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Improving safety education could contribute to the preparation of better professional 

engineers. Safety topics are not holistically embedded in transportation course 

curricula. This thesis explores the current state in which safety is being incorporated 

in transportation course curricula in terms of design and compares the uses of safety 

data in three different professional transportation settings (practice, research, 

education). Moreover, the use of safety data is investigated to find the way in which it 

is defined by professionals from different settings. The methodology used in this 

study involves a semi-structured interview, survey and a syllabi analysis as a medium 

to collect the data to answer the research questions. It was found from the results of 

this thesis, that safety is being underrepresented in course curricula and that various 

applications involving the use of traffic volume data and roadway inventory data are 

not being sufficiently addressed in course curricula as they are being utilized in 

transportation practice. Moreover, the definition of the term “big data” in 

transportation is similarly defined by transportation engineers from the three settings, 

mainly defined as a large collection of data points for the purpose of data analysis. 

The most common difference can be encountered in the way that these professionals 

explain the term with its various applications relative to the transportation setting.
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1.0 CHAPTER 1- INTRODUCTION 
 

1.1 Overview 
 

Safety is an important factor in engineering practice. Safety in transportation 

engineering is critical because the number of traffic deaths in the United States has 

experienced the biggest increase in 50 years with over 38,000 traffic deaths in the 

year 2015 (Ziv, 2015). In addition, safety in transportation engineering is crucial 

because the primary role as engineers is to protect the safety and welfare of the public 

(Code of ethics, 2016). Protecting the welfare and safety of the public can be 

achieved by designing and constructing safe infrastructure, operating facilities in a 

safe manner to prevent accidents and optimize safety, or simply by performing the 

adequate level of maintenance required to maintain facilities operating safely. 

Moreover, the utilization of safety data in transportation engineering is a common and 

contemporary practice. The intent of this research is to gain insight into the current 

ways in which safety is being incorporated in transportation curricula in terms of 

design, distinguish trends in the ways safety data manifests in engineering practice 

and research, and evaluate how undergraduate engineering education with regards to 

safety data reflects on transportation practice. Using a two-stage research process, one 

of the papers in this thesis presents research on the use of safety data within three 

different settings (practice, research and education) utilizing interviews and surveys 

as a data collection method. The second paper involves a syllabi analyses procedure 

to extract information regarding how safety in terms of design is being incorporated 

in course curricula.  

 

Safety data is a broad term. However, within transportation engineering there are 

various types of data that can be considered “safety data”, It is important to 

understand what safety data means for the population being studied. For example, real 

time data utilized in applications such as connected and autonomous vehicles research 

is one type of safety data. With these types of data, engineers are able to design for 
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safe autonomous and connected vehicles with the objective to reduce congestion and 

increase safety by reducing collisions (Frazzoli, 2002). Another example of a type of 

safety data is collision data. This type of data may be analyzed with the purpose of 

reducing the number of collisions in roadways by adapting strategies based on the 

provided collision data (Ford, 2011). In order to understand what is meant by safety 

data, an open-ended survey and interview were conducted asking transportation 

engineers to define safety data based on their line of work, along with the type of 

safety data that they use in their work. These questions were asked to transportation 

professionals in three different settings (practice, research, education) in order to 

identify possible gaps in the transition from academia to practice.  

 

In addition to safety data being an important term utilized throughout this thesis, the 

term “big data” is another important term that is studied in this thesis, primarily in 

chapter 3. “Big data” is typically used in many transportation applications with the 

objective to increase safety. Moreover, this term is used in many settings within 

science (i.e. the Large Hadron Collider), government applications, and the private 

sector. In reference to its name, this term is most commonly interpreted as large 

amounts of data stored for design in various transportation applications within 

transportation safety.  

 

Attempts to incorporate safety data in course curricula have been made in the past for 

several civil and construction engineering departments. One attempt has been the 

incorporation of safety materials such as OSHA standards, textbooks, and manuals 

that include compliance and design codes (Gambatese, 2003). Another method that 

has been used to incorporate safety data in curricula involves the use of factors of 

safety (Gambatese, 2003). This thesis adds to this line of work by proposing potential 

methods to incorporate safety data in course curricula, specific to transportation 

engineering.  These proposals will be discussed and mentioned in chapter 4 of this 

thesis. 
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1.2 Research questions 
 
The following questions are addressed in this thesis: 

1) Do researchers, practitioners, and educators have a common description of “big 

data”? 

2) In what ways do researchers, practitioners, and educators describe safety and 

safety data?  

3) How is safety presented in engineering syllabi?  

1.3 Thesis organization 
 
Chapter 1 introduces the terms of interest in this research, which are, safety data in 

general and “big data” in a more specific way. Moreover, chapter 1 introduces the 

importance of safety in course curricula in terms of design and describes previous and 

current attempts to incorporate safety in course curricula. Chapter 2 includes the 

research paper that discusses the meaning and use of safety data in practice, research, 

and teaching settings. This paper will be submitted to a peer-reviewed publication 

with the American Society of Civil Engineers in the Journal of Professional Issues in 

Engineering Education and Practice (JPIEEP). Chapter 3 includes the second research 

paper that focuses on an in-depth syllabi analyses identifying cues that lead to a 

conclusion on how safety data in general is embedded into transportation curricula. 

This paper will also be submitted to (JPIEEP). Chapter 4 concludes the major 

findings from these two research papers and discusses proposals for incorporating 

safety in transportation engineering. Chapter 5 presents the reference list used for this 

thesis. Finally, the appendix contains the survey and interview protocols utilized for 

data collection in this thesis.  

 

1.4 Description of research papers 
Two manuscripts are presented in this thesis with the objective to disseminate the 

current use of safety data in the three different professional settings (Practice, 

research and education) through careful qualitative analyses of the collected data. The 
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two different manuscripts presented in this thesis address different research questions 

with similar objectives. 

 

Chapter 2- The objective of this research study is to examine how safety data is 

defined and used in practice, research, and educational settings within the domain of 

transportation engineering. Moreover, this chapter identifies significant similarities 

and differences in the ways safety data is defined within the context of these three 

transportation professional settings.  The analysis presented in this chapter allows for 

analysis of parallels between of safety knowledge in transportation practice and 

academic settings.  

 

This study is titled “State of practice of the use of safety data in transportation 

courses, research, and professional practice.” The methodology employed to collect 

data involves the development of an open-ended interview and an open-ended survey 

including questions regarding the use of safety data and big data. The data was 

analyzed using a general inductive coding approach (Thomas, 2011) by reading the 

interview and survey transcriptions with the objective to identify meaning inherent in 

the main research questions. The major conclusion from this research study is that 

safety data appears to be underrepresented in academic settings for education, but 

more likely used in practice and research settings. Moreover, the most common 

identified types of safety data entail: collision data, traffic volume data and roadway 

inventory data. Where collision data is well represented and used in these three 

professional settings, roadway inventory data and traffic volume data appear to be 

used in practice more frequently compared to its use in academia (research and 

teaching). This finding presents an issue regarding lack of safety data inclusion in 

engineering education as it is reflected in current industry practice. 

 

Chapter 3- The objective of this research study is to examine safety within course 

curricula in terms of design to assess how it is being taught and incorporated in 

transportation engineering programs across the United States and compare the results 

to a previous similar research study that was performed.  
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This study is titled “ A state of practice of safety in transportation engineering 

curricula”. The purpose of this study is to support the study in chapter 2 by 

determining the current inclusion of safety data in transportation engineering 

curricula. The methodology employed in this study consists of a broad collection of 

syllabi paired with a convergent parallel mixed methods analysis (Creswell, 2014). 

This allowed examination of syllabi in a qualitative and quantitative manner. The data 

were analyzed with the implementation of a magnitude coding approach (Miles, 

Huberman & Saldana, 2013) that was created to interpret the level of safety that is 

found in each syllabus. The major finding from this research was that safety appears 

to be underrepresented in engineering education course curricula.  
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2.0 CHAPTER 2- A STATE OF PREACTICE OF THE USE OF 
SAFETY DATA IN TRANSPORTATION COURSES, RESEARCH 

AND PROFESSIONAL PRACTICE 
 
 
 
Abstract 
Safety is amongst the most fundamental principles in transportation engineering, but 

there is minimal understanding of how safety data is used and defined in academic 

and professional settings.  This study examined how safety data is defined and used in 

practice, research, and educational settings within the domain of transportation 

engineering.  A set of open-ended interviews and surveys were distributed to 

transportation practitioners, researchers, and educators with the objective of better 

understanding of current use of safety data within course curricula, research and 

professional practice. Safety data was found to be highly used in transportation 

professional practice and research on a large scale. In contrast, safety data is used on 

a limited basis within course curricula, mostly to highlight facts that incorporate 

safety such as vehicle collisions that occur in the United States. Application of safety 

data within practice is more design oriented towards projects while in research and 

academics safety data plays an important role towards exploration and development 

of new methods and solutions for transportation and safety related problems. The use 

of safety data has always been imperative in engineering. Knowing how 

transportation practitioners are currently using these data is crucial to determine ways 

in which safety data can be best incorporated in academics in order to best prepare 

students for current industry practices.   
 

2.1 Introduction 
 
Safety is one of the most important concepts in civil engineering. It states in canon 1 

of the American Society of Civil Engineers code of ethics, “Engineers shall hold 

paramount the safety, health and welfare of the public and shall strive to comply with 

the principles of sustainable development in the performance of their professional 

duties” (Code of Ethics, 2016).  As such, the importance of safety goes beyond the 

cost and efficiency of a project and should be treated as a priority in engineering 
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practice, design, research, and education. One area of emerging influence is the 

application of safety data within transportation engineering. Despite its increasing 

application and importance within the field (Vlahogianni, Park, & van Lint, 2015), 

the ways in which data relating to safety is used in three variably different settings (i.e. 

research, practice, and education) has not been examined or compared. This study 

explores this issue by examining the ways engineers within research, practice, and 

education describe their use and definition of safety data. Understanding these uses 

can inform educational efforts to improve students’ preparation for practice as 

transportation professionals. 

 

Safety implies a range of complexities in practice and design. For example, a safety 

solution in transportation can range from a simple situation such as encouraging the 

public to wear a helmet while riding a bicycle to a more complex situation such as 

redesigning the curvature on a roadway in order to increase sight distance. Such a 

wide range of complexity may result in varied definitions and use of data relating to 

safety.  In order to better understand the relevance of safety data in transportation and 

its ultimate application, it is imperative to understand how people using the data 

define that data and then apply it within their work. 

 

One area of limited exploration is how safety data, and particularly “big data” related 

to safety in transportation engineering safety is actually defined and used in research, 

practice, and education (Vlahogianni, Park, & van Lint, 2015). Crash rates are a good 

example of one type of safety data. For example, when re-designing a roadway it is 

crucial to review historical crash rates at the site. However, this assumption of use has 

never fully been investigated.  Do researchers, practitioners, and educators have a 

common description of safety data?  Does safety data play a different role in research, 

practice, and education? Is safety data perceived differently within these three 

contexts? Understanding the state of practice is important because it allows the field 

to understand current trends within the transportation community, and it reveals areas 

of opportunity and limitations that need to be addressed within the field.  
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Following this line of inquiry, this research examines how safety is being defined and 

used in transportation engineering research entities, practical settings, and university 

courses across the United States. This research attempts to understand what 

transportation engineers mean by “big data” with a focus on safety data, and how “big” 

safety data is used in academic and professional settings.  This information was 

obtained via interviews and survey responses from practicing engineers, researchers, 

and educators with regard to respondents’ professional background, their experience 

with safety data, and the types of safety data they use.  
 

