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ABSTRACT 

 The Florida Department of Transportation has initiated and funded development 

of electronic crash and  citation reporting in Florida using the TraCS (Traffic and 

Criminal Software) platform. The TraCS system is application software that is a 

customizable data collection system that can be used by law enforcement and motor 

vehicle agencies to collect crash data. TraCS is combined with laptop computers, one or 

more personal computers (PC) in a central office. Peripherals such as image/bar code 

scanners and mobile printers, and data communications are in conjunction with TraCS to 

provide officers with all of the functionality needed to record and retrieve incident 

information wherever and whenever an incident occurs.  

 The thesis objectives were to perform time study analysis and to investigate costs 

of current and proposed (TraCS-based) methods. The TraCS software was developed, 

and in the summer of 2003; seven Florida law enforcement agencies were selected to 

pilot and test electronic crash and citation reporting. The agencies were provided with 

required equipment and training to use TraCS software. The ride-alongs were performed 

with Jacksonville Sheriff’s Office and Leon County Sheriff’s Office (two of the pilot 

agencies). During the ride-alongs, the time taken to complete forms both with and 

without TraCS software was measured and the data analysis was perfo rmed. The study 

shows that the efficiency and accuracy of Florida traffic records was improved by using 

the electronic data collection system (TraCS). Data analysis showed that it takes less time 

to fill a crash report using TraCS compared to filling out a crash report manually on a 

paper form. On an average for the two vehicle crashes the time saved by using TraCS 

software to fill long form, short form, and driver exchange form were 11.7%, 11.3% and 

8.3%, respectively. The time to fill a citation form using TraCS software was reduced by 

13.6% from the time without TraCS. The software had best application when used in 

conjunction with the magnetic stripe reader for Florida driver license. The efficiency of 

officer’s using TraCS differs based on the learning curve, equipment provided, and 

mindset of an officer. After suitable training the time taken to complete a report should 

decrease even further. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Overview 

 In 1994, the Iowa Department of Transportation partnered with other Iowa state 

and local government agencies to design and implement an accident reporting system to 

increase data accuracy while reducing the time allocated to processing accident reports. 

In 1997, the State of Iowa was selected by the Federal Highway Administration (FHWA) 

as a partner for the National Model Project. The objective of this partnership was to 

expand on the existing accident reporting system to create a fully integrated safety 

management system. This approach served as a model for all states to draw upon in their 

efforts to improve their data collection and safety management system processes on 

accident data reporting. The National Model launched the next generation of data 

collection tools, known as Traffic and Criminal Software (TraCS). 

 

1.2 Traffic and Criminal Software  (TraCS)  

 The Traffic and Criminal Software (TraCS) system is application software that is 

a customizable data collection system that can be used by law enforcement and motor 

vehicle agencies nationwide [TraCS, 2004]. TraCS software is combined with laptop 

computers, one or more personal computers (PC) in a central office, peripherals such as 

image/bar code scanners and mobile printers, and data communications to provide 

officers with all of the functionality needed to record and retrieve incident information 

wherever and whenever an incident occurs. The application software emulates paper 

reports, but makes use of machine-readable documents, provides electronic diagramming, 

and is capable of electronically captur ing signatures, attaching image files, and  locating 

events with Global Positioning Systems (GPS). 
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1.3 Problem Statement 

 Municipalities in Florida often lack quality computer-based tools for collecting 

and analyzing traffic record data.  One part of the problem is the reliance on paper crash 

report and citation forms.  Use of hand-written forms and subsequent data entry results in 

incomplete and inconsistent data entry, transcription errors, and lack of easy access to 

traffic records data for later analysis.  In addition, many hours are required to hand-enter 

data at the site of the crash or citation, and re-key or add supplemental data at the local 

patrol office, the Department of Highway Safety and Motor Vehicles, and/or the 

Department of Transportation.  Under the current system, it takes often months or even 

years before the traffic records data are available to local law enforcement agencies for 

their use in directing traffic patrols and special enforcement efforts.   

 Police officers respond to many incidents every day and each incident requires a 

great deal of paperwork, such as filling out crash reports, citations and other 

administrative duties, which takes away from valuable patrol time. In the current process, 

the crash data collected by a police officer goes through various stages both within 

agency and state level before it reaches Florida Department of Transportation. The data 

obtained from this paperwork may not be accurate always and it also takes a great deal of 

time for the whole process. 

 1.4 Research Objectives  

The objectives for this research work are two-fold: 

1. To perform time study analysis 

Based on the data obtained from the ride-alongs with the law enforcement officers, a 

time study analysis was performed to determine the time taken to collect the data 

using the TraCS software. Then, the time taken using TraCS software was compared 

with the time taken to complete various  report manually. This objective was obtained 

by using the time and motion study technique.  
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2. To investigate costs of current and proposed (TraCS-based) practices 

 Every year millions of dollars are spent on collecting the traffic data, but there has 

 been no clear study done on these costs and benefits. Comprehensive cost

 estimation was performed in order to evaluate the overall costs of current and  

 proposed (TraCS-based) methods. The cost-benefit  analysis includes equipment, 

 labor, and materials costs where available, and includes a general assessment of 

 other costs and benefits of TraCS-based methods at both the law enforcement 

 agency and state levels. 
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CHAPTER 2 

BACKGROUND AND LITERATURE REVIEW 

 This research project deals with computerization and automation of law 

enforcement agencies as it relates to traffic data collection and reporting. Automation 

may be defined as the use of computers to perform tasks previously performed by people. 

George Beekman defined automation as the practice of replacing jobs performed by 

humans with jobs performed by computers and robots. Computerization is defined as the 

control of processes by computer [Princeton University, 2004]. 

2.1  Quality of Crash Data  

 Quality is a major factor for the crash data collected. Crash data is usually 

collected at the crash scene by the police officers. Some times the data is collected away 

from the scene. These data collected often have problems including errors, incomplete 

information, illegibility due to poor handwriting, and errors due to multiple data entries at 

various levels. The data obtained might not be of acceptable quality.  

 O’Day, [1993] defines data quality as accuracy, precision, timeliness, and 

completeness of the data. The various components of quality listed by O’Day are 

ascertainment (completeness of data coverage), consistency of coverage, missing data, 

consistency of interpretation, and the right data, appropriate level of detail, correct entry 

procedures, and freedom from response error. Pfefer et al. [1998] defined data quality as 

a set of dimensions which includes accuracy, precision, completeness, coverage, 

timeliness, and consistency. The most commonly observed attributes of data quality are 

data accuracy, data completeness, data consistency, and timeliness of the data.  

 

2.1.1  Data Accuracy 

 The crash data collected is of great importance and is the main sources of traffic 

safety information. The crash data collected and recorded by the police officers includes 

the information about the crash, characteristics of the crash, location information, 
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vehicles, and persons, etc. The duty of a police officer at a crash scene is not only to 

collect the data. But the primary task of an officer is to secure the crash site, care for 

injured persons, and re-establish traffic flow. During this process some critical crash data 

and evidence might be lost, removed, or replaced during these routine police procedures. 

Therefore, the crash data collected and reported by the police officer may contain errors 

and may not be of sufficient quality to meet the needs of department of highway safety 

and motor vehicles (DHSMV). 

 The accuracy of data is defined as a component of quality as the “degree to which 

the crash data report is correct, both in terms of what is to be included on the report form 

and what the collector reports.” Accuracy includes verification of reported facts and care 

in making observations.  

 In current processes (manually entering the crash reports by hand), entering crash 

information in a crash report usually involves coding, writing or typing, and drawing. 

Information about the crash, vehicles, injuries, damages, the roadway, and the 

environment is usually coded by selecting appropriate code from pre-defined lists of 

codes by DHSMV. Personal and vehicle information, location information, narrative, and 

diagram cannot be coded because each individual crash has unique characteristics and 

locations. Therefore, these data are written or typed on the crash report. A diagram 

typically depicts the occurrence and the circumstances of a crash, such as movements of 

vehicles involved, positions of traffic signs, signals, etc. The  diagram also includes 

information about street or highway names, distances, and a direction arrow. 

 Pfefer et al. [1998] identified very few problems concerning data elements coded 

on a report form, including crash type, injury severity, surface conditions, light 

conditions, or seat-belt use. In certain cases, however, lack of available fields can limit 

the accuracy of resulting data. For instance, the Florida Traffic Crash Report does not 

include SUV as a vehicle type, therefore, some officers code them as automobiles and 

other as trucks. The major problem areas in a crash report are bad hand writing in the 

narrative and lack of detailed information in the diagrams. 

 The crash reports filled by a police officer at the crash scene are mailed to the 

state agency. At state agency the data on crash reports are reentered to record them in a 

state crash database. During this process, crash data are subject to arbitrary changes due 
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to unreadable handwriting or incorrect data entry. All errors in crash data, especially 

miscoding some data elements such as location, crash type, injury severity, surface 

condition, light condition, or seat-belt use, etc. can lead to either inappropriate 

conclusions or inability to use the data. 

 

2.1.2  Completeness of Traffic Data 

 O’Day, [1993] defined completeness of data problem deals with “missing data”. 

There might be many reasons for the missing data in the reports. It might be a result of 

failure of the police officers to report the data, failure to submit the report to central 

repository. Sometimes the data might not be entered into the database during the process 

of data entry. It might be difficult to find data entered in the system. Incompleteness or 

missing data usually occur when officers need to perform urgent duties, such as to see the 

traffic flow, help the injured, or responding to additional high priority calls, or weather 

related factors, etc. In addition, crash reports are sometimes completed at another location 

in the field or away form the scene, usually at an office later during the shift. 

 

2.1.3  Consistency of Traffic Data 

 Consistency can be defined as the uniform interpretation of data elements 

reported by different reporting agencies. The degree to which data are free from variation 

or contradiction.  Consistency is also a measure of the extent to which a set of data 

satisfies a set of constraints. The consistency problems stand as the major issue for 

statewide and national database systems since inconsistent data make analysis difficult 

and are the potential causes of incorrect interpretation. The Model Minimum Uniform 

Crash Criteria (MMUCC) of 1998 identifies the lack of consistency as being a significant 

crash data related problem and  indicates that consistency problems typically occur due to 

(i) significant differences in crash element definitions and their attribute values, and (ii) 

the difference of reporting thresholds from one state to the next, or within state. 

Inconsistencies can also occur when different officers have different interpretations of 

how to complete a form response, such identifying a phantom vehicle  or deciding what 

factors contributed to a crash. 
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2.2  Factors Influencing Data Quality 

 Data quality is the fitness of data for all purposes that require it. Measuring data 

quality requires an understanding of all intended purposes for that data. There are various 

factors influencing the data quality. Yerdelen [2003] summarized a variety of 

institutional, officer-related, and external factors that affect data quality. These are 

summarized in the following subsections. 

 

2.2.1  Institutional Factors  

 Institutional factors can also be called as organizational factors. These are the 

major factors affecting the quality of data. In order to obtain a quality data the system and 

process of collecting the data play a crucial role. Some of the institutional factors 

influencing data quality include: 

• Lack of funding for such services as data collection, processing, etc. 

• Inadequate communication among various organizations in crash data collection 

and processing in a state. 

• Incompatible computer systems and insufficient database documentation due to 

diversity of users and providers of crash data. 

• Institutional memory loss due to change of people who compose or operate the 

database. 

• Failure to update data collection procedures as data needs and documentation vary 

over time. 

• Inaccurate reporting of crashes due to lack of adequate codes or data elements in a 

crash report form for all possible conditions, resulting in loss of information. 

• Failing to provide adequate tools for collecting and reporting crash data. 

• Various tasks related to crash data collection and management requiring more 

funding, staff and other resources. 

• Lack of nationally standardized (uniform) crash report forms. 

• Inadequate training of crash investigating and reporting officers. 
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2.2.2  Officer-Related Factors  

 Every police officer has a different way of collecting the crash data. The 

practices, usage and mindset of every officer are unique. The way of approaching and 

analyzing a particular crash might be different from officer to officer. Therefore, data 

quality can be affected by officer-related factors. The common officer-related factors 

influencing data quality include: 

• A poor job in reporting if officers feel that accident reports are collected primarily 

for the insurance agencies. 

• Different levels of importance given for reporting a crash depending on the 

severity of a crash. 

• Tendency to do least amount of work assigned. 

• Tendency to select and use only a few codes from pick- lists, although more of 

them are available. 

• Tendency to estimate the distance of location site to the reference point rather 

than measuring it. This causes a clustering effect at specific locations such as 

mileposts or other reference points. 

• Personal judgment of the officer about how the crash happened. 

• Miscoding data elements, or in some cases, conflicts among information given 

(e.g. time of accident conflicts with the light conditions). 

• Failure to report some data elements. In most instances, the reports are returned to 

the local jurisdictions if some key information such as date, time, location, etc., is 

not provided. 

• Lack of details in collision diagrams, such as important measurements, reference 

points, identification of vehicle 1 vs. vehicle 2, and so forth. 

• Poor handwriting, misspelled or incorrect street names, etc. 

• Completing reports away from the crash scene. This may cause accuracy and 

completeness problems as the officer may forget details about the crash. 

 

2.2.3  Other External Factors  

 The institutional and officer-related are the major factors influencing the quality 

of the data. But, there are some external factors affecting the data quality, on which there 
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is no control to reduce the affect. The most common external factors affecting crash data 

quality include: 

• Conflicts among officers’ roles at the crash scene, such as controlling traffic, 

helping injured people, enforce other laws, securing the scene, etc. 

• Adverse weather conditions preventing thorough investigation. 

• Drivers involved hiding facts about the crash, or reluctance of witnesses to 

divulge information. 

• Danger to an officer at the crash scene reduces the incentive to report a crash 

thoroughly. 

• Extensive time required filling out the crash report depending on crash severity 

level. 

