send text message or emailing while driving for
other drivers by age groups
Other than observations, self-reported behaviors are bound to explore the differences in real
attitudes between younger and older drivers in Iowa. Figure 3-8 showed the self-reported
behavior of talking on any kind of cell phones while driving. Younger drivers still possessed

higher rate than other age groups.
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Figure 3-8: Self-reported behavior of talking on any Kind of cell phone while
driving by age groups
Through analyzing the age-oriented responses of distracted-related questions, it could
be concluded that younger drivers should be deemed as a potential risk group for distracted
driving, where improvement needs to be done. The overall responses obtained in the
questionnaire provided clear evidence that younger drivers were more easily involved in
distracted driving than older participants. In Chapter 4, age will be considered as an essential

factor in the model construction.

3.3.2 Gender-oriented attitudes towards distracted driving
Similarly to the age-oriented analysis, gender was considered as another factor resulting in
various attitudes and distracted driving behaviors. The following figures (Figure 3-9 to

Figure 3-12) illustrate the overall attitudes stated among two different genders, and the
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results indicated that adult male drivers in Iowa were another underlying group that were

more easily involved in distracted driving.
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Figure 3-9: Opinions on how serious a threat to traffic safety of distracted driving
by gender
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Figure 3-10: Acceptability of talk on a hands-free cell phone while driving by gender

www.manharaa.com




45

1.00 Never

Once a month or less

A few times a month

) 0.75 A few times a week

0.50

Every day

TALK ON A CELL PHONE WHILE DRIVING: How ofte
you have seen other drivers in your area

0.00
Male Female

Gender of respondent

Figure 3-11: Observations on talk on a cell phone while driving for other drivers
by gender
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Figure 3-12: Self-reported behavior of talked on any kind of cell phone while
driving by gender

www.manharaa.com




46

3.3.3 Other factors that affect the responses

Other factors were also included in specific questions. Figure 3-13 represents the
relationship between education level of participants and their responses on cell phone usage
while driving that was required by work. The participants with higher education level had
higher probability of being required to use cell phone while driving. Similarly, the
respondents with higher household income reported higher chance of being required to use

cell phone while driving because of work as well.
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Figure 3-14: Self-reported behaviors of cell phone use while
driving that required by work for different household income
levels

3.4 Summary
The first part of this chapter briefly summarized the survey design and the survey responses
gathered will respect to ten traffic safety related-goals. Overall, it was shown that adult
Iowans are conscious about traffic safety and safe driving. However, safety concerns were
raised for some specific areas, such as motorcycle operation, younger and older drivers.

The descriptive analysis of the survey showed that age, gender, education level, and
household incomes affect the driving attitudes and behaviors in lowa. Younger and males
drivers were emphatically to be considered as latent distracted drivers in lowa. This

summary would facilitate to give the direction of the data analysis in next chapter.
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In order to develop a comprehensive statistical model to explore the potential
characteristics that may influence the driving behavior and attitudes, more information of
participants will be used in developing the statistical model. The information would include
such as socioeconomic status, demographics, basic knowledge on traffic safety, and current
driving behavior and attitudes.

In next chapter, the development of statistical models will be discussed. The final

results of the models will determine the contributing factors that form the current culture of

distracted driving in Iowa.
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CHAPTER 4. METHODOLOGY

4.1 Overview

This chapter presents the methodology used to investigate lowa’s present culture in distracted
driving. In order to define the potential differences in attitudes, experiences, and behavior
among adult lowans with different socioeconomic and demographic characteristics, the
Structural Equation Modeling (SEM) was selected as the most appropriate method for the
analysis. This chapter presents an overview of the fundamentals of the modeling techniques

as well as discusses previous transportation-related applications of this method.

4.2 Structural Equation Modeling (SEM)
SEM is a complex simulation model that has been widely used in social science. The
modern SEM has developed over a century period and has greatly benefited by the

application of advancing computer technology.

4.2.1 Brief history of SEM

According to Bollen (1989), SEM was founded on three primary analytical developments: (1)
path analysis, (2) latent variable modeling, and (3) general covariance estimation methods.
In 1934, a geneticist named Sewall Wright developed the basic path analysis that estimated
the relationship among variables based on correlation matrix of observed variables. This
method was later introduced to many different social disciplines such as sociology,
economics, and psychology as well. Charles Spearman, a psychologist, developed the
exploratory factor analysis which is considered as another important origin part for Structural
Equation Modeling (SEM). In the discipline of economics, a simultaneous equation

modeling was introduced by Haavelmo (1943) and Koopmans (1945). In the 1970s, the first
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generation of SEM was finally formed by interdisciplinary integration, and this great
movement was generalized by Joreskog (1970), Keesling (1972), and Wiley (1973). Another
important development in SEM was the application of Maximum Likelihood Estimation
(MLE) method for estimating the parameter coefficients and allowed testing of individual
direct effects and error-term correlations (Matsueda, 2012; Kline, 2011; Golob, 2001).
According to Matsueda (2012), the development in SEM progressed through four stages:

(1) early disciplinary specific developments of path analysis from genetics and later
sociology, factor analysis from psychology, and simultaneous-equation models in
economics,

(2) cross-disciplinary fertilization between economics, sociology, and psychology leading
to an explosion of empirical applications of SEM;

(3) a period of developing methods for handling discrete, ordinal, and limited dependent
variables; and

(4) a recent period of incorporating statistical advances into the SEM framework,
including generalized linear models, mixed effects models, mixture regression models,

Bayesian methods, graphical models, and methods for identifying causal effects.

4.2.2 Fundamental Theories in Structural Equation Modeling (SEM)

Structural equation modeling is a comprehensive statistical technique to examine a set of
relationships between one or more independent variables and dependent variables, and these
variables can be either continuous or discrete. Moreover, SEM is broadly used for assessing
the quantitative relationships among underlying latent variables, which cannot be observed

directly from the data. Two of the well-known analysis methods, path analysis and
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confirmatory factor analysis are simply special type of structural equation modeling
(Tabachnick & Fidell, 1996). In other words, SEM is an extension of general linear
modeling (GLM), such as analysis of variance (ANOVA) and multiple regression analysis

(Lei & Wu, 2007).

4.2.2.1 Model Specification

Generally, SEM includes two components, a measurement model and a structural model.
The measurement model is constructed to analyze how various known variables (exogenous
variables) measure latent variables, moreover, measurement model incorporate estimates of
measurement errors of exogenous variables load on latent variables. The structural model
examines the relationship between latent variables and it enables SEM to measure the
underlying relationship or phenomenon which is distinguished from other methods. Another
feature of SEM is the graphical representation through a path diagram, since this model
allows for direct, indirect and associative relationships to be explicitly modeled (Washington,

Karlaftis, & Mannering, 2011; Tabachnick & Fidell, 1996):

Latent variables: O

Observed variables:

v

Hypothesized predictive relationship (regression):

Association/correlation (covariance): <&

Error/residual O

A sample graph of structural equation modeling is presented in Figure 4-1.

\ 4
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Figure 4-1: A example path diagram of SEM

n2

For the underlying fundamental theory of SEM, one well-known method of model
specification is the Bentler-Weeks method (Bentler & Weeks, 1980). The basic structure of
SEM is that the hypothesized model has a set of underlying parameters that correspond to (1)
the regression coefficients, and (2) the variances and covariance of the independent variables
in the model (Bentler P. M., 2006). As known, the regression equation can be expressed as:

Y =P1xX1+ Baxz + -+ Bpx, + €
where y is the dependent variables (DVs) and x and € (error term) are both independent
variables (IVs).
Expressing the simple regression model in matrix algebra (Bentler-Weeks model) yields:
n=pnt+yi+e
where, if ¢ 1s the number of DVs and r is the number of Vs, the n is a ¢ x/ vector of DVs,

B is a ¢ xq matrix of regression coefficients among DVs, v is a ¢ Xr matrix of regression
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coefficients among DVs and IVs, and & is a </ vector of IVs, € is a vector of regression
error.
It can be observed that 1 is on both sides of the equation, this is because DV are endogenous.

After identifying the basic structure of SEM, estimating the parameters is the next step.

4.2.2.2 Model Estimation
Parameter estimation in SEM 1is achieved by comparing the actual covariance matrix
representing the relationships between variables and the estimated covariance matrix of the
best fitting model. In order to reach the final solution, a few iterations are needed to
minimize a certain discrepancy or fit the function between observed covariance matrix and
model implied covariance matrix. A most common method used to estimate the parameter in
SEM is Maximum Likelihood Estimation method (MLE). It is assumed that observed
variables are multivariate normally distributed (Lei & Wu, 2007). Besides MLE, generalized
least squares (GLS), asymptotically distribution-free (ADF), un-weighted least squares (ULS)
and Browne’s method are other methods that can be considered for estimating the parameters
(Raykov & Marcoulides, 2006). These methods will be not discussed in detail in this thesis.
For the details of these estimation methods please refer to Kline 2011, Raykov and
Marcoulides 2006, Tabachnick and Fidell 1996.
The variance-covariance matrix can be expressed as:
20)=6(1-p ey 1-pHeE
In this expression, G is the selection matrix to select the observed variables from all the
dependent variables in . The exogenous (IVs) factor covariance matrix is represented as

¢=COV [g, €'].
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After estimating the unknown parameters using maximum likelihood estimation method, the

overall fit of the model should be evaluated.

4.2.2.3 Model Evaluation (Goodness- of-Fit)

In a bid to assess the goodness-of-fit (GOF) of the overall model, several indicators should be
examined that are briefly introduced next (Lei & Wu, 2007; Washington, Karlaftis, &
Mannering, 2011; Raykov & Marcoulides, 2006; Kline, 2011).

The first important parameter used to measure the fit of a model is chi-square (XZ). It
is evaluated with the degrees of freedom equal to the difference between the total number of
degrees of freedom and the number of parameters estimated. In a Chi-square test, the small
p-value indicates a good fit of the model, but this is very common in the most studies. One
drawback of using chi-square as a GOF measure is its sensitivity to sample size. As a rule of
thumb, a quick way to adjust for sample size is to divide the chi-square by its degrees of
freedom. If this value is less than or close to two, it indicates a very good fit of model.
Values close to four are considered acceptable for a large sample size.

Two other common GOF measures are the “goodness of fit index (GFI)”, which takes
into account the sample size, and the “adjusted goodness of fit index (AGFI)”, which
additionally takes into account the number of parameters being estimated. The range for
these two parameters is from zero to one; an estimated value close to 1.0 indicates a better fit.

Moreover, two of the widely used indices are the standardized root mean square
residual (SRMR) and the root mean square error of approximation (RMSEA). For both of
these two indices, a value close to zero (below or close to 0.05 or 0.06) is indicative that the

model fits the data well.
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Besides the indices introduced above, there are other indices that can be used to
measure the overall fit of the models. These include the incremental fit indices (IFI) such as
normal fit index (NFI), Tucker-Lewis Index (TLI), comparative fit index (CFI), and other; a
higher IFI indicate large improvement in fit over the baseline model.

In summary, there are plenty of indices or parameters that can be used to measure the
overall fit of SEM. Constructing the better fit model is always considered as one of the most
important goals in model development. Also, it is a key factor for determining the accuracy

of model selection.

4.3 Previous Studies Using Structural Equation Modeling

As discussed in previous sections, SEM has been mostly used in social sciences such as
psychology, economics, and behavior studies. Within transportation engineering, SEM
methods are getting more popular in the studies of assessing driving behavior or attitudes and
how these factors would affect traffic safety. In this section, previous transportation-related

studies will be summarized.

4.3.1 Case study I (Golob & Hensher, 1994)

In 1994, a study conducted in Australia aimed to examine the driving behavior of long
distance truck drivers, and mainly focused on the effects of schedule compliance on drug use
and speeding citations. The study used a total of 402 in-depth face to face interviews of long
distance truck drivers throughout Australia. The data included many aspects of previous
driving experience, driver’s background, economic reward for each trip, and also other trip
information. The SEM was developed and used to test the hypothesis established in this

study. In order to estimate the parameters for mixed continuous and dichotomous variables
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(non-normal), a different method rather than maximum likelihood estimation was used in this
study, the asymptotically distribution-free (ADF) weighted least squares (WLS).

The main finding of this study is that increasing speed was positively influenced by
the propensity to take stay-awake pills which itself positively related to the propensity to self-
impose schedules. In the other hand, financial rewards had significant impacts on self-
imposed arrival time, pill taking on some or every trips, and number of speeding fines per
year.

This study provided evidence of what the contribution factors leading poor
performance of long distance truck drivers in Australia were. In addition, this study was an

excellent example for analyzing non-normal types of data by using SEM.

4.3.2 Case study II (Silva, Morency, & Goulias, 2012)
This study used data from the 2003 large scale Origin-Destination travel survey (OD)
conducted in the Greater Montreal Area, Canada to address the relationship between travel
behavior and land use patterns. The final sample included 7,277 observations and the SEM
was proposed to analyze the relationships among socioeconomic characteristics, land use
patterns, relative residential and employment locations, car ownership and travel behavior.
The SEM results estimated showed a very good fit and proved that land use variables
and travel behaviors were endogenous. Also, people with different socioeconomic
characteristics tended to work and live in places in substantially different urban areas. The
conclusions of this study provided strong evidence in support of using land use policies as

tools to change travel behavior.
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In this study, SEM was used for measuring direct effects between exogenous
variables and endogenous variables, and helped with exploring the relationship among latent

variables: socioeconomic characteristics, land patterns and travel behavior.

4.3.3 Case study III (Donovan, 1993)

Recognizing the broad use of SEM for determining the relationships between driving
behavior and social psychology, the University of Colorado conducted a study about
drinking-driving activities among young adults (aged 18 to 25).

The data used in this study involved 2,300 questionnaires survey responses. The
latent variable of driving behavior was measured by drinking-driving frequency, drug-driving
frequency, and risky driving behavior like speeding, passing violations and so on. Problem
behavior was assessed by problem drinking, marijuana use, other illicit drug use and
delinquent-type behaviors. The last latent variable of psychosocial was measured by
psychosocial unconventionality, risky-taking and hostility/aggression activities.

The SEM results indicated that drinking-driving in young adulthood is related to other
driving behaviors. Young adults who more frequently drove after drinking also tended to
drive after using marijuana and other illicit drug, and tend to violate the traffic law as well.
Moreover, drinking and driving was related to individual differences in psychosocial
characteristics. Young adults showed higher level of personality and social
unconventionality, enjoyed taking more risks and were somewhat more hostile and
aggressive and had higher frequencies involved in drinking and driving.

