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INTRODUCTION 
Every year there is a large amount of traffic crashes within the roadways in every country, enlarging the 
yearly crash database and its statistics. In Puerto Rico, crashes involving a vehicle are to be reported by 
local or state police officers who arrive at the scene. These law enforcement officers are in charge of 
documenting the crash using a Police Traffic Accident Report (PTAR). The PTARs can be filled in paper form 
or by using an electronic version of it embedded on the police vehicle unit. The PTAR is known to be the 
official document that describes every possible detail of the crash, and it is to be used as evidence if the 
case is ever brought to court or a claim to an insurance agency. The PTARs are also the main source of 
information for crash databases to be shared with federal and local agencies that require such 
information. However, Puerto Rico’s crash database has encountered many difficulties including missing 
and incorrect data. As such, the main goal of the project was to develop a mobile application that could 
substitute the PTAR and provide the agencies with accurate information in a timely manner. The reliability 
of these reports is essential in determining highway locations that are prone to crashes, also referred to 
as “hotspots.” Traffic studies aimed to address safety issues at these crash-prone locations thus rely 
completely in the accuracy of the police reports. Any error made in the specific location or any of the 
factors related to the crash can yield wrong conclusions.  
 

Background 
In April 2014, the National Highway Traffic Safety Administration (NHTSA) updated the uniform guideline 
on “Highways Safety Programs” where it mentions that data integration of vehicular crashes is an 
important factor among agencies. The guidelines also indicates that the government should share this 
data and meet reporting requirements for the Fatal Analysis Reporting System (FARS), the Motor Carrier 
Management Information System (MCMIS), and other agencies (NHTSA, 2012a).  
 
The Police Traffic Accident Report (PTAR) can be viewed as the first official documentation in the event of 
a vehicular crash. The PTARs are subjected intended to be distributed to federal and local agencies that 
require such information. Some of these agencies are the Departments of Transportation (DOTs), FARS, 
insurance companies, the Automobile Accident Compensation Administration (ACAA, due to its name in 
Spanish), and the Federal Motor Carriers Safety Administration (FMCSA). Most of the agencies use the 
PTARs for statistical purposes, like the United States Census Bureau with a section on “Transportation: 
Motor Vehicle Accidents and Fatalities” (US Department of Commerce, 2012). There are other agencies 
that use the PTARs to simulate crashes to be shown in court by expert witness and others to determine 
high density crash sites for roadway improvement evaluation.  
 
The Federal Highway Administration (FHWA) has published a guide titled “Crash Data Improvement 
Program Guide”. This document provides general observations and in-depth importance of crash 
database while ensuring data quality. The guide is intended to assist the “States crash database managers 
and other safety professionals to (identify, define, and measure) the quality characteristics of the data 
within the State crash database” (FHWA, 2014). This database is the digital storage of all the PTARs 
collected within each state and contains all the elements and personal information regarding each traffic 
crash filled by a law enforcement officer of the State. The data collected from the PTARs is an important 
factor for traffic safety professional (forensic engineering, etc.) to properly recommend solutions in order 
to increase roadway safety, such as: improving the geometric design of the road, enforcing existing laws 
to ensure driver compliance, provide proper public education on traffic safety, and improving the 
Emergency Medical Services (EMS) protocol.  
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The quality