 

2.3 Timeliness of Traffic Data 

 The timeliness of data can be defined as the availability of the data when needed 

by user. In the current processes, its time consuming to get the data from the crash site 

into the state database. The lack of the most recent data for safety analysis prevent 

engineers and police for taking safety measures in a timely fashion.  Accuracy, precision 

and completeness would not be sufficient for crash data to be useful unless data are 

available to users when they are needed. 

 

2.4 Automation and Law Enforcement 

 Cronkhite [1974] stated that ‘information is the life blood’ of any law 

enforcement agency. The accurate and rapid flow of police information is essential for 

effective law enforcement. Without information, police work would come to a standstill. 

Without a fast and reliable means of obtaining and communicating police information, 

manpower is wasted and police operations are degraded. As crime has increased from 

1967 through 1972 (55% increase in major crimes nationally) so has the amount of 

information the police have to handle [U.S Department of Justice, 1973]. It has reached 

such volume in most police agencies that information no longer can be manually 

manipulated with any degree of accuracy and efficiency. Automation can assist law 

enforcement to be more effective, particularly in relationship to two major problems 
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areas: 1) Reducing crime 2) Optimizing police manpower. But, one problem which seems 

to plague all of the automation systems was the length of time it took to get data into the 

computer. Northrop [1995] in a study conducted discussing the effectiveness of police 

computer use and the problems that exist with this use. It was found in that study that the 

respondents in forty-four cities across the United States view computers as a major force 

in the fight against crime.  

Cronkhite [1974] concluded that automation is not a panacea but rather just a tool 

for (a) rapidly correlating crime and criminal information from massive amounts of data, 

(b) quickly locating and dispatching field forces, (c) storing, correlating, manipulating 

and retrieving massive amounts of data accurately and promptly, and (d) speedily 

transmitting and interchanging information from field personnel to data files and from 

one agency to another. 

 

2.5 Technologies and Commercial Software for Collecting Crash Data 

 A variety of technologies have been tested and used by many law enforcement 

agencies throughout the county. The technologies used in crash data collection and 

processing include a variety of systems such as optical scanners, optical storage disks, 

form readers, Automatic Vehicle identification (AVI), portable computers, Global 

Positioning Systems (GPS), Geographic Information Systems (GIS), magnetic 

stripes/barcodes and readers, smart cards, Personal Digital Assistants (PDAs), and digital 

cameras. 

 The new computer technologies allow officers to collect crash data at the scene, 

electronically transfer the information to the state agency, provide on- line error checks, 

and subsequently eliminate the needs for reentering crash data. At the beginning these 

devices had many limitations, such as inability of collision diagramming due to graphical 

incapability, difficulties in data transfer, etc. However, as technology and software 

programming advanced, officers had access to better technologies combined with more 

capable application software. Magnetic stripe and barcode systems have also been 

integrated in data collection processes.  

  The magnetic stripe systems are used on driver’s licenses to store information on 

the license. Information is placed on a layer of magnetic stripe, which is generally placed 
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on the front or back of a paper or a plastic card. PDF bar codes are also used on driver’s 

licenses, vehicle documents and other areas. Unlike magnetic stripes, PDF barcodes 

consist of a series of black and white bars of varying thickness and patterns to represent 

alphabetic characters or numbers. Using specialized readers, officers can automatically 

obtain driver and vehicle data and transfer them onto report forms through application 

software. GPS receivers are used in conjunction with the crash data collection system to 

collect the GPS coordinates. GPS receivers can calculate the user’s location based on the 

radio signals emitted from the satellites. A police officer can determine a crash location 

through latitude and longitude readings captured by a GPS receiver. However, during this 

process, an officer may incorrectly read location information or  key punching errors may 

occur. The use of a GPS equipped computer may overcome these potential errors. Data 

collected through GPS has potential to reduce time, increase accuracy, and remove the 

potential for human error. 

 In the 1990’s, the Virginia Department of Transportation (VDOT) and the 

Anaheim, California Police Department used optical scanners and optical disk storage 

systems to scan and store their accident reports. The system allowed the VDOT to 

retrieve and print a computer generated copy of the entire report when needed. In March 

1992, the State of Michigan started using form readers to scan and extract data from crash 

reports. Prior to the implementation of the new system, they revised their crash report 

forms so that form readers could read them. The readers were then able to scan 

approximately 80% of data elements form Michigan’s new crash report form. After that, 

there were only 20% of the forms left to be entered by the data entry staff at the DOT 

[Miller, 1995]. 

 Starting from late 1980’s and early 1990’s, portable computers were used for the 

crash data collection purposes. Many states and cities experimented with collecting crash 

data through portable computers, including laptop, notebook, pen-based computers, and 

palmtop computers. There is no specific data which state used computers in crash data 

collection first, but one agency was known to utilize portable computers at a crash scene. 

In 1991, the city of Clearwater, Florida started using portable computers in the reporting 

of crashes at the scene. Data collected in this manner could then be transferred to a 

personal computer at the station, and then transferred to the state via a tape. In 
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Clearwater, this process did not reduce the time to collect crash data, but eliminated the 

data entry stage as well as improved the quality of data [Hughes, 1993]. 

 A number of states are developing integrated crash reporting and statewide data 

collection efforts. Many are based on TraCS software. As of right now TraCS is currently 

licensed by 25 states, 2 provinces and the Virgin Islands. These states are working on 

TraCS project using the software provided by Iowa to customize the forms for their 

states. Among these states, New York and Delaware are in a stage of implementing 

TraCS software for their whole state as a crash reporting software for collecting crash 

data.  

 

2.5.1  Commercial Software  

 Numerous commercial software packages exist to collect crash data; one is called 

“Smart COP.” SmartCOP is a fast-growing, technical company that provides software 

products to public safety agencies enabling officers to make faster and safer decisions. 

SmartCOP law enforcement software provides public safety agencies the most advanced, 

comprehensive, integrated information tools available. At its heart is a live, event-driven 

Computer Aided Dispatch (CAD) that delivers up-to-the-minute information about calls 

for service and officer status, alerts, warrants, records and criminal history directly to 

mobile computers and wireless hand-held devices, keeping officers informed and safe. 

SmartCOP software is proven to reduce crime, increase the safety of first responders and 

improve agency efficiency.  SmartCOP software is currently being used by the Florida 

Highway Patrol and several local law enforcement agencies in the state to collect crash 

data [SmartCOP, 2003]. 

 There are many other companies who sell commercial crash reporting software 

but there are a few disadvantages, including the fact that most crash reporting software is 

expensive, available only as part of larger package, hard to use, provide data in 

proprietary formats and, needs expensive programming to integrate with other software 

or to write to a flat file format.  
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2.5.2  Rhode Island Electronic Accident Reporting System (EARS) 

 The goal was to develop and implement a fully operational electronic accident 

reporting system (EARS) to meet the needs of the Rhode Island Department of 

Transportation (RIDOT) Traffic Engineering staff, State Highway Safety Office (SHSO), 

and State and local law enforcement agencies in traffic safety planning. Objectives for 

fulfilling this goal included: developing an automated crash data collection system for 

Rhode Island (RI) law enforcement agencies for use in laptop and desktop applications; 

developing communications software enabling crash report data to be transmitted 

electronically using the RI Law Enforcement Telecommunications System (RILETS); 

validating and storing data in a central repository at RIDOT’s Management Information 

Center; and providing analytical reports to RIDOT, state and local police agencies, and 

the SHSO. 

 By the end of 1999, they had completed a pilot version of the form for both laptop 

and desktop applications, experimented with extracting data from the form, and 

developed a central repository for receiving the data. By the end of 2001, 70 percent of 

the state’s communities, representing over 90 percent of the crash data collected, were 

transmitting data electronically to a central state repository [EARS, 2003]. 

  

2.6 The Use of Electronic Citations: A Nationwide Assessment 

 In the state of North Carolina motorists stopped for traffic violations in the year 

2000 were the first in the nation to have their citations issued on a system that allowed 

officers to print out a ticket on-site while simultaneously sending a copy to the court via 

wireless technology. Initially this was started out as a pilot project in North Carolina. But, 

now many states across the nation are interested in piloting that project [Bureau of Justice 

Assistance, 2003]. 

 The major challenge for law enforcement agencies for many years was to collect 

timely and accurate data from accident reports, traffic citations, and vehicle inspections. 

Manually collected data have historically contained errors in data. Sometimes the data 

could not be collected at all due to poor handwriting and missing data on the paperwork. 

This problem is compounded by the need for multiple layers of data entry from different 

parties within the agencies. New technology, like that being used in North Carolina, now 
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offers some relief for these problems. Law enforcement agencies throughout the country 

are looking at new technologies such as driver’s license bar code scanners, electronic 

signature capture equipment, and information transmission equipment. 

 Technologies that are currently being piloted and implemented across the United 

States promise to benefit professionals at all levels of the law enforcement community. 

Driver’s license bar code scanners, for instance, can save the officer on the street a great 

deal of time by alleviating the need to manually enter data on a paper ticket. It is 

estimated that using bar code scanning devices to populate electronic reports can 

eliminate up to 750 keystrokes in a crash report or up to 200 keystrokes per traffic 

citation [International Association of Chiefs of Police, 2001]. This device also promotes 

police safety by allowing the police officer to spend more time observing a violator rather 

than diverting his or her attention to the writing of a ticket. 

 Information that is sent directly from the patrol car back to police headquarters or 

the court benefits those on the administrative level by improving data quality and 

timeliness. For example, the state of Iowa reports that it used to take up to 18 months for 

a crash report to complete a full cycle, starting with the reporting officer and ending with 

U.S. Department of Transportation (DOT). With the development and implementation of 

the TraCS (Traffic and Criminal Software) program, which transmits data directly to all 

interested parties, this time has been reduced to eight hours. Likewise, the time required 

to process commercial vehicle inspection reports has decreased from 100 days to 14 days 

[Iowa DOT, Accessed 2004]. 

 Electronic citations are defined as the electronic collection of traffic reports or 

tickets through the use of a mobile data terminal (MDT), the internet, or a handheld 

computer, such as a personal data assistant (PDA). Data may then be transmitted by 

radio, telephone, or other electronic means to a law enforcement agency server, database, 

or directly to the court for processing [Bureau of Justice Assistance, 2003]. As of this 

report twenty-seven states currently use electronic citations, have active pilot projects, or 

are in the process of building the necessary infrastructure for capturing and disseminating 

electronic citations to various agencies, including the court. Nine states have agencies 

that are considering the use of electronic citations but have not yet started a program to 
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implement the electronic citation process. Fourteen states, the District of Columbia, and 

Puerto Rico currently have no electronic citation activity. 

  

2.6.1  Benefits of Using Electronic Citation Technology 

 Currently, an estimated 10 percent [University of Pittsburgh, 2003] of all citations 

the Pittsburgh courts receive annually contain errors due to misspelling, poor 

handwriting, smudged copies, and inconsistencies between violation codes and 

descriptions. Electronic citation technology has the ability to eliminate most, if not all, of 

these types of errors by using existing information found on driver’s license magnetic 

stripes, bar codes, and state databases. 

 Electronic citation technology promises other benefits as well, from saving time 

and reducing costs, to increasing officer efficiency. The current paper system used in 

most jurisdictions takes an average of 12 days  to process a citation and send it to the 

court. This process can now be done seamlessly within seconds. Finally, once the 

infrastructure is paid for, an electronic citation system promises to be a cost-effective 

solution since it will eliminate a great deal of overhead associated with clerical tasks. 

   

2.7  Past Studies Done in Crash Data Collection and Analysis 

 

2.7.1  Expert Systems for Crash Data Collection 

 Thielman [1999] developed the “Expert Systems for Crash Data Collection” 

program, which was built on data collection knowledge derived from experts in crash 

data collection and analysis. The goal of the program was to use expert systems 

technology to improve the accuracy and consistency of police-reported data through three 

expert systems: 

• Seat Belt Use Derivation: determines whether seat belt was worn during a crash. 

• Vehicle Damage Rating: helps determine the crash severity based on vehicle 

damage. 

• Roadside Barrier: identifies the type of barrier involved in the crash and the point 

of impact. 
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The development and evaluation of these expert systems resulted from three main 

program objectives: 

• Identify the crash data elements needed for analysis. 

• Develop crash data collection software that utilizes expert system technology. 

• Assess the utility of applying expert system technology to the crash data 

collection process. 

 These systems were computer programs that contained knowledge to help officers 

collect data on each crash’s circumstances. Accuracy and consistency in driver, vehicle, 

and location data collection were not addressed in this program.  The expert systems were 

designed so that officers were able to access expert systems through crash reporting 

applications. This feature of the system allowed officers to collect both crash and expert 

data in a single application. Thielman evaluated the expert system technology during a 

two–month field test for the following: 

• acceptance of the system by the officers, 

• quality of expert system’s data 

• time to collect crash data 

 The responses to surveys completed by officers, as well as discussions made 

during meetings, indicated that the system was well accepted. It was easy to learn and 

use, and the data quality test results were as follows: 

(i) Seat Belt Use: A comparison was made among the assessments of three 

reconstructionists and the expert system’s assessments of seat belt use for over 29 data 

sets collected during a crash investigating. In 26 cases, expert system’s assessments 

matched those of reconstructionists. 

(ii) Extent of Deformation: A technical investigator and an officer trained only in the use 

of the Vehicle Damage Rating expert system measured the extent of damage on six cases; 

a comparison between these measurements showed that an officer could estimate the  

extent of damage within acceptable limits. 

(iii) Roadside Barrier: During focus group meetings and training sessions, it was 

concluded that some officers had difficulty in differentiating among some roadside 

barrier system data elements, such as point of impact, classifying a W-beam terminal as 

flared or not, and other elements. 
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 Data collection times were measured for 60 cases. The results indicate that 

officers collected expert system data on an average of two minutes per expert. In 

conclusion, it was reported that expert systems could increase the data accuracy as long 

as additional training was given on several data elements. 