This study helped examined the relationship between drinking-driving, drug-driving

and risky driving for young adults. The correlation of psychosocial variables and drinking

www.manaraa.com



59

driving was also determined. Both relationships provided the evidence that drinking-driving
is a lifestyle of problem behavior of young adulthood. Changing drinking driving behavior is
not merely focusing on this single behavior, but should be giving more attention on the

overall problem lifestyle and social psychological among young adults.

4.4 Summary
The major objective of this chapter was to establish a good understanding of SEM by
exploring the history, basic theory, and past applications of structural equation modeling
(SEM).

In the next chapter, the SEM method will applied to the data collected from the 2011
Iowa traffic safety culture public survey to determine the relationship between distracted
driving attitudes, experiences and behaviors of lowans with different socioeconomic and

demographic characteristics.
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CHAPTERS. ESTIMATION RESULTS AND DISCUSSION

5.1 Overview

This chapter presents the results of the Structural Equation Model (SEM) that was developed
for investigating the factors shaping the culture of distracted driving in lowa. The descriptive
statistics of the variables, the model construction, and the results yielded from structural

equation modeling are discussed next.

5.2 Variable Descriptive Statistics

In the model construction, four latent variables were established, which are distractibility
(DB), self-reported distracted driving behavior (SDDB), personal acceptability for distracted
driving (PADD), and prediction of possible accident (PPA) caused by distraction. The
variables used in constructing the measurement model and its descriptive statistics are
presented in Table 5-1 and are categorized into the four latent variables considered in the
analysis. In addition, the summary statistics of socioeconomic and demographic-related
variables are presented in Table 5-2. The correlation matrix showing the correlation among
all the variables used in the analysis is presented in Table 5-3. The highlighted cells indicate
moderate correlation among the two corresponding variables.

Table 5-1: Summary statistics of participants’ responses to the distracted driving-
related questions (weighted)

Variables Response Cases

Variable Descripti Min/M
Mnemonic Artable Description Frequency X (missing)
DB Distractibility of Responders (latent variable)
Please tell me whether you find it very ) o
. . . . 1:78.7%
distracting, somewhat distracting, or not at all ) o 1078
) . 2:20.1% 1/3
Q24a distracting to: 3-1.0% (10)
S o (V]

to have the radio on or music playing
[1: not at all, 2:somewhat, 3: very]
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Table 5-1 (continued)

1\\/;221;21;; Variable Description Fl‘i 22‘:;1::), Min/Max (mCi:ssi(ing)
Please tell me whether you find it very distracting,
somewhat distracting, or not at all distracting to: 1:55.2% 1032
Q24b To have passengers in your car having conversations 2:42.7% 1/3
. . ] (6)
or interacting 3:2.1%
[1: not at all, 2:somewhat, 3: very]
Please tell me whether you find it very distracting, )
. . . . ] 1:43.4%
Q24c somewhat c.hstractl.ng., or not at all distracting to: 2:48.6% 13 1039
To have children sitting in the backseat 37,99 (49)
[1: not at all, 2:somewhat, 3: very] o
Please tell me whether you find it very distracting,
somewhat distracting, or not at all distracting to: 1:43.3% 1074
Q24d To drive through an area with a lot of commercial 2:44.1% 1/3 (14)
signage such as billboards 3:12.7%
[1: not at all, 2:somewhat, 3: very]
Please tell me whether you find it very distracting, 1:39.3%
Q24e somewhat distracting, or not at all distracting to: 2: 49'9% 13 890
To use a GPS device while driving 3: ) 0.8% (198)
[1: not at all, 2:somewhat, 3: very] T
Please tell me whether you find it very distracting, 1:11.8%
somewhat distracting, or not at all distracting to: To on 1041
Q24f . 2:52.7% 1/3
make or receive cell phone calls 3:35 5% (47)
[1: not at all, 2:somewhat, 3: very] o
Please tell me whether you find it very distracting, A 0
somewhat distracting, or not at all distracting to: 1:3.7% 994
Q24¢g . 2:11.9% 1/3
To send or read text messages or e-mails 3.84.3% (94)
[1: not at all, 2:somewhat, 3: very] T
SDDB Self-Reported Distracted Driving Behavior (latent variable)
In the past 30 days, as the driver of a vehicle, have
Q21p you: Ta.lk.ed on any kind of cell phone while you 1: 33.2% 12 1042
were driving 2: 66.8% (46)
[1:no, 2:yes]
In the past 30 days, as the driver of a vehicle, have
Q21q you: Regq or sent a text message or email while you 1: 80.9% 12 1042
were driving 2:19.1% (46)
[1:no, 2:yes]
In the past 30 days, have you been required or
Q25 expected to talk on your cell phone while driving 1: 77.5% 12 1083
because of work? 2:22.5% %)
[1:no, 2:yes]
In the past 30 days, have you been required or
Q26 expected to send or receive a text message or e-mail 1: 95.0% 12 1083
on your cell phone while driving because of work? 2:5.0% %)
[1:no, 2:yes]
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Table 5-1 (continued)

Varlable.s Variable Description Response Min/Max C.as.es
Mnemonic Frequency (missing)
PADD Personal Acceptability for Distracted Driving (latent variable)
How acceptable do you personally think it is fora  1:88.4%
Q19d driver to: send text messages or emails while 2:5.7% 1/4 1087
driving 3:4.6% (D)
[1:mever, 2: seldom, 3: sometimes, 4:always] 4:1.4%
How acceptable do you personally think it is fora =~ 1:45.6%
Q1%h driver to: talk on a handheld cell phone while  2:15.4% 1/4 1084
driving 3:35.8% 4)
[1:mever, 2: seldom, 3: sometimes, 4:always] 4:3.2%
How acceptable do you personally think it is fora  1:17.5%
Q19 driver to: talk on a hands-free cell phone while  2:10.5% 1/4 1077
driving 3:52.2% (11)
[1: never, 2: seldom, 3: sometimes, 4: always] 4:19.9%
PPA Prediction of Possible Accidents caused by Distraction (latent variable)
Whether you strongly agree, agree, disagree, or
strongly disagree with each of the following 1:1.1%
Q30d statements: driving while talking on a cell phone 2:8.5% 1/4 1081
increases the chance you might have an accident. 3:71.6% @)
[1: strongly disagree, 2:disagree, 3:agree, 4:18.8%
4:strongly agree]
Whether you strongly agree, agree, disagree, or
strongly disagree with each of the following 1:0.2%
Q30¢ statements: driving while eating or drinking 2:11.4% 1/4 1084
increases the chance you might have an accident. 3:77.5% 4
[1: strongly disagree, 2: disagree, 3: agree, 4:  4:10.9%

strongly agree]
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Table 5-2: Summary statistics of socioeconomic and demographic variables
(weighted)
. Response
h}]l?::l?(?llleic Variable Description Frequency Min/Max (nﬁ:ssiensg)
(Std.Dev.)
The gender of the participants 1:48.2% 1088
GENDER ). ale, 2:female] 2:51.8% 12 (0)
Current age of the participants 1080
AGE [range 18-96] N/A 18/95 )
The highest level of education that
the participants have completed
: . 1:11.5%
[1: some high school, 2: high school An 2o
EDU 2:33.5%

(EDUCATION) graduate, 3: some college or 3:31.7% 15 1086
technical  school, 4: college 4:1 6'7"/0 2)
graduate with BA/BS, etc., 5: 5"6 '5(y0
graduated degree completed, MA, e
MS, MFA PhD,etc.]

;A:)rlllr:::l household income from all 1:20.4%
2:26.9%
[1: less than $25K, 2:$25K to less oA oo 967
INCOME than $50K, 3: $50K to less than 431??20? 173 (121)
$75K, 4:$75K to less than $100K, .7 4'30/"
. . 0

5:$100K or more]
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Table 5-3: Correlation matrix for measured variables

Q24a Q24b Q24c¢ Q24d Q24e Q24f Q24g Q21p Q21q Q25

Q24a 1.0000 0.2963 0.1881 0.1911 0.1633 0.2114 0.0759 0.0618 0.0232 0.0474
Q24b 0.2963 1.0000 0.3516 0.2678 0.1890 0.2312 0.1615 0.0852 0.0243 0.0221
Q24c 0.1881 0.3516 1.0000 0.1805 0.1495 0.1024 0.1387 -0.0706 -0.0703 -0.0825
Q24d 0.1911 0.2678 0.1805 1.0000 0.2144 0.1581 0.1160 0.0423 0.0080 -0.0203
Q24e 0.1633 0.1890 0.1495 0.2144 1.0000 0.1641 0.1717 0.0335 0.0182 0.0040
Q24f 0.2114 | 0.2312 0.1024 0.1581 0.1641 1.0000 0.3289 0.4086 0.1497 0.2004
Q24g 0.0759 0.1615 0.1387 0.1160 0.1717 0.3289 1.0000 0.0528 0.2021 0.0437
Q21p 0.0618 0.0852 -0.0706 0.0423 0.0335 0.4086 0.0528 1.0000 0.2941 0.3350
Q21q 0.0232 0.0243 -0.0703 0.0080 0.0182 0.1497 0.2021 0.2941 1.0000 0.2355
Q25 0.0474 | 0.0221 -0.0825 -0.0203 0.0040 0.2004 0.0437 0.3350 0.2355 1.0000
Q26 -0.0223 | 0.0239 -0.0426 0.0216 0.0206 0.0795 0.1132 0.1337 0.3542 0.3756
Q19d 0.0169 | -0.0154 0.0492 -0.0652 -0.0048 -0.1876 -0.2161 -0.1461 -0.3146 -0.1212
Q19h -0.1179 | -0.1065 0.0246 -0.0722 -0.0847 -0.4456 -0.1397 -0.4598 -0.2666 -0.2154
Q19i -0.1482 | -0.0959 0.0568 -0.0677 -0.0864 -0.3357 -0.0639 -0.3895 -0.1902 -0.1843
Q30d 0.0701 0.0709 0.0557 0.0913 0.0904 0.3790 0.1213 0.2841 0.1407 0.1316
Q30e 0.1239 0.1045 0.0659 0.1324 0.1002 0.2350 0.0334 0.1656 0.0632 0.0692
GENDER 0.0037 0.0437 0.0696 -0.0305 0.0053 0.0673 0.0653 0.0846 0.1033 0.2270
AGE 0.0630 0.0595 -0.0698 0.0192 0.0157 0.2556 0.0921 0.4582 0.3849 0.2136
EDUCATION | -0.0659 | -0.0453 0.0591 -0.0310 0.0030 -0.0687 0.0471 -0.1805 -0.0406 -0.1057
INCOME -0.0766 | -0.0966 -0.0154 -0.0492 -0.0198 -0.1718 -0.0054 -0.3231 -0.1317 -0.2081
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Table 5-3 (continued)

026 Q19d Q1% Q19i Q30d Q30e | GENDER | AGE | EDUCATION | INCOME

Q24a 0.0223 | 0.0169 | -0.1179 | -0.1482 | 0.0701 0.1239 0.0037 | 0.0630 -0.0659 -0.0766
Q24b 0.0239 | -0.0154 | -0.1065 | -0.0959 | 0.0709 0.1045 0.0437 | 0.0595 -0.0453 -0.0966
Q24c -0.0426 | 0.0492 0.0246 0.0568 0.0557 0.0659 0.0696 | -0.0698 0.0591 -0.0154
Q24d 0.0216 | -0.0652 | -0.0722 | -0.0677 | 0.0913 0.1324 | -0.0305 | 0.0192 -0.0310 -0.0492
Q24e 0.0206 | -0.0048 | -0.0847 | -0.0864 | 0.0904 0.1002 0.0053 | 0.0157 0.0030 -0.0198
Q24f 0.0795 | -0.1876 | -0.4456 | -03357 | 0.3790 0.2350 0.0673 | 0.2556 -0.0687 -0.1718
Q24g 0.1132 | -02161 | -0.1397 | -0.0639 | 0.1213 0.0334 0.0653 | 0.0921 0.0471 -0.0054
Q21p 0.1337 | -0.1461 | -0.4598 | -0.3895 0.2841 0.1656 0.0846 | 0.4582 -0.1805 -0.3231
Q21q 03542 | -03146 | -02666 | -0.1902 | 0.1407 0.0632 0.1033 | 0.3849 -0.0406 -0.1317
Q25 03756 | -0.1212 | -0.2154 | -0.1843 0.1316 0.0692 02270 | 0.2136 -0.1057 -0.2081
Q26 1.0000 | -0.1842 | -0.1340 | -0.0992 | 0.0562 0.0268 0.0519 | 0.1841 -0.0721 -0.0934
Q19d -0.1842 | 1.0000 0.1888 0.1668 | -0.0709 | -0.0142 | -0.0694 | -0.1838 -0.0346 -0.0106
Q1% -0.1340 | 0.1888 1.0000 04954 | -02948 | -0.1868 | -0.0262 | -0.3190 0.1369 0.1999
Q19i -0.0992 | 0.1668 0.4954 1.0000 | -0.2013 | -0.1481 | -0.0555 | -0.3384 0.1297 0.2142
Q30d 0.0562 | -0.0709 | -0.2948 | -0.2013 1.0000 0.3878 0.0040 | 0.1096 -0.0283 -0.0673
Q30e 0.0268 | -0.0142 | -0.1868 | -0.1481 0.3878 1.0000 | -0.0574 | 0.1237 -0.0488 -0.0309
GENDER 0.0519 | -0.0694 | -0.0262 | -0.0555 0.0040 | -0.0574 1.0000 | 0.1088 -0.0236 -0.1697
AGE 0.1841 | -0.1838 | -0.3190 | -0.3384 | 0.1096 0.1237 0.1088 | 1.0000 -0.1507 -0.2072
EDUCATION | -0.0721 | -0.0346 | 0.1369 0.1297 | -0.0283 | -0.0488 | -0.0236 | -0.1507 1.0000 0.3884
INCOME -0.0934 | -0.0106 | 0.1999 02142 | -0.0673 | -0.0309 | -0.1697 | -0.2072 0.3884 1.0000
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5.3 Handling Missing Values
A total of 385 observations were missing from the dataset. According to the descriptive
statistic, three variables had more than 5% of observations missing, which are Q24e (198
missing of 1,088), Q24g (94 missing of 1,088) and income (121 missing of 1,088). In a bid
to examine whether the missing values would bias the results, the Box’s M test was used to
test the equality of covariance matrices between the two groups of datasets (with and without
the missing data). The two groups of data were established by coding a dummy variable with
value of 0 and 1: the cases without missing values on Q24e, Q24g and income were coded by
1; the cases with missing values on any of these three questions were coded by 0. The Box’s
M test examined if these two groups of data had same variance-covariance matrix.

Hy: Two groups of data had same variance-covariance matrix, ;= Z,;

H;: Two groups of data had different variance-covariance matrix, X# Z,.