2.1.1 Literature review 
 
Safety data and “big data” are a critical and changing aspect of transportation, but 

there exists limited understanding of what encompasses “big data” in design and 

academic settings.  Developing an understanding of what these terms mean and how 

“big data” is used to educators, researchers and practitioners is important because 

meanings are a means of communication within and across these settings (Montfort, 

2013). It also helps educators align the ways in which safety is implemented in their 

courses to how “big data” is used by transportation professionals. 

 

“Big data” has been used in variety of ways across different fields. “big data” is 

associated with business analytics, along with logistics and supply management 

(Wang, Gunasekaran, Ngai, & Papdopoulos, 2016; Vera-Baquero, Palacios, 

Stantchev, & Molloy, 2015).  In health care, “big data” is seen as a means to improve 

predictions of outcomes and effectiveness of treatments, dissemination of knowledge 

regarding treatments, and encouraging patients through the delivery of information, 

along with other application (Schneeweiss, 2014; Murdoch & Detsky, 2013),  “big 

data” is used in a variety of settings from science (i.e. the Large Hadron Collider), 

government applications for security programs, in the private sector such as Amazon 

or WalMart, to international development and social media platforms (Katal et al., 

2013; Wamba et al., 2015).  Within the transportation arena, there exists increasing 

expectations of pairing “big data” with the development of Intelligent Transportation 

Systems (ITS) as a means to increase infrastructure safety (Shi, 2015; Vlahogianni, 
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Park, & van Lint, 2015).  “big data” in transportation has been used to estimate travel 

demand and flow (Toole et al., 2015; Lv et al., 2015), traveler movements and 

patterns (Kieu, Bhaskar, & Chung, 2015; Huang & Levinson, 2015; Carrel et al., 

2015), and safety (Shi & Abdel-Aty, 2015; St-Aubin, Saunier, & Miranda-Moreno, 

2015). Markedly, “big data” within the noted research encompassed a wide range of 

sources from GPS, to video, to mobile data. These varied applications indicate the 

increasingly critical potential to revolutionize many fields.   

 

Because of this increased potential for change, it is important to determine how “big 

data” is defined and currently used in research, practice, and education. “Big data” is 

most commonly being used within business. It is most commonly described as large 

stores of complex data that can reach exabytes in size, which requires particular 

means of storage, analysis, and management (Chen, Chiang, & Storey, 2012). Most 

literature defining “big data” associate it with variety, volume, variability, complexity, 

and value (Katal et al, 2013; McAfee & Brynjolfsson, 2012).  Despite commonalities 

within the literature defining “big data”, there has been limited examination regarding 

how “big data” is used and defined from a transportation engineering perspective. 

   

How is safety data incorporated into transportation courses? 

 

Safety has always been recognized as an important aspect of transportation 

engineering (Gross, 2008). However, some education and research communities 

believe that safety education has been limited within civil undergraduate and graduate 

programs (Gross, 2008).  

 

The current state of highway safety education through safety course offerings in 

engineering and public health was investigated. Engineering and health programs 

were contacted and provided with surveys asking department heads to address 

questions regarding the safety courses that were offered at the institutions, including 

obtaining faculty-teaching tools such as class syllabi, course outlines, and webpages. 

Findings support the hypothesis that highway safety is underrepresented in 
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transportation curricula throughout the United States in comparison to design, 

operations, and planning (Gross, 2008). The fact that safety is underrepresented in 

transportation engineering curricula provides a baseline to state that highway safety in 

not addressed properly in engineering schools within the United States. A most recent 

study researched the most important topics for the first course in transportation 

engineering from two different perspectives: practitioners and educators. (Turochy, 

2013). From the collected survey responses, traffic safety was the only safety topic 

that was included out of 34 topics, and was ranked eighth on the importance scale (1-

34), one being the most important by both practitioners and educators (Turochy, 

2013). The use of safety data is a critical component of transportation safety practice, 

and therefore should require an equivalent aspect of preparation in students who wish 

to pursue a career in transportation engineering.  

 

However, no research has investigated the use of  safety data and “big data” in 

transportation programs. This could potentially mean that there is a lack of safety data 

topics being incorporated in civil engineering curricula.  

 

How are transportation professionals using safety data? 

 

Professional transportation engineers depend on data to perform their jobs.  

Moreover, “big data” in transportation comes from many sources including traffic 

surveillance systems such as roadway detectors (Shi & Abdel-Aty, 2015). These 

professionals are using the safety data collected from roadway detectors to design 

better infrastructure and mitigate congestion and vehicle collisions. Highway 

engineers primarily rely on safety manuals to develop safe geometric designs that 

comply with safety specs. These design manuals usually come from a website named 

the American Association of State Highway and Transportation Officials. Moreover, 

databases populated with crash data are used to estimate the number of expected 

crashes for implemented countermeasures. A website, known as Crash Modification 

Factors Clearinghouse populates this type of information and provides data for 

practitioners and researchers to quantify safety applications on roadways. Similarly, 
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uniform control devices enhance safety in streets by providing guidance and 

direction. Roadway engineers rely on the Manual on Uniform Control Devices, which 

are the standards posted online by the Federal Highway Administration to create safe 

and efficient travel for users. 

There are references and resources that professional transportation engineers utilize in 

practice, but no explicit literature that explain the ways and types of safety data they 

use. This research study is intended to gather this type of data and fill this gap by 

recognizing the type of data and its use in practice settings. 

 

How are transportation researchers using safety data? 

Research on connected vehicles is a contemporary and growing field; huge amounts 

of data are required to propel the implementation of connected vehicles (Lu et al., 

2014). The two main objectives of connected vehicles are: the urgent need to improve 

efficiency and safety on the road, and to increase the demand for mobile data of users 

on the road (Lu et al., 2014). 

Similarly, there is substantial research on autonomous vehicles and large amounts of 

data are required for autonomous vehicle functionality. One of the main problems that 

has been researched for years entails the planning of trajectories for these vehicles 

without colliding with fixed and moving obstacles (Frazzoli, 2002). Multiple 

solutions have been emerging for years to potentially solve this problem, but the 

potential does not guarantee that the solution will be collision free (Dolgov, 2010). 

Moreover, researchers use data from collision data sets such as the Australian 

National Crash In-depth Study (ANCIS) with the intent to find out how collisions 

occur (Beanland et al., 2013). Conclusions such as driver inattention being the most 

common type of vehicle crashes could be drawn from using collision data. These 

conclusions can then guide engineers to a safer improved design. 

There is often a disconnect between education, research and practice in many fields 

that leads to less than optimal outcomes. For example, higher education programs 

often do not address aspects of practice that are frequently seen as critical by 
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practitioners (Felder, 2003). Additionally, disconnects between research and practice 

are inhibitors of technology transfer efforts (Hood et al., 2014). Understanding the 

uses and meanings from these diverse contexts can begin to inform communication 

between them and improve outcomes for each. 

2.1.2 Research Question 
 
How is safety data used in research, practice, and education settings and what are the 

similarities and differences in these uses? In what ways are these similarities and 

differences significant for individuals in these settings? 

	  

2.2 Materials and methods  

2.2.1 Data collection 

The interviews were conducted in an open-ended fashion, using a protocol, but also 

with the flexibility to ask follow up questions, which lead to in depth answers from 

the participants. In addition, an open-ended survey was developed to capture core 

understandings from a broader population. 

 

Interviews and surveys with open-ended questions were conducted to gather 

information about the definition of “big data” and how researchers, practitioners and 

educators use safety data in transportation engineering.  Detailed information is 

necessary to identify the potentially varied differences in use in these three contexts. 

In general, interviews are best used to gain detailed accounts of a topic or phenomena, 

while surveys are used to learn general patterns from a large sample of people 

(Driscoll, 2011).  For such a complex research topic heavily related to perspectives 

from many experts, the combination of both methods is used to gather significant data 

from surveys and still preserve in depth details from in-depth interviews. Moreover, 

open-ended questions serve in qualitative research to gain detailed and 

comprehensive information on specific topics (Rapley, 2001). The benefits of open-

ended question entail a schedule of topics where typically the order does not matter 

and the questions are answered in a follow up question mode collecting the most 

information as possible from the participants (Potter, 2005). 
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Interview development and implementation 

Interviews were implemented with the objective to gather sufficient information to 

answer the research question regarding the definition of  “big data” from a research, 

practice and education perspective and identify similarities and differences in the use 

of “big data” in these settings. Similarly, this method allowed us to gather 

information about safety data and how individuals apply it in research, professionally, 

and academically. Interviews are particularly useful when determining expert 

opinions on issues (Driscoll, 2011). Moreover, interviews allow the interviewer to 

gather a depth of information from an interviewee, including self-disclosure (Rothe, 

1991). By conducting an interview, one is more likely to encourage the interviewee to 

disclose their understandings of a phenomenon. Since the targeted participants are 

transportation faculty and professionals with a safety background and expertise in 

safety data and/or “big data”, interviewing these participants revealed detailed 

information related to the research goal.  

An interview protocol was developed with multiple questions about safety data. This 

protocol was divided into three sections: Professional background, Teaching 

background, and Research background. The interviews lasted between 15-30 minutes 

depending on the interviewee’s background. The most relevant interview questions 

are shown in figure 1. 
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Figure 1: Interview Question Protocol 

 

2.2.3 Participant selection 
 
The participants were limited to transportation professionals with expertise in safety 

data, instructors teaching transportation courses, and faculty who conduct research 

using safety data. In order to contact participants with transportation engineering 

expertise, a list of transportation engineering professors and their e-mail addresses 

from all the civil engineering schools in the United States was developed. This list 

consisted of 404 individuals. By recruiting from the web, it is possible to easily obtain 

large sample sizes; one can obtain samples that are heterogeneous with respect a more 

specific expertise; and it is possible to reach people with special or rare characteristics 

(Birnbaun, 2004).  Table 1 shows the response rates resulting from the three attempts 

to contact participants. 
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Table 1: Participant response rate for interview participants 

Contact attempt Contacted people Respond rate Participants 
January 21,2016 404 54 14 
February 12, 2016 404 54 7 
July 27, 2016 404 32 1 
 
 
Interview requests were sent via e-mail to professionals that currently work in 

industry and utilize safety data as part of their job. These contacts were based on the 

contacts of the authors, who work with industry through the capstone design course 

one author teaches. Industry participants represent diverse job responsibilities and 

experience. The following table shows the number of interview participants with each 

expertise. Note that the total number of participants is (N=22) where some 

participants overlap in three categories (e.g. research, practice, education). 
 
Table 2: Interview participant expertise distribution 

Professional 
setting 

Practice Education Research 

Number of 
participants 

16 14 12 

 

 

2.2.4 Survey Instrument Development and Implementation 
 
A survey was developed to collect further data on how “big data” and safety data are 

used in these three settings. Previous research in transportation utilized a survey to 

collect information related to transportation undergraduate level courses in order to 

improve the quality of the content that is being taught. The survey tool allowed the 

use of a variety of question and response types so that the most meaningful and 

representative information could be obtained from respondents (Turochy, 2013). 