 

2.7.2  CARE: An Automobile Crash Data Analysis Tool  

 The Critical Analysis Reporting Environment provides an efficient tool for 

transportation safety engineers and policymakers to use in analyzing the categorical crash 

data typically obtained from police reports. The University of Alabama, with National 

Highway Transportation Safety Administration funding for traffic accident problem 

identification and evaluation, has developed the  Critical Analysis Reporting Environment 

software system to analyze automobile crash data. CARE’s developers designed it for use 

by transportation safety engineers and policymakers, rather than trained statisticians. 

CARE provides an intuitive interface that transportation safety engineers can use to 

obtain information from the responses to a fixed set of multiple choice questions on 

automobile crash forms that law enforcement officials fill out. As such, CARE’s analysis 

domain is restricted to categorical data, represented by nominal or ordinal values such as 

type of crash, driver gender, and the county where a given crash occurred [Parrish, 2003]. 

 CARE has proven to be a successful application in the traffic safety community 

for two reasons: its simplicity and efficiency. It is currently being used in several states, 

including Alabama, Delaware, Florida, Iowa, Michigan, North Carolina, Rhode Island, 

and Tennessee. CARE received the 1995 Administrator’s Award from the National 

Highway Transportation and Safety Administration. The Federal Aviation Administration 

and NASA also have used it to investigate aviation incidents and accidents, for which the 

data have the same conceptual and semantic structure as highway crashes. 

 

2.7.3  Evaluation of Electronic Collection of Vehicle Crash Data in Iowa  

 A study of benefits of TraCS was performed by Yerdelen [2003], a student at 

Iowa State University. The main objective of this study is to evaluate the efficiency of 

Iowa’s electronic crash data collection system through field studies and database analyses 

based on the latest data and knowledge, and to document whether the system meets 
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expectations such as better quality crash data (more accurate, complete, consistent, timely 

data) and reduced data collection time. The time analysis was performed based on a 

laboratory scenario, where the forms were completed by the police officers in an office. 

TraCS uses the latest mobile computing technologies to facilitate data collection, where 

incidents occur. Officers have access to many tools to aid them in reporting events, 

including officer notes, customized data entry fields, and the ability to quickly draw a 

diagram of an accident scene using templates or hand-drawn input. All of these tools are 

available wherever and whenever they are needed. If a TraCS-based traffic records data 

management system were to be developed, the benefits would include the following: 

• The TraCS software may be licensed at no cost, and minimal costs are required to 

customize it for use in the state of Florida when compared to similar 

commercially available software packages. 

• Savings and potential redirection of law enforcement time, currently expended in 

manually writing crash reports, citations, etc. 

• Savings in manpower currently expended in manual data entry and analysis. 

• Increased accuracy in recording and analyzing data. 

• Compatibility with data collection and analysis capabilities in other states. 

• Capability to expand and enhance system, e.g. to include GIS/GPS crash location 

tool customized for the state of Florida. 
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CHAPTER 3 

RESEARCH APPROACH AND METHODOLOGY 

 

3.1.  Research Approach 

 The literature review section provided a list of shortcomings in crash data 

accuracy, quality and timeliness, many of which can be overcome through the use of 

software such as TraCS. TraCS provides an excellent alternative to commercial software 

packages because it is free to local law enforcement agencies and requires only the 

development of custom forms specific to the state in question. In addition, despite much 

investment recently in commercial and in-house developed crash-reporting systems, not 

much attention has been focused on potential costs and time savings. Though the thesis 

done by Yerdelen [2003] is similar to this thesis, there are major differences in crash data 

collection for the two systems. The prior work used a laboratory scenario to collect the 

data using TraCS and in this thesis, real data collected at the scene are being used for the 

analysis. This thesis is an extension of Yerdelen’s work in keeping with his 

recommendations for further research. 

 To investigate the costs and benefits of computerizing and automating traffic 

records management, crash reporting system was developed based on the TraCS software 

developed by the Iowa Department of Transportation. Once the software was developed 

and tested, it was provided to the pilot agencies in the State of Florida. The law 

enforcement agencies were provided with the required equipment (such as magnetic 

stripe reader, printer and GPS unit) to use the Florida-TraCS software. Then the agencies 

were supported until they got familiar with the use of the software by providing training 

sessions. Once they started using the software to respond to real crashes, ride-alongs were 

performed and data was collected to evaluate the research objective.  The final stage was 

the data analysis, which was performed using the various industrial engineering tools 
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such as time and motion study, cost analysis and design of experiments. The research 

approach is explained in detail as follows. 

 

3.1.1  System Design for TraCS-Florida 

 In traditional methods of crash reporting in the state of Florida, moving crash data 

into statewide databases follows a series of time-consuming and labor intensive 

procedures. Hence, as illustrated in Figure 1, the duration of time between the time crash 

data are recorded to the time these data are made available for analysis is usually 12 to 18 

months [Iowa DOT, 2004]. In a typical non-automated law enforcement agency, an 

officer respond ing to a crash scene fills in a paper crash form either on-scene or at a later 

time based on hand written notes from the scene. It is manually transferred to a 

supervisor for approval; any changes or corrections require transfer back to the reporting 

officer before approval. Then, it is typed into a local database if available, and mailed to 

Department of Highway Safety and Motor Vehicles (DHSMV). Once it reaches 

DHSMV, it is sent to PRIDE (Prison Industries, Inc.) to enter into a state-wide crash 

database known as Crash Master. After editing, any errors found require the form to be 

returned to the agency for corrections before it is then archived in the mainframe database 

at the state DHSMV. Records for crashes occurring on state roads are transferred to the 

Florida Department of Transportation at regular intervals, where manual methods are 

used to identify crash locations and reference them to state GIS and Roadway 

Characteristics Inventory (RCI) data. This time delay is one of the major problems for the 

highway safety community. The lack of the most recent data for safety analysis prevents 

engineers and police from locating safety problem areas and taking necessary measures in 

a timely fashion. 

 Any crash data of insufficient quality may not be adequate to promote the analysis 

of motor vehicle crashes, the identification of locations with unusually high crash 

occurrence, the evaluation of crash reduction programs, and the continued surveillance of 

the highway system. The TraCS software was developed in response to the need for a 

well-designed information management tool for field officers that would simplify the 

data collection process and ease the administrative burden on officers. The work of this 

thesis is aimed at developing TraCS-Florida model as shown in the Figure 2. Capturing 
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crash data electronically at the roadside will eliminate mailing of paper forms and 

rekeying the data at the state level. Validation rules in the software will reduce and 

eventually eliminate the need for state-level edit checks. Finally, the GPS enabled locator 

tool will eliminate the need for adding supplemental location data by Florida Department 

of Transportation. It is important to note that this work deals only with the roadside data 

capture aspects of this model. HSMV is currently working with the TraCS team, 

SmartCOP, and others to develop a compatible standard to enable electronic transmission 

of the resulting data to the state repository.  

The TraCS-Florida software is available to state and local agencies through a no-cost 

licensing program. The software comes with a Software Development Kit. The research 

was aimed at implementing an affordable automated traffic record management system 

based on the TraCS software platform in the State of Florida. A second focus was 

incorporating various features and functionalities of this software to obtain accurate and 

useful crash data. The ability to collect accident data when and where accidents occur 

reduces users’ administrative duties and paperwork, while ensuring the availability of 

accurate and timely data. With TraCS-Florida, the process of crash reporting is both 

streamlined and automated. 
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Figure 1: Present Crash Data Collection Process in Florida. 

 

 

Figure 2: TraCS-Florida Model System. 
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3.1.2  Development of the Forms using TraCS-Florida Software  

 The primary objective of this thesis was to utilize the TraCS software to develop 

crash report and electronic ticket forms that are customized for the state of Florida.  The 

Software Development Kit gives a full control over the forms and reports that are used 

within TraCS.  

The various types of data collection forms used in the state of Florida are: 

• Florida Traffic Crash Report Long Form 

• Florida Traffic Crash Report Short Form  

• Florida Traffic Crash Driver Exchange Form  

• Florida Uniform Traffic Citation Form 

 The sample forms of long form, short form and citation are shown in Appendix B, 

Appendix C and Appendix D respectively. If an accident occurs, the police officer at the 

crash site may fill either a long form or a short form based on the number of vehicles 

involved and the cost of damaged caused to the vehicles in the crash. The long form is a 

four-page crash reports, and short form is a two-page crash report. A driver exchange 

form is given to all the drivers involved in the crash to exchange information about one 

another. A citation is a ticket given to an individual for violating a statute. All the 

different types of forms were developed in TraCS software. The forms developed in 

TraCS were divided into different groups according to the type of information being 

filled in the forms. For example, the different groups in the long form are Time-Location, 

Vehicle/Pedestrian, Property Damage, Violator, Narrative, Passenger, Crash Diagram, 

etc. A screen shot of the long form in TraCS is shown in Figure 3. In the Time-Location 

group, the information about time of crash and location are filled and in the 

Vehicle/Pedestrian group, the information about the driver and vehicles are filled. 

Similarly, all the required information about violator, witness, narrative and crash 

diagram is filled in the other groups.  
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Figure 3: Screen Shot of Long Form in TraCS. 

 

3.1.3 Testing and Implementation Phase 

 To verify the capabilities, usability, and correctness of the developed forms, the 

software was tested on a variety of hardware platforms and with various commercially 

available input devices such as bar code scanners and magnetic stripe readers, as 

appropriate.  This testing was meant to demonstrate that the forms function as intended 

and that the software functions on a number of platforms. The testing and implementation 

phase was not meant to be a pilot study, but rather the software was used by the TraCS 

team members to collect crash and citation data from the existing paper crash report.  The 

resulting TraCS-based crash reports and MS-Access data were then compared to the 

original reports.  
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3.1.4 Pilot Study 

 To test the software’s functionality in the field under actual crash situations, a 

pilot program was undertaken. Initially, seven pilot agencies were selected, ranging from 

a small rural sheriff’s office to a large urban police department. Pilot agencies were 

provided with hardware and software resources to facilitate deployment on a small scale 

(4-6 officers per agency), and were encouraged and trained to customize and develop 

their own local TraCS-based forms. Right now there are approximately 40 to 45 agencies 

in Florida using or preparing to use the TraCS software. The equipment provided to these 

agencies includes laptops, magnetic stripe readers, thermal printers, and GPS receivers, 

as shown in Figure 4. 
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Figure 4: Equipment used in Conjunction with TraCS.  
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3.1.5 Ride-along and Data Collection 

 Ride-alongs and data collection were another major task of this research work. As 

the name indicates, a ride-along means that the author of this thesis rode along with the 

police crew to crash scenes to observe the activities of the police officers and to collect 

the time measurement data. Among the seven pilot agencies, Jacksonville Sheriff’s 

Office and Leon County Sheriff’s Office were selected for conducting ride-alongs. This 

was done in two phases, Phase I for pre-TraCS and Phase II for the actual TraCS 

operation. Phase I ride-alongs were performed before the pilot agencies start using 

TraCS-Florida and the data consisted of the time taken to fill various paper forms. Then 

the next phase was to collect the required data while using TraCS-Florida. The data was 

collected during the ride-alongs using a data collection form. A sample data collection 

form is shown in Figure 5. The different kinds of information collected are shown in the 

data collection form. The time taken to fill each group on the form was measured 

individually, and the type of activity being performed was noted.  
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Figure 5: Sample Data Collection Form. 
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3.1.6  Data Analysis 

 Once the data was collected, then it was analyzed to determine the time taken to 

fill the different paper forms and time taken to fill the same forms using TraCS-Florida. 

The objective of this analysis was to determine whether there was a difference between 

the time taken to fill a report manually and using TraCS software and whether any 

difference is significant statistically. An analysis of costs and benefits of using TraCS 

was also performed. Cost estimates of the current and proposed (TraCS-based) practices 

are performed.  

 

3.2 Software Development 

 TraCS is an information management tool that incorporates the latest in mobile 

computing technology to collect incident data. The ability for users to collect incident 

data when and where incidents occur reduces their administrative duties and paperwork 

while ensuring more accurate and timely data. With TraCS, the process of incident 

reporting is both streamlined and automated. The Software Development Kit (SDK) 

enhances the functionality of TraCS by enabling a programmer to design, build, 

implement and modify forms, reports, data validation rules, number definitions, and 

autopopulate rules to be used within the TraCS framework. These tools enable a 

programmer to completely design and build custom forms and reports and fully integrate 

them into TraCS-Florida.   

 In a paper form environment, officers are often required to copy the same 

information, such as names, addresses, and vehicle information, to multiple paper forms. 

TraCS-Florida system eliminates this repetition through the use of common information, 

which allows the user to enter certain types of data once and use it many times. TraCS-

Florida organizes common information into the following four categories: 

• Individuals (e.g., name, address, phone number) 

• Vehicles (e.g., make, model, license plate number) 

• Commercial Carriers (e.g., carrier name, carrier address, DOT number) 

• Location (e.g., X and Y coordinates, location description). 
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The TraCS Software Development Kit (SDK) consists of six major tools:   

• Forms Builder 

• Validation Builder 

• Number Builder 

• Autopopulate Builder 

• Database Builder 

• Transmission Builder 

 

Forms Builder 

The Form Builder allows a programmer to design, build, and maintain custom forms and 

reports for use in TraCS. Forms and reports are built by creating product and group files 

with the Forms Builder. A Form is defined as a group of related objects and fields used 

for data entry to collect information. A form is comprised of one product (.prd) file, and 

one or more associated group (.grp) files. A form in TraCS is the data-collection 

instrument that is used to capture incident data. In other words, a form is the user 

interface for data entry in TraCS. A report within TraCS is defined as a printed document 

that organizes and presents in a more usable format the information collected by a form.  