The results of this test are presented in Table 5-4.

Table 5-4: Box’s M test results

Box's M 395.429
F Approx. 2.509
df; 153
df; 525051.666
Sig.(p-value) .000

The test concluded that the null hypothesis of equal population covariance-matrices
(p<0.05) should be rejected. However, note that Box’s M Test is very sensitive to violations
of normality of the variables. Non-normal distribution of the variables can easily lead to a

rejection of the null hypothesis by Box’s M test. As such, this result cannot provide a
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definitive conclusion that the missing values would bias the model results in the analysis that
will follow.

Imputation is considered as another effective strategy to deal with missing values.
However, imputation could add bias to the estimation results.

Due to a lack of other evidence, the cases with missing values were deleted from the

dataset. This will be discussed in Chapter 6 as a limitation of this study.

5.4 Model Construction and Results
In this section, the construction of the model will be illustrated via a hypothetical path
diagram. The major hypotheses will be stated prior to the analysis, and the results will be

discussed based on these hypotheses.

5.4.1 Model 1

A total of 16 distracted driving-related questions were used for constructing the model. For
the detailed description of the questions please refer to Table 5-1. Five major hypotheses
were made among the four latent variables as discussed next. The relationships between
individual socioeconomic and demographic characteristics and their distracted driving-
related attitudes, behaviors and experiences were also determined in this study.

The five major hypotheses among the latent variables are:

Hypothesis n;: higher personal distractibility would decrease the chance of people engaging
in distracting activities while driving (DB—SDDB).

Hypothesis n,: higher personal distractibility leads to lower acceptability of driving with

distraction (DB—PADD)
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Hypothesis n3: higher personal distractibility leads to higher agreement on possible accidents
caused by distracted driving (DB—PPA)

Hypothesis n4: lower indicated self-distraction while driving behavior leads to lower
acceptability of distracted driving (SDDB—PADD).

Hypothesis ns: lower acceptability of distracted driving leads to higher agreement on possible
accidents caused by distracted driving (PADD—PPA).

Figure 5-1 illustrates the hypothetical path diagram for the analysis based on the
above hypotheses. The estimation results would provide either practical supports or
rejections on the hypotheses. Two types of relationships are indicated by arrows with
different colors and directions. The blue arrows are pointed from latent variables to
measured responses of distracted driving-related questions. The measured variables
(responses to the questions) were considered as indicator variables for latent variables. The
five arrows in red indicate relationships between the four endogenous (latent) variables that

need to be examined.
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Figure 5-1: Hypothetical path diagram for model 1
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The current section presents the estimated coefficients for hypothetical paths. Table 5-5
presents the standardized estimated coefficients for blue and red hypothetical path along with
t-statistic, standard error and estimated p-value. Furthermore, the overall information of the
model’s goodness of fit is presented in Table 5-6. The discussions of the results is provided

after each table.

Table 5-5: Estimation model 1 results

Hypothetic Path Path Coefficient Standard Error t-statistic p-value
Distractibility of Responders (DB)
Q24a—DB 0.289 0.038 7.507 <0.0001*
Q24b<—DB 0.355 0.037 9.533 <0.0001*
Q24c—DB 0.158 0.040 3.908 <0.0001*
Q24d<—DB 0.281 0.038 7.282 <0.0001*
Q24e<—DB 0.240 0.039 6.104 <0.0001*
Q24f—DB 0.802 0.030 26.506 <0.0001*
Q24g—DB 0.400 0.036 11.055 <0.0001*
Self-Reported Distracted Driving Behavior (SDDB)
Q21p<—SDDB 0.702 0.032 21.769 <0.0001*
Q21q«SDDB 0.473 0.036 13.201 <0.0001*
Q25<—SDDB 0.451 0.036 12.387 <0.0001*
Q26—SDDB 0.321 0.039 8.188 <0.0001*
Personal Acceptability for Distracted Driving (PADD)
Q19d<—PADD 0.296 0.038 7.816 <0.0001*
Q19h+—PADD 0.786 0.027 29.411 <0.0001*
Q191<—PADD 0.631 0.029 21.919 <0.0001*
Prediction of Possible Accidents caused by Distraction (PPA)
Q30d<—PPA 0.743 0.048 15.353 <0.0001*
Q30e<—PPA 0.507 0.041 12.380 <0.0001*
Coefficients Among Endogenous (latent) Variables
PADD+DB -0.339 0.062 -5.485 <0.0001*
PADD+SDDB 0.565 0.062 9.179 <0.0001*
PPA—DB 0.434 0.082 5.308 <0.0001*
PPA—PADD -0.208 0.081 -2.567 <0.01%**
SDDB«DB -0.562 0.046 -12.177 <0.0001*

* Variables are statistically significant at a 99.99% confidence level (0=0.0001)
** Variables are statistically significant at a 99% confidence level (a=0.01)

The indicator variables for distractibility (DB), self-reported distracted driving

behavior (SDDB), personal acceptability of distracted driving (PADD) and prediction of
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possible accidents caused by distraction (PPA) all have positive path coefficient signs and are
statistically significant at a 99.99% confidence level (a = 0.0001) except the path between
PADD and PPA which is significant at a 99% confidence level (o = 0.01). The path
coefficients presented the relationship between exogenous variables as well as the loading
that contributed to construct the latent variables by measured variables. A positive path
coefficient shows that an increase in the measured variable would increase the latent variable,
while a negative path coefficient shows that an increase in the measured variable would
decrease the latent variable.

1) Distractibility (DB)

A total of seven questions were used in constructing the latent variable
distractibility (DB). The consistently positive path signs indicated that the
latent variable DB was constructed following the response sequence of
measured variables (from not at all distracting to very distracting). For
instance, the positive relationship between DB and question 24a indicated
that people with higher distractibility would feel that having the radio on or
music playing while driving is very distracting. Note that the stated
responded on question 24c, asked about the driving experience with children
sitting in the backseat, might not be truly capturing participants’ experience
as perhaps not all the participants who responded to this questions had
children.

2) Self-reported distracted driving behavior (SDDB)

Four self-reported distracted driving behavior questions were used in

constructing latent variable SDDB. In the same manner, the latent variable
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SDDB has the same structure as the four measured variables used in
constructing SDDB. For example, the positive sign between question 21p
and SDDB shows that participants had higher chance to engage in distracted
driving if they stated that they had talked on any kind of cell phone while
driving in the past 30 days.

3) Personal acceptability of distracted driving (PADD)

PADD was constructed by three measured indicators. PADD is ordered with
responses from never accept to always accept for personal distracted driving.
The positive relationship between PADD and other latent variables indicates
that the driver would tend to always accept distracted driving.

4) Prediction of possible accidents caused by distraction (PPA)

Prediction of possible accidents (PPA) led by distraction was constructed by
two observed indicators. The ordered response was from strongly
disagreeing to strongly agreeing, which also form the underlying construction
of PPA. The positive relationship between PPA and other variables indicates
that drivers tend to strongly agree that distracted driving would increase the

chance of having an accident.

The estimated path coefficients showed that personal distractibility (DB) was
negatively related to self-reported distracted driving behavior (SDDB), which indicates that
the first hypothesis (n;) is true: the driver with higher distractibility is not likely to accept
distracted behavior while driving. In addition, the hypothesis 1, has been proven true with

negative path coefficient sign: higher personal distractibility (DB) leads to lower
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acceptability of distracted driving (PADD). In the same manner, a driver with higher
personal distractibility (DB) is more likely to agree that distracted driving would more easily
lead to accidents (PPA), so hypothesis m; turns out to be true in this study. Last two
hypotheses (14 and 15) examined the relationship between personal acceptability of distracted
driving (PADD) and self-distracted driving behavior (SDDB) and predicted possible
accidents for distracted driving (PPA). The path coefficient between PADD and SDDB is
positive which shows that the assumptions made prior to the analysis were tested to be true.
A driver who has lower acceptability of distracted driving would not drive with distractions.
The negative path between PADD and PPA presented that with lower acceptability of
distracted driving, it would increase the agreement on predicted possible accidents caused by
distracted driving. All the hypotheses were tested to be true in this study. If present all the

effects indicated in the path diagram by equations, it can be expressed as:

DB = —0.562(SDDB) + 0.434(PPA) — 0.339(PADD) + 0.289(Q24a)
+ 0.355(Q24b) + 0.158(Q24c) + 0.281(Q24d) + 0.240(Q24e¢)
+ 0.802(Q24f) + 0.400(Q24g) + errors

SDDB = —0.562(DB) + 0.565(PADD) + 0.702(Q21p) + 0.473(Q21q)
+ 0.451(Q25) + 0.322(Q26) + errors

PPA = 0.434(DB) — 0.208(PADD) + 0.743(Q30d) + 0.507(Q30e) + errors

PADD = —0.339(DB) — 0.208(PPA) + 0.565(SDDB) + 0.296(Q19d) + 0.786(Q19h)

+ 0.631(Q19i) + errors
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It can be observed that some paths had lower coefficients than others (such as
DB—Q24c and DB —Q24e), which indicated that these measured variables had lower
contribution to constructing the latent variables. It should be pointed out that the
convergence (higher correlation) between some indicator variables affected the factor
loadings. Since most of the latent variables were constructed by cell phone-related variables,
the higher correlation between these variables led to higher path coefficients in the estimation

results.

The overall information used to access the goodness of fit for the model is shown in
Table 5-6. The GOF measures were defined in Chapter 4.

Table 5-6: Overall fit summary-model 1

Number of observations 783
Chi-Square 593.426
Degrees of Freedom (DOF) 95
Chi-Square/DOF 6.246
P > Chi-Square <0.0001
Standardized RMSR (SRMSR) 0.0725
Adjusted GFI (AGFI) 0.858
Parsimonious GFI 0.713
Root Mean Square Error of Approximation 0.081
(RMSEA) Estimate ’
Bentler Comparative Fit Index 0.748

In general, the model fit is good with such fairly large sample size and various non-
significant paths. By adjusting the sample size, the value obtained by calculating the chi-
square divided by the degrees of freedom was 6.25, which is higher than 2, but fairly close.
In addition, the standardized RMSR (SRMSR) is 0.0725, which is close to 0.06. Moreover,

the adjusted GFI (AGFI) is 0.8583 and considered close to 1.0 which indicated a good fit.
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Based on the criteria used to assess the goodness of fit, it can be summarized that the
model in this study fit quite close to the dataset and predicted the hypothesis very well. The
results obtained in this study can sufficiently represent the current culture of distracted

driving in lowa.

5.4.2 Model 2

A second model was developed to examine the relationship among personal characteristics
(gender, age, education and income) and latent variables (DB, SDDB, PADD, and PPA).
Figure 5-2 shows the relationships that were examined in the second model. All the red and
blue paths remained the same and another 16 paths (shown in black) from socioeconomic and
demographic variables to the four latent variables were added. The estimation results are

presented in Table 5-7, followed by a discussion of each significant path.
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Figure 5-2: Hypothetical path diagram for model 2
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Table 5-7: Path coefficients for socioeconomic and demographic variables

Hypothetic Path Path Coefficient Standard error t-statistics p-value
DB«—GENDER 0.019 0.043 0.437 0.331
PADD«+—GENDER 0.0835 0.040 2.075 <0.025%**
PPA—GENDER -0.019 0.048 -0.425 0.335
SDDB«—GENDER -0.100 0.043 -2.513 <0.01**
DB—AGE 0.298 0.042 7.134 <0.0001*
PADD—AGE -0.000 0.060 -0.007 0.497
PPA—AGE -0.055 0.051 -1.070 0.142
SDDB—AGE -0.408 0.042 -9.788 <0.0001*
DB—EDUCATION -0.008 0.046 -0.187 0.426
PADD«+—EDUCATION 0.032 0.042 0.771 0.220
PPA<—EDUCATION 0.019 0.048 0.405 0.343
SDDB«+—EDUCATION 0.051 0.043 1.207 0.114
DB—INCOME -0.127 0.046 -2.730 <0.01%**
PADD«+INCOME -0.066 0.048 -1.375 0.085
PPA—INCOME 0.083 0.049 1.701 0.045
SDDB«—INCOME 0.211 0.044 4.847 <0.0001*

* Variables are statistically significant at a 99.99% confidence level (0=0.0001)
** Variables are statistically significant at a 99% confidence level (0=0.01)
*#* Variables are statistically significant at a 97.5% confidence level (0=0.025)

The impacts of socioeconomic and demographic variables were not consistently significant
in the model. According to the results shown in Table 5-7, three paths were statistically
significant at a 99.99% confidence level (o = 0.0001); one paths was statistically significant
at a 99% confidence level (o = 0.001); one path was statistically significant at a 97.5%
confidence level (a = 0.025). The remaining ten hypothetical paths were not considered
statistically significant in the study.

e Gender (1: male, 2: female)

Two gender-related paths were significant. Female drivers seem to be more likely to
accept distracted driving, and less likely to be driving under distraction. These results
suggest that male drivers are more likely to be involved in distracted driving

compared to female drivers.
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o Age (18-95 years old)
It was found that with an increase in age, drivers would more easily feel distracted
while driving; in other words, older drivers have higher distractibility than younger
drivers. In addition, the negative path coefficient between age and self-reported
distracted driving behavior confirmed that young drivers are more likely to be
involved in distracted driving. It can be concluded that younger drivers should be
recognized as potential safety concern both in terms of attitudes and behavior.

¢ Household Income (less than $25K —$100K and more)
Income was examined as an important structural factor of two latent variables. The
results suggested that drivers of higher income have lower distractibility and are more
likely to drive frequently with distractions compared to lower income drivers. The
latter can be the reason why they have lower distractibility, as they are used to drive
with distractions, they might no longer consider those activities distracting. This
analysis shows that another socioeconomic group besides male and younger drivers is
in higher risk of distracted driving.

e Education (some high school - graduated degree completed)
In this study, the education level was not found to significantly contribute to any of
the latent variables. This result seems to suggest that the personal education level
does not directly affect the overall attitude and experience of distracted driving in
Iowa. However, since education and income are typically correlated, the education
level may have some indirect effects on distracted driving-related experience,

attitudes and behavior.
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It can be concluded that the socioeconomic and demographic status affect drivers’
experiences, attitudes and behaviors of distracted driving. Similar to previous studies
(Goodwin et al., 2012; Donovan, 1993; Hosking et al., 2009), younger drivers do not take
distracted driving as serious as older drivers. Furthermore, this study provided evidence that
male drivers and the drivers of higher household income could be considered more prone to
distracted driving. Due to the correlation between education level and income, higher
educated drivers could be engaged in distracted driving more frequently as well.
The overall model fit measures are presented in Table 5-8.