Similar to the interview, the survey questions consisted of three different areas: 

Professional industry expertise, teaching expertise, and research expertise. The survey 

consisted of 21 questions regarding the definition, application, challenges, and 

resources related to safety data and “big data”. Similar to the interview questions, the 

survey was used as a tool to ask the same number of questions with the objective of 
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increasing responses from the targeted participants. The number of survey 

participants was not proportional in terms of number of researchers, educators, and 

practitioners. This was because the survey request was sent to mostly participants in 

the education setting. It was more challenging to obtain contacts with practice 

expertise that work with the management and application of safety data, than contacts 

with education expertise that perform research and teach courses using safety data. 

The limitations with this disproportionate sample appear to be inconsistency, which it 

is not an issue in this case because even with only 6 participants from practice, their 

responses were very similar to the degree of making generalizations in a precise 

manner.  

 

2.2.5 Participant selection 
 
An e-mail was formulated to request transportation faculty, practicing engineers and 

Department of transportation (DOT) professionals to complete the survey. The 

desired survey participants were transportation engineers with expertise in safety data, 

teaching transportation courses, or conducting research that utilizes safety data. The 

survey was sent to the same transportation engineering professors from all civil 

engineering schools in the United States that were contacted for the interview. 

Moreover, the survey was distributed to the same transportation professionals that 

were contacted for the interview. In order to only target the desired participants 

whose jobs consist of the analysis and management of “big data”, the first survey 

questions inquired about the participant’s use of safety data in their job. If the 

participant’s job did not involve any duties related to safety data, the survey ended for 

this participant. Table 3 shows the number of survey participants per professional 

setting. Note that the total number of participants is (N=44) where some participants 

overlap in three categories (e.g. research, practice, education). 
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Table 3: Survey participant expertise distribution 

Professional 
setting 

Practice Education Research 

Number of 
participants 

6 38 25 

 
 

2.2.6 Data analysis 
 
Based on interview and survey responses, a qualitative analysis was performed to 

analyze the different views and perspectives of safety data and “big data” from 

researchers, practitioners and educators.  A general inductive coding approach 

(Thomas, 2006) was utilized to analyze the data from both the interviews and the 

survey data by closely reading the interview and survey transcriptions and looking for 

meanings inherent in the research question. Inductive coding is suitable for the 

interviews and surveys performed in this research study because the questions asked 

were primarily open-ended questions. This type of questions requires data to be read 

multiple times to derive codes (Hsieh, 2005 & Thomas, 2006). The extensive open-

ended answers were coded in order to quantify the approximate percentages of the 

number of participants whose answers fall under the developed code.  

2.3 Results 
 
Analysis of the data indicates (1) “big data” relating to safety appears to have a 

shared meaning across research, academic, and practicing cohorts, (2) “big data” 

relating to safety is used in a particular manner, and (3) safety is rarely explicitly 

manifested in existing transportation curriculum in terms of design. The following 

results combine survey and interview results, and the percentages shown include all 

of the participants. 

2.3.1 How is “big data” defined?  

Most participants had a shared meaning when defining the term “big data”. 

Approximately 90% of participants associated the term with large amounts of data 

stored for multiple uses in the engineering design field, or associated it as complex 
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(N=61). Some quantitative dimensions were provided to demonstrate the size to 

which “big data” is given. “The biggest data set we work with is our collision dataset 

which I think right now has about 150,000 records in it” (Participant 17). Numbers as 

large as millions were also mentioned as examples, “There is dozens of attributes for 

each record, and generally in our database there is millions of individual attributes” 

(Participant 17). Moreover, approximately 6% of the participants were not familiar 

with the term (N=4).  “Don’t have such a definition” (Participant 45). “I have heard 

of the term, but am not familiar with it” (Participant 34). These definitions varied in 

context and meaning based on the participant’s perspective. For example, 

practitioners who work for the transportation industry had different meanings 

regarding “big data” than educators and researchers that currently teach at universities. 

For instance, from a practice perspective, “big data” was defined using technical 

examples and applications. These participants generally linked “big data” with 

different applications in engineering design. On the other hand, participants who had 

exclusively teaching and research expertise would generally define “big data” more 

theoretically and as large data points collected and stored in data bases for multiple 

engineering applications. “When it comes to traffic safety I think big data, in this 

country is defined as data that is of a national scope, looking at large datasets that 

include not just crash data but a more complete picture of what’s going on” 

(Participant 11). “Big data is data that is so large in quantity that you have difficulty 

analyzing it by traditional means” (Participant 10). Researchers did not link “big data” 

with technical applications as much as professionals did. Figure 2, represents the 

meaning across research, academic, and practicing cohorts regarding “big data” from 

the survey and interview results. Note that every participant who was an educator also 

performed research providing a single definition for both professional settings. 

Therefore, educators and research fall under the academic category for this analysis. 
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Setting Practice Academics 

Generalized 
definition 

The term was defined as a large 
collection of crash data and various 
job applications. 

The term was defined as a large data 
set of information pertinent to 
autonomous vehicles and real-time 
information. 

Variety 

sources, formats, 
etc.) 
 

• Mostly explained “big data” in 
terms of crash data 

• Some mentioned “real time” data 
to communicate to travelers 

• Commonly mentioned in terms of 
databases 
 

• Most mentioned crash data 
• Some autonomous vehicles, 

connecting vehicles 
• Some mentioned driver behavior 

data. 
• Some mentioned traffic data. 

Volume 

quantitative 
descriptions, means 
of storage, storage 
required, etc.) 
 

• Descriptions range from 
hundredths of points to millions 
of data points. 

• Mostly described as “large 
datasets” 

	  
 

• Descriptions range from thousands 
to millions to data points 

• Also described qualitatively in terms 
of “large sizes” 

 
 

Velocity 

(frequency of data 
collection, 
frequency of data 
delivery) 
 

• In relation to crash data, most 
considered historical information 

• Some mention of real-
time/passive collection of data 
 

 

• Automatic/passive collection of data 
• Real time data 
• One related data collection in terms 

of observations per second 

Complexity 

complications 
associated with 
“big data”) 
 

• Some mention how big data can 
be really complex where a normal 
citizen user would not have the 
ability to do the analysis. 

• Some mention that big data is 
complex in volume and speed. 

• Due to large size of datasets, 
participants note that the data 
requires extensive effort for 
processing and analysis and storing 
it. 

 

Value 

(benefits associated 
with “big data”, 
costs associated 
with “big data 
 

• Most mentioned how big data was 
really important in their line of 
work. 

• Most mentioned how big data was 
really important within research. 

• Not many mentioned how big data 
was essential for teaching. 

Veracity 
 

(Accuracy of data 
collected) 

• Some mentioned that accuracy 
was always a challenge in 
collecting this type of data. 

• Some were concerned with not 
obtaining the amount of data needed 
for research.   

Types of data used 
to explain “big 
data” 

• GPS 
• Collision data 
• Inventory data 
• Naturalistic driving studies. 

• GPS 
• Video and sensor data 
• Real time data 
• Outputs from video 
• Collision data 

 
 
Figure 2: Research, academic and practice cohorts regarding “big data” 
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There were some similarities and differences in the way that “big data” was defined 

and described from a practice and academic perspective. In more general terms, the 

first word used to associate “big data” was the word “large”. However, practitioners 

expressed it as large amounts of collision data while academicians used large amounts 

of real-time data to define “big data”. In terms of Variety, “big data” was mentioned 

to come in many forms and applications from both perspectives. In terms of volume, 

the descriptions were similar by explaining “big data” in large numbers ranging from 

hundredths of data points to millions. In terms of velocity, academicians described 

that collection of “big data” occurs in many observations per second. While 

practitioners did not provide a specific velocity for the collection of “big data”, they 

explained that real-time data is a fast way to collect “big data”. In terms of 

complexity, practitioners mostly described how only trained individuals could 

perform analysis of “big data” due to its complexity. Academicians mostly explained 

how it was really challenging to store “big data” due to its size and complexity. In 

terms of value, academicians and practitioners explained that “big data” is crucial for 

their line of work while not so important for teaching. Last, in terms of veracity 

practitioners explained how obtaining the level of accuracy desired is always a 

challenge. Academicians mostly explained how it was always a challenge to obtain 

the desired amount of data needed for research. 
 

2.3.2 How are professional engineers using safety data? 

 

Every participant included collision data in their response indicating that collision 

data was the primary application of safety data. 

 

Transportation industry professionals mentioned several applications of safety data. 

The most frequently mentioned type of safety data was collision data, with 

approximately 87% (N=20) of participants stating that they utilize collision data on 

their jobs. A more specific application of collision data are collision studies, “We use 

crash data to know where the crashes have occurred? What happened in the crash? 

Who was involved? What are the primary contributing circumstances? What was the 
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reason for the crash? Was there any impairment involved….”(Participant 15). 

Following collision studies, another application involves roadway improvement for 

mitigating collisions “We do a lot of analysis related to collisions, attributes of 

collisions looking for patterns in collisions” (Participant 17). “I have to analyze the 

data so it can be as small as looking at one intersection and looking at that data to fill 

out applications for highway improvement programs and funding” (Participant 16). 

Another application that requires collision data used by practitioners is the analysis of 

fatality records “We also use the fatality analysis reporting system. Now we can get 

into more detail because there it’s a fatal crash and so there’s thousands of elements 

in there, and quite often there’s toxicology [or] prior driving record, there’s a lot more 

depth to that level of data” (Participant 18). These participants also pointed out that 

they utilize collision data to study roadways segments “We most frequently use 

ODOT crash reports that allow us to summarize safety performance/crashes patterns 

within a study area for a multi-year timeframe” (Participant 38). “Safety data is useful 

for identifying hot spots or high priority corridors for improvements” (Participant 12). 

With the study and analysis of these data, these participants mentioned that collision 

data is then utilized for countermeasures “Crash count are used for crash analyses and 

identification of counter measures. Traffic counts likewise used for computing the 

effectiveness of countermeasures” (Participant 35).  

 

Another type of data that is currently being used by transportation professionals is 

traffic volume data, where approximately 27% (N=6) of the participants answered 

that they consider traffic volume data as a type of safety data used in their line of 

work. “Traffic volume data is a big one” (Participant 20). “We use traffic volumes to 

figure out how much traffic is utilizing each facility and we use traffic data to kind of 

put a rate to the crashes to really normalize from a statistical stand point of what is a 

high crash location” (Participant 15). “We use traffic count information” (Participant 

24). 

 

Moreover, another type of data that is currently considered safety data by the 

participants is roadway inventory data. Approximately 18% (N=4) considered 
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roadway inventory data as part of safety data in their line of work. “During a crash, I 

can link the roadway inventory data to look at what type of conditions existed on the 

roadway, the number of lanes, the speed of the roadway…” (Participant 20). Other 

components that are considered roadway inventory data are simply roadway 

conditions and physical roadway components such as curvatures, signals, pavement 

data, etc. “We have our entire database which gives us data on curves, and signs, 

signals, and lane widths…” (Participant 7).  

 

There are challenges when utilizing safety data according to the participants. One of 

the biggest challenges with safety data is that it is not accurate or precise sometimes. 

“There are some accuracy issues because there’s so many hands that touch it. One of 

the big issues is the accuracy” (Participant 14). Similarly, participant 16 said, “The 

challenges are that the table of safety data doesn’t give you the whole picture of what 

happened in the crash, so if you need to know more details then you need to request 

the actual crash report and read those”.  