In TraCS-Florida the forms developed are long form, short form, driver exchange form, 

and citation.  

 

Validation Builder 

The Validation Builder enables to create and edit a Validation (.val) file, which contains a 

collection of validation rules for a form in TraCS. There are two main types of validation 

rules in TraCS: Online validation rules and batch validation rules. Online validation rules 

execute automatically when a new form is created, when an existing form is opened, 

when a form is closed, when a group is added or removed, and when a field value  is 

changed. Batch validation rules execute only when a user activates the validation, which 

is done by clicking the validate button on the databar of a TraCS form. TraCS provides 

data validation functionality to ensure that forms are complete and accurate. Users 

receive immediate feedback regarding incorrect data and are prompted to correct any 

errors. Through the SDK, state agencies can specify the validation requirements that meet 
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their own needs for each type of form. In TraCS-Florida various validation rules were 

developed for all the forms based on the DHSMV edit check rules.  

 

Number Builder 

The Number Builder gives the ability to define how the TraCS forms are automatically 

numbered. It enables to create and edit a Number Definition (.num) file, consisting of one 

or more Number Definition elements. A Number Definition is a template that tells TraCS 

how to generate a number. A number builder in TraCS-Florida generates a number 

automatically to both HSMV number and as well as agency report number. The numbers 

generated are unique and cannot be repeated twice, which eliminates the problem of 

duplicate HSMV numbers.  

 

Autopopulate Builder 

The Autopopulate Builder enables a programmer to create and edit an autopopulate 

(.pop) file, which contains one or more autopopulate rules. Autopopulate Rules are used 

to automatically populate one form using the data contained in another form. Multiple 

autopopulate rules can be associated with a form in TraCS (that is, data from one form 

can be used to automatically populate one or more other forms). In TraCS-Florida the 

data from the long form and short form can be autopopulated to a citation and vice verse.  

 

Database Builder 

The Database Builder enables to build the underlying Database Structure Definition, 

where the data collected through TraCS forms is stored. The database builder is used to 

create the translation tables used to cross reference all of the fields within a form with 

database tables and fields within the TraCS database. The database builder is used in 

TraCS-Florida to generate tables in Access and SQL server. The information stored in the 

forms will be saved either in Access or SQL server.  

 

Transmission Builder 

The Transmission Builder is used to build instructions for how the TraCS transmission 

process converts base transmission XML (.btx) files that are produced during 
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transmission into files that can be easily accepted by other software applications. Once 

the data collected in the field with TraCS mobile is transferred to the local agency level to 

TraCS office and stored in the TraCS office database, it can then be transmitted to a 

central state or federal data repository if so desired.  The Transmission Builder SDK tool 

allows for any form generated in TraCS to be extracted, converted and transferred to any 

location, in any format via FTP, e-mail, file copy or through a web service. 

 

3.3 Database Design 

 TraCS works with Access, SQL-server, and Oracle database management system. 

The data collected in the form is stored in database tables. The TraCS-Florida database 

model for the crash form is shown in Figure 6. The TraCS-Florida crash form data is 

divided into groups. Groups mirror the structure of the form itself and correspond roughly 

to database tables. The information filled in the different groups in crash form is saved in 

the corresponding tables. These tables are linked to tables containing common 

information inside TraCS, as discussed in previous section. These tables are identified in 

Figure 6 with double boxes. Common tables allow these data items to be shared with 

other forms, e.g. citation form. 

 

 
 

Figure 6: Model of TraCS-Florida Database. 
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 Product header identifies information for form and does not have actual crash 

data. Vehicle/pedestrian group contains information specific to this crash (e.g. vehicle 

direction, safety equipment use, etc.). The vehicles table, which is one of the common 

tables, contains information about the vehicle itself (make, year, etc.). GPS coordinates 

group, which contains GPS coordinates does not appear on crash form. The data is stored 

in the database for agency applications for location reference system. Approval group, 

which contains information about the approval process of that particular crash report, also 

does not appear on crash form. This information is used by the agency for their usual 

internal approval procedures.  

 

3.4 Improvement in Accuracy 

 A major objective in this research work was to use the TraCS software to improve 

the accuracy of the resulting crash report. Every year thousands of reports are rejected by 

DHSMV and sent back to the police agencies for corrections, because of incomplete and 

incorrect data. Other errors are not identified at any point in the data collection process, 

leaving inaccurate and inconsistent data in the state-level database. Officers responding to 

the crash scene have many more responsibilities other then filling the crash form. Often 

they try to finish up the report as soon as possible and make some mistakes in filling out 

the form. An example is shown in Figure 7, which is a part of an actual crash report filled 

by an officer at a crash scene in Florida [Mantena, 2004].  

 It can be observed in Figure 7 that the officer indicated that a pedestrian was 

involved in the crash. However, vehicle information is provided also. This particular 

error occurred due to confusion over how to treat a bicyclist. Later, in Figure 8, which is 

the contributing causes section, the officer noted a vehicle defect, vehicle movement, and 

vehicle special function in addition to a pedestrian action. When there is a pedestrian, the 

vehicle defect, vehicle movement, and vehicle special functions fields should be left 

blank, and vice versa.  

 TraCS incorporates validation rules to check for such errors and allow the officer 

to correct them in the field. In addition to edit-check rules provided by HSMV, a variety 

of other rules were implemented to ensure accurate, consistent report data to the degree 

possible. A screen shot depicting the way TraCS works is shown in Figure 9. This type of 
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rule is an on- line rule, which fires as the officer is completing the report and either 

automatically fills in or disables other fields in the form. The corresponding validation 

rules are shown in Table 1. These rules act such that, if a pedestrian is selected for a 

given section, the fields related to the vehicle, such as vehicle defect, vehicle movement, 

vehicle special functions and source of carrier information are grayed out. Likewise, if a 

vehicle is selected, the pedestrian action field is disabled and the vehicle information 

must be entered. In addition to regulating field values, this type of rule speeds completion 

time by skipping unneeded fields.  

 The other type of validation rules available in TraCS are the batch rules, which 

are fired when the validate button is clicked. An example of batch rule occurs if an 

officer selects the weather condition as raining but indicates that the road surface 

condition is dry. When the validate button is pressed, an error is shown as the road cannot 

be dry when it is raining.  The officer must then correct the inconsistency before the form 

can be validated. The corresponding validation rule is shown in Table 2.  

 

 
Table 1: Sample Validation Rules Corresponding to Vehicle/Pedestrian. 

 
 

IF  
[VEHICLE_PEDESTRIAN1.VehicleNo1()] = "Yes" 
 

THEN 
(DisableWithClear ([CONTRIBUTING CAUSES.PedAction1()]) And (Enable (  [CONTRIBUTING 
CAUSES.VehicleDefect11()] , [CONTRIBUTING CAUSES.VehicleDefect12()] , [CONTRIBUTING 

CAUSES.VehicleMovement1()] , [CONTRIBUTING CAUSES.VehicleSpecialFunction1()] ) )) 
--------------------------------------------------------------------------------------------------------------------------------- 
IF 

[VEHICLE_PEDESTRIAN1.PedestrianNo1()] = "Yes" 
 
THEN 

(Enable ([CONTRIBUTING CAUSES.PedAction1()]) And (DisableWithClear (  [CONTRIBUTING 
CAUSES.VehicleDefect11()] , [CONTRIBUTING CAUSES.VehicleDefect12()] , [CONTRIBUTING 
CAUSES.VehicleMovement1()] , [CONTRIBUTING CAUSES.VehicleSpecialFunction1()] ) )) 
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Table 2: Sample Validation Rules Corresponding to Weather Condition. 

 

 

IF 
( [CONTRIBUTING CAUSES.Weather()] = "Raining" ) And ( [CONTRIBUTING 

CAUSES.RoadSurfaceCond()] = "Dry" ) 
 
THEN 

ErrLog ( " When it is raining the road condition cannot be dry " , [CONTRIBUTING 
CAUSES.RoadSurfaceCond()] ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Vehicle/Pedestrian Section of Florida Crash Report. 

 

 

 

 

 

 

 

 

Figure 8: Contributing Causes Section of Florida Crash Report. 
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Figure 9: Contributing Causes Section within TraCS. 
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CHAPTER 4 

DATA COLLECTION AND DATA ANALYSIS 

 

4.1 Introduction 

 This section includes the results of the data collection and describes the data 

analysis that was performed. The objective of this analysis was to determine whether 

there was a difference between the time taken to fill a report manually and using TraCS 

software and to see if there is any significant statistical difference. In other words, the 

objective was to compare both methods and determine if the specific predictor variables 

significantly contributed to the variation in response variable (total time taken to fill out 

crash report).  

 Four predictor variables were used: Type of Form (FormType), the method used 

to fill the report, i.e. with TraCS or Pre-TraCS (TraCS_Use), Number of Vehicles 

(NoOfVehicles), and magnetic stripe use (MagStripeUse). Form Type represents the type 

of form filled by the police officer at an incident. The four kinds of forms considered in 

this analysis were:  

• Long Form 

• Short Form 

• Driver Exchange 

• Citation 

  

 TraCS_Use is a factor that indicates whether TraCS was used in completing the 

form. The factor equals zero if the form was filled manually and one if the form was 

filled using TraCS. The NoOfVehicles variable indicates the number of vehicles involved 

in the crash. All observed crashes had either 1, 2 or 3 vehicles, with most being two 

vehicle crashes. The fourth variable, MagStripeUse, represents the percent of the time 

that a magnetic stripe reader was used for collecting driver license data. A magnetic 

stripe reader was used to swipe the driver license so that all the information about the 

driver could be automatically recorded into the crash report. For instance, if there were 
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two vehicles involved in a crash and neither driver had a magnetic stripe driver license, 

then MagStripeUse was represented as 0; if both drivers’ information was filled using a 

magnetic stripe reader, then it was represented as 1; and if one driver had magnetic stripe 

driver license and the other did not have a magnetic stripe driver license, then 

MagStripeUse was represented as 0.5. 

 The summary of the data collected is shown in Table 3. The table gives the 

statistics for the number of crashes attended and the data collected using TraCS and 

without TraCS. The TraCS column is again divided according to whether a magnetic 

stripe reader was used. A total of 95 incidents were attended during ride-alongs in which 

TraCS was used in 63 cases and not used in 32 cases. The complete data set collected is 

shown in the Appendix A. 

 

Table 3: Summary of the data collected. 

 

Number of Crashes 
TraCS   

  Magnetic Stripe Used  Pre-TraCS 

Form Type Yes No Partial Total  

Long Form 6 2 7 15 6 

Short Form 6 9 5 20 7 

Driver Exchange 6 8 5 19 9 

Citation 8 1 0 9 10 

 Total 63 32 

 

 The response variable was the total time taken to fill out a crash report. 

Preliminary results showed some inconsistencies in the data. Therefore, further 

investigation was done and found that the information filled in each crash was not 

consistent, and a decision was made to refine or modify the analysis.  As mentioned 

previously, every crash report had different groups to collect about drivers, location, 

narrative, diagram, etc. Usually, narrative and diagram are types of information that are 

filled differently by every agency and every officer, resulting in large variation in 

completion time. Therefore, to ensure more consistency among reports, the time taken to 

fill the narrative and diagram groups was eliminated from the total time. In addition, no 

driver exchange forms were completed using TraCS. Because all of the information on 
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the driver exchange form is equivalent to what is on the first page of the short form, a 

comparison set was created by summing the time taken to fill the groups in the first page 

of short forms using TraCS.  

 Descriptive statistics of the form completion times considering the FormType, 

NoOfVehicles and TraCS_Use as factors were obtained from Minitab. To see the scatter 

or variability of the data, a dotplot was generated in Minitab as shown in Figure 10. This 

dotplot shows the total completion time for each form, grouped according to form type 

and whether TraCS was used. As the number of observations was small, it was difficult 

to identify any specific pattern in the variability, although the dot diagram is a convenient 

way to see any unusual data features. In general, for each form type, forms completed 

with TraCS took less time to fill out than those without TraCS. This plot also indicates 

that, other than some outliers, most of the completion times for each form fall very close 

to each other when the forms were filled using TraCS. 
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Figure 10: Dotplot of Total Time vs. FormType, TraCS_Use. 

 

 The boxplot of total time was generated by Minitab and shown in the Figure 11. 

The main reasons to develop a boxplot were to understand the center of the data set, to 
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see where most of the data fall, to know the spread of data, and to identify possible 

outliers. 
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Figure 11: Boxplot of Total Time vs. FormType, TraCS_Use. 

 

 The plot displays two sets of boxes for each form, starting with the long form. For 

each form, the first set of boxes on the left is for forms filled without using the TraCS 

software (Pre-TraCS); the second set of boxes for each form type is for forms filled using 

TraCS (TraCS). Each box or line within a set depicts the upper and lower bounds for a 

quartile (one- fourth) of the data points. The rectangular boxes identify the second and 

third quartiles, in which a total of 50% of the data fell. The line in the center of the 

rectangles is the median value. The vertical lines above and below the quartiles identify 

the first and fourth quartiles, which is the range of good data that are not considered as 

potentially outliers. The symbol “*” indicates an outlier, which is a point that is well 

outside of rest of the distribution. One outlier is identified for the long form, when the 

TraCS software is used. The plot in general showed that the forms filled using TraCS had 

a better range and lower median compared with the forms filled without using TraCS 
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(manually). As an example, consider the long form. When completed without TraCS, 

50% of the completion times were between 1000 and 1400 seconds, with values as low as 

800 and as high as 1600 seconds. When TraCS was used, 50% of the times were between 

900 and 1100 seconds, with most of the remainder between 700 and 1400 seconds. A 

completion time of almost 1600 seconds was identified as an outlier case. Upon review of 

the data collection form, no justification for the extreme time measurement was noted. 