Table 5-8: Overall fit summary-model 2

Number of observations 703
Chi-Square 650.208
Degrees of Freedom 143
Chi-Square/DOF 4.547
P > Chi-Square <0.0001
Standardized RMSR (SRMSR) 0.064
Adjusted GFI (AGFI) 0.860
Parsimonious GFI 0.681
Root Mean Square Error of Approximation 0.071
(RMSEA) Estimate '
Bentler Comparative Fit Index 0.776

Compared to the first model, the overall fit of this model is better. The chi-square
value is larger, and the chi-square value over the degrees of freedom, decreased from 6.25 to
4.55. As stated in Chapter 4, with large sample size, a value close to four indicates an overall
good fit of the model. Comparing to model 1, all the goodness of fit measurements indicate

an overall better fit of this model.

5.4.3 Modified Model
Besides testing the hypotheses, another goal of this thesis is to identify the best model that

can represent the culture of distracted driving in lowa. To achieve this, model 2 was
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modified to include paths that are statistically significant at least at a 99% of confidence level.
The resulting model is in Figure 5-3. Since variable EDUCATION was not eligible to be
included in any paths, it was only connected to variable INCOME with a double pointed
arrow showing that the correlation between education and income is considered in the model.
Based on the modification indices provided in the model output, a newly added path (shown
in green) was pointed from gender to Q25. This suggests that a strong relationship may exist
between these two variables and in specific, that male drivers are more likely to use their cell
phone while driving because of work. The path coefficients of the model are presented in

Table 5-9 and the overall model fit summary is presented in Table 5-10.

Table 5-9: Estimation results of modified model

Hypothetic Path Path Coefficient Standard Error t-statistic p-value
Distractibility of Responders (DB)
Q24a—DB 0.289 0.040 7.173 <0.0001*
Q24b<—DB 0.362 0.039 9.362 <0.0001*
Q24c—DB 0.159 0.042 3.766 <0.0001*
Q24d<—DB 0.285 0.040 7.074 <0.0001*
Q24e—DB 0.263 0.041 6.472 <0.0001*
Q24f—DB 0.811 0.030 26.908 <0.0001*
Q24g—DB 0.422 0.037 11.353 <0.0001*
Self-Reported Distracted Driving Behavior (SDDB)
Q21p«<—SDDB 0.714 0.029 21.987 <0.0001*
Q21q«SDDB 0.499 0.034 14.378 <0.0001*
Q25<~—SDDB 0.408 0.037 11.106 <0.0001*
Q26<—SDDB 0.299 0.040 7.487 <0.0001*
Personal Acceptability for Distracted Driving (PADD)
Q19d—PADD 0.311 0.039 7.898 <0.0001*
Q19h«—PADD 0.782 0.027 28.857 <0.0001*
Q191—PADD 0.646 0.029 21.987 <0.0001*
Prediction of Possible Accidents caused by Distraction (PPA)

Q30d«—PPA 0.746 0.051 14.586 <0.0001*
Q30e<—PPA 0.507 0.043 11.7317 <0.0001*
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Table 5-9 (continued)

Coefficients Among Endogenous (latent) Variables

PADD+DB -0.348 0.063 -5.542 <0.0001*
PADD«+SDDB 0.542 0.059 9.169 <0.0001*
PPA—DB 0.426 0.086 4.940 <0.0001*
PPA—PADD -0.209 0.086 -2.441 <0.01**
SDDB«+DB -0.419 0.049 -8.606 <0.0001*
Path Coefficients for Socioeconomic and Demographic Variables
DB«+—AGE 0.299 0.041 7.254 <0.0001*
DB«+INCOME -0.116 0.042 -2.737 <0.01**
SDDB«+AGE -0.419 0.048 -8.606 <0.0001*
SDDB«+INCOME 0.227 0.038 5.875 <0.0001*
Q25—GENDER -0.178 0.034 -5.215 <0.0001*

* Variables are statistically significant at a 99.99% confidence level (0=0.0001)
** Variables are statistically significant at a 99% confidence level (0=0.01)

Table 5-10: Overall fit summary for modified model

Number of observations 703
Chi-Square 643.948
Degree of Freedom 154
Chi-Square/DOF 4.181
P > Chi-Square <0.0001
Standardized RMSR (SRMSR) 0.063
Adjusted GFI (AGFI) 0.870
Parsimonious GFI 0.733
Root Mean Square Error of Approximation 0.067
(RMSEA) Estimate '
Bentler Comparative Fit Index 0.784

Compared to Model 1 and Model 2, the modified model includes all the critical paths that are
statistically significant and displays a better fit. However, it should be pointed out that, a
large number of observations, the violation of normality of the variables as well as the
missing observations in the data set could affect the overall fit of the model. Based on the
available data and information, the modified model results provided the best overall fit. The

software outputs are provided in Appendix C.
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5.5 Summary
This chapter identified the relationship among endogenous variables as well as the
socioeconomic and demographic factors that mostly affect drivers’ attitudes and experiences
on distracted driving. It was found that the culture of distracted driving in Iowa was
essentially shaped by drivers’ behaviors, attitudes and experiences, the driver’s attitudes and
experiences were highly correlated, and some of the demographic characteristics contributed
to the differences in distracted driving attitudes and experiences. For example, male,
younger and drivers of higher income group were more likely to be involved in distracted
driving.

The next chapter offers some concluding remarks as well as the limitations of the

study, followed by recommendations for future research.
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CHAPTER 6. CONCLUSIONS, LIMITATIONS AND

RECOMMENDATIONS

6.1 Overview

The objectives of this thesis were to explore to the current culture of distracted driving and to
develop a statistical model to investigate the lowans’ attitudes, behaviors and experiences
toward distracted driving. This chapter summarizes the findings of this thesis followed by

the limitations of the study and recommendations for future research.

6.2 Conclusions

Four latent variables were constructed using measured variables (survey questions), which
included a wide range of distracting activities while driving. This study identified the
relationship among endogenous variables as well as the socioeconomic and demographic
factors that mostly affect drivers’ attitudes and experiences on distracted driving. It was
found that the culture of distracted driving in Iowa was essentially shaped by drivers’
attitudes, experiences and behaviors, which were highly correlated. Drivers who engage
frequently in distracted driving are less likely to view distracted driving as a serious safety
concern compared to other drivers.

Moreover, those drivers would more easily accept distracted driving behaviors and
predict fewer crashes to be caused due to drivers’ distraction. Since cell phone-related
questions contributed significantly to the constructing of the four latent variables, the results
of this study can be viewed as the shared attitudes and behaviors regarding cell phone use

while driving among adult Iowan drivers. Compared to texting or emailing while driving, the
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participants’ responses related to talking on a cell phone while driving influenced their
attitudes and experiences to a larger degree. In addition, the survey data revealed that talking
on a cell phone was a more widespread and common form of distracted driving behavior
among adult Jowan drivers. Furthermore, the public perceived using a hands-free cell phone
as more acceptable than using a handheld cell phone. According to the previous studies
(Abdel-Aty, 2003; Ishigami & Klein, 2009; Patten et al., 2004), there was no evidence to
prove that using hands-free cell phone while driving was safer than using handheld cell
phone. Hence, the drivers’ attitudes associate with hands-free cell phone should be improved
in Iowa.

The second model provided important evidence on the specific personal
characteristics that affect distracted driving-related behaviors and attitudes and form the
culture of distracted driving in Iowa. Higher income, younger and male drivers are more
likely to be involved in distracted driving; these results were supported by previous studies
and a national survey as well (Guarino, 2013; Hosking et al., 2009). In addition, male drivers
indicated that they were more likely to use their cell phone while driving because of work.
Also, drivers with higher education level from another group that is more likely to engage in
distracted driving. Furthermore, age and household income were found to affect drivers’
attitudes and behaviors regarding distracted driving at a large degree. In summary, this thesis
determined the target populations that are in higher risk for distracted driving and these
findings can be useful for developing intervention approaches to reduce distracted driving in
Iowa. Past studies (Johnston, 2009; McNeely & Gifford, 2007; Wundersitz et al., 2010) have
recommended strategies to transform the overall traffic safety culture. Safety campaigns, law

enforcement, advanced in-vehicle technologies, education programs, and behavioral studies
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are all regarded as appropriate intervention approaches to reducing distracted driving
(Cosgrove et al., 2011; Falk & Montgomery, 2007; Gostin & Jacobson, 2010; Governors
Highway Safety Association, 2011; Ibrahim et al., 2011; National Highway Traffic Safety
Administration, 2010; World Health Organization, 2011; World Road Association, 2012).
These interventions can be designed to target specific population groups in a bid to deter
them from distracted driving.

In specific, this study determined that younger drivers were more likely to invovled in
distracted driving. Stricker law enforcement could be an effective strategy for reducing
distracted driving among younger drivers, and ultimately, changing driver behavior.
Additionally, launching traffic safety campaingns in schools and developing young driver
education programs can all be potentially effective in reducing distracted driving by younger
drivers. Moreover, drivers with higher income were identified with a higher frequesncy of
distracted driving behaviors that can be associated with their work. Developing education
programs within organizations and companies could help to reduce distracted driving

because of work.

6.3 Study Limitations

It is important to point out that this study has three major limitations. The first relates to the
data used for this study. The final model only included five distracted driving-related
questions and four socioeconomic and demographics variables. In addition, more than 300
responses with missing values were deleted from the original dataset. As such, the

information included in this study only addresses a limited range of distracted driving-related
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attitudes and behaviors. Deleting the missing data may result in loss of statistical power, and
may also lead to bias in the results.

The second limitation relates to the use of self-reported data and the risk of under-
reporting of real behaviors and attitudes. The respondents may wish to conceal or minimize
the fact that they engage in such behaviors. The results may be prone to bias and might
underestimate the existing phenomenon.

The last limitation of this study is the lack of comprehensive analysis among
distracted driving and other risky driving behaviors (such as drunk driving, speeding, etc.).
Drivers engaged in distracted driving, may adopt similar attitudes for other risk driving
behaviors. A comprehensive study of these risky behaviors could offer a better

understanding of the overall traffic safety culture in lowa.

6.4 Recommendations for Future Research
While this study provided insights on the culture of distracted driving in lowa, a few
recommendations for future research are discussed next.

1. In order to obtain a more accurate estimation of the current culture of
distracted driving in lowa, future research should design a full-scale
questionnaire that includes a comprehensive list of distracted driving-related
questions with consistent responses, as well more questions about the
participants’ attributes, such as personal demographics and socioeconomic
information. It would be desired to have a high response rate and collect a

large numbers of responses, with as few missing values as possible.
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2. It is recommended to conduct actual field observation on distracted driving
behaviors. Combining the self-reported responses with field observations
(giving participants unique personal ID or vehicle ID and install cameras in
the vehicle to trace their driving behaviors) would provide convincing and
more robust results on the existing culture of distracted driving. It would also
test the authenticity of the responses.

3. Future research should examine the relationship among various risky driving
behaviors and attitudes. This will be of particular interest for making
inferences on the current overall traffic safety culture in lowa and identify the
target populations of safety concern.

4. Tt is also suggested to conduct similar studies in other states with similar or
different laws related to restricting cell phone using while driving as well as
similar of different socioeconomic and demographics. The results can be used
to compare the culture of distracted driving in different states and develop

comprehensive nation-wide intervention approaches to deter distracted driving.
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APPENDIX A: DISTRACTED DRIVING-RELATED SURVEY

QUESTIONS AND RESPONSES

Questions

Responses

Q10. How well do you think the state of lowa
has done in the following areas:

f. Reducing distracted driving

1. Excellent: 6.1%
2. Good: 28.0%
3. Fair: 42.4%
4. Poor: 20.2%
5. Don’t know/not sure: 3.2%

Q14. Is it legal or illegal for driver under 18 to
use a cell phone for any purpose while driving in
Iowa?

1. Legal:13.3%
2. lllegal: 86.7%

QI5. For adults, is it legal or illegal to read,
write, or send a text message while driving in
Iowa?

1.Legal: 11.2%
2.1llegal: 88.8%

Q18. How serious a threat to traffic safety you
think it is?
e. Distracted Driving

1. Drivers using cell phones

e.
1. Very serious: 71.8%
2. Somewhat serious: 24%
3. Slightly serious: 3.1%
4. Not at all serious: 1.1%
i.
1. Very serious: 57.6%
2. Somewhat serious: 32.0%
3. Slightly serious: 8.3%
4. Not at all serious: 2.1%

Q19. How acceptable to you personally think it
is for a driver to...?

d. Send text messages or emails while driving
h. Talk on a hand-held cell phone while driving
1. Talk on a hand-free cell phone while driving

d.

Always acceptable: 1.4%
Sometimes acceptable: 4.6%
Seldom acceptable: 5.7%
Never acceptable:88.4%

h.

Always acceptable: 3.2%
Sometimes acceptable: 35.8%
Seldom acceptable: 15.4%
Never acceptable:45.6%

1.

Always acceptable: 19.9%
Sometimes acceptable: 52.2%
Seldom acceptable: 10.5%
Never acceptable:17.5%

Q20. Please tell me how often you have seen
other drivers in your area do the following...

a.
Every day: 71.7%
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a. Talk on a cell phone while driving
1. Read or send a text message or email while
driving

A few times a week: 18.4%
A few times a month: 4.4%
Once a month or less: 3.3%

Never: 2.2%

1.
Every day: 35.0%

A few times a week: 29.5%
A few times a month: 13.4%
Once a month or less: 9.8%

Never: 12.2%

Q21. In the past 30 days, as the driver of a
vehicle, have you...?

Cell phone use

p. Talked on any kind of cell phone while you
were driving

g- Read or sent a text message or email while
you were driving

p- Yes: 66.8%, No: 33.2%

q- Yes: 19.1%, No: 80.9%

Q24. Please tell me whether you find it very
distracting, somewhat distracting, or not at all
distracting to...

a. To have the radio on or music playing

b. To have passengers in your car having
conversations or interacting

c. To have children sitting in the backseat

d. To drive through an area with a lot of
commercial signage such as billboards

e. Touse a GPS device while driving
f. To make or receive cell phone calls

g. To receive text messages or emails

a.
Very distracting: 1.2%
Somewhat distracting: 20.1%
Not at all distracting: 78.7%
b.

Very distracting: 2.1%
Somewhat distracting: 42.7%
Not at all distracting: 55.2%
C.

Very distracting: 7.9%
Somewhat distracting: 48.6%
Not at all distracting: 43.4%
d.

Very distracting: 12.7%
Somewhat distracting: 44.1%
Not at all distracting: 43.3%
e.

Very distracting: 10.8%
Somewhat distracting: 49.9%
Not at all distracting: 39.3%
f.

Very distracting: 35.5%
Somewhat distracting: 52.7%
Not at all distracting: 11.8%
g.