 

Another challenge we identified is the availability of safety data. “As an engineer, 

and I am sure you experienced this, you want more data than you are going to get” 

(Participant 20). Moreover, participants also mentioned cost as a challenge related to 

data. They stated that it is expensive to collect data and could be a challenge 

occasionally due to budget restrictions (Participant 20).  

2.3.4 How is safety data incorporated into transportation courses? 
 
Approximately 92% (N=48) of participants who teach transportation courses 

incorporate safety data in the transportation courses that they teach in different forms. 

The most common form is through collision data, “I tried getting students introduced 

to the general estimate system (GES)…. as well as huge states that provide relatively 

detailed crash data basis online” (Participant 10). Moreover, many of these 

participants stated that they incorporate safety data in their classes by utilizing 

datasets for homework assignments of class projects. A few participants indicated 

they just briefly talk about safety data in their courses, “In a limited basis, you know, 
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I would say just to highlight the fact that in the United States there are certain traffic 

crashes” (Participant 1). Another participant said, “We do a little bit of that, but I 

would say in most cases I would do the queries and provide that data directly to the 

students” (Participant 6). “We mainly use the reported crash data; is about all we have 

time to really get into” (Participant 8). Other participants did not provide much detail 

on the type of safety data that they incorporate; they simply highlighted it as general 

data. “Data analysis and calculations” (Participant 4). 

 

Despite the fact that 92% (N=48) of participants indicated they incorporate safety in 

the transportation courses that they teach, approximately 35% (N=17) of this 

percentage rarely talk about safety data related topics in their courses. However, from 

the remaining 65% (N=31) of participants who incorporate safety in the 

transportation courses that they teach, approximately 66% (N=21) included collision 

data as the most common type of safety data. “We mainly use crash data, is about all 

we have time to really get in to” (Participant 8). “Really, just crash data, small crash 

data so they can calculate some rates, or do some comparisons before and after” 

(Participant 7).  

 

Moreover, approximately 6% (N=2) mentioned that roadway type inventory data is 

the safety data that they incorporate in their courses. Another 6% answered that safety 

standards are the type of safety data that is incorporated in courses (N=2). Further, 

approximately 9% of the interview participants (N=3) answered that driver 

characteristic data is the type of safety data incorporated into their classes. “We cover 

the characteristics for drivers and safety factors a little bit” (Participant 4). The 

remaining 13% answered that traffic volume data is mainly the type of safety data in 

their courses (N=4).  

 

Participants highlighted some potential challenges with using safety data in their 

work as well as incorporating it in their course work. These challenges faced by 

participants in the academic environment involved mostly privacy issues, and 

student’s familiarity with working with data sets. One of the participants pointed out 
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that in order to utilize real safety data for a class a process to obtain permission is 

previously completed in order to incorporate real data into the course in a specific 

way. Moreover, another challenge was that some students were not comfortable with 

using data sets and were unprepared to work with them.  

2.3.5 How are transportation researchers using safety data? 

Approximately 100% of participants use safety data in the research that they do 

(N=37), where approximately 70% utilize crash data in their research (N=26). “Well, 

it’s usually preparing data sets of crash counts or crash disparity for different crashes 

by the different road entities” (Participant 2). “Typically crash data that would be 

housed by state [departments of transportation] or state departments of public safety” 

(Participant 9). “Crash data used to understand weather impact on crashes” 

(Participant 21). “I use traffic crash data to conduct effectiveness evaluations of 

countermeasures using the naïve before and after and the empirical bayes (EB) 

methodologies” (Participant 5). Moreover, approximately 11% (N=4) of participants 

stated that they used naturalistic driving data as safety data in their research. This type 

of data involves mainly human behavior, “We recently had a few projects that 

focused on naturalistic driving study data” (Participant 10). Another 5% use bicycle 

data (N=2). With other 5% (N=2) being roadway inventory data. Finally, the 

remaining 9% (N=3) used traffic volume data. 

Professional engineers in practice primarily emphasize the use of collision data as the 

most common type of data. With no difference, researchers and educators also utilize 

collision data as the most common type of safety data. Collision data is considered 

the most common type of data due to its broad number of applications. It was also 

noted that real time data is utilized by researchers and educators to a limited extent. 

This is because most applications that involve real time data contain topics such as 

connected vehicles and autonomous vehicles, which is a relatively novel research area. 

On the contrary, from the participant interviews and surveys, professional 

practitioners rarely deal with real time data within their work. Table 4 shows the 
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summary of results for the types of safety data used from the different professional 

settings. 
 
Table 4: Type of safety data used by professional setting 

Type of safety data Professional Setting 
Practice Teaching Research 

Collision data 87% 66% 70% 
Traffic volume data 27% 13% 9% 
Roadway inventory data 18% 6% 5% 
Driver characteristics data - 9% 11% 
Safety standards data - 6% - 
Bicycle data - - 5% 
 
 

2.4 Discussion 

2.4.1 Similarities and differences among the three different professional settings 
 

The first research question entails the similarities and differences among the use of 

safety data in academic, research and industry settings. Based on the answers 

provided from the interview and survey participants the most common similarity is 

that they all mainly use collision data as safety data for the three different 

transportation areas. However, discrepancies are present in the way that collision data 

is applied. For instance, collision data in practice is mostly used for technical 

transportation designs that serve as counter measures to reduce vehicle collisions. 

Different from practice, collision data in academics is primarily used as a tool to 

enhance safety learning by serving as an analysis tool. Moreover, collision data on 

research is being used to study collisions and develop methods that could potentially 

mitigate crashes. Collision data in research and practice are commonly being used 

more similar to one another. 

 

The similarities and differences are significant to individuals in these settings because 

there should be a connection between academia and practice. It is important to be able 

to recognize these similarities and differences in these settings to be able to suggest 

methods that could better transfer knowledge and skills regarding safety data from an 
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academic setting to a practice setting in the transportation engineering field. The most 

common similarity among these three settings is that the use of collision data appears 

to be major in these three settings. Collision data is the most commonly used type of 

safety data for these three settings and therefore a positive representation of safety 

data because this type of data is being addressed in both academia and practice.   

 

On the other hand, there is a slight difference in the coverage of traffic volume data 

within practice and academia. The usage of road inventory data in teaching and 

research is much less than the usage of traffic volume data in transportation practice. 

In order to reflect student learning in practice, the inclusion of this type of data should 

be embedded to a larger scale in academia. Moreover, another type of safety data that 

is common in transportation practice is the use of roadway inventory data. These data 

includes items like lane width, traffic signs and sign conditions (Khattak, 2000). The 

use of these items certainly relate to the safety of transportation infrastructure. The 

use of roadway inventory data does not seem to be well represented in teaching and 

research. Incorporating more roadway inventory data in class assignments or projects 

within academia could be ideal to better reflect industry practices. The next section 

discusses some of the potential methods to incorporate safety data in course curricula 

based on the results found from this research and the literature review. 

 

2.4.2 Potential methods to include safety in course curricula 

One method to teach safety to engineering students in a more technical aspect 

involves safety data inclusion in course curricula. Safety data in civil engineering 

includes quantitative data such as historical crash data. This type of data can be used 

to design safer infrastructure and is also a great way to educate engineering students 

about the importance of safety data and what can be done with it. Safety data is 

usually collected, but it can be costly (Bertini, 2005). However, in many 

circumstances this type of data is already available to the public from government 

departments of transportation.  
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One of the challenges that were presented from this research is that collection of 

safety data can be costly. To solve this problem, software could be developed to 

collect data in a cost efficient way. For instance, one device that was previously 

developed was a palm OS device utilized to collect data by simply using software to 

count transportation information such as pedestrian counts, vehicle counts and 

collection of GPS coordinates. Researchers from Portland State University created 

and tested a tool for low-cost data collection, “We have attempted to incorporate the 

data collection “process” into the classroom and laboratory by creating tools using 

equipment readily available at low cost (often referred to as “commodity hardware”) 

and custom open-source software. We have developed software for palm OS 

handheld computers which, when coupled with global positioning system (GPS) 

devices, allow a great deal of transportation-related data to be collected rather easily” 

(Bertini, 2005). This device was a potential alternative to collect data at a low-cost at 

that time. In the present, it can be relatively easy to implement similar software that 

can be included in devices such as smartphones in order to be able to collect 

transportation data at a low-cost. 

 

Moreover, the inclusion of civil engineering projects or assignments that require 

collection of safety data has the potential to provide students an understanding of the 

uncertainty and complexity of safety data. In previous research, historical crash data 

from Los Angeles, California were used to determine if secondary accidents need 

safety improvements to be mitigated, or if they are infrequent events that would not 

be cost efficient to apply these mitigations (Moore, 2004). With the management of 

this safety data, they were able to provide a solution based upon the accidents 

occurring in the area. In a similar manner, civil engineering students could potentially 

learn about the importance of safety by taking on course projects or assignments that 

require the application of safety data. In addition, this type of projects will encourage 

engineering students to rely on the application of safety data to solve engineering 

problems.  For instance some specific projects that could encourage the use of safety 

data are projects related to collision studies. Perhaps identifying roadways with many 

previous collisions and then providing the collision data to the students in order for 
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them to design a plan to mitigate collisions. Another type of project could be a 

roadway inventory analysis. For instance, the group would be assigned a section of 

roadway somewhere within the city and analyze it by performing a road inventory 

count and then with that data, perform simulations of the current scenario, identify the 

areas for improvement and then perform another simulation to assess the potential 

improvement in safety of the roadway section.  

 

Safety data usage in civil engineering courses is not common. Relying on safety data 

to accomplish tasks and assignments in civil engineering courses could be a positive 

way to incorporate safety material in the existing course curricula. This incorporation 

of safety material will allow transportation students to develop greater awareness of 

how safety data is utilized to make design decisions. The challenge with using safety 

data in civil engineering courses is not the data itself, but the way to use it in the 

course to deliver the message to students regarding the importance of safety. Further 

research will need to be done on safety data to determine methods to include this type 

of data in engineering education and how to best increase understanding of the 

importance of safety data to transportation students. 
 

2.5 Conclusions 
In summary, this research goes in depth by identifying the current uses of safety data 

within transportation research, practice, and education. Safety data appears to be well 

utilized in transportation practice and research while not sufficiently emphasized in 

education, therefore efforts should be made in order to incorporate safety data in 

transportation curricula to a larger extent.  

 

The most common similarity in the use of safety data within these three professional 

settings was identified to be the use of collision data. Collision data is well used in 

research, practice, and education. On the contrary, there were two differences in the 

use of safety data types from this research; roadway inventory data and traffic volume 

data. These two types of safety data appear to be used on a regular basis in 

transportation practice, while not used so often in both teaching and research settings. 
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Both practitioners and academicians similarly defined the term “big data”, as a large 

collection of data that ranges from hundredths to millions of points. The only 

differences in meaning are that when practitioners explained the term, they used more 

technical applications related to transportation and traffic engineering. On the other 

end, when academicians explained the term, it was in a way that involved mostly 

novel research topics such as connected vehicles and the use of real time data.  