The median completion time dropped from over 1200 seconds to around 1000 seconds. A 

large difference can also be seen in driver exchange form (Form Type = 3) filled using 

TraCS and without using TraCS.  

 

Table 4: Summary of the Descriptive Statistics. 
 

 

Driver Exchange 

  With TraCS Without TraCS 

NoOfVehicles 
Sample 

Size Mean  StDev 
Sample 

Size Mean StDev 

2 18 497.4 100.9 7 542.6 118.9 

3 1 498 * 2 867.5 102.5 

 

Citation 

  With TraCS Without TraCS 

NoOfVehicles 
Sample 

Size Mean  StDev 
Sample 

Size Mean StDev 

N/A 9 239.4 68.1 10 277.4 56.1 

 

* There was no value. 

Long Form 

  With TraCS Without TraCS 

NoOfVehicles 
Sample 

Size Mean  StDev 
Sample 

Size Mean StDev 

1 3 865.3 133 1 772 * 

2 12 1077.6 209.1 4 1221 109.5 

3 0 * * 1 1550 * 

 
Short Form 

  With TraCS Without TraCS 

NoOfVehicles 
Sample 

Size Mean  StDev 
Sample 

Size Mean StDev 

1 1 538 * 1 403 * 

2 18 582.6 107.4 6 657 90.1 

3 1 918 * 0 * * 
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 The summary of descriptive statistics shown in Table 4 indicated that, in general,  

the mean for all the forms was less using the TraCS software than without TraCS. But in 

a few cases when the sample size was equal to one, the mean was less without TraCS 

than with TraCS. For example, for long forms with one vehicle, the mean was less 

without TraCS than with TraCS.  

 

4.2 Statistical Analysis 

 To see if there was any statistical difference between the mean times required to 

complete the forms filled manually and by using TraCS software, data was analyzed 

separately for each form type. For each form, the time taken to fill the form was the 

response, and the NoOfVehicles, TraCS_Use and MagStripeUse were the predictor 

variables. To determine the relationship between pairs of variables and to get some 

awareness of how the individual data points were arranged over the region, a matrix plot 

was generated. The matrix plot shows the relationship between the individual predictors 

and the response total time.  The T-test was performed to test the hypothesis (if the means 

are equal or unequal) and see if there was a statistically significant difference. The one-

way analysis of variance with multiple comparisons was performed for two vehicle 

crashes (as most the data collected are two vehicle crashes) to see if there is any 

statistically difference between the forms filled without TraCS and in TraCS with all, 

some and no magnetic stripe reader. To investigate the validity of the normality 

assumption, a normal probability plot of the residuals was generated. To investigate 

whether or not the constant variance assumption has been violated, a plot of the residuals 

versus the fitted values was generated. 
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4.2.1 Data Analysis for Long Form 

 The data for long form are shown in Table 5. The matrix plot was generated and 

shown in the Figure 12. 

 

Table 5: The Data for Long Form. 

 

Crash# NoOfVehicles TraCS_Use MagStripeUse Total Time(sec) 

70947962 1 TraCS Yes 719 

75899212 1 TraCS No 898 

75899219 1 TraCS No 979 

12345678 2 TraCS Partial 967 

70044718 2 TraCS Yes 1550 

70947963 2 TraCS Yes 784 

72846817 2 TraCS Partial 1364 

75849915 2 TraCS Yes 1028 

75849916 2 TraCS Partial 1029 

75849917 2 TraCS Partial 845 

75860024 2 TraCS Partial 968 

75868478 2 TraCS Partial 1042 

75869395 2 TraCS Partial 1124 

75899096 2 TraCS Yes 1117 

75899220 2 TraCS Yes 1113 

2142337 3 Pre-TraCS No 1550 

72562380 2 Pre-TraCS No 1243 

72937124 2 Pre-TraCS No 1340 

75258342 2 Pre-TraCS No 1226 

75847200 1 Pre-TraCS No 772 
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Figure 12: Matrix plot of Variables for Long Form. 

 

 The matrix plot is often a better summary of the relationship than a numerical 

summary because it gives a sense of linearity and nonlinearity of the relationship. All the 

variables other than Total time are discrete variables, so the data falls in a straight line at 

those discrete points. The plot of Total time against TraCS_Use (i.e. form completion 

with TraCS or without TraCS) indicates that the data are widely scattered, varying from 

800 to 1600 sec, when the TraCS software was not used. When the TraCS software was 

used, most of the data points fall in between 800 to 1200 sec. This means that the data 

was more stable when the forms were filled using TraCS software. The point which is 

close to 1600 seconds might be an outlier. The plot between total time and number of 

vehicles indicates that the completion time increased as the number of vehicles increased. 

The last plot, between total time and magnetic stripe use, showed the total time taken to 

fill the crash report with and without magnetic stripe reader. Although there is a lot of 

variability, forms completed with the magnetic stripe reader tend to take less time than 

those completed without one. Table 6 includes descriptive statistics for the long form. 
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Table 6: Descriptive Statistics for Long Form.  

 

NoOfVehicles = 1  
            TraCS 

Variable    Use    N    Mean  SE Mean  StDev  Variance  Minimum     Q1  Median 

Total Time  0      1  772.00        *      *         *   772.00      *  772.00 

            1      3   865.3     76.8  133.0   17700.3    719.0  719.0   898.0 

 

            TraCS  

Variable    Use       Q3  Maximum 

Total Time  0          *   772.00 

            1      979.0    979.0 

NoOfVehicles = 2  
            TraCS 

Variable    Use     N    Mean  SE Mean  StDev  Variance  Minimum      Q1 

Total Time  0       4  1221.0     54.8  109.5   11995.3   1075.0  1112.8 

            1      12  1077.6     60.4  209.1   43707.5    784.0   967.3 

 

            TraCS 

Variable    Use    Median      Q3  Maximum 

Total Time  0      1234.5  1315.8   1340.0 

            1      1035.5  1122.3   1550.0 

NoOfVehicles = 3  
            TraCS               SE 

Variable    Use    N    Mean  Mean  StDev  Variance  Minimum  Q1  Median  Q3 

Total Time  0      1  1550.0     *      *         *   1550.0   *  1550.0   * 

 

            TraCS 

Variable    Use    Maximum 

Total Time  0       1550.0 

 

 

 The mean completion time for the long form indicates that when there is one 

vehicle, it takes less time to fill a form without TraCS than with TraCS. However, there 

are very few cases to consider. When there are two vehicles, the mean completion time is 

less with TraCS. This implies that when there were two vehicles involved in a crash, it 

took less time, on average, to complete the long form using the TraCS software.  

Standard deviations are relatively high, indicating a good deal of variability in the 

numbers.  

 

Test for Equal Variances: Total Time versus TraCS_Use  

 The test for equal variances was performed as shown in Table 7. The null 

hypothesis was that the variances are equal and the alternative hypothesis is that the 

variances are not equal. F0 and Fa/2, n1-1,n2-1  are calculated, as F0 = 1.54 < Fa/2, n1-1,n2-1 = 

3.66, the null hypothesis cannot be rejected at the 0.05 level of significance. That is, these 
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data do not provide enough evidence to claim that the populations have unequal 

variances.  

 

Table 7: Test for Equal Variances. 

 
 

Null hypothesis:   H0: s 1
2

 = s 2
2

 

Alternative Hypotheses:  H1: s 1
2

  ?  s 2
2 

a = 0.05          

F0 = S1
2/S2

2  

 S1 = 262, S2 = 211 

 F0 = (262)2 / (211)2 = 1.54 

 Fa/2, n1-1,n2-1 = F0.025,5,14 = 3.66 

F0 < Fa/2, n1-1,n2-1  

  

  

Two-Sample T-Test and CI: Total Time, TraCS_Use 

 The two-sample t-test obtained from Minitab is shown in Table 8. Equal variances 

are assumed since there was no evidence for unequal variance based on the results 

obtained from the previous test. The two-sample t-test displays a table of the sample 

sizes, sample means, standard deviations, and standard errors for the two samples. The 

95% confidence interval is (-62.306, 394.039) which includes zero and the p-value of 

0.145, indicating that there is no evidence for a difference in completion time for forms 

filled using TraCS software versus without TraCS software. 
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Table 8: Two Sample T-Test for Long Form. 

 
Two-sample T for Total Time 

 

TraCS 

Use     N  Mean  StDev  SE Mean 

0       6  1201    262      107 

1      15  1035    211       55 

 

 

Difference = mu (0) - mu (1) 

Estimate for difference:  165.867 

95% CI for difference:  (-62.306, 394.039) 

T-Test of difference = 0 (vs not =): T-Value = 1.52  P-Value = 0.145  DF = 19 

Both use Pooled StDev = 225.6840 

 

 
 

One-way ANOVA: Total Time versus MagStripeUse  

 

Table 9: One-way ANOVA for Long Form. 

 

Source        DF      SS     MS     F      P 

MagstripeUse   2   75985  37993  0.98  0.400 

Error         13  502489  38653 

Total         15  578474 

 

S = 196.6   R-Sq = 13.14%   R-Sq(adj) = 0.00% 

                                 

Level           N    Mean  StDev   

All-MagStripe   5  1118.4  276.7     

Some-MagStripe  7  1048.4  163.4    

Without TraCS   4  1221.0  109.5           

                                    

Pooled StDev = 196.6 

 

Tukey 95% Simultaneous Confidence Intervals 

All Pairwise Comparisons among Levels of MagstripeUse 

 

Individual confidence level = 97.95% 

 

MagstripeUse = All-MagStripe subtracted from: 

 

MagstripeUse     Lower  Center  Upper  +---------+---------+---------+--------- 

Some-MagStripe  -373.6   -70.0  233.7       (-----------*-----------) 

Without TraCS   -245.2   102.6  450.4    (-------------*-------------) 

                                       +---------+---------+---------+--------- 

                            -500      -250         0       250 

                 

MagstripeUse = Some-MagStripe subtracted from: 

 

MagstripeUse    Lower  Center  Upper   +---------+---------+---------+--------- 

Without TraCS  -152.4   172.6  497.6        (------------*------------) 

           +---------+---------+---------+--------- 

         -500      -250         0       250 
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 To investigate the effect of magnetic stripe use on completion time, the one-way 

analysis of variance (ANOVA) test is performed. Table 9, shows the results for two 

vehicle crashes. Other cases are not considered because there were not a sufficient 

number of cases to analyze them separately. The null hypothesis is that the means are 

equal for the forms filled using TraCS and without TraCS. The alternative hypothesis is 

that the means are different. The p-value of 0.400 indicates that there is no evidence that 

means are different. The Tukey’s multiple comparison test was performed and is shown 

in Table 9. The confidence interval can be calculated by reversing both the order and sign 

of the interval values. The confidence interval for the mean of all-magnetic stripe minus 

the mean of some-magnetic stripe is (-233.7, 70.0, 373.6). For all the set of comparisons, 

none of the means are statistically different because all of the confidence interval 

includes zero. Therefore, there is no statistical difference between the forms filled with a 

full magnetic stripe use versus those filled with some or no magnetic stripe use or without 

TraCS. 

 The normal probability plot of the residuals generated is shown in Figure 13. The 

points on this plot form a nearly linear pattern, which indicates that the normal 

distribution is a good model for this data set and normality assumption is valid. The 

Anderson-Darling statistic (AD) is equa l to 0.419. The p-value of 0.298 is high, which 

indicates that the data follows a normal distribution. Small departures from the normality 

assumption do not affect the model greatly, but gross non-normality is potentially more 

serious. The normality assumption is important for inference purposes, and is required for 

hypothesis testing and interval estimation. The point which is father away from the 

straight line might be an outlier. 

 The plot of the residuals versus the fitted values was generated and is shown in 

Figure 14.  The plot indicated that there was no particular pattern. This indicates a 

constant variance. Violations of the constant variance assumption can yield an unstable 

model, and ultimately inaccurate results.   
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Figure 13:  Probability Plot of Residuals for Long Form. 
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Figure 14:  Residuals vs. Fitted Values for Long Form. 
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4.2.2 Data Analysis for Short Form 

 The data for short form is shown in the Table 10. The matrix plot was generated 

and shown in the Figure 15. 

 

Table 10: The Data for Short Form. 

 

Crash# NoOfVehicles TraCS_Use  MagStripeUse  
Total 

Time(sec) 

1180324 1 TraCS No 538 

1180319 2 TraCS Yes 548 

3217738 2 TraCS No 675 

4362005 2 TraCS No 584 

4362009 2 TraCS Yes 491 

4362058 2 TraCS Yes 392 

4366717 2 TraCS Yes 484 

4367095 2 TraCS No 674 

4367096 2 TraCS No 617 

4367098 2 TraCS Yes 479 

4367099 2 TraCS No 625 

4367100 2 TraCS Partial 632 

4371887 2 TraCS Partial 526 

4371890 2 TraCS Yes 537 

4416802 2 TraCS No 469 

4567348 2 TraCS Partial 765 

4609948 2 TraCS No 569 

4609949 2 TraCS No 601 

75864298 2 TraCS Partial 818 

4367066 3 TraCS Partial 918 

2141539 2 Pre-TraCS No 780 

3217738(2) 2 Pre-TraCS No 585 

4355186 2 Pre-TraCS No 602 

4366718(2) 1 Pre-TraCS No 403 

4367093 2 Pre-TraCS No 637 

4489532 2 Pre-TraCS No 578 

4569513 2 Pre-TraCS No 760 
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Figure 15: Matrix Plot of Variables for Short Form. 