Very distracting: 84.3%
Somewhat distracting: 11.9%
Not at all distracting: 3.7%
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Q25. In the past 30 days, have you been required

. o

or expected to talk on your cell phone while Yes'. 22.5%

. No: 77.5%
driving because of work?
Q26. In the past 30 years, have you been
required or expected to send or receive a text Yes: 5.0%
message or e-mail on your cell phone while No: 95.0%
driving because of work?

d

Q30. Please tells me whether you strongly agree,
disagree, or strongly disagree with each of the
following statements.

d. Driving while talking on a cell phone increase
the chance you might have an accident

e. Driving while eating or drinking increases the
chance you might have an accident

j. The chance of being caught is small for
sending or receiving a text message while
driving

Strongly agree: 18.8%
Agree: 71.6%
Disagree: 8.5%
Strongly disagree: 1.1%
e.

Strongly agree: 10.9%
Agree: 77.5%
Disagree: 11.4%
Strongly disagree: 0.2%
J-

Strongly agree: 10.4%
Agree: 63.6%
Disagree: 22.8%
Strongly disagree: 3.2%

0: 86.4%
. 0

Q36. During the past 2 years, how many 12' 1 2046(/)
accidents have you been in while you were 3 : O' 3‘VZ

e o :0.

driving? 4:0.0%
5:0.2%

0:71.5%
. 0

Q37. In how many of these accidents did li 1 59'39(/)
. . . 9 oI 0
distracted driving play a role? 32.0%
5:1.4%
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APPENDIX B: COMPLETE SURVEY QUESTIONNAIRE

HELLO, my name is (name) . I am calling from the University of Northern lowa.
We are gathering information about traffic safety in lowa. This project is conducted by the
Iowa Department of Transportation. Your telephone number has been chosen randomly, and
I would like to ask some questions about driving practices and traffic safety.

Is this __(phone number) ?
If "no,”
Thank you very much, but I seem to have dialed the wrong number. It’s
possible that your number may be called at a later time. STOP

Is this a private residence in lowa?
If "110,"
Thank you very much, but we are only interviewing private residences in
Iowa. STOP

Is this a cellular telephone?

[Read only if necessary: “By cellular (or cell) telephone we mean a telephone that is
mobile and usable outside of your neighborhood.”

If “yes,”
Thank you very much, but at this time we are only interviewing people on
landline telephones in private residences. STOP

I need to randomly select one adult who lives in your household to be interviewed. How
many members of your household, including yourself, are 18 years of age or older?

Number of adults

If " 1,"
Are you the adult?

If nyes,n
Then you are the person I need to speak with. Enter 1 man or 1 woman below
(Ask gender if necessary). Go to page 5.

If "no,"

Is the adult a man or a woman? Enter 1 man or 1 woman below. May I speak
with [fill in (him/her) from previous question]? Go to "correct
respondent" on the next page.

How many of these adults are men and how many are women?
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Number of men
Number of women

The person in your household that I need to speak with is

If "you," go to Consent
If other, ask to speak with him/her or schedule callback.

To the correct respondent:

HELLO, I am calling for the lowa Department of Transportation from the University of
Northern lowa. My name is (name). We are gathering information from the public
about traffic safety in lowa. Your telephone number has been chosen randomly, and I would
like to ask some questions.

Consent

I will not ask for your last name, address, or other personal information that can identify you.
You do not have to answer any question you do not want to, and you can stop the interview
at any time. For most people the interview takes about 25 minutes, but it can vary from
person to person. There are no direct benefits to you and any risks of participating are similar
to those typically encountered in your day to day life. Your individual answers are grouped
with those of others to maintain your confidentially. If you have any questions about the
study, I will provide a telephone number for you to call to get more information.

1. Have you driven in the past year?
1. Yes
No
7. Don’t know/Not sure
9. Refused

2. During the last year, in a typical 7-day week, about how many miles did you drive?

11. None

12. Less than 20 miles
13. 20-99 miles

14. 100-199 miles

15. 200-499 miles

16. 500-999 miles

17. 1000 miles or more
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66.  1do not drive anymore
77. Don’t know/Not sure
99.  Refused

3. Overall, do you think driving in Iowa feels safer, less safe, or about the same as it did
5 years ago?

1. Safer
About the same
3. Less safe
7. Don’t know/Not sure
0. Refused
4. How safe do you feel when driving a licensed motor vehicle on...
a. rural gravel roads in lowa?
b. city streets in lowa?
C. highways and interstates in lowa?
Would you say...
1. Very safe,
. Somewhat safe, or
3. Not at all safe?
6. I have never driven on a [.....]in Iowa
7. Don’t know/Not sure
0. Refused
5. Have you made a specific effort to improve or maintain your driving skills in the last

5 years, such as reading about safe driving, looking at the official lowa driver’s manual, or
taking a refresher class?

1. Yes
No
6. Haven’t driven in the last 5 years
7. Don’t know/Not sure
9. Refused
6. Thinking about ways to improve driving skills and habits. ..
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a. Do you think drivers renewing their license should be required to spend 10 to 15
minutes reviewing safe driving tips and updates on laws and road design?

b. Do you think drivers renewing their license should be required to pass a written
test?

c. Do you think drivers renewing their license should be required to pass a driving
test?

d. Should there be an insurance discount or other incentive for all licensed drivers to
take a refresher class to improve their driving skills and knowledge?

1. Yes

2 No

7. Don’t know/Not sure
9. Refused

[If Q1=2, skip to Q8]

7. Would you take such a driving class, either online or in person, if you received an
insurance discount or other incentive for doing so?

Would you say...
1. Definitely yes,
2. Probably yes,
3. Probably not, or
4. Definitely not?
7. Don’t know/Not sure
9. Refused
8a. The Towa Department of Transportation provides information about road conditions

through the Iowa 511 traveler information system. Have you ever used DOT resources to
learn about any of the following?

Road driving conditions
Construction zones

Road closures and detours
Weather, winds and temperatures

1. Yes
No
7. Don’t know/Not sure

9. Refused
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[If 8a=2, skip to Q9a]

8b.

9a.

9b.

10.

Did you use the lowa 511 resources to make your trip faster or to make your trip safer?

1. Faster
Safer

3. Both (DO NOT READ)

~

Don’t know/Not sure
9. Refused

Which of the following do you think would be most effective in making driving in
Iowa safer?

1. Engineering, such as road signs and road design
Education, such as driver’s education, refresher classes, or public service
messages

3. Enforcement, such as fines and penalties for speeding or sending text
messages

7. Don’t know/Not sure

9. Refused

Which of the following do you think would be least effective in making driving in
Iowa safer?

1. Engineering, such as road signs and road design
Education, such as driver’s education, refresher classes, or public service
messages

3. Enforcement, such as fines and penalties for speeding or sending text
messages

7. Don’t know/Not sure

9. Refused
How well do you think the state of lowa has done in the following areas:

Reducing alcohol-related accidents
Increasing safety belt use

Improving motorcycle safety

Improving the condition and safety of roads
Enforcing the speed limit

oo o
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f. Reducing distracted driving
g. Increasing commercial vehicle safety
h. Improving emergency medical services
1. Improving the safety of young drivers
J- Improving the safety of older drivers
Would you say...
1. Excellent,
2. Good,
3. Fair, or
4. Poor?
7. Don’t know/Not sure
9. Refused
11. Thinking of response times and quality of care, how satisfied are you with the

emergency medical services in your area?
Would you say...
1. Very satisfied,

. Somewhat satisfied, or
3. Not very satisfied?

~

Don’t know/Not sure
9. Refused

12. Do you support or oppose...

a. Having high-visibility law enforcement operations

b. Increasing the dollar amount of fines for speeding

c. Requiring OWI repeat offenders to use ignition interlock devices for extended
periods of time

d. Requiring motorcycle riders to complete more extensive training

e. Reinstating a law that requires motorcyclists to wear a helmet

f. Having a graduated licensing system for motorcyclists that is based on engine
size

1. Support

2 Oppose

7. Don’t know/Not sure

9. Refused
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The next few questions are about lowa’s graduated driver licensing system, or GDL.
In Towa, drivers go through three levels of licensing: instruction permit with
supervised driving, intermediate license with some restrictions, and the full license. In
Iowa, teens can get an instruction permit at age 14. In some states, the age for a first
license is older. Do you think 14 is ok, or what other age do you think it should be?

[ ]=age (if respondent says “ok” insert 14)

77. Don’t know/Not sure
99. Refused

Iowa requires teens to have an instruction permit for six months before they are
allowed to drive without an adult in the car. Some states require teens to have an
instruction permit for 12 months. Do you think Iowa should increase the permit
length to 12 months?

1. Yes

No
7. Don’t know/Not sure
9. Refused

Some states limit the number of young passengers that newly licensed teens can have.
Do you think Iowa should limit newly licensed teen drivers to no more than one teen
passenger?

1. Yes

No
7. Don’t know/Not sure
9. Refused

Iowa currently allows newly licensed teens to drive until 12:30 am. Some states
prohibit driving after 10 pm. Do you think Iowa should limit driving after 10 pm for
newly licensed teen drivers?

1. Yes

No
7. Don’t know/Not sure
9. Refused

Is it legal or illegal for drivers under 18 to use a cell phone while driving in lowa?
[Interviewer note: electronic devices that are installed into the car are not considered
cell phones for this question.]
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1. Legal
2 Ilegal
7. Don’t know/Not sure
9. Refused
15. Is it legal or illegal to read, write, or send a text message while driving in Iowa?
1. Legal
2. Ilegal
7. Don’t know/Not sure
0. Refused
16. The use of automated enforcement techniques such as speed cameras and red-light

cameras is increasing in lowa.

a. Do you support or oppose using cameras to automatically ticket speeding drivers on
major highways?

b. Do you support or oppose using cameras to automatically ticket speeding drivers on
city streets?

c. Do you support or oppose using cameras to automatically ticket drivers who drive
through red lights?

1. Support
Oppose
7. Don’t know/Not sure
9. Refused
17.  In your opinion, would drivers be more careful if they knew that speed and red light

cameras were in place?

1. Yes
No
7. Don’t know/Not sure
9. Refused
18.  I'm going to read a list of issues involving traffic safety. For each one, I’d like to

know how serious a threat to traffic safety you think it is.

a. People driving after drinking too much alcohol
b. People running red lights
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Excessive speeding
Aggressive driving
Distracted driving

Drowsy driving

Elderly drivers

Young drivers

Drivers using cell phones
People not wearing seatbelts

TorEgE o Ao

Would you say ...

1. Very serious threat to traffic safety
2. Somewhat serious

3. Slightly serious

4 Not at all serious

~

Don’t know/Not sure
9. Refused

How acceptable to you personally think it is for a driver to...?

Drive when they think they may have had too much to drink

Drive when they’re so sleepy that they have trouble keeping their eyes open
Drive 10 mph over the speed limit on a city street

Send text messages or emails while driving

Drive through a light that just turned red, when they could have stopped easily
Drive without wearing their seatbelt

Drive 10 mph over the speed limit on a freeway

Talk on a hand-held cell phone while driving

Talk on a hands-free cell phone while driving

Drive through a stop sign if the way looks clear

Make a right turn at a red light without stopping

Drive 10 mph over the speed limit on a rural gravel road

Would you say...

20.

Always acceptable,
Sometimes acceptable,
Seldom acceptable, or
Never acceptable?

b

~

Don’t know/Not sure
9. Refused

Please tell me how often you have seen other drivers in your area do the following...
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Talk on a cell phone while driving
Honk at other drivers
Speed through a yellow traffic light
Drive 10 miles per hour over the speed limit on a major highway
Drive 10 miles per hour over the speed limit on a city street
Drive through red lights on purpose
Drive while tired or sleepy
Tailgate other vehicles
Read or send a text message or email while driving
Become visibly angry at something another driver did
Drive while seeming to be impaired by drug or alcohol use
Drive through a stop sign

. Turn right at a red light without stopping
Drive 10 mph over the speed limit on a rural gravel road

BEITATITER MO A0 TR

Would you say...

Every day,

A few times a week,

A few times a month,
Once a month or less, or
Never?

Nk W=

~

Don’t know/Not sure
Refused

e

[If Q1=2, skip to Q22]
21. In the past 30 days, as the driver of a vehicle, have you...?

Seatbelt use
a. Allowed passengers to ride in the back seat of your car without wearing their seatbelts
b. Allowed passengers to ride in the front seat of your car without wearing their
seatbelts
c. Driven without wearing your seatbelt
d. Asked passengers to wear a seatbelt
Speeding
e. Been asked by a passenger to slow down or drive more carefully while driving
f.  Driven 10 mph over the speed limit on a highway or interstate
g. Driven 10 mph over the speed limit on a city street
h. Felt pressure from other drivers to drive faster
i.  Driven 10 mph over the speed limit on a rural gravel road
Lights/stop signs
J. Driven through a light that has just turned red, when you could have stopped safely
k. Sped up to get through a yellow light before it changed
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. Turned right at a red light without stopping
m. Driven through a stop sign
Drinking
n. Driven when you thought your blood alcohol content was above the legal limit
0. Driven when you thought your blood alcohol content was a little below the legal limit
Cell phone use
p. Talked on any kind of cell phone while you were driving
g. Read or sent a text message or email while you were driving
Other
Driven with an expired license
Driven when you were so tired that you had a hard time keeping your eyes open
Tailgated another vehicle
Became extremely angry at something another driver did
Honked at other drivers
. Tried to avoid driving on a certain road because you felt it was dangerous

S

1. Yes
No

7. Don’t know/Not sure
9. Refused

22.  If you have driven 10 mph or more over the speed limit in the past 5 years, was it
usually because you...

1. enjoyed the thrill of driving fast,
2. were running late,
3. were not paying attention to your speed, or
4. were keeping up with the flow of traffic
8. Didn’t drive 10 mph over in past 5 years
7. Don’t know/Not sure
9. Refused
23a.  What do you think the speed limit is on rural gravel roads?
______ Miles per hour
76 76 mph or higher
77 Don't know/Not sure
88 Depends on time of day
99 Refused

[IF Q23a <> 88, SKIP TO 24a]

23b. [INTERVIEWER: ENTER DAYTIME LIMIT BELOW]
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__ Daytime Limit
76 76 mph or higher

77 Don't know/Not sure
99 Refused

23c. [INTERVIEWER: ENTER NIGHTTIME LIMIT BELOW]
___ Nighttime Limit
76 76 mph or higher
77 Don't know/Not sure
99 Refused

24. I’'m going to read a list of things that might be distracting for some drivers. Please tell
me whether you find it very distracting, somewhat distracting, or not at all distracting to...

To have the radio on or music playing.