Despite this study addressing big data and its inclusion and utilization among the 

three professional settings previously mentioned, a more in-depth study needs to be 

accomplished. An interview or survey explicitly devoted to questions regarding “big 

data” and its use in academics would be beneficial to learn more about current trends 

and allow educators to develop better curricula offerings that reflect transportation 

industry practices. Also, a larger participant sample should be used to perform a 

similar study and then compare the results to the results from this research 
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3.0 CHAPTER 2- A STATE OF PREACTICE OF SAFETY IN 
TRANSPORTATION ENGINEERING CURRICULA 
 
 

ABSTRACT 
Safety is amongst the most fundamental principles in engineering.  It guides 

engineering design, research, and practice, as a whole. Understanding how “safety” 

manifests in engineering curricula is imperative to determine best practices for 

educating engineers. This study examines safety within course curricula in terms of 

design (as represented in course syllabi) to gain insight into current implementations 

of “safety” in transportation engineering programs across the United States. A scale 

was created to identify the level of importance regarding safety for each specific 

course. It was found that safety is underrepresented in transportation curricula with 

only a 11% incorporation of safety topics and related material in transportation course 

curricula. 
 

3.1 INTRODUCTION 
 
A key responsibility of engineers is to protect the welfare and safety of the public.  

Safety in engineering education is crucial in order to prepare engineers to perform 

their duties.  The importance of safety is reflected in expected student outcomes for 

civil engineering programs accredited by the Accreditation Board for Engineering and 

Technology (ABET), which overtly requires consideration of safety in design (ABET 

– Engineering Accreditation Commission, 2015; Koehn, 1999, 2004). Safety 

awareness is a progressive activity that starts during the formal educational process 

(Bryon, 1999).  However, safety is not being emphasized in course curricula as it 

should, An education on safety is a critical aspect of the engineer’s responsibilities 

and obligations, therefore the lack of the use of safety material to provide a 

fundamental education is a concern in education. (Gross, 2008). The safety education 

that the engineers receive while in school will substantially reflect in the performance 

of engineers at a professional level for the reason that safety education is a critical 

aspect of the engineer’s responsibilities and obligations. 
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Despite the field’s consensus on the importance of teaching safety to engineering 

students, there exists limited examination identifying how instructors actually 

incorporate safety in undergraduate and graduate transportation engineering 

classrooms. Without understanding how safety is taught to students, the field cannot 

assess current standards of practice, determine workplace preparedness of students, or 

develop methods to improve instruction of the concept.   

 

In order to understand current educational practices relating to safety, the engineering 

curriculum must be examined. This research examines how safety is being 

incorporated in course curricula through a syllabi analysis. The method employed is a 

magnitude coding approach (Miles, Huberman & Saldana, 2013) with a summative 

content analysis (Berg & Lune, 2012). The goal of the research is to identify how 

safety manifests within transportation engineering curricula in terms of design, as 

well as the methods currently employed to convey this information to engineering 

students in academia. In this procedure, a scale is created based on derived criteria 

from literature review, and then the collected data is analyzed using a convergent 

parallel mixed methods analysis (Creswell, 2014). 

 

3.1.1 Research question 
 

This research attempts to answer the following research question: 
 

• How is safety presented in engineering syllabi? 

 

These two questions provide a foundation for understanding current standards of 

practice regarding safety in transportation engineering. It initiates inquiry of how 

engineering educators implement topics of safety (e.g. in course lectures, laboratories, 

software), what topics of safety are prevalent in engineering courses (i.e. safety in 

relation to traffic, planning, analysis, users, etc.), if learning safety is listed as a 

course outcome, as well as other issues. Insight regarding these issues can be utilized 

to determine areas of improvement within transportation engineering instruction.   
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3.1.2 Literature review 
 

In engineering education, safety is commonly linked to broad areas of interest 

including (1) occupational issues in construction, laboratory practices, and other areas 

( Gambatese, Behm, and Hinze, 2005; Vahed, Gambatese, and Hendricks, 2016; 

Toole, 2005; Vogel and Tomadko, 2015), (2) public health (Dembe, 1996), and (3) 

ethics (Herkert, 2000, 2005). This historically broad application of safety does not 

necessarily characterize how the concept is specifically embedded within 

transportation engineering, one of the key areas of specialty within civil engineering 

with most engineering students being exposed to the field within their undergraduate 

education (Russell and Stouffer, 2005). This gap in literature is particularly 

concerning when considering the key role of safety in transportation engineering.   

 

Safety is a key area of concern within transportation as reflected in vast research 

investment in areas such as safety data and analysis, human factors, intersection 

safety, and speed management from offices of the Federal Highway Administration 

(FHWA), Transportation Research Board (TRB), and Institute of Traffic Engineers 

(ITE), and other relevant engineering organizations (Turochy et. al., 2013). Indeed, 

safety is overtly noted as a priority in one of the key United States legislations 

relating to transportation, the Safe, Accountable, Flexible, Efficient Transportation 

Act – A Legacy for Users (also known as, “SAFETEA-LU”) (Institute of Traffic 

Engineers, 2009). Indeed, both practitioners and educators identified safety as 

important topic for transportation engineering students, particularly in regards to 

traffic safety (R. E. Turochy, 2006; R. Turochy, 2013). With consensus of the 

importance of safety to transportation engineering, one may assume the overt 

inclusion of and specific educational applications relating to safety within the 

curriculum. However, there exists no current literature that either confirms or denies 

this assumption, or provides insight into the manifestation of safety in students’ every 

day, educational experiences.     

 

The limited literature addressing transportation engineering and safety in instruction 

notes proposals for including safety concepts (such as scientific methods and 
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statistical analysis, crash categories, crash data, and crash frequency) as foundational 

ideas that should be taught in introductory transportation engineering courses (Kyte, 

Bill, and Young, 2010).  

 

One opportunity to learn about safety is during the education prior employment 

(Gambatese, 2003). Incorporating construction safety into university curricula 

provides an opportunity for employees to have an immediate impact on safety 

(Gambatese, 2003). On a similar study, the safety emphasis in civil engineering and 

construction programs was researched to find the extent to which safety is included in 

course curricula (Gambatese, 2003).  

 

It was found from previous research that construction programs address safety in the 

curricula to a greater extent than civil engineering programs (Gambatese, 2003). 

Moreover, it was found that none of the responding civil engineering programs offer a 

course wholly devoted to safety due to faculty teaching resources and credit 

limitations (Gambatese, 2003). This research will emphasize in civil engineering 

courses, exclusively transportation engineering curricula in terms of design to find the 

extent to which safety is actually incorporated in course curricula. The study 

performed by Gambatese will be utilized as a baseline to compare the results obtained 

from the analysis of this research. 

 

What does transportation-engineering curriculum look like right now (what is 

the existing state of practice)? 

There is no previous research that entails the current state of practice by analyses of 

course curricula. However, a similar research study was done previously using the 

survey as a research tool. After the analyses of the data, it was found that the amount 

of coverage devoted to safety in curricula from civil and construction-engineering 

programs ranged from one single lecture to 3 weeks of the course (Gambatese, 2003). 

Interestingly, by taking the average of the amount of time that course curricula were 

devoted to safety, only approximately 10 percent of the course content was devoted to 

safety. 
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In what ways does “safety” come up in the curriculum? 

Safety can be present in many different ways in course curriculum. It can be quite 

difficult to attempt to quantify the amount of safety that comes up in a specific course. 

Some of the safety topics that can be included in civil and construction engineering 

course are: safe practices, mandatory procedures, compliance, and inspection and 

penalties (Gambatese, 2003). Despite safety topics, safety can be present in course 

curriculum through a number of teaching materials. Some of the most common 

materials utilized in civil and construction engineering curriculum are OSHA 

standards, and textbooks that involve compliance and design codes (Gambatese, 

2003). Moreover, understanding of factors of safety is a valuable topic within civil 

engineering (Gambatese, 2003). 

 

For this research study, examining and analyzing transportation course curricula will 

lead to an implied answer to the research question. The syllabi analysis has been 

previously used before as a method to determine the extent to which particular 

material is being covered in course curricula (Gross, 2008). The course syllabus is 

essentially the blueprint of the course in where all pertinent information regarding the 

course lies. Therefore, there should be enough information to be able to identify 

current trends in how safety is being incorporated in course curricula. 
 

3.2 MATERIALS AND METHODS 
 
In order to learn how safety is currently being taught in universities at an 

undergraduate and graduate level, data must be collected. These data could come 

from safety curricula analysis. On a similar research study, the current state of 

highway safety education through safety course offerings in engineering and public 

health was investigated. Part of the method utilized to achieve this goal was to 

analyze transportation course curricula. Detailed course information such as syllabus, 

course outline, webpages, etc. was requested to determine the extent to which 

particular material was being covered (Gross, 2008). Course content for a course is 

described on the course curricula. Therefore, collecting an analyzing syllabus could 
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provide the answers to the research questions. 

 

3.2.1 Data collection 

To answer these research question a detailed syllabi analysis was performed in order 

to extract valuable information that leads to the cues on how University professors are 

incorporating safety in transportation curricula. With this information, the current 

inclusion of safety in transportation curricula in the United States could be 

disseminated and trends on how inclusion of safety data in transportation curricula 

could be formed to answer the research question.  

 

3.2.2 Syllabi Analysis 
 
An extensive syllabi analysis was used to determine the extent to which safety is 

being emphasized in transportation course curricula and the current methods being 

employed at universities across the United States to teach transportation safety. The 

first step followed in the syllabi analyses involved the identification and separation of 

safety courses and non-safety courses. A safety course was implied to be one that its 

title uses the word “safety” (e.g. highway safety, transportation safety). Moreover, a 

scale was created as a baseline to measure the level of safety contained in the syllabus 

based on words that imply safety (e.g. safety, design). After, a more extensive 

analysis was done for the identified safety courses while the non-safety courses were 

utilized to assign quantitative values to assess the incorporation of safety in 

transportation course curricula.  

 

Regardless quantitative procedures and applications being taught in civil engineering 

schools; safety must also be theoretically conferred in order to modify the students’ 

brain to inherent a sense of perception for safety. These syllabi were collected from 

civil engineering professors that teach transportation safety courses for undergraduate 

and graduate level. Then, the syllabi were carefully analyzed to identify the structure 

of the class and disseminate the methods that the professors use to teach safety to 

students. 
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A convergent parallel mixed methods analysis was employed to examine provided 

syllabi from transportation instructors within the United States quantitative and 

qualitative (Creswell, 2014). These syllabi were gathered applying two different 

approaches. For the first approach, e-mail was formulated and sent to a list of 

professors whose contacts were obtained via Internet. Few responses were obtained 

using this approach. The second approach consisted of an online research regarding 

transportation-engineering syllabi. These approach was successful, especially through 

public universities; many post their syllabi on the university website. The collected 

syllabi were stored and uploaded to analysis software (Dedoose). 

 

Similarly, a magnitude coding approach was utilized to indicate the intensity of how 

safety played a role in the syllabi being analyzed. Magnitude coding approach 

consists of supplemental alphanumeric or symbolic codes or sub codes applied to 

existing coded data or category to indicate their intensity, frequency, direction, 

presence, or evaluative content (Miles, Huberman & Saldana, 2013).  Rationale was 

formulated to interpret how safety is mentioned in the syllabi. For this study, the 

words “safety” and “design” were used as magnitude codes since these two words 

indicated the presence of safety in the course. The word "safety" explicitly implies the 

manifestation of safety in the coursework. For "design," there is suggestive 

implication that safety is considered in the course. Engineering design, as noted 

previously, inherently requires application of some factor of safety. As such, it is 

assumed that safety is latent in the teaching of design. Further, it is stated in an article 

about safety education published by Frank Gross & Paul P. Jovanis that there exists a 

misconception where safety manifests implicitly in design. However, from their study, 

they found evidence that supports this belief. "Findings support the hypothesis that 

highway safety is underrepresented in transportation curricula throughout the United 

States in comparison to design, operations, and planning" (Frank Gross & Paul P 

Jovanis 2008). Based on these corroborations, it is rigorous to implicitly associate 

safety with the word "design". 
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The hierarchy employed in this procedure consisted of criteria derived from 

corroborations and hypothesis mentioned above. The use of the word “safety" within 

syllabi was the strongest way to express safety contextually. For this rationale, the use 

of the word “safe” or “safety” once within a syllabus section was rated as moderate. 