 

 The matrix plot of total time and whether TraCS was used or not (TraCS_Use) 

indicates that there was more variability of the data when TraCS was used. There were no 

potential outliers. The plot of total time against number of vehicles indicates that the time 

increased as the number of vehicles increased. The plot of total time against magnetic 

stripe use indicates that the total time taken to fill the crash report decreases with full use 

of the magnetic stripe reader, but might increase with partial use. However there were 

relatively few reports which have magnetic stripe reader for some of the drivers involved 

in crash and there was a lot of variability in this data. Table 11 includes descriptive 

statistics for the short form. 
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Table 11: Descriptive Statistics for Short Form. 
 

 
NoOfVehicles = 1  
            TraCS               SE 

Variable    Use    N    Mean  Mean  StDev  Variance  Minimum  Q1  Median  Q3 

Total Time  0      1  403.00     *      *         *   403.00   *  403.00   * 

            1      1  538.00     *      *         *   538.00   *  538.00   * 

 

            TraCS 

Variable    Use    Maximum 

Total Time  0       403.00 

            1       538.00 

NoOfVehicles = 2  
            TraCS 

Variable    Use     N   Mean  SE Mean  StDev  Variance  Minimum     Q1  Median 

Total Time  0       6  657.0     36.8   90.1    8117.6    578.0  583.3   619.5 

            1      18  582.6     25.3  107.4   11534.1    392.0  489.3   576.5 

 

            TraCS 

Variable    Use       Q3  Maximum 

Total Time  0      765.0    780.0 

            1      642.5    818.0 

NoOfVehicles = 3  
            TraCS               SE 

Variable    Use    N    Mean  Mean  StDev  Variance  Minimum  Q1  Median  Q3 

Total Time  1      1  918.00     *      *         *   918.00   *  918.00   * 

 

            TraCS 

Variable    Use    Maximum 

Total Time  1       918.00 

 
 

 The mean completion time for the short form indicates that when there is one 

vehicle involved, it takes less time to complete the paper work when TraCS was not used. 

When there are two vehicles involved the average completion time was less when TraCS 

was used to fill the short form compared to the form filled without TraCS. In the data 

collected for short form there was only one sample with number of vehicles is equal to 

three, and it was filled using TraCS.  

 

Test for Equal Variances: Total Time versus TraCS_Use  

 The test for equal variances was performed as shown in Table 12. The null 

hypothesis was that the variances are equal and the alternative hypothesis is that the 

variances are not equal. F0 and Fa/2, n1-1,n2-1  are calculated, as F0 = 0.98, F1-a/2, n1-1,n2-1 is 

also calculated. As F1-a/2, n1-1,n2-1 < F0 < Fa/2, n1-1,n2-1 , the null hypothesis cannot be rejected 
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at the 0.05 level of significance. That is, these data do not provide enough evidence to 

claim that the populations have unequal variances.  

 

Table 12: Test for Equal Variances. 

 

Null hypothesis:   H0: s 1
2

 = s 2
2

 

Alternative Hypotheses:  H1: s 1
2

  ?  s 2
2 

a = 0.05          

F0 = S1
2/S2

2  

 S1 = 126, S2 = 127 

 F0 = (126)2 / (127)2 = 0.98 

 Fa/2, n1-1,n2-1 = F0.025,6,19 = 3.17   F1-a/2, n1-1,n2-1 = F0.975,6,19 = 0.192 

F0 < Fa/2, n1-1,n2-1  F0 > F1-a/2, n1-1,n2-1 

  

   

Two-Sample T-Test and CI: Total Time, Type  

 The two-sample t-test obtained from Minitab is shown in Table 13. Equal 

variances are assumed since there was no evidence for unequal variance based on the 

results obtained from the previous test. The 95% confidence interval is (-91.1121, 

138.3407) which includes zero and the p-value is 0.675, indicating that there is no 

evidence for a difference in completion time for forms filled using TraCS software versus 

without TraCS software.  

 

Table 13: Two sample T-Test for Short Form. 

 

Two-sample T for Total Time 

 

TraCS                     SE 

Use     N  Mean  StDev  Mean 

0       7   621    126    48 

1      20   597    127    28 

 

Difference = mu (0) - mu (1) 

Estimate for difference:  23.6143 

95% CI for difference:  (-91.1121, 138.3407) 

T-Test of difference = 0 (vs not =): T-Value = 0.42  P-Value = 0.675  DF = 25 

Both use Pooled StDev = 126.8456 
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One-way ANOVA: Total Time versus MagStripeUse  

 

Table 14: One-way ANOVA for Short Form. 

 

Source        DF      SS     MS     F      P 

MagStripeUse   3  123150  41050  5.93  0.005 

Error         20  138458   6923 

Total         23  261607 

 

S = 83.20   R-Sq = 47.07%   R-Sq(adj) = 39.14% 

                                    

Level           N    Mean   StDev   

All-MagStripe   6  488.50   55.36   

No-MagStripe    8  601.75   65.87      

Some-MagStripe  4  685.25  131.88          

Without TraCS   6  657.00   90.10                   

 

Pooled StDev = 83.20 

 

Tukey 95% Simultaneous Confidence Intervals 

All Pairwise Comparisons among Levels of MagStripeUse 

 

Individual confidence level = 98.89% 

 

MagStripeUse = All-MagStripe subtracted from: 

 

MagStripeUse     Lower  Center   Upper -----+---------+---------+---------+---- 

No-MagStripe    -12.58  113.25  239.08               (--------*-------)  

Some-MagStripe   46.36  196.75  347.14   (---------*---------) 

Without TraCS    33.99  168.50  303.01  (--------*--------) 

           -----+---------+---------+---------+---- 

                                      -150         0       150       300 

 

MagStripeUse = No-MagStripe subtracted from: 

 

MagStripeUse     Lower  Center   Upper -----+---------+---------+---------+---- 

Some-MagStripe  -59.17   83.50  226.17         (---------*--------) 

Without TraCS   -70.58   55.25  181.08        (--------*-------) 

                                       -----+---------+---------+---------+---- 

                                          -150         0       150       300 

 

MagStripeUse = Some-MagStripe subtracted from: 

 

MagStripeUse     Lower  Center   Upper -----+---------+---------+---------+---- 

Without TraCS  -178.64  -28.25  122.14  (---------*---------) 

                                       -----+---------+---------+---------+---- 

                                          -150         0       150       300 

 

  

 To investigate the effect of magnetic stripe use on completion time, the one-way 

analysis of variance (ANOVA) test is performed; Table 14 shows the results for tow 

vehicle crashes. The p-value of 0.005 is low. Therefore,  Tukey’s multiple comparison 

test was performed. The confidence interval can be calculated by reversing both the order 

and sign of the interval values. The confidence interval for the mean of all-magnetic 
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stripe minus the mean of no-magnetic stripe is (-239.09, -113.25, 12.58). Therefore, the 

means for forms filled with all-magnetic stripe reader and for the forms filled with some-

magnetic stripe reader are statistically different. In additions, the means for forms filled 

with all-magnetic stripe reader and for the forms filled without TraCS software are 

statistically different, because the confidence interval for this combination of means also 

excludes zero. For all the other set of comparisons, none of the means are statistically 

different because all of the confidence intervals includes zero.  

 The normal probability plot of the residuals was generated and is shown in Figure 

16.  The points on this plot do not form a linear pattern, which indicates that the normal 

distribution is a not a good model for this data set and normality assumption is not valid. 

The Anderson-Darling statistic (AD) is equal to 0.831. The p-value of 0.028 is low, 

which indicates that the data do not follow a normal distribution.  
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Figure 16:  Probability Plot of Residuals for Short Form. 
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 The plot of the residuals versus the fitted values was generated and is shown in 

Figure 17.  The plot indicated that there was no particular pattern. It implied that it 

satisfied the constant variance assumption. 
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Figure 17:  Residuals vs. Fitted Values for Short Form. 
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4.2.3 Data Analysis for Driver Exchange Form 

 The data for driver exchange form is shown in the Table 15. The matrix plot was 

generated and shown in the Figure 18. 

 

Table 15: The Data for Driver Exchange Form. 

 

Crash# NoOfVehicles TraCS_Use  MagStripeUse  Total Time(sec) 

1180319 2 TraCS Yes 436 

3217738 2 TraCS No 525 

4362005 2 TraCS No 503 

4362009 2 TraCS Yes 404 

4362058 2 TraCS Yes 326 

4366717 2 TraCS Yes 409 

4367066 3 TraCS Partial 798 

4367095 2 TraCS No 597 

4367096 2 TraCS No 548 

4367098 2 TraCS Yes 389 

4367099 2 TraCS No 561 

4367100 2 TraCS Partial 574 

4371887 2 TraCS Partial 451 

4371890 2 TraCS Yes 447 

4416802 2 TraCS No 382 

4567348 2 TraCS Partial 650 

4609948 2 TraCS No 500 

4609949 2 TraCS No 541 

75864298 2 TraCS Partial 710 

02142337(2) 3 Pre-TraCS No 940 

4367066(2) 3 Pre-TraCS No 795 

4367095(2) 2 Pre-TraCS No 577 

4367096(2) 2 Pre-TraCS No 579 

4367098(2) 2 Pre-TraCS No 574 

4367099(2) 2 Pre-TraCS No 578 

4367100(2) 2 Pre-TraCS No 601 

4416802(2) 2 Pre-TraCS No 275 

4609948(2) 2 Pre-TraCS No 614 
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Figure 18: Matrix Plot of Variables for Driver Exchange Form. 

 

 The matrix plot of total time against TraCS_Use indicated that all the data points 

fall close in a region between 400 to 800 sec, when TraCS software was used, and scatter 

all over when TraCS was not used. There were no potential outliers. Almost all crashes 

involved two vehicles. The plot of total time against MagStripeUse indicates the total 

time taken to fill the crash report decreased as the magnetic stripe reader is used to fill the 

information. 

 The driver exchange form did not have any one vehicle crashes. Therefore, the 

descriptive statistics were shown in Table 16 for number of vehicles equal to two and 

three. For both two and three vehicles, it takes less time, when a driver exchange form 

was filled using TraCS than forms filled without TraCS.  
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Table 16: Descriptive Statistics for Driver Exchange Form. 

 
NoOfVehicles = 2  
            TraCS 

Variable    Use     N   Mean  SE Mean  StDev  Variance  Minimum     Q1  Median 

Total Time  0       7  542.6     45.0  118.9   14144.3    275.0  574.0   578.0 

            1      18  497.4     23.8  100.9   10178.0    326.0  407.8   501.5 

  

           TraCS 

Variable    Use       Q3  Maximum 

Total Time  0      601.0    614.0 

            1      564.3    710.0 

 

NoOfVehicles = 3  
            TraCS 

Variable    Use    N    Mean  SE Mean  StDev  Variance  Minimum  Q1  Median  Q3 

Total Time  0      2   867.5     72.5  102.5   10512.5    795.0   *   867.5   * 

            1      1  798.00        *      *         *   798.00   *  798.00   * 

 

            TraCS 

Variable    Use    Maximum 

Total Time  0        940.0 

            1       798.00 

 
 

Test for Equal Variances: Total Time versus TraCS_Use  

 The test for equal variances was performed as shown in Table 17. The null 

hypothesis was that the variances are equal and the alternative hypothesis is that the 

variances are not equal.  

 

Table 17: Test for Equal Variance. 

 

Null hypothesis:   H0: s 1
2

 = s 2
2

 

Alternative Hypotheses:  H1: s 1
2

  ?  s 2
2 

a = 0.05          

F0 = S1
2/S2

2  

 S1 = 180, S2 = 120 

 F0 = (180)2 / (120)2 = 2.25 

 Fa/2, n1-1,n2-1 = F0.025,8,18 = 3.01 

F0 < Fa/2, n1-1,n2-1  
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  F0 and Fa/2, n1-1,n2-1  are calculated, as F0 = 2.25 < Fa/2 , n1-1,n2-1  = 3.01, the null 

hypothesis cannot be rejected at the 0.05 level of significance. That is, these data do not 

provide enough evidence to claim that the populations have unequal variances.  

 

Two-Sample T-Test and CI: Total Time, Type  

 The two-sample t-test obtained from Minitab is shown in Table 18. Equal 

variances are assumed since there was no evidence for unequal variance based on the 

results obtained from the previous test. The 95% confidence interval is (-15.865, 

218.999) which includes zero and the p-value of 0.087, indicating that there is no 

evidence for a difference in completion time for forms filled using TraCS software versus 

without TraCS software. 

 

Table 18: Two Sample T-Test for Driver Exchange Form. 

 

Two-sample T for Total Time 

 

TraCS                     SE 

Use     N  Mean  StDev  Mean 

0       9   615    180    60 

1      19   513    120    27 

 

 

Difference = mu (0) - mu (1) 

Estimate for difference:  101.567 

95% CI for difference:  (-15.865, 218.999) 

T-Test of difference = 0 (vs not =): T-Value = 1.78  P-Value = 0.087  DF = 26 

Both use Pooled StDev = 141.1830 

 

 

 To investigate the effect of magnetic stripe use on completion time, the one-way 

analysis of variance (ANOVA) was performed. Table 19 shows the results for two 

vehicle crashes. The p-value of 0.011 is low. Therefore, Tukey’s multiple comparison test 

was performed. The means for forms filled with all-magnetic stripe reader and for the 

forms filled with some-magnetic stripe reader are statistically different, and the mean for 

forms filled with all-magnetic stripe reader and the mean for forms filled without TraCS 

software are statistically different because the confidence interval for these combinations  

of means excludes zero. For all the other set of comparisons, none of the means are 

statistically different because all of the confidence interval includes zero.  
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One-way ANOVA: Total Time versus MagStripeUse  
 

Table 19: One-way ANOVA for Driver Exchange. 