To have passengers in your car having conversations or interacting.

To have children sitting in the backseat.

To drive through an area with a lot of commercial signage such as billboards.
To use a GPS device while driving.

To make or receive cell phone calls.

To receive text messages or e-mails.

o ae o

Would you say it is...
1. Very distracting,
. Somewhat distracting, or
3. Not at all distracting?

6. I have never been in that situation

7. Don’t know/Not sure
9. Refused

25.  In the past 30 days, have you been required or expected to talk on your cell phone
while driving because of work?

1. Yes
No
7. Don’t know/Not sure
0. Refused
26. In the past 30 days, have you been required or expected to send or receive a text

message or e-mail on your cell phone while driving because of work?
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1. Yes

2 No

7. Don’t know/Not sure
9. Refused

When you ride a bicycle, do you usually wear a helmet?

1. Yes

2. No

6. I do not ride a bicycle
7. Don’t know/Not sure
9. Refused

When you ride a motorcycle, do you usually wear a helmet?

1. Yes
No
6. I do not ride a motorcycle
7. Don’t know/Not sure
9. Refused

About how many people do you think died last year from motor vehicle accidents in

Iowa? Even if you don’t know the exact number, please give me your best guess.

30.

(Range 0-999,995)

999,996. 999,996 or more
999,997. Don’t know/Not sure
999,999. Refused

Please tell me whether you strongly agree, agree, disagree, or strongly disagree with
each of the following statements.

a. There isn’t much chance of an accident if I am careful when speeding.

b. There isn’t much chance of an accident if I am careful when driving after
drinking alcohol.

c. Driving when you are tired increases the chance you might have an accident.

d. Driving while talking on a cell phone increases the chance you might have an
accident.
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e. Driving while eating or drinking increases the chance you might have an
accident.
f. The chance of being caught is small for not wearing a seatbelt.
g. The chance of being caught is small for driving after drinking alcohol.
h. The chance of being caught is small for speeding.
1. The chance of being caught is small for running a red light.
J- The chance of being caught is small for sending or receiving a text message
while driving.
Would you...
1. Agree strongly,
2. Agree somewhat,
3. Disagree somewhat, or
4. Disagree strongly?
7. Don’t know/Not sure
9. Refused
31.  Which one of the following most motivates you to drive safer? Is it ...
1. Your own safety
2. Safety of others
3. Fear of getting caught driving recklessly, or
4. Setting a good example?
7. Don’t know/Not sure
8. None of these
9. Refused

32. I have a few last questions about your background and we’ll be finished. What types
of vehicles do you drive? (Check all that apply.)

1. Car

2. Pickup truck or van

3. Motorcycle

4. Commercial vehicle

5. Other [Specify: ]

8. No vehicles

7. Don’t know/Not sure
0. Refused
33. Do you have a valid motor vehicle driver’s license?
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1. Yes
2 No, do not have a license
3. No, current license suspended
7. Don’t know/Not sure
0. Refused
34.  Has your license ever been suspended or revoked?
1. Yes
No
7. Don’t know/Not sure
0. Refused
35.  How many traffic tickets, if any, have you gotten in the past 2 years for moving

violations, including any that were reduced or dismissed?
# 0-20

77. Don’t know/Not sure
99. Refused

36.  During the past 2 years, how many accidents have you been in while you were
driving?

# 0-20

77. Don’t know/Not sure
99. Refused

If 36 = 0, skip to 38
37.  Did distracted driving play a role in any of these accidents?

1. Yes
No
7. Don’t know/Not sure
9. Refused
38. Are you...
1. Male
2. Female
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39.  What is your current age?
[range 0-96]
96. 96 or older
97.  Don’t know/Not sure
99. Refused
40a. How many children under age 5 currently live in your household?

[ ] children under 5

77. Don’t know/Not sure
99. Refused

40b. How many children ages 5 through 17 currently live in your household?

[ ] children

77. Don’t know/Not sure
99. Refused

41.  What is the highest level of education you have completed?

1. Never attended school or only attended kindergarten

2. Grades 1-8 (elementary)

3. Grades 9-11 (some high school)

4. Grade 12 or GED (high school graduate)

5. College 1 year to 3 years (some college or technical school)

6. College 4 years or more (college grad with BA/BS, etc.)

7. Graduate degree completed (MA, MS, MFA, MBA, MD, PhD, etc.)
7. Don’t know/Not sure

9. Refused

42. Which of the following best describes where you live? Do you live...

1. On a farm or in an open rural area,

2. In a small town of less than 5,000 persons,

3. In a large town of 5,000 to less than 25,000 persons,
4, In a city of 25,000 to less than 50,000 persons, or

5. In a city of 50,000 or more persons?

7. Don’t know/Not sure
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44,

45.

46.
ONE]

9.

114

Refused

Which of the following best describes where you work? Do you work...

S e

~

On a farm or in an open rural area,

In a small town of less than 5,000 persons,

In a large town of 5,000 to less than 25,000 persons,
In a city of 25,000 to less than 50,000 persons,

In a city of 50,000 or more persons, or

Do you work on the road, such as in sales, delivery, utility, bus or truck
driving, law enforcement, road worker, repair calls, and so forth?

Not currently working

Don’t know/Not sure
Refused

What is your annual household income from all sources?

o~

Less than $25K
$25K to $49K
$50K to $74K
$75k - $99k
$100k or more

Don’t know/Not sure
Refused

Are you of Hispanic, Latino, or Spanish origin?

1.

7.
9.

Yes
No

Don’t know/Not sure
Refused

Which of the following best describes your race? Would you say

Nk W=

White,

African American or Black,

Asian,

American Indian or Alaska Native,

Native Hawaiian or Other Pacific Islander, or

... [SELECT ONLY
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48.

49.

50.

115

6. Other [Specify: ]

7. Don’t know/Not sure
9. Refused

What county do you live in?

County
7. Don’t know/Not sure
9. Refused
What is your ZIP Code?

[ ]
77777. Don’t know/Not sure

99999. Refused

How many landline telephone numbers are used in your household to make or receive

phone calls?

_ Residential telephone numbers [6 = 6 or more]
7 Don’t know / Not sure
9 Refused

Thinking about all the phone calls that you receive on your landline and cell phone,
what percent, between 0 and 100, are received on your cell phone?

Enter percent (1 to 100)

888 Zero
777 Don’tknow / Not sure
999 Refused
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APPENDIX C: SOFTWARE MODEL OUTPUT

Model 1

‘Modeling Specification |
|Mndeling Information |

Data Set WORK.FINAL_DATASET
M Records Read 1088
M Records Used 783

M Cbs 783
Maodel Type FATH
Analvsis Covariances
Fit |
|Fit Summary |
Maodeling Info i Cbservations 783
Absolute Index Chi-5guare 593 4255
Chi-5guare DF a5
Fr=Chi-Sguare =.0001
Standardized RMSR (SEMSR) 0.0725
Farsimony Index  Adjusted GFI (AGFI) 0.8583
Farsimanious GFI 07133
RMSEA Estimate 0.08149
RMSEA Lower 80% Confidence Limit 0.0757
RMSEA Upper20% Confidence Limit 0.0883
Frobability of Close Fit =.0001
Incremental Index Bentler Comparative Fitlndex 07475
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Standardized Results

PATH List
Standardized Results for PATH List

Fath
Standard
Parameter Estimate Error tWValue
FADD =— DB _Parmi -0.3389 006178 -5.4851
FADD =— SDDB _Parmiz 056485 006154 917909
FFPA =— DB _Parmoz 043445 0.08184 530836
FFPA =— PADD _Pami4 -0.2079  0.08097 -25671
Q18d =— PADD _Pamia 029566 003783 7.81582
Q18h =— PADD _Pam0@ 078583 002672 284112
Q181 =— PADD _Pam07 063118 00288 21.9149
Q21p =— SDDB _Pam0a 070208 003225 217694
Q219 =— SDDB _Pam09 04732 003584 132013
Q243 =— DB _Pammn 028907 0.03851 7.506497
Q24b =— DB _Parmi1 035487 003722 953314
QZ2d4c =— DB _Parmiz 015764  0.04034 390776
Q24d =— DB _Parmi3 028138 003864 728221
Q2d4e =— DB _Pam4 023996 0.03931 6.10405
Q24f =— DB _Pamia 08018 003025 265063
Q24g =— DB _Pamia 040038 003622 11.0553
Q25 =— 5DDB _Pami7 045084 003639 123875
Q26 =— S5DDB _Pamia 032151 0.03926 8.18823
Q30d =— PPA _Pami9 07428 004838 153531
Q30e =— PPA _Pamz0 050688 0.04084 123799
SDDB =— DB _Parmz1 05616 0.04612 12177
Variance Parameters
Standardized Results forVariance Farameters
Variance Standard
Type Variable Parameter Estimate Error tWValue
Exogenous DB _Add 1 . .
Error 118d _Addoz 091258 002237 407982
Q18h _Addiz 038247 0.04199 910782
C119i _Addnd 060161 003635 16.5496
Q21p _Addis 050708 0.04529 111976
Q21q _Addog 077608 003392 228773
Q2da _Addor 091644 002226 411657
Q24b _Addog 087407 002642 33.0846
Q2dc _Addng 0897515 001272 76.6701
Q24d _Addin 092082 002175 423422
Q2de _Add 084242 0.01887 459532
Q24f _Addiz 035711  0.04851 7.36186
Q2dg _Addi3 0.83968 0.029 289534
Q25 _Addi4 079674 003282 242787
Q26 _Addia 089663 002525 355134
Q130d _Addia 044824 007188 623634
Q30e _Add17 074307 0.04151 179016
FADD _Add1a 035114  0.05211 673803
FRA _Add1g 064957 0.05489 11.8343
SDDBE _Add20 068463 0.0518 132175

Covariance Structure Analysis: Maximum Likelihood Estimation
Covariance Structure Analysis: Maximum Likelihood Estimation
Covariance Structure Analysis: Maximum Likelihood Estimation
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Modification Indices

Covariance Structure Analysis: Maximum Likelihood Estimation

Covariance Structure Analysis: Maximum Likelihood Estimation

All parameters in the model are significant. Mo parameter can be
dropped inthe Wald tests.

Covariance Structure Analysis: Maximum Likelihood Estimation

Mo LM statistic in the default test set for the paths is nonsingular.
Rankingis notdisplayed.

There is no parameterto free in the default LM tests forthe
covariances of exogenous variables. Ranking is notdisplayed.

Mo LM statistic in the default test setfor the covariances of errors is
nonsingular. Ranking isnotdisplayed.
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AS8AS Log

114
115
116
117
118
119

STYLE=Statistical

1119

120
121
122
123
124
125
126

127

(% xS gquit irun;

119

BEGIN JHMFP Generated Code ========

005 AT CLOSE:
OPTIONS DEV=ACTEIMG:
FILEHAME JHPXML TEMP:

opS EML{ID=JMPEML) FILE=JMPEML EHCODING='utf-&8'
HOGTITLE

HOGFOOTHOTE GPATH=&sasworklocation
HOTE: Writing HHML(JHPEML) Body file: JHPXHML
EHND JMP Generated Code ========

proc datasesets libraryv=work nowvarn nolist;

delete
run;

_=em:

HOTE: PEOCEDORE DATASETS used (Total process time)
0.09 seconds

real time
cpu time

1218

data worlk._sem_xrc

0.00 seconds

izCompleted = 0: run:

HOTE: The data ==t WORK._SEM RC_ ha=s 1 obzervationz and 1 wariables.
HOTE: DATA statement u=zed {(Total process time):
0.00 seconds

real time
cpu time

129
130

130
130

HOTE: Writing HTHL Frame file:

131
132
133

133

133
134

134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

od=s html frame='Single_ Group SEM htwml'
SEM') body='body html'

0.00 =econds

content=s="'content=s html'
path="C ~Uzers~liwvanjun~aApplata~Local~Temnp~SAS Temporarvy
Files~_TD4568_ INTRANS-ISU151_ “~PrcZ' (url=none);
HOTE: Writing HTHL Body file:
HOTE: Writing HTHL Content=s file: contentz. html

titlel;

body html
Single Group SEM htnl

proc calis data=final dataset method=ml
outest=worl . _=semEstimates_
outModel =wvork  _=semModel_ ocutFit=worlk _semFit_ short modification
platcov pocoves
residual toteff outStat=worlk  _=semStat_

fitindex on{onlwv)=[ AGSFI BentlerCFI ChiSg Df ProbChi nlObs
ProbC1Fit PGFI EMSEA
LI_EREHSEA UL _RMSEA SEMSE ]:

path

PADD
PADD
FF4

FFA

19d
19h
Q191
021p
021g
Q24a
24k
Q2dc
24d
Q2de
024f
Q24g
Q25

—
—
£ —
£ —
£ —
£ —
£ —
£ —
£ —
£—
£ —
£ —
£ —
£ —
£ —
—
—

DE

SDDE
DE

FADD
FADD
PADD
FADD
SDDE
SDDE

(title='Single Group
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153 026 ¢— SDDE
154 030d <- FFPA
155 Q30e <— PPA
156 SDDE <— DE
157 5

158 rumn;

WAENING: 305 of 1088 obserwvationz in data set WORK FINAL DATASET omitted
due to missing wvalues.
HOTE: Conwvergence criterion (GCOHNV=1E-8) =atisfied.
HOTE: The Hoore-Penrose inverse iz used in computing the covariance matrix
for paramster
eztinates.

WARNING: Standard errors and t values might not be accurate with the use of
the Hoore-Penro=e

inverse.
HOTE: The stability coefficient is 0. which 1s less than one. The condition
for converged total

and indirect effects is satisfied.

WARHING: Lagrange multiplier =statistics and Wald statistics might not be
accurate with the use of

the Hoore-Penrose inverse in computing the covariance matrizx for
paranster estimates.
HOTE: The data set VORK. _SEMESTIHATES  ha= 90 ocbservations and 44
variables.
HOTE: The data set WORK. SEMMODEL  has 62 obzerwvation=s and 6 wariables.
HOTE: The data set WORK. _SEMFIT_ ha= 39 observations and 5 wariables.
HOTE: The data set WORK. SEMSTAT  has 308 observations and 22 wvariables.
HOTE: PROCEDURE CALIS u=sed (Total process time):

real time 3.12 seconds
cpu time 1.48 zeconds
159 proc =core data=final_ dataset score=work._semStat_
out=work._ =semScores ;
160 war (194 Q19kh 0191 Q2lp Q21g QZ24a Q24b Q24c Q24d Q2d4e 24f
Q24g Q25 026 Q30d Q30e;
161 run;

NOTE: There were 1088 observations read from the data se=t

WORK FINAL DATASET.