However, using the word more than once was rated as strong. The word safety was 

only counted when it was included in the course description, objectives, or schedule. 

Note that the word "safety" was excluded when used as a general statement on all 

school syllabi (e.g. if "safety" referred to public safety in the university campus). 

Consequently, if no results were found that contained the word "safety", the syllabus 

section was then searched for the word "design". Criterion for the use of the word 

“design” was based on the repetition of the word. The use of the word “design” less 

than three times was considered as weak and the use of the word more than three 

times was considered moderate. Despite how many times the word “design” was 

repeated, a limit was set so that design can never be implied as strong.   

This criterion was generated from experience as a student. It was simply used as a 

baseline to provide an implicit form of value to the syllabi being analyzed.  

Table 1 below interprets the meanings for the magnitude coding used on the analysis 

software (Dedoose).  

 

 
 
Table 5: Coding meanings 

Syllabus section No None Weak Moderate Strong 
Course description The section 

does not 
talk about 
safety at all 
neither does 
imply it 
with the use 
of other 
words. 
 

The 
syllabus 
does not 
contain 
this 
section. 
 

The section does not 
mention safety but it 
implies it with the 
use of other words 
such as design. The 
use of the word 
“design” less than 
three times will be 
rated as weak. 
 

This section 
mentions safety 
once or implies 
safety by 
mentioning the word 
“design” more than 
three times. 
 

This section 
mentions 
safety more 
than once. 
 

Course objectives/goals 

Course schedule 

 
The intent of this rating system is to identify how safety is included on certain 

sections of the syllabi using a summative content analysis (Berg & Lune, 2012) with 
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two latent words, safety and design that imply safety. Succeeding, patterns of the data 

were identified and results derived from the patterns. 

 

Additional codes and descriptors were created in order to obtain additional patterns 

and perform a more desirable result. Some of the descriptors used included: course 

type, safety based, and the region from where the syllabi are from. Some of the codes 

included: course type, learning objectives, safety boards, and safety manual and 

safety resources. 

 

This extensive syllabi analysis was useful to determine the ways in which professors 

in the United States incorporate safety topics in their courses, and the resources and 

methods they imply to teach students. Most importantly, this analysis was crucial to 

determine the amount of existing transportation courses that emphasize on safety in 

the United States and consider this to determine if transportation courses should 

implement more safety courses.   

3.3.3 Collection of syllabi 
 
Prior the collection of data for the analysis of this research, a list of faculty was 

completed including their contact information. Transportation engineering faculty 

was exclusively considered for this research. An extensive list of most of the 

transportation-engineering faculty within the United States was included in this list on 

tabular form. The table included their name, e-mail, school and the United States 

region. The regions used in this table are the Former Department of Transportation 

Regions show in figure 1 below. 
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Figure 3: Department of transportation regions 

 
Table 6 shows the amount of syllabi that were collected from its respective region in 

the United States with the proportion of safety courses. Note that a safety course is 

defined by the title of the course when it includes the word “safety” or if it was 

classified as strong from magnitude coding approach developed for this study. 
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Table 6: Collected syllabi per region 

 
Graduate Undergraduate Either 

50 87 19 
 
The syllabi gathered were from both undergraduate and graduate programs. The types 

of courses were either, graduate, undergraduate or slash courses, which can either be 

graduate or undergraduate. 
 

3.3 RESULTS 

3.3.1 Analysis of syllabi  
 
From the 156 collected transportation syllabi, only 17 were rated as strong safety 

transportation courses. These safety transportation courses included the word “safety” 

in the title of the course explicitly meaning that it was a safety course or described the 

course as a safety course in the course description (e.g. Highway safety, Aviation 

safety management). Table 3, represents the overall number of syllabi collected from 

each transportation region and the number of safety courses. The transportation 

regions are shown in a graphical representation in figure 1. A percentage of this ratio 

was calculated for each region as well as the overall percentage for all the regions. 

Based on the collected data, the region that offers a higher percentage of safety 
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courses is transportation engineering is the Mid South Atlantic region covering the 

states of Georgia, Tennessee and South Carolina. The total overall percentage is 

equivalent to 11% meaning that from the data collected, 11% of all transportation 

courses in the United States are safety related classes, while the other 89% are non-

safety classes.  
 

Table 7: Collected syllabi quantitative results 

DOT Region 
Number of 

Syllabi 
Number of 

safety 
courses 

Percent of 
safety 

courses 

Overall 
Percent 

% Of safety 
courses-total 
syllabi ratio 

Central Region 3 2 67% 1.28% 
0.43 

Great Lakes region 17 2 12% 1.28% 0.08 

Gulf Region 26 0 
0% 

0.00% 0.00 

Mid Atlantic 
Region 

10 2 20% 1.28% 0.13 

Mid South Atlantic 
Region 

2 2 100% 1.28% 0.64 

Northeast Region 19 2 11% 1.28% 0.07 

Northern Plains 4 0 0% 0.00% 0.00 

Northwest Region 23 1 4% 0.64% 0.03 

South Atlantic 
Region 

15 4 27% 2.56% 0.17 

Southwest Region 
18 2 11% 1.28% 0.07 

Southeast Region 11 0 0% 0.00% 0.00 

West Central 
Region 

8 0 0% 0.00% 0.00 

Totals 156 17  11%  
 
Noticeably, the largest syllabi collection was from the Gulf region with 26 syllabi 

where none where safety based syllabi, this implies that the need for safety courses in 

the gulf region needs to be increased.  
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3.3.2 Which topics was safety paired up within course curricula? 
 
The only safety courses extracted from the 156 collected syllabi were 11, which are 

tabulated in table 4. The other 6 courses were not safety courses but discussed safety 

to a strong level within the course.  
 

Table 8: Identified transportation safety courses 

Identified Transportation Safety Courses from Syllabi Analyses 
CE 579: Transportation Safety System 
CE 538: Highway safety engineering 

AVM 377: Aviation safety management 
CE 467/567: Highway safety and operations 
TRC 314: Travel safety and human factors 

CE 872: Transportation safety 
CE 5090-01: Transportation safety 

CE 509: Highway safety 
CE 595: Transportation safety 

CE 597d: Safety and human factors in highway transportation 
CE 450/550: Transportation Safety Analysis 

 
The most common type of safety courses within course curricula appears to be 

general transportation safety and highway safety courses. There also appears to be 

safety courses in human factors related topics and aviation topics but on a limited 

scale.  

 

Table 5 represents the course category for the 156 analyzed syllabi and the number of 

syllabi that were either labeled as safety or non-safety based.  
 

Table 9: Identified transportation course categories 

Course type Safety Based 
Yes No 

Related to transportation 5 18 
Related to highway engineering 3 22 
Related to traffic engineering 2 29 
Relate to aviation 1 2 
Related to geometric design 1 1 
Related to highway materials 0 2 
Related to railroad engineering 0 3 
Related to ITS 0 2 
Introduction to transportation engineering 0 32 
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Related to pedestrian & bicycle safety 0 4 
Related to statistical methods 0 7 
 
 
Transportation safety 45% (N=5) 

Some of the most relevant topics that are discussed in the transportation safety classes 

are crash rates analyses and crash modification factors. Some specific applications 

that are studied within this line of scope are predictive crash models and accident 

studies and safety evaluations using the Highway Safety Manual (HSM). Other topics 

study pedestrian safety and statistical methods in safety analyses.  

 

Some of the resources that are primarily used for the studies of these topics are things 

like: HSMs, crash modification factors clearinghouse, collision data, and statistics. 

 

Highway safety 27% (N=3) 

Similarly, on the highway safety courses, some of the most relevant topics were 

related to vehicle collisions. Some specific topics within these topics were: 

introduction to crash statistics, road safety audits, crash investigation and analyses, 

intersections, crash reconstruction, collision data among others. Most of the material 

within these courses is related to vehicle collisions.  

 

Some of the resources used as reference for these courses are: The Traffic Safety 

Toolbox, Manual of uniform Traffic Control Devices (MUTCD), transportation-

engineering handbook, the Transportation Research Board (TRB) among others. 

 

Safety and human factors 18% (N=2) 

The topics covered in these courses were related to rates and exposure, stats for safety, 

countermeasures by providing a driver education to young drivers, local road safety 

audits, enforcement, alcohol and other drugs, work zones and measures of safety and 

safety evaluation among others.  
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The type of resources and references utilized for these topics were very few compared 

to the other safety classes. The only resources were: data from the US Fatal reporting 

Accident Database and statistical analyses software. 

 

Aviation safety 10% (N=1)  

From the labeled safety syllabi, there was only one aviation safety course. This course 

was highly emphasized in safety topics within aviation. Some of these topics were: 

aviation safety program management, flight safety, ground safety, human topics, and 

aircraft accidents. The only resource for this class was a required textbook named 

“aviation safety”.   

 

3.3.3 Where does safety emerge within the actual syllabi (e.g. course description, 
course objective, course schedule)?  
 

Based on the syllabi analysis, the overall manifestation of safety within course 

curricula is weak. The majority of the syllabi which includes approximately 25% 

(N=42) of the syllabi were coded as weak in terms of safety inclusion based on the 

developed criterion from table 5. The breakdown consists in three different sections 

within the syllabi, these are: safety syllabus description, syllabus objective and 

syllabus schedule. For the syllabus description the majority of the syllabi, 35% 

(N=54) are weak with only 9% (N=14) being strong. For the syllabus objective, the 

majority of the syllabi 31% (N=48) were rated as moderate were 24% (N=38) are 

strong. Last, for the syllabi schedule, the majority of the syllabi 26% (N=41) were 

rated as none, which means that the syllabus does not contain a schedule for the 

course. Alternatively, the second most was rated as moderate with approximately 

22% (N=35) and with 21% (N=32) rated as strong. It can be noted that safety content 

within a course tends to explicitly manifest embedded in the course objective and 

course schedule. On the contrary, safety content within course curricula rarely 

manifests within the course description of the syllabi. Table 5 contains the number of 

syllabi and percentages of the found safety descriptions within the three syllabi 

categories. 
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Table 10: Quantitative results for presence of safety within syllabi sections 

  Manifestation of safety Number of syllabi Percentage of syllabi 
Safety-description No 28 18% 

None 35 22% 
Weak 54 35% 
Moderate 25 16% 
Strong 14 9% 

Safety-objective No 16 10% 
None 19 12% 
Weak 35 22% 
Moderate 48 31% 
Strong 38 24% 

Safety-schedule No 19 12% 
None 41 26% 
Weak 29 19% 
Moderate 35 22% 
Strong 32 21% 

Average  No 18 12% 
None 29 19% 
Weak 36 23% 
Moderate 34 22% 
Strong 26 17% 

 

The three different sections within syllabi were put together to create a graph showing 

the explicit manifestation of safety within course curricula. It is clear that the largest 

number of syllabi analyzed point out weak to be the most common code. This implies 

that the overall manifestation of safety within course curricula is weak according to 

the developed criteria in figure 4. 
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Figure 4: Presence of safety in the syllabi 

 
In order to perform a further analysis to the data collected, a cumulative percentage 

graph was developed to clearly show the 50-percentile line. This line appears to be 

between the “none” and “weak” codes. Therefore, figure 5 is further evidence to 

imply a weak incorporation of safety in transportation course curricula. 