 

Source        DF      SS     MS     F      P 

MagStripeUse   3  108124  36041  4.73  0.011 

Error         21  160057   7622 

Total         24  268181 

 

S = 87.30   R-Sq = 40.32%   R-Sq(adj) = 31.79% 

                                    

Level           N    Mean   StDev   

All-MagStripe   6  401.83   42.85   

No-MagStripe    8  519.63   63.91              

Some-MagStripe  4  596.25  111.69            

Without TraCS   7  542.57  118.93         

                                  

Pooled StDev = 87.30 

 

Tukey 95% Simultaneous Confidence Intervals 

All Pairwise Comparisons among Levels of MagStripeUse 

 

Individual confidence level = 98.89% 

 

MagStripeUse = All-MagStripe subtracted from: 

 

MagStripeUse     Lower  Center   Upper -----+---------+---------+---------+---- 

No-MagStripe    -13.57  117.79  249.15               (--------*--------) 

Some-MagStripe   37.42  194.42  351.42                  (----------*---------) 

Without TraCS     5.42  140.74  276.06                (--------*--------) 

                                       -----+---------+---------+---------+---- 

                                          -150         0       150       300 

                 

MagStripeUse = No-MagStripe subtracted from: 

 

MagStripeUse      Lower  Center   Upper -----+---------+---------+---------+--- 

Some-MagStripe   -72.32   76.63  225.57           (---------*---------) 

Without TraCS   -102.93   22.95  148.83         (--------*-------) 

                                       -----+---------+---------+---------+--- 

                                           -150         0       150       300 

 

MagStripeUse = Some-MagStripe subtracted from: 

 

MagStripeUse     Lower  Center  Upper  -----+---------+---------+---------+---- 

Without TraCS  -206.13  -53.68  98.77   (---------*----------) 

                                       -----+---------+---------+---------+---- 

                                         -150         0       150       300 

 

   

 The normal probability plot of the residuals generated is shown in Figure 19. The 

points on this plot form a nearly linear pattern, which indicates that the normal 

distribution is a good model for this data set and normality assumption is valid. The 

Anderson-Darling statistic (AD) is equal to 0.608. The p-value of 0.103 is high, which 

indicates that the data follows a normal distribution. Small departures from the normality 
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assumption do not affect the model greatly, but gross non-normality is potentially more 

serious. The point which is father away from the straight line in the bottom left corner 

might be an outlier.  
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Figure 19:  Probability Plot of Residuals for Driver Exchange Form. 

 

 
 The plot of the residuals versus the fitted values was generated and is shown in 

Figure 20.  The plot indicated that there was no particular pattern. It implies that it 

satisfied the constant variance assumption. 
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Figure 20:  Residuals vs. Fitted Values for Driver Exchange Form. 
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4.2.4 Data Analysis for Citation 

 The data for citation is shown in the Table 20. The data did not have the number 

of vehicles column as citations do not depend on the number of vehicles involved. 

 

Table 20: The Data for Citation. 

 

Citation# TraCS_Use MagStripeUse Total Time(sec) 

3288-BNHX TraCS Yes 360 

3289-BNHX TraCS Yes 240 

3290-BNH4 TraCS Yes 180 

3291-BNH5 TraCS Yes 225 

3292-BNH6 TraCS Yes 240 

4243-COM6 TraCS Yes 170 

4244-COM7 TraCS Yes 180 

4251-COM6 TraCS Yes 220 

4253-COM8 TraCS No 340 

1897-BYAX Pre-TraCS No 220 

1899-BYA Pre-TraCS No 360 

2554-CYH6 Pre-TraCS No 230 

2556-CYH8 Pre-TraCS No 320 

2566-CYHX Pre-TraCS No 310 

2567-CYHX Pre-TraCS No 260 

3712-CYH6 Pre-TraCS No 260 

3713-CYH7 Pre-TraCS No 244 

4258-COM2 Pre-TraCS No 210 

7327-CYG5 Pre-TraCS No 360 
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Figure 21: Matrix Plot of Variables for Citation. 

 

 The matrix plot was generated and shown in the Figure 21. The plot of total time 

against whether TraCS used or not (TraCS_Use) indicates that there was not much 

difference in the scatter or variability of the data. There were no potential outliers. The 

plot of total time against magnetic stripe use indicates the total time taken to fill the crash 

report decreases as the magnetic stripe reader was used. The one point which was on the 

higher end, when magnetic stripe reader was used is an outlier. 

 The citation form is a ticket, which is given for any violation. The data collected 

for citation do not depend on the number of vehicle, so in this case the number of 

vehicles was considered as zero. The statistics shown in Table 21 indicated that the mean 

was less when a citation was filled using TraCS then without TraCS.  
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Table 21: Descriptive Statistics for Citation.  

 
 

NoOfVehicles = 0  
            TraCS 

Variable    Use     N   Mean  SE Mean  StDev  Variance  Minimum     Q1  Median 

Total Time  0      10  277.4     17.7   56.1    3147.6    210.0  227.5   260.0 

            1       9  239.4     22.7   68.1    4640.3    170.0  180.0   225.0 

 

            TraCS 

Variable    Use       Q3  Maximum 

Total Time  0      330.0    360.0 

            1      290.0    360.0 

 

  

 

Test for Equal Variances: Total Time versus TraCS_Use  

 The test for equal variances was performed as shown in Table 22. The null 

hypothesis was that the variances are equal and the alternative hypothesis is that the 

variances are not equal. F0 and Fa/2, n1-1,n2-1  are calculated, as F0 = 0.67, F1-a/2, n1-1,n2-1 value 

is also calculated and is 0.244.  As F1-a/2, n1-1,n2-1 < F0 < Fa/2, n1-1,n2-1  = 4.36, the null 

hypothesis cannot be rejected at the 0.05 level of significance. That is, these data do not 

provide enough evidence to claim that the populations have unequal va riances.  

 

Table 22: Test for Equal Variance. 

 

Null hypothesis:   H0: s 1
2

 = s 2
2

 

Alternative Hypotheses:  H1: s 1
2

  ?  s 2
2 

a = 0.05          

F0 = S1
2/S2

2  

 S1 = 56.1, S2 = 68.1 

 F0 = (56.1)2 / (68.1)2 = 0.67 

 Fa/2, n1-1,n2-1 = F0.025,9,8 = 4.36    F1-a/2, n1-1,n2-1 = F0.975,9,8 = 0.244 

F0 < Fa/2, n1-1,n2-1     F0 > F1-a/2, n1-1,n2-1 
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Two-Sample T-Test and CI: Total Time, Type  

 The two-sample t-test obtained from Minitab is shown in Table 23. Equal 

variances are assumed since there was no evidence for unequal variance based on the 

results obtained from the previous test. The 95% confidence interval is (-22.1940, 

98.1051) which includes zero and the p-value of 0.201, indicating that there is no 

evidence for a difference in completion time for forms filled using TraCS software versus  

without TraCS software. 

 

Table 23: Two Sample T-Test for Citation. 

 

Two-sample T for Total Time 

 

TraCS                      SE 

Use     N   Mean  StDev  Mean 

0      10  277.4   56.1    18 

1       9  239.4   68.1    23 

 

 

Difference = mu (0) - mu (1) 

Estimate for difference:  37.9556 

95% CI for difference:  (-22.1940, 98.1051) 

T-Test of difference = 0 (vs not =): T-Value = 1.33  P-Value = 0.201  DF = 17 

Both use Pooled StDev = 62.0487 

 

 

 

One-way ANOVA: Total Time versus MagStripeUse  

 Table 24 shows the results for two vehicle crashes. The p-value of 0.086 is high. 

Therefore, the means for forms filled with all-magnetic stripe reader and for the forms 

filled without TraCS software are not statistically different because the confidence 

interval for this combination of means is equal to (-108.98, -50.52, 7.93) includes zero.  
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Table 24: One-way ANOVA for Citation. 

 
Source        DF     SS     MS     F      P 

MagStripeUse   1  11346  11346  3.36  0.086 

Error         16  54075   3380 

Total         17  65421 

 

S = 58.14   R-Sq = 17.34%   R-Sq(adj) = 12.18% 

                                   

Level           N    Mean  StDev   

All-MagStripe   8  226.88  60.65   

Without TraCS  10  277.40  56.10   

 

Pooled StDev = 58.14 

 

Tukey 95% Simultaneous Confidence Intervals 

All Pairwise Comparisons among Levels of MagStripeUse 

 

Individual confidence level = 95.00% 

 

MagStripeUse = All-MagStripe subtracted from: 

 

MagStripeUse   Lower  Center   Upper   -+---------+---------+---------+-------- 

Without TraCS  -7.93   50.52  108.98            (-----------*-----------) 

                                       -+---------+---------+---------+-------- 

                                      -50         0        50       100 

 

 

 The normal probability plot of the residuals generated is shown in Figure 22. The 

points on this plot form a nearly linear pattern. The Anderson-Darling statistic (AD) is 

equal to 0.559. The p-value of 0.127 is high, which indicates that the data follows a 

normal distribution and the normality assumption is valid. The point which is father away 

from the straight line might be an outlier. 

 The plot of the residuals versus the fitted values was generated and is shown in 

Figure 23.  The plot indicated that there was no particular pattern. It implies that it 

satisfied the constant variance assumption. 
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Figure 22:  Probability Plot of Residuals for Citation. 
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Figure 23:  Residuals vs. Fitted Values for Citation. 
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4.3 Magnetic Stripe Reader Usability 

 The magnetic stripe reader was used to swipe the driver license and retrieve the 

information from the driver license automatically into the crash report. As shown in the 

data analysis section, the form completion time was compared with and without the 

magnetic stripe reader to judge the effect of using the magnetic stripe reader on the time 

taken to fill out the form. In this section, the success rates of the magnetic stripe reader 

are investigated.  If the magnetic stripe reader does not work or if the magnetic stripe on 

the license got spoiled, then all the information about the driver must be filled with hand 

manually. In addition, many out-of-state licenses do not have magnetic stripes for their 

licenses. When collecting the data during the ride-alongs, the magnetic stripe reader was 

used by the police officers whenever possible. Therefore, this information should be of 

use to an agency in determining, whether to invest in purchasing magnetic stripe readers.  

 

 

Table 25: Summary of Magnetic Stripe Usability in TraCS. 

 

  

Number 
of 

persons 

Number 
Magnetic Stripe 

Worked 

Number either did not 
work/No Magnetic 

stripe % worked  

Long Form 28 18 10 64.28 
Short Form  41 19 22 46.34 

Driver Exchange 39 18 21 46.15 

Citation 9 8 1 88.88 
Total 117 63 54 53.84 

  

 

 As shown in Table 25, in the data collected, a total of 117 persons were involved 

in all the incidents. In which, the number of people had a working magnetic stripe driver 

license is equal to 63. And the number of people who did not have a working magnetic 

stripe reader or with no magnetic stripe driver license (out-of-state license) is equal to 54. 

It is shown that the percentage of magnetic stripe reader worked for long form, short 

form, driver exchange form and citation is equal to 64.2%, 46.3%, 46.1%, and 88.8% 

respectively. The percent of magnetic stripe worked for short form and driver exchange 

form is very low. Based on the experience from the ride-alongs it can be stated that, the 
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low percent was because the officers did not use magnetic stripe driver license to swipe 

the information for most of the cases. The officers just filled the information by typing 

the keys. It might be because they are not completely accustomed to the new technology.  

 It is worth noting that the next version of the  Florida driver license has both a 

magnetic stripe and 2-D bar code. The bar code can also be read into TraCS 

automatically and the bar code is more stable (less subject to damage) than the magnetic 

stripe. However, the bar code readers can cost 9 to 10 times that of the magnetic stripe 

readers. 

 

4.4 Cost Estimation of Current and Proposed (TraCS-based) Practices 

 A cost estimation was performed to look at costs to a typical agency and to the 

state, both with current procedures, as described in this section, and with proposed 

TraCS-based procedures. Benefits of TraCS-based procedures are also presented. Where 

exact cost data is not available, approximate costs are discussed. Costs are considered for 

crash reports only, not for citations. 

 

4.4.1 Cost Estimation without TraCS (Current) 

 For comparison, this section discusses the cost estimation at a law enforcement 

agencies level and as well as state level.  

Cost Estimation: Law enforcement agency level  

 The present process, where the crash reports are filled manually on a paper by 

hand, results in minimal costs to a local agency including the cost of pens, postage, and 

incidental supplies. The crash reports are provided free of charge by Department of 

Highway Safety and Motor Vehicles (DHSMV) to the agencies. The labor cost will be 

based on the salary of the police officers completing the crash reports and also reviewing 

and approving the completed reports by a supervisor. In addition, forms rejected either 

during the internal approval process or after submission to DHSMV have to be handled 

again by one of the police officers. The average salary of a police officer per hour is 

$25.00. The physical costs for the agency are very low without using TraCS. However, 

the officer’s time involved in the manual processing results in both high labor costs and 

in officer safety issues, due to the length of time on officer much remain on the roadside.  
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Cost Estimation: Department of Highway Safety and Motor Vehicles (DHSMV) level  

 The cost estimation on the state level is performed based on the information 

gathered from DHSMV [Horne, 2004]. The cost estimations shown in Table 26 include 

some of the major costs for DHSMV.  

 

Table 26: DHSMV Annual Cost Estimation. 

 

Category Cost (in dollars)/year 

Printing of Crash Report 
(all four forms, total of 2,905,000 forms printed) 

56641.76 

Shipping of Crash Reports to the Agencies 

• Long form first 2 pages (Form#90003) 
• Long form narrative/diagram page (Form#90005) 

• Short form/Driver Exchange form (Form#90006) 
• Update/Continuation form (Form#90004) 

 

698.57    
768.58 

3225.25 
713.02 

Data Entry 
• Data Entry by PRIDE, imaging, copies of CD's to 

DOT- $50,000 per month 

 
           600,000.00 

 

Image Server by Hayes 23040.00 

Total Cost at DHSMV level  685087.18 

 

 This cost estimate does not include additional time and expense at the state level 

in handling rejected reports. If there are any errors in the crash reports sent by the law 

enforcement agencies to DHSMV, then procedures require that those reports are sent 

back to the agencies for corrections. As of October 21, 2004, a total of 229,432 long 

forms submitted and 263,850 short forms submitted. In which 3,907 reports have been 

returned to the submitting agency for error correction. So far 61% of these reports have 

been corrected and returned to DHSMV.  