HOTE: There were 308 ob=erwationz= read from the data =set WORK._SEMSTAT |
HOTE: The data set WORK._SEMSCORES_ ha= 1088 ob=erwation= and 191

variables.
HOTE: PROCEDURE SCORE u=ed (Total process time):
real time 0.01 seconds
cpu time 0.01 seconds
162 ods html close:
163 data work. =em _rc ; =et work. _sem rc
164 isCompleted = 1:
165 calisREc = "&CALIS RC":
166 calisOpt = "&CALIS OPT": calisHess = "&CALIS_HESS" . calisSe =
"&CALIS SE";
167 run;

HOTE: There were 1 observations read from the data set WORE. _SEM_RC .
HOTE: The data set WORK._SEM RC_ ha=z 1 observations and § wariables.
HOTE: DATA =tatement used (Total process time):

real time 0.08 =seconds
cpu time 0.01 =seconds
168 od=s =Zml(ID=JMPEML) clo=e:
169 od=z output PATHLi=tStd=worlk . semStdest_ (tvpe=e=t);
170 proc calis data=swork . _semStat_ inest=work _semnEstimates_
inmodel =vork . _semModel_
170 | genpath =short:
171 Tun:
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HOTE: The input model iz recognized as & PATH nodel in the INMODEL= or
THRAM= data aet.
HOTE: Convergence criterion (GCONY=1E-8) satisfied.
HOTE: The Moore-Penrose inverse iz uzed in computing the covariance matriz
for parameter

estinates.
WARNING: Standard errors and t valuss might not be accurate with the uze of
the Hoore-Penrose

1nvVerse,

HOTE: The data ==t WORK. SEMSTDEST  has 41 observations and 9 variables.
HOTE: PROCEDURE CALIS used {Total process time):

real tine 0.15 =econds
cou tine 0.04 =econds
172
173
17
175 /#======== BEGIN JHP Generated Code ========%/
176 &' w quitrun;
177 005 _ALL  CLOSE;
178 005 LISTING;
174 QUIT; RUN;
180 /#======== FND JHP Generated Code ========%/
181
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Model 2

'Modeling Specification |
'Modeling Information |

Data Set WORK.FINAL_DATASET
M Records Read 1038
M Records Used 703

M Obs 703
Model Tvpe FATH
Analvsis Covariances
Fit |
|Fit Summary |
Madeling Info M Observations 703
Absolute Index Chi-Square Ga0.2082
Chi-Sgquare DF 143
Fr=Chi-Sguare =.0001
Standardized RM5R (SRMSR) 0.0636
Farsimaony Index  Adjusted GFI (AGFI) 0.8599
Farsimonious GFI 0.6808
RMSEA Estimate 0.0711
RMSEA Lower 90% Confidence Limit 0.0656
RMSEA Uppera0% Confidence Limit 0.0767
Frobability of Close Fit =.0001
Incremental Index Bentler Comparative Fitlndex 07762
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PATH List
Standardized Results for FATH List
Fath

Parameter Estimate
(B]=] =— AGE _Parmi1 0.28825
DB =— EDUCATION _Parmiz2 -0.0086
DB =— GEMDER _Parmiz 0.01889
DB =— [MCOME _Fammo4d -0.1273
FADD =— AGE _Famioa -0.0004
FADD =— DB _Fammog -0.3288
FADD =— EDUCATION _FPami7 00322
FADD =— GEMDER _Famog 0.0835
FADD =— IMCOME _Pammioa -0.066
FADD =— SDDB _Pammid 0.5497
FF4 =— AGE _FParm11 -0.0547
FF4 =— DB _Farm12 041055
FFA =— EDUCATION _Parm13 0.01944
FF4 =— GEMDER _Famm4 -0.014
FFA =— INCOME _Famia 008336
FFA =— RFADD _Famig -0.2826
Q19d =— PADD _Pami7 031491
Q19h =— PADD _Pammig 077671
Q19 =— PADD _Pam1g 064523
Q21p =— SODB _Famz0 070723
Q21g9 =— SODB _Farmz1 0.4864
Q24a =— DB _Farmzz2 0.28147
Q24h =— DB _Farmz3 036571
Q24c =— DB _Fammz4 016314
{24d =— DB _Pamza 028661
Q24e =— DB _Pammzag 026494
Q24f =— DB _Pamz7 0807493
Q249 =— DB _Famzsg 042283
Q25 =— SDDB _Famzg 0.43948
Q26 =— SDDB _Famm30 0.29666
Q30d =— PPA _Farm31 074851
Q30e =— FPA _Farmaz2 0504493
SDDB =— AGE _Parm33 -0.4084
SDDB =— DB _Pamm34 -0.4096
SDDB =— EDUCATION _Pam3s 0.05141
SDDB =— GEMDER _Famm3ig -0.1001
S5DDB =— INCOME _Fam3v 021104

Standard

Error
0.04181
0.04622
0.04322
0.04661
0.05978
0.06922
0.04178
0.04024
0.04797
0.09953
0.05114
0.08638
0.04802
0.044E7
0.04902
0.09268
0.03928
0.02692

0.0293
0.02962
0.03463
0.04025
0.03865
0.04221
0.04034
0.04074
0.03015
0.03723
0.03631
0.03984
0.05044

0.0427
0.04472
0.04894

0.0426
0.03984
0.04354

t Value
7.13412
-0.1871
043691
-2.7304
-0.0072
-4 7504
077068
2.07525
-1.3747
5.09787
-1.0701
475217
0.40474
-0.4252
170062
-3.0483
2.01722
28.8387
22.0217
238748
14.3354
7.24176
9.46118
3.86508
7.10451
6.50327
26.7992
11.3568
12.1148
7.4458
14 8398
11.8256
-0.7887
-8.2697
1.20666
-2.5128
484745
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Variance Parameters

Standardized Results forvVariance Parameters

Variance

Type Variable Parameter Estimate

Exogenous GEMNDER _Addd
AGE _Addoz
EDUCATION _Addl3
INCOME _AddDd

Error Q19d _Add05
Q1h _ Add06
Q19i _Add0T
Q21p _Add0s
Q21g _Add0g
Q24a _Add10
Q24b _Add11
Q24c _Addi2
Q24d _Add13
Q24e _Add14
Qz4f _Add15
Q24qg _Add16
Q25 _Add1T
Q26 _Add1g
Q30d _Add1g
Q30e _Add20
DB _Add21
PADD _Addz2
PPA _Addz3
SDDB _Add24

Covariances

1

1

1

1
0.90083
0.39672
0.58368
0.49932
0.75359
0.91505
0.86626
0.97339
0.91726
09293
0.34726
082122
0.80649
0.91199
0.43973
0.74505
0.88137
0.33992
0.63737
0.41679

Standard
Error

0.02474
0.04184
003731

0.0419
0.03428
0.02346
n.0z2s27
0.01377
0.02z312
0.021589
0.0487
0.03148
0.03195
0.02364
0.07551
0.04212
0.02808
0.05472
0.05823
0.05023

t Value

36.414
§.48215
15.4373
11.9289
21.9204
39.0013
30,6398
70.6814
39.6928
43.0733
T.12885
26.083:1
25.2453
38.58M
582361
17.2789
31.3893
6.21225
10.9448
8.29803

Standardized Results for Covariances Among Exogenous Variables

Var1 Var2 Parameter Estimate
AGE GEMDER _Add?s 0.05743
EDUCATION GEMDER _Add2a 0.0108
EDUCATION AGE _Add2y -0.1093
INCOME GEMDER _Addz2a -0.1446
INCOME AGE _Addz2g -0.1359
INCOME EDUCATION _Add30 0.37604

Standard
Error
0.03762
0.03774
003729
0.03695
0.03705
003241

t Value
152667
0.28605

-2.93
-3.9123
-3.GG86
11.6041

www.manharaa.com



125

Modification Indices

Stepwise Multivariate Wald Test

Cumulative Statistics
Parm Chi-Square DF Pr>ChiSg Chi-Square Pr>=ChiSq

_FPam(& 523e-51 0.9942 523e-5 0.9942
_FParm02 0.03506 2 09826 0.035M 0.8516
_Add26 011686 2 0.9897 0.0818 0.7749
_Parm2 026475 4 0.9920 014729 0.7006
_FPamm14 042334 5 0.9947 0.15859 0.6905
_Parmiz 05663 6 09969 014297 0.7053
_Pama7 116256 7 0.9918 0.59625 0.4400
_FParmM 233825 8 0.9688 117569 0.27va2
_Pamig 3.84297 9 09214 1.60472 0.2199
_Add25 6.27454 10 0varr 243156 0.1129

_Pam35 871175 11 0.6485 243721 0.1185
Covariance Structure Analysis: Maximum Likelihood Estimation

LM Statistics for Path Coefficients
Rank Order of the 10 Largest LM Stat for Path Relations

To From LM Stat Pr>=ChiSg Parm Change
GEMDER Q25 137.501 =.0001* -1.6084
GEMDER Q24g ATT441 0.0163* 025268
EDUCATION Q242 417878 0.0409 -0.2838
INCOME Q24a 355158 0.05495 -0.8311
GEMDER Q24d 3.4065 0.06449 -0.0651
EDUCATION Q24c 283137 0.0924 011412
Q25 GEMDER 1.25218 0.2631 -0.008
GEMDER Q24c 1.12645 0.2885 0.03507
Q26 Q25 0.7554 0.3846 0.00214
GEMDER Q26 0.72046 0.3960 0.10361

There is no parameterto free in the default LM tests for the
covariances of exogenous variables. Rankingis not displaved.

LM Statistics for Covariances of Errors

The Largest LM Statfor ErrorVariances and Covariances
Errorof Errorof LM Stat Pr=ChiSg Parm Change
Q30e Q26 017171 06786 0.00555
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£ SAS Log
114 s/#======== BEGIHN JHF Generated Code =========-
115 p%' e s guitrun;
116 oDs _ALL  CLOSE;
117 OPTIONS DEV=ACTHING;
114 FILENAME JMPXML TEMF;
119 ODS XML({ID=JMPHML) FILE=JHPXHIL EWCODING='utf-&'
STYLE=Stati=ztical HOGTITLE HOGEFOOTHOTE
119 | GPATH=bi=asworklocation
HOTE: Writing XML{JMPXML) Body file: JMPHEML
120 ~#======== END JMF Generated Code ========x-
121
122
123
124 proz datasets library=worlk nowarn nolist:
125 delete _=sem: :
128 run;
127
HOTE: PROCEDURE DATASETS used {(Total process time):
real tine 0.03 seconds
cpu time 0.00 ==conds=s
128 data work._=em rc ; i=Completed = 0; run;

HOTE: The data ==t WORK . _SEHM_RC_ ha=s 1 obszerwvations and 1 wvariables.
HOTE: DATA =statement uszed (Total process time):

real tine 0.00 seconds
cpu time 0.00 s=econds
129
130 ods html frame='Single Group SEM html' {(title='Single Group
SEM' ) body='body. html'
130 | contents="contents. html'
path="'C: ~“Uzers~livanjun™~Applata~Loca l>~Tenp~SAS Tenporary
130 | File=~_TD5892 INTRANS-ISU151_ “Prc2'{url=none)

HOTE: Writing HTHML Body file: body html
HOTE: Writing HTHL Contents file: content= html
HOTE: Writing HTHML Frame file: Single Group SEM htwml

131

132 titlel:

133 proc calis data=final_dataset method=ml
outest=work . _semnEstimates  ocutHodel=work . _semModel_
133 ! outFit=work _semFit_ short modification platcov pocoves residual
totef f

133 I outStat=work _semStat_ :

134 fitindex on{only)=[ AGFI BentlerCFI ChiSg Di ProbChi nCb=s
ProbClFit PGFI RMSEA

134 | LL_RMSEA UL EMSEA SEHMSE 1.

135 path

136 LE <— AGE

137 DB <— EDUCATICOH

138 DB <— GENLDER

139 DB <— INCCOHE

140 PADD <— AGE

141 PADD <— DB

142 PADD «— EDUCATION

143 PADD <— GEHLDER

144 PADD <— IHCOHE

145 FADD <— SDLE

146 FF4 <— AGE

147 FF4 +«— DE

148 FF4 «<— EDUCATIONH

149 FPF4 <— GEHLER

150 PPA4 <— INCCOHE

151 FPFA <— PADD

152 Q19d <— FPADD
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153 019h <— PADD
154 0191 <— PADD
155 0Z21p «— SDDB
156 Q21g <— SDDB
157 QZ4a <— DE

158 QZ4b <— DB

1549 024z <— DE

160 0Z24d <«— DB

16l 0Z4e <— DB

162 Qz24f <— DE

163 QZ4g <— DB

164 025  <— SDDB
165 Q26 ¢— SDDBE
166 030d <— PPA
167 030e ¢<— PPA
1648 SDDE <— AGE
1649 SDDE <— DB

170 SDDE <— EDUCATION
171 SDDE <— GEHDER
172 SDDE <— INCOME
173 :

174 run;

WARNING: 385 of 1088 observations in data =set WORK FINAL DATASET omitted
due to mi==ing values.
HOTE: Conwergence criterion (GCONV=1E-8) =zatizfied.
HOTE: The stability coefficient is= 0, which iz less than one. The condition
for converged total and

indirect effects i1z =satisfied.
HOTE: The data set WORK._SEMESTIMATES has 142 observations and 70
variables.
HOTE: The data set WORK._SEMMODEL  ha= 92 cbservations and & wariables.
HOTE: The data =set WORK. SEMFIT ha= 39 cbzervations and & wariasbles.
HOTE: The data set WORK. _SEMSTAT  has 336 obzervation= and 26 wariables.
HOTE: PROCEDURE CALIS used (Total process time):

real time £.12 =zeconds

cpu time 3.77 =econds
175 proc score data=final_datasset score=wvork. _semStat_
out=work . semScores ;
176 var AGE EDUCATION GENDEE THCOME (154 Q19%h Q191 QZ21p Q21g Q24a
Q24b Q24c Q24d Q24e Q24f
176 I Q24g Q25 Q26 Q30d Q30e;
177 run;

HOTE: Therse were 1088 observation= read from the data set

WORE FINAL DATASET.