 

	  
Figure 5: Cumulative presence of safety in the syllabi 

 
 
 
 

0	  
5	  
10	  
15	  
20	  
25	  
30	  
35	  
40	  
45	  

No	   None	   Weak	   Moderate	   Strong	  

N
um

be
r	  
of
	  s
ill
ab
y	  

Overall	  manifestation	  of	  safety	  within	  sillaby	  

Number	  of	  syllabi	  

0%	  

20%	  

40%	  

60%	  

80%	  

100%	  

120%	  

No	   None	   Weak	   Moderate	   Strong	  

pe
rc
en
ta
ge
	  o
f	  s
ill
ab
y	  

Overall	  manifestation	  of	  safety	  within	  sillaby	  

Cummulative	  percentage	  of	  syllabi	  



 

 

52 

Based on the performed syllabi analysis and the 11% of safety related topics being 

represented in course-curricula in terms of design, it can be deduced that safety is 

being underrepresented in course curricula in the United States. Is not to say that the 

current use of safety in course curricula is inadequate, but it is important to recognize 

that safety being a really important topic in transportation engineering should have a 

larger emphasis within course curricula. Obtaining a low percentage of content 

regarding safety does not necessarily imply that the current amount of topics devoted 

to safety in transportation course curricula is inadequate. However, the main objective 

with this finding is to point out the importance of safety and possibly provide the 

reader with a sense that the emphasis of safety in transportation engineering should 

always be increased. 

 

3.3.4. Methods currently used to teach safety to students 
 
Teaching safety to students is very complex (Rothe, 1991). Engineering courses must 

satisfy ABET requirements (Felder, 2003). From the syllabi analyses there were some 

methods being utilized by professors to teach safety to their students. These methods 

are divided into 15 categories. Table 6 shows the most common strategies that 

professors use to teach safety to students, the 11 syllabi that were identified as safety 

courses were analyzed for this representation.  
 
Table 11: Identified teaching methods for safety 

Teaching method Count Percentage 
Lectures 11 19% 
Homework 8 14% 
Exams 7 12% 
Class project 6 10% 
References  6 10% 
Readings 4 7% 
Textbook 3 5% 
Term paper 3 5% 
Provide safety data 3 5% 
Software 2 3% 
Crash modification factors 2 3% 
Short papers 1 2% 
Quizzes 1 2% 
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Recorded lectures 1 2% 
Guest speaker 1 2% 
 
 
From table 11 lectures is the most common method to teach safety to students in 

transportation engineering. On the contrary, software usage appears to be very limited 

to teach safety based on these analyses. Other clever methods utilized to teach safety 

by some instructors included guest speakers and references. The references most 

likely include resources such as links and access to safety manuals, and websites such 

as the Transportation Research Board (TRB), American Society of Civil Engineers 

(ASCE), and Institute of Transportation engineers (ITE). 
 

3.4 DISCUSSION 
 

This paper focuses on the analyses of collected syllabi from civil engineering 

institutions within the United States with the objective to understand the level at 

which safety is being taught in transportation engineering courses. An important 

finding from this study consists in that safety topics in transportation engineering 

courses are being rarely manifested in course curricula. The quantitative percentage 

of safety incorporated in transportation curricula is approximately 11% percent, a 

number that is similar to the approximate 10 percent of the course being devoted to 

safety from civil and construction engineering programs (Gambatese, 2003). Since 

this study was done 13 years ago and the same approximate 10 percent of the course 

content is still devoted to safety, the results could indicate that no noticeable 

improvements have been made. However, it is important to note that the sample is 

slightly different. The study done by Gambatese included civil and construction 

engineering programs while this study includes exclusively transportation engineering 

curricula. Further, the methodologies utilized for both of these studies were quite 

different. For instance, Gambatese’s research study utilized a survey distribution to 

departments of civil and construction engineering programs while the methodology 

employed for this study entailed the collection of 156 syllabi for qualitative and 

quantitative analysis. Another difference was that Gambatese’s study was performed 

approximately 13 years ago. 
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Table 3 in the results section is intended to demonstrate some of the regional trends. 

However, it is important to note that the amount of syllabi collected from each region 

is not proportional and therefore, the developed trends might not be so accurate. 

Incidentally, most of the syllabi collected were from the gulf region  (N=26) where 

none of them were rated as strong safety curricula from the developed criteria. On the 

contrary, the mid south atlantic region consisted of only 2 syllabi collected but with 

both of them being safety focused. It can be deduced from the analysis of the syllabi 

that the safety emphasis in transportation curricula varies by region. However, the 

overall results remark the limited emphasis of safety in transportation curricula.  

 

3.4.1 Identified safety courses  
 
As discussed earlier, From the 156 syllabi, only 11 were safety courses. These 

courses were divided into 4 categories: transportation safety, highway safety, safety 

and human factors, and aviation safety. Even though, these 4 categories are some of 

the most common categories in transportation engineering curricula, it is a concern 

that these four divisions do not enclose all the different categories in transportation 

engineering. There are other categories in transportation engineering that could 

require a safety course. A good example is transportation courses related to traffic 

engineering and traffic planning. There were 25 syllabi collected related to these 

categories were none were safety based courses. Safety in traffic engineering is very 

important to be able to design safer traffic treatments with simulation models 

(Gettman, 2003). It is feasible to incorporate more safety courses related to traffic 

planning utilizing simulation and predictive models to be able to predict and design 

for safety. 

 

Moreover, it was surprising to rarely find safety topics in the introduction to 

transportation engineering course. This is a course that all civil engineering students 

must take during their undergraduate education. Nonetheless, safety rarely manifests 

in those courses. From the 156 syllabi collected 32 were from introduction to 

transportation engineering, none of these courses exercised safety to a moderate 
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degree. Since this is one of the first transportation engineering courses that students 

take in their career, the emphasis on safety should be at least moderate to introduce 

the student to not just the technical perspective of transportation engineering but the 

safety importance in the discipline. The rest of the courses in table 3 are more specific 

courses such as: Related to ITS, transportation planning, railroad engineering and 

more. Since these courses are more specific and mostly contain design topics, safety 

does not play a big emphasis. However, it would be wise to incorporate some safety 

features within those courses to a greater extent than what it was observed in the 

analyses. 
 

3.4.2 How is safety being described within the syllabi? 
 
The analyses of the syllabi for this study was not so simple, when identifying whether 

a syllabi describes the course as a safety course a very detailed observation had to be 

performed to be able to identify sufficient information that would form enough 

evidence to imply the presence of safety. Using table 5 as a reference, it can be 

observed that manifestation of safety is stronger identified within the objective of the 

course. The objective in the syllabi is suppose to highlight the desired goals of the 

course, therefore it is not surprising that the embedded safety will be highly visible 

there. On the contrary, the presence of safety within course curricula is rarely present 

in the description of the syllabi. This is because the description of the course tends to 

describe the overall content of the course and unless it is not a safety course, safety 

will most likely not be visible there.  
 

Moreover, it was perceived that many syllabi (N=41) did not have a course schedule 

with a list of tentative topics and activities to be covered. The lack of a course 

schedule in syllabi does not indicate that course content is being emitted. However, 

having a list of tentative topics to be covered in the course would have been of greater 

help to perform this syllabi analysis and obtain more precise results regarding the 

type of content being embedded in transportation course curricula. With regards of 

students benefiting from a tentative schedule, the students could have an idea on what 

to expect to learn from the class prior taking it. 
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3.5 CONCLUSION 
 

In summary, this research finds that the incorporation of safety in transportation 

course curricula in terms of design is weak. Efforts must be made toward an increase 

in safety material in course curricula. The reason why safety was only looked at in 

terms of design was because the results wanted to be compared to Gambatese’s study. 

However, there are more fine ways to incorporate safety others than in design. Safety 

can also be represented in terms of operations, maintenance, planning, and 

construction. However, for the scope of this study safety was only analyzed within 

the design phase of transportation engineering. 

 

 Moreover, clever methods that could potentially enhance the learning of safety in 

students should be investigated and adapted to teach safety. Despite lectures, 

homework assignments, projects and exams, other methods that have potential to be 

useful in the teaching safety include, the use of statistical software paired with safety 

data and crash modification factors. The use of safety data could potentially reflect an 

increase in safety learning to students. Moreover, incorporating activities and 

assignments were safety manuals are required could potentially prepare the students 

to work in transportation practice by having been introduced to the use and 

importance of safety manuals while in school. 

 

A follow up similar study needs to be done in a few years from now to be able to 

assess potential improvements or deficiencies regarding current practices in course 

curricula not only in terms of design but also in terms of operations, maintenance, 

planning and construction. More data needs to be gathered in a proportional 

distribution from each region to be able to compare regional trends. The results from 

further research regarding this issue could benefit transportation-engineering students 

by receiving a better education and preparation regarding safety as they join the work 

force.  
 



 

 

57 

3.6 ACKNOWLEDGEMENTS	  
This study was supported and funded by the Pacific Northwest Transportation 

Consortium (PACTRANS), grant number 15-1154. 

 

  



 

 

58 

3.7 REFERENCES 
 

Berg, B. L., & Lune, H. (2012). Qualitative research methods for the social sciences (8th 

ed.). Pearson.  

 

Bryon Jr, L. A. (1999). Educating engineers on safety. Journal of Management in 

Engineering, 15(2), 30-33. 

 

Creswell, J. (2014). Research Design: Qualitative, Quantitative, and Mixed Methods 

Approaches. SAGE (4th ed.).http://doi.org/10.1007/s13398-014-0173-7.2 

 

Dembe, A. E. (1996). The future of safety and health in engineering education. Journal of 

Engineering Education, 85(2), 163-168. 

 

Engineering Accreditation Commission (2015). Retrieved September 02, 2016, from 

http://www.abet.org/about-abet/governance/accreditation-commissions/engineering-

accreditation-commission/  

 

Felder, R. M., & Brent, R. (2003). Designing and teaching courses to satisfy the ABET 

engineering criteria. Journal of Engineering Education, 92(1), 7-25. 

 

Gambatese, J. A. (2003). Safety emphasis in university engineering and construction 

programs. Construction safety education and training—A global perspective. 

 

Gambatese, J. A., Behm, M., & Hinze, J. W. (2005). Viability of designing for construction 

worker safety. Journal of construction engineering and management, 131(9), 1029-

1036. 

 

Gettman, D., & Head, L. (2003). Surrogate safety measures from traffic simulation 

models. Transportation Research Record: Journal of the Transportation Research 

Board, (1840), 104-115. 



 

 

59 

Gross, F., & Jovanis, P. P. (2008). Current state of highway safety education: Safety course 

offerings in engineering and public health. Journal of Professional Issues in 

Engineering Education and Practice, 134(1), 49-58. 

 

Herkert, J. R. (2000). Engineering ethics education in the USA: Content, pedagogy and 

curriculum. European journal of engineering education, 25(4), 303-313. 