 

4.4.2 Cost Estimation with TraCS (Proposed) 

 The pilot agencies were provided with hardware and software resources to 

facilitate deployment of TraCS software. The agencies that had laptop computers in their 

police vehicles were provided with the required peripherals to use TraCS software, 

including USB GPS receivers, and magnetic stripe readers, thermal printers and USB 

flash drive. For those agencies that did not have computers in their patrol vehicles, new 
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laptop computers were provided along with mounting brackets and peripherals. The cost 

estimation for an agency to start using TraCS software is provided in this section. The 

equipment cost for implementing TraCS is shown in Table 27. 

 

Table 27: Equipment Cost with TraCS. 

 

Equipment Type  Cost per Item (dollars) 

Laptop computers (2.4 MHz, 40 GB hard drive, 

256 MB RAM, etc.) 

999.00 

Mounting bracket  400.00 

12 volt DC power supply  50.00 

Magnetic stripe reader 69.00 

USB GPS receiver 83.00 

Thermal printer 280.00 

USB flash drive 20.00 

Total 1901.00 

 

 

 For an agency with laptop computers in their police vehicles to start using TraCS, 

it will cost approximately $452.00 per vehicle. This cost includes magnetic stripe readers, 

USB GPS receivers, thermal printers and USB flash drives. If an agency has laptops in 

the police vehicles, it will have mounting brackets and DC power supplies. If the agency 

does not have laptop computers in their vehicles, it will cost $1901.00 to outfit the 

vehicle. All peripherals are optional equipment used in conjunction with TraCS to 

improve the process. The equipment cost is a one time investment until the life of the 

equipment expires. From conversations with IT staff at several pilot agencies, it was 

determined that most of the police agencies purchase new laptops once in three years, so 

it can be assumed that the cost shown is for approximately three years. It takes less time 

to fill a crash reports using TraCS software than manual process, therefore, the labor cost 

is reduced and officer’s safety is increased by using TraCS software.  
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4.4.3 Long Term Benefits 

 At the state level, primary benefit is reduction in cost of the PRIDE contract. 

While exact numbers are not available at this time, the majority of the $50,000 per month 

contract likely deals with the manual data entry and imaging. The paper reports sent to 

DHSMV are forwarded to Prison Industries (PRIDE) to data enter the information into 

the statewide data repository known as Crash Master. A great deal of money, as shown in 

the previous section, is paid to the PRIDE each year for data entry. But TraCS has the 

facility to collect the crash report electronically at the crash scene by the police officer 

and transmit the data electronically to DHSMV. Therefore, use of TraCS should 

eliminate all the cost spent for data entry. Therefore, the  amount of money spent should 

be greatly reduced with an electronic transmission process. Costs associated with 

providing CD’s of data and providing an image server are expected to be maintained 

under an automated system. The cost of printing and shipping will also be eliminated. 

 At the local agency,  the primary benefit is time savings in completing reports, 

internal approval processing, and other handling issues (searching for old reports, mailing 

copies to interested parties, etc.). The preliminary data collection and analysis showed an 

average 11.7 % of time savings for a long form crash report, although, this difference was 

not statistically significant.  Every year thousands of reports are rejected by DHSMV and 

sent back to the agencies for corrections and editing. The agency has to assign an officer 

to check back the whole crash report and correct the mistakes and send back to DHSMV. 

Therefore, the agency is losing some of their officers’ productive time to check, revise 

and resend the report. And if many reports are sent back, then it can be imagined how 

much time and resource an agency will lose. Because, TraCS has the facility to minimize 

those errors, the time spent on these issues should be greatly decreased. Fewer rejected 

reports should lead to decreased time in corrections and resubmission, saving money for 

both local agencies and DHSMV.  
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CHAPTER 5 

CONCLUSIONS AND FUTURE RECOMMENDATIONS 

5.1 Concluding Remarks 

 The study has shown that the efficiency and accuracy of Florida traffic records 

can be improved by using a computerized and automated affordable traffic data collection 

system such as Traffic and Criminal Software (TraCS). This study should help the law 

enforcement agencies in the state of Florida to evaluate potential time savings using 

TraCS software. The agencies can utilize the results of this study to obtain information 

that will be useful in making decisions, evaluating alternatives, and optimizing their 

processes. Information includes but is not limited to number of officer’s hours saved 

using TraCS, manpower required, and costs and benefits. 

 

Based on data collection and cost analysis, the following conclusions can be drawn: 

• Most of the data collected for long form, short form and driver exchange form was for 

two vehicle crashes. On average, for the two vehicle crashes, the time saved by using 

TraCS software to fill the long form, short form, and driver exchange form was 

11.7%, 11.3% and 8.3% respectively. However, for the long form and short form, this 

was not statistically significant at the 95% confidence interval. 

• Using the TraCS software, the time taken to fill a citation was reduced by 13.6% from 

the time taken without TraCS. 

• The software has best application when used in conjunction with the magnetic stripe 

reader for the Florida Driver License. 

• Among the data collected, a total of 117 individuals were involved in all the 

incidents. Of these, 63 people had a working magnetic stripe driver license, which is 

53%. The remaining 54 people either had no magnetic stripe on their driver license 

(out-of-state license), or the magnetic stripe reader did not work (due to damage to 

the license or other equipment failure) or was not used.  



 75

• The cost for implementing TraCS at an agency is primarily an investment in laptop 

computers and peripheral equipment. It is expected that such equipment would be 

usable for three years. For an agency with laptop computers in their police vehicles to 

start using TraCS, optional peripheral equipment will cost approximately $452.00 per 

vehicle. TraCS will work without this equipment, but without many of the time 

saving features. If the agency does not have laptop computers in their vehicles, it will 

cost from $999 (laptop only) to $1901.00 (full setup) to outfit the vehicle. 

Based on the experience from ride-alongs, the following conclusions can be drawn: 

• The magnetic stripe reader worked in most of the cases when it was used and reduced 

the time to fill the reports. In some cases, the officers were not interested in using a 

magnetic stripe reader. This might be because they are not completely accustomed to 

the new technology. Therefore, the agencies should focus on educating and training 

officers in using the magnetic stripe reader. 

• After suitable training and practice, the time taken to complete a report with TraCS 

should decrease even further. Because the officers are used to filling the reports with 

hand on a paper report from many years of experience, it takes some practice and 

interest to get used to the new technology. 

In general, the following conclusions can be drawn: 

• There are many long term cost benefits for both the local law enforcement agencies 

and DHSMV by using TraCS software. Electronic submission of crash data, which 

TraCS makes possible, will result in cost savings for DHSMV from eliminating 

manual data entry of the paper crash reports into the state database by Prison 

Industries (PRIDE). Money can also be saved in printing and distribution of the blank 

crash reports forms to the agencies. The DHSMV will be the prime beneficiary of 

implementing TraCS as a data collection system. Benefits to the local agencies 

include time saving in completing the form, as well as in review and approval 

processes. Benefits in officer safety will also result from decreased time on the 

roadside. 
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• Productive time of the police officers is being wasted for correction and rechecking of 

the crash reports rejected by DHSMV, whereas, TraCS has the facility to check for 

errors using validation rules. The crash reports filled using TraCS are more legible 

and accurate then the paper form, as the software has the facility to validate and 

cross-check against the rules provided by DHSMV before the forms are printed and 

sent to DHSMV.  

• The efficiency differs based on the learning curve, equipment provided and mindset 

of an officer. Once the officers get familiar and practiced with the software, it will 

take much less time to fill a report using TraCS.  

• Researchers have found that the pilot with TraCS has served as a motivation to the 

agencies for further automation within the agency. In addition, it was found that many 

more agencies in Florida are interested in using the electronic data collection system. 

 In general, it can be stated that the TraCS software has improved the crash 

reporting process for the pilot agencies and has the potential to improve the data 

collection system for the state of Florida. The objectives of this research were obtained. 

However, in most cases, the improvement in the system and the time reduced using the 

TraCS software were not proved statistically.  This might be because of the limitations as 

discussed in next section of this study.  

5.2 Limitations and Future Recommendations  

 The major limitation for this research was the amount of data collected. The data 

obtained by the ride-alongs was limited. When the complete data was divided into 

categories according to the form type, number of vehicles, etc., there were very few 

samples in each category. Therefore, it was difficult to perform statistical analysis in 

those cases. The second limitation was the learning curve for the police officers in using 

TraCS. As the pilot agencies were still in the learning stage, it took more time for them to 

fill a report. Once they get familiar and practiced with the system, it will reduce the total 

time to fill the reports with TraCS. Another limitation was the difficulty in obtaining the 

data for a detailed cost benefit analysis from the law enforcement agencies and DHSMV.  

Exact costs and time spent dealing with rejected forms at DHSMV and local agencies are 
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uncertain. The cost to DHSMV of a system based on electronic transfer is uncertain at 

this point, although it is expected to be much less than paper-based methods. 

 As a continuation of this work, additional research should be performed on the 

time study analysis by collecting more data. The data collected should have at least 30 

samples in each category, for instance, the number of long forms filled using TraCS and 

without TraCS should be at least 30 samples each. The system should definitely improve 

if the data is collected and analyzed after two to three years, as the officers will get 

accustomed to the software by then.  

 A second area where additional work could be performed is in the cost benefit 

analysis. As a part of data collection system in the ride-alongs, the data for a detailed cost 

benefit analysis could be collected from the agencies. A few examples of the data to be 

collected are the number of long forms, short form, driver exchange form and citations 

filled and sent by that agency to DHSMV each year, the number of reports that got 

rejected, and the cost spent on both the manual and TraCS-based system.  

 A third area where additional work could be performed is to determine the 

accuracy of the TraCS software in comparison to current techniques based on the data 

submitted by agencies to DHSMV using TraCS software. This could be done by 

measuring the number of validation rules violated during TraCS-based data entry, 

examining error rates in forms accepted into the Crash Master database, examining errors 

generated by the rekeying process and various other techniques. 
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APPENDIX A 

The Complete Data Collected.
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S.No Total Time NoOfVehicles 
TraCS 
Use FormType MagStripeUse  

1 719 1 1 1 1 

2 898 1 1 1 0 

3 979 1 1 1 0 

4 967 2 1 1 0.5 

5 1550 2 1 1 1 

6 784 2 1 1 1 

7 1364 2 1 1 0.5 

8 1028 2 1 1 1 

9 1029 2 1 1 0.5 

10 845 2 1 1 0.5 

11 968 2 1 1 0.5 

12 1042 2 1 1 0.5 

13 1124 2 1 1 0.5 

14 1117 2 1 1 1 

15 1113 2 1 1 1 

16 1550 3 0 1 0 

17 1243 2 0 1 0 

18 1340 2 0 1 0 

19 1226 2 0 1 0 

20 772 1 0 1 0 

21 1075 2 0 1 0 

22 538 1 1 2 0 

23 548 2 1 2 1 

24 675 2 1 2 0 

25 584 2 1 2 0 

26 491 2 1 2 1 

27 392 2 1 2 1 

28 484 2 1 2 1 

29 674 2 1 2 0 

30 617 2 1 2 0 

31 479 2 1 2 1 

32 625 2 1 2 0 

33 632 2 1 2 0.5 

34 526 2 1 2 0.5 

35 537 2 1 2 1 

36 469 2 1 2 0 

37 765 2 1 2 0.5 

38 569 2 1 2 0 

39 601 2 1 2 0 

40 818 2 1 2 0.5 

41 918 3 1 2 0.5 

42 780 2 0 2 0 

43 585 2 0 2 0 

44 602 2 0 2 0 

45 403 1 0 2 0 

46 637 2 0 2 0 

47 578 2 0 2 0 
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48 760 2 0 2 0 

49 940 3 0 3 0 

50 795 3 0 3 0 

51 577 2 0 3 0 

52 579 2 0 3 0 

53 574 2 0 3 0 

54 578 2 0 3 0 

55 601 2 0 3 0 

56 275 2 0 3 0 

57 614 2 0 3 0 

58 436 2 1 3 1 

59 525 2 1 3 0 

60 503 2 1 3 0 

61 404 2 1 3 1 

62 326 2 1 3 1 

63 409 2 1 3 1 

64 798 3 1 3 0.5 

65 597 2 1 3 0 

66 548 2 1 3 0 

67 389 2 1 3 1 

68 561 2 1 3 0 

69 574 2 1 3 0.5 

70 451 2 1 3 0.5 

71 447 2 1 3 1 

72 382 2 1 3 0 

73 650 2 1 3 0.5 

74 500 2 1 3 0 

75 541 2 1 3 0 

76 710 2 1 3 0.5 

77 360 0 1 4 1 

78 240 0 1 4 1 

79 180 0 1 4 1 

80 225 0 1 4 1 

81 240 0 1 4 1 

82 170 0 1 4 1 

83 180 0 1 4 1 

84 220 0 1 4 1 

85 340 0 1 4 0 

86 220 0 0 4 0 

87 360 0 0 4 0 

88 230 0 0 4 0 

89 320 0 0 4 0 

90 310 0 0 4 0 

91 260 0 0 4 0 

92 260 0 0 4 0 

93 244 0 0 4 0 

94 210 0 0 4 0 

95 360 0 0 4 0 
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APPENDIX B 

Sample Florida Traffic Crash Long Form Report. 
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APPENDIX C 

  Sample Florida Traffic Crash Short Form Report. 
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APPENDIX D 

Sample Florida Uniform Traffic Citation. 
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