HOTE: Thers were 336 observations read from the data =et WORE._SEMSTAT .
HOTE: The data set WORK._SEMSCORES  has 1088 observations and 191

variables.
HOTE: PROCEDURE SCORE used (Total process tine):
real time 0.01 seconds
cpu time 0.01 zeconds
178 od= htnl closs:;
179 data work._sem_rc_; set work._sem_rc
180 izCompleted = 1;
181 calisRc = "&CALIS RC".
182 calisOpt = "&CALIS OPT". calisHes= = "&CALIS HESS". calisSe =
"&CATLIS_SE":
183 run;

HOTE: There were 1 observations read from the data set WORK. _SEM_RC .
HOTE: The data set WORK._SEM_RC  ha=s 1 observations and § wariables.
HOTE: DATA =tatement used (Total process time):

real time 0.00 seconds

cpu time 0.00 zeconds
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184 ode sml({ID=JHPINL) clos=e;

185 ods output PATHListStd=work semStdest (type=est)

186 proc caliz data=work. _semStat_ inest=work. semEstinates
inmodel=work . _semModel  genpath

186 | shaort;

187 run;

HOTE: The input model is recognized as a PATH nodel in the INMODEL= or
INRiM= data set.
HOTE: At least one of the initial estimates for the variance or covariance
of exogenous nanifest

variables iz replaced with the cheerved value, or with the weighted
average of the observed

values anong groups.

HOTE: Conwergence criterion (GCONV=1E-8) satisfied.
HOTE: The data set WORK. SEMSTDEST has 67 observations and 8 variables.
HOTE: PROCEDURE CALIS used (Total process tinme):
real tine 0.32 seconds
cpu tine 0.06 seconds
188
189
190
191 s¥======== BEGIN JHP Generated Cods ========%/
192 ;e quit run;
193 QDS _ALL CLOSE;
194 ODS LISTING;
195 QUIT; RUN;
196 s¥======== END JHP Generated Cods ========%/
197
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Modified Model

'Modeling Information

Data Set WORK FIMNAL_DATASET
M Records Read 1033
M Records Used 703

M Obs 703
Model Tvpe FATH
Analvsis Covariances
Fit |
|Fit Summary |
Modeling Info I Cbservations 703
Absolute Index Chi-5guare G43.9477
Chi-5guare DF 154
Fr=Chi-Sguare =.0001
Standardized RMSR (SEMSR) 0.0633
Farsimaony Index  Adjusted GFI (AGFI) 0.8699
Farsimonious GFI 07332
RMSEA Estimate 0.0673
RMSEA Lower 0% Confidence Limit 0.0620
RMSEA Upper90% Confidence Limit 0.0727
Frobability of Close Fit =.0001
Incremental Index Bentler Comparative Fitlndex 0.7a3s8
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PATH List
Standardized Results for PATH List
Fath
Standard

Parameter Estimate Error tValue
DB =— AGE _Farm1 028801 004122 7.25402
OB =— |INCOME _Parmi2 01157 0.04227 -2.7371
FADD =— DB _Parmi3 -0.3482  0.06282 -55424
FADD =— SDDB _Pammo4d 054247  0.05916 916903
FF4 =— DB _Famioa 042621 008628 493988
FF& =— PADD _Fammog -0.2093 008572 -2.4414
o18d =— RFADD _Famiov 031118 00394 7.59793
Q18h =— RADD _Famog 078233 002711  28.857
o18i =— PADD _Pammioa 064656 002941 21.987T1
Q21p =— S00DB _Pammid 071421 002856 250091
Q21 =— SDDB _FParm11 049869 003468 143781
Q24a =— DB _Farm12 028874 004025 77322
Q24b =— DB _Farm13 03622 003869 936158
Q24 =— DB _Famm4 015596 00422 376636
Q24d =— DB _Famia 028522 004032 7.07389
Q2d4e =— DB _Famig 026352 004072 647221
Q24f =— DB _Pami7 0.8108 003013 26.9081
Q24g =— DB _Pammig 042233 00372 11.353
Q25 =— GEMDER _Pammi9 01779 0.03411 52148
Q25 =— SDDB _Famz0 040778 003672 11.1065
Q26 =— 5SDDB _Farmz1 028943 003999 74353684
Q30d =— FPA _Farmzz2 074611 005115 14.5856
Q30e =— FPA _Farmz3 050655 004318 11.7317
SDOB =— AGE _Fammz4 -0.4193  0.03976 -10.547
SOOEB =— DB _Pamza -0.4191  0.04871 -8.6056
SDDB =— IMCOME _Pamm2g 02271 003865 587528
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Variance Parameters

Standardized Results forvVariance Parameters

Variance

Type Variable Parameter Estimate

Exogenous GEMNDER _Addd 1
AGE _Addoz 1
EDUCATION _Addl3 1
INCOME _AddDd 1

Error Q19d _Addis 090217
Q19h _ AddE 0.38787
Q19 _Adddr 0.58187
Qz21p _Add0a 0.42949
Q21q _Add0g 075131
Q24a _Add10 0.91663
Q24b _Addn 086381
Q24c _Addi2 097473
Q24d _Add13 0.91865
Q24e _Add14 0.93056
Q241 _Add15 03428
Q249 _Add1a 0.82164
Q25 _Add17 079175
Q26 _Add18 0.91034
Q30d _Add19 0.44332
Q30e _Add20 07434
DB _Addz1 0.8ava
FADD _Addzz 03629
FEA _Add23 0.65567
sDOB _Add24 043062

Covariances

Standard
Error

0.02452
0.04242
0.03803
0.04079
0.03459
0.02325
0.02803
0.01342

0.023
0.02146
0.048386
0.03142
0.03156
0.02395
0.07633
0.04274
0.02716
0.04948
0.05682
0.043808

t Value

36.8328
814621
15.3046
12.0096

21.719
394326
30,9992
T2.6456
399414
43.3639
T.01185

26.149
25.0836
38.0088
580778
16.9943
326915
7.33404
11.5403
8.95713

Standardized Results for Covariances Among Exogenous Variables

Var1 Var? Parameter Estimate
EDUCATION INCOME _PammZ7 037604
AGE GEMDER _Add2s 005743
EDUCATION GEMDER _Add26 0.0108
EDUCATION AGE _AddzT -0.1093
IMCOME GEMDER _Addzs -0.1446
IMCOME AGE _Addz29 -0.1359

Standard
Error
0.03241
0.03762
0.03774
0.03729
0.03695
0.03705

tValue
11.6041
152667
0.28605
-2.93
-3.9123
-3.GG86
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Modification Indices

Covariance Structure Analysis: Maximum Likelihood Estimation
Covariance Structure Analysis: Maximum Likelihood Estimation
Stepwise Multivariate Wald Test

Cumulative Statistics

Parm Chi-Square DF Pr>=ChiSqg Chi-Square Pr> ChiSq
_Add2G 0.0818 1 0.77449 0.0818 077449
_Add?s 251336 2 0.2846 243156 01184

Covariance Structure Analysis: Maximum Likelihood Estimation
LM Statistics for Path Coefficients
Rank Order of the 10 Largest LM Stat for Fath Relations

To From LM Stat Pr>=ChiSg Parm Change
GEMDER Q21p 65.3753 = 0001* -3.7968
Q19d EDUCATION 150898 0.0001 -0.1269
Qz24c EDUCATION 11.3139 0.000g* 0.14667
Q30e EDUCATION 482634 n.0za0 -0.0783
Q24d GEMDER 4 28206 0.0385* -0.1345
GEMDER Q21q 41026 0.042g* -0.14
Q30e GEMDER 251604 01127 -0.0582
EDUCATION Q19h 213634 0.1438 0.05626
EDUCATION Q24c 21235 0.1451 0.08761
EDUCATION Q21p 1.925149 0.1653 011175

There isno parameterto freein the default LM tests for the
covariances of exogenous variables. Rankingis not displayved.

Mo LM statistic in the default test setfor the covariances of errors is
nonsingular. Ranking isnot displayved.
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4 SAS Log
1a2 ~#======== BEGIN JHP Generated Code ========%x-
183 s xS guitrun:
184 0ODS _ALL  CLOSE;
185 OPTIONS DEV=ACTHIMG;
186 FILEWAME JHPEML TEMF:
187 0ODS ¥ML(ID=JMPEML) FILE=JHPEML EHCODING='utf-3'
STYLE=Stati=stical HOGTITLE
137 I HOGEFOOTHOTE GPATH=é=asworlklozation
HOTE: Writing EML{JHPXHML) Body file: JHPEML
188 ~#======== EHND JHF Generated Code ====s====%.
189
190
191
192 proc datasets library=work nowarn nolist:
193 delete _semn: :
134 rumn;

HOTE: Deleting WORK . _SEMESTIMATES (memtype=DATA) .
HOTE: Deleting WORE . SEMFIT (mentvpe=DATA) .

HOTE: Deleting WORE . _SEMHODEL  (memtvpe=DATA) .
HOTE: Deleting WORK._SEMSCORES (memtype=DATA).
HOTE: Deleting WORE._SEMSTAT (memtype=DATA).
HOTE: Deleting WOREK . _SEMSTDEST  (memtype=DATA).
HOTE: Deleting WORE . _SEM RC  (memntvpe=DATA) .

195

HOTE: PROCEDURE DATASETS used (Total process time):

real time 0.04 seconds
cpu time 0.03 =seconds
196 data work _=emn_rc : isCompleted = 0: run:

HOTE: The data =set WORK._SEM RC  has 1 observations and 1 wvariables.
HOTE: DATA =tatement used (Total process time):

real time 0.00 seconds

cpu time 0.00 seconds
197
198 od= htnl frame='Single Group SEM html' (title='Single Group
SEM') body='body html'
198 I content=='contents html'’
path="'C:“Uzers~livanjun~AppData~Local"~Tenp~SAS Temnporary
198 | Files~_TD456E8_INTRANS-ISU151_ “Prc2' {url=none):

HOTE: Writing HTML Body file: body. html
HOTE: Writing HTML Content= file: content= html
HOTE: Writing HTML Frame file: Single_Group SEM html

199

200 titlel;

201 proc calis data=final_ dataset method=mnl
outest=work._semnEstimates

201 I outModel=work ._=semModel_ outFit=work _=semFit_ short modification
platcov pocoves

201 I reszidual toteff outStat=work._ =zemStat_
202 fitindex onf{only)=[ AGFI BentlerCFI ChiSg Df ProbChi nObs
ProbClFit PGFI RMSEA

202 | LI FEMSEA UL RMSEA4Z SEMSE ],

203 path

204 LB <— AGE

205 LB <— INCOME

206 PADD <— LB

207 PADD <— SDDE

208 FFi2 <«— DB

209 FFA «<— PADD

210 219d «— FADD

211 219%h <— FADD

212 Q191 <— FADD

213 Q21p «— SDDBE
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214 Q21lg <— SDDBE
215 Q242 «— DB

216 Q24bL «— DB

217 Q24c «— DB

218 Q24d <— DB

219 Q24e ¢<— DB

220 Q24f <— DB

221 Q24g «— DB

222 125  «<— GEWDEER
223 Q25 «¢— SDDE
224 Q26  ¢— SDDE
225 2304 <— PPA
226 230=e ¢— PPA
227 SDDE «<— AGE
228 SDDE <— DB

229 SDDE «<— IHCOME
230 :

231 poowv

232 EDUCATION INCOME
233 :

234 Tumn;

WARNIHG: 385 of 1088 cb=erwation= in data ==t WOREK FINAL DATASET omitted
due to mi==sing wvalues.
HOTE: Convergence criterion (GCOHV=1E-8) =ati=fied.
HOTE: The Moore-Penrose inwerse i= used in computing the covariance matrix
for parameter

estinates.
WARNIHG: Standard errors and t walues might not be accurate with the use of
the Moore-Penrose

inverse.

HOTE: The =tability coefficient i= 0. which iz les= than one. The condition
for converged total

and indirect effects i= satisfied.
WARNIHG: Lagrange multiplier statistics and Wald statistic= might not be
accurate with the use of

the Moore-Penrose inverse in computing the covariance natrix for

paranseter estimnates.
HOTE: The data =et WORK._SEMESTIMATES ha= 120 ob=zerwation= and 59
wariables.
HOTE: The data =set WORK._SEMMODEL  has 81 obzervations and 6 variables.
HOTE: The data =et WORK._SEMFIT_ has 39 observations and & wariables.
HOTE: The data =set WORK._SEMSTAT has 336 observations and 26 variables.
HOTE: PROCEDURE CALIS used (Total process time) !

real time 3.94 seconds

cpu time 3.21 =econds
235 proz s=core data=final data=zet =s=core=vork . _semnStat_
out=work . semScores :
236 war AGE EDUCATION GENDER INCOME Q194 Q1% Q191 QZ21p Q21lg Q24a
Q24b Q24c Q24d Q24e
236 I QZ24f Q24g Q25 Q26 0304 Q30e:;
237 Tun;

HOTE: There were 1088 observations read from the data set

WORK .FINAL DATASET.

HOTE: There were 336 obszervations read from the data set WORK._ _SEMSTAT .
HOTE: The data =et WORK. SEMSCORES  ha=s 1088 oh=serwations and 191

wvariables.

HOTE: PROCEDURE SCORE u=s=ed {(Total process time):
real time 0.08 ==econds
cpu time 0.00 =econds
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238 ods html close;

239 data work._sem_rc_; =set work._sem_rc_;

240 iz=Completed = 1;

241 calisRc = "&CALIS RC":

242 cali=0pt = "&CALIS OPT". calisHess = "&CALIS HESS": calisSe =
"&LCALIS SE"

243 run;

HOTE: There were 1 observations read from the data =et WORK. SEM_RC .
HOTE: The data =zet WORK. _SEM RC  has 1 cbservations and 5 wariables.
HOTE: DATA =statement used (Total process time):

real time 0.00 seconds
cpu time 0.00 seconds
244 ods zZml{ID=JHPIHL) close;
245 ods output PATHListStd=worlk . _semStdest_(type=est);
246 proc calis data=work. _semStat_ inest=worlk . _semEstimates_
inmodel =worl . _=sembodel
246 I genpath short;
247 run;

HOTE: The input model is recognized az a PATH model in the INHODEL= or
INRAM= data =et.
HOTE: At least one of the initizl estimates for the variance or covariance
of exogenous manifest

variablez i= replaced with the observed valus, or with the weighted
average of the observed

values among groups.
HOTE: Convergence criterion (GCONV=1E-8) =satisfied.
HOTE: At least one element of the gradient iz greater than le-3.
HOTE: The Hoore-Penrose inverse is uszed in computing the covariance matrix
for parameter

estinates.
WARNING: Standard errors and t values might not be accurate with the use of
the Moore-Penroze

1nveErse.

HOTE: The data set WORK. SEMSTDEST  has 56 observations and 8 wariables.
HOTE: PROCEDURE CALIS used (Total process time):

real time 0.17 seconds
cpu time 0.03 seconds
248
249
250
251 s¥======== BEGIN JHF Generated Code ========%~
252 c*' o' e quitrun;
253 0DS _ALL  CLOSE:
254 0DS LISTIHG:
255 QUIT; RUH;
256 s¥======== END JHF Generated Code ========%~
257
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