 

Herkert, J. R. (2005). Ways of thinking about and teaching ethical problem solving: 

Microethics and macroethics in engineering. Science and Engineering Ethics, 11(3), 

373-385. 

 

Koehn, E. E. (1999). Professional Design Component for Civil Engineering 

Curriculums. Journal of Professional Issues in Engineering Education and 

Practice, 125(2), 35-39. 

 

Koehn, E. E. (2004). Enhancing civil engineering education and ABET criteria through 

practical experience. Journal of Professional Issues in Engineering Education and 

Practice, 130(2), 77-83. 

 

Kyte, M., Bill, A., & Young, R. (2010). Everything you need to know about transportation 

engineering in 40 hours. Institute of Transportation Engineers. ITE Journal, 80(10), 

40. 

 

Miles, M. B., Huberman, A. M., & Saldaña, J. (2013). Qualitative data analysis: A methods 

sourcebook (3rd ed.). SAGE.  

 

Rothe, J. P. (1991). Educating for safety. Society, 28(3), 5-9. 

 

Russell, J. S., & Stouffer, W. B. (2005). Survey of the national civil engineering 

curriculum. Journal of Professional Issues in Engineering Education and 

Practice, 131(2), 118-128. 



 

 

60 

Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy for Users 

(SAFETEA-LU). (n.d.). Retrieved September 02, 2016, from 

https://www.fhwa.dot.gov/safetealu/  

 

Toole, T. M. (2005). Increasing engineers’ role in construction safety: opportunities and 

barriers. Journal of Professional Issues in Engineering Education and 

Practice, 131(3), 199-207. 

 

Turochy, R., Fricker, J., Hawkins, H., Hurwitz, D., Ivey, S., Knodler, M., & Young, R. 

(2013). Assessment of introductory transportation engineering course and general 

transportation engineering curriculum. Transportation Research Record: Journal of 

the Transportation Research Board, (2328), 9-15. 

 

Turochy, R. E. (2006). Determining the content of the first course in transportation 

engineering. Journal of Professional Issues in Engineering Education and 

Practice, 132(3), 200-203. 

 

Vahed, A. M., Gambatese, J. A., & Hendricks, M. T. Perceptions of the Influence of Personal 

Demographic Factors on the Safety Performance of Field Employees. In Construction 

Research Congress 2016 (pp. 2936-2945). 

 

Vogel, T. J., & Tomasko, D. L. (2015). An approach to strengthening compliance with 

ABET safety criteria. age, 26, 1. 
 
 
 
 
  



 

 

61 

4.0 CHAPTER 4 - CONCLUSION 

4.1 Summary 
 
Based on the compiled results from both of these research studies, it was found that 

safety data appears to be under represented within course curricula in terms of design. 

Efforts must be made to incorporate more safety data, related topics, and exercises. 

This must be done to match the current prevalence of safety present in transportation 

engineering practice. 

 

In addition to lectures, homework assignments, and exams, one potential method that 

could increase the inclusion of safety data in course curricula include the use of 

statistical software paired with safety data and crash modification factors. This could 

contribute to potentially reflect an increase in safety learning for students. Another 

method involves the inclusion of activities and assignments where safety manuals are 

required. The use of safety manuals could prepare students for the workforce by 

providing them with training using various safety manuals while in school.  

 

Also, the inclusion of course projects that requires the use of safety data should be 

more frequently encouraged, especially within applications of collision studies, traffic 

volume studies, and roadway inventory studies. Since these three types of 

applications are the most commonly performed in industry practices, projects 

regarding this three applications should be highly encouraged in education. 

 

Some barriers were identified that are pertinent to the lack of safety data in course 

curricula. It was mentioned by some participants that the cost to collect safety data 

was quite high. A solution to overcome this barrier can be found in a study from 

Portland State University where a low cost device was implemented to collect data. 

Moreover, data that is publicly available from departments of transportation and 

federal highway administrations can be used at no cost. However, the barrier with this 

according to university professors, is that sometimes it is difficult to block out the 

personal information that comes with this data and privacy of the contributor is 

exposed. An attempt to eliminate this privacy issue would require some of the 
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professor’s time to present the data to the students in a format where all the personal 

information remains invisible to the students. 

 

4.2 Findings from Chapter 2 
 
The term “big data” was similarly defined by both settings academic and practice. 

The term was mostly defined as a large collection of data compiled for the use of safe 

designs in transportation applications. The only difference was in the way that the 

term was expressed. For instance, practitioners explained the term describing various 

applications related to transportation and traffic engineering, while researchers and 

instructors explained the term in a way that involved mostly novel research topics 

such as connected vehicles involving the use of real time data.  

 

Safety data was well utilized in transportation practice and research, while not 

sufficiently emphasized in education.  Therefore efforts should be made in order to 

incorporate safety data in transportation curricula to a larger extent. Collision data 

was found to be the most common type of safety data used in the three professional 

settings (practice, research and teaching). On the contrary, roadway inventory data 

and traffic volume data appear to be used on practice frequently, while not used as 

frequently in academic settings (research and teaching).  

 

4.3 Findings from chapter 3  
 
Safety data inclusion in course curricula was found to be weak. From the 156 syllabi 

that were analyzed, only 11 were transportation safety courses. An additional 6 

courses were not exclusively safety courses but emphasized safety at a strong level. 

Moreover, it was found that safety was most commonly taught to students using 

lectures, and approximately 72% of safety was taught to students using lectures, 

homework, exams, class projects, references, and readings. These tend to be the most 

common methods to teach students in general. However, safety is a complex topic 

and implementing effective teaching methods can be challenging. Teaching safety to 

students could be more efficient by using other means such as software tutorials, 
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assignments that involve crash modification factors, and guest speakers that have a 

vast experience with safety management. These three methods only compose 8% of 

the methods currently used from educators to teach safety to students. The 

implementation of these three methods should be increased to a higher percentage.  

Last, encouraging activities such as in-class exercises related to the safety aspect of 

civil engineering will inspire students to see and prioritize safety as the most 

important concept in civil engineering. 

4.4 Future research 
 
Due to the fast evolution of technology, a similar follow-up study should be done in a 

few years to assess potential improvements and deficiencies regarding the inclusion 

of safety data in course curricula not only in terms of design but also in terms of 

operations, maintenance, planning and construction. Moreover, “big data” is nearly 

considered safety data in transportation engineering. As there are no studies regarding 

the use of big data in both academic and practice settings, a more in-depth study 

should be done to compare findings with this study and learn more about the impact 

of big data studies in transportation engineering students.  
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6.0 CHAPTER 6 - APPENDIXES 
 
 

Appendix A – Semi- structured interview question protocol  
 
Opening questions: 
 
Tell me a little bit about yourself, how did you end up in your current job? 
 
What does “big data” mean to you? 
 
What does “big data” mean in terms of safety data? 
 
What types of big data are there related to safety? 
 
Section 1: Professional Background 
The following section will focus on your professional background, which includes but 
is not limited to: work in any transportation industry such as ODOT, Boeing, 
consulting, etc., Any type of transportation engineering work excluding academia.  
 
Do you or have you ever worked in the transportation industry? 
 
Do you or did you use safety data in your job? 
  
What type of data do/did you use? 
 
How do/did you apply it in your job? 
 
Where do/did you obtain the safety data? 
 
 
 
Section 2: Teaching Background 
The following section includes but is not limited to: Any transportation classes being 
taught at a university. 
 
Do you or have you ever teach transportation courses? 
 
From the transportation courses, how many are/were safety courses? 
 
Do you use safety data in the transportation courses that you teach? 
 
What type of safety data do you use? 
 
What is the number of transportation courses for which you use safety data? 
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Which courses? 
 
What topics are covered for the courses where you use safety data? 
 
How do you use this data for each of the courses? 
 
How necessary do you think safety data is within course curricula? 
 
Do you have any safety curricula material that you would like to provide?  
 
 
 
Section 3: Research Background 
The following section includes but is not limited to transportation related research 
done in either academic or non-academic settings. 
 
Do you or have you ever done transportation research? 
 
Do you use safety data in the transportation research that you do? 
 
How do you use this data? 
 
How necessary do you think safety data is within transportation research? 
 
Do you have any safety curricula material that you would like to provide?  
 
 
Ask interviewee if he/she has questions: Do you have any questions or concerns? 
 
Thank them for their time:  Thank you for the time you allocated for this interview, it 
will sure contribute to our research study. 
 
Great the interviewee: Have a great day! 
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Appendix B – Semi- structured survey question protocol  
 

The purpose of this research project is to explore and analyze how safety is taught in 
transportation engineering. This project has four main objectives, which are (1) to 
explore needs and priorities, (2) develop skills and knowledge, (3) develop resources 
to be distributed to the workforce and (4) supplement program outreach efforts and 
activities regarding safety data management and analysis. 
Your participation in this research study is voluntary. You may choose not to 
participate. If you decide to participate in this research survey, you may withdraw at 
any time. If you decide not to participate in this study or if you withdraw from 
participating at any time, you will not be penalized. 
The procedure involves completing an online survey that will take approximately 5-
20 minutes. Your responses will be confidential. The survey questions will be about 
your understanding of safety in transportation engineering and possible 
recommendations for better teaching methods to undergraduate and graduate students. 
We will do our best to keep your information confidential. All data is stored in a 
password protected electronic format. To help protect your confidentiality, the 
surveys will not contain information that will personally identify you. The results of 
this study will be used for scholarly purposes only and may be shared with Oregon 
State University representatives. 
  
If you have any questions about the research study, please contact me 
(castroe@oregonstate.edu). This research has been reviewed according to Oregon 
State University IRB procedures for research involving human subjects. 
ELECTRONIC CONSENT: Please select your choice below. 
 
Clicking on the "agree" button below indicates that:  
 
• you have read the above information 
• you voluntarily agree to participate  
 
If you do not wish to participate in the research study, please decline participation by 
clicking on the "disagree" button. 
 
o Agree 
o Disagree 
 
1) Do you work at a public agency (e.g. department of transportation) or private 

company (e.g. transportation consulting firm)? 
o Yes 
o No 

2) Does your job require you to work with safety data? 
o Yes 
o No 

3) Do you work for a public agency or private company? 
o Public agency 



 

 

75 

o Private company 
o Other _____________ 

4) What is your definition of "big data" related to your work? 
 

5) What is your definition of "safety data" related to your work? 
 
6) What types of "safety data" would you consider to be "big data"? 
 
7) What types of "safety" and/or "big data" do you use in your work and how do you 

use them? 
 
8) What type of software do you use to analyze "safety" and/or "big data"? 
 
9) Do you work at a college or university? 

o Yes 
o No 

10) Do you currently perform research that utilizes "safety data"? 
 

11) What is your definition of "safety data" related to your research? 
 
12) What is your definition of "big data" related to your research? 
 
13) What types of safety data would you consider to be "big data"? 
 
14) What types of safety data do you use in your research and how is this data used? 
 
15) What software do you use to analyze "safety" and/or "big data"? 
 
16) Do you teach any transportation courses that utilize safety data? 
 
17) What courses do you teach that involve the use of safety data? 
 
18) What safety related topics are covered from the courses where you use safety data? 
 
19) What types of safety data do you use and what are students required to do with 

this safety data? 
 
20) What type of resources related to safety data do you use in your course? 
 
21) What challenges do you have using safety data in a class? 
 

End of Survey 
 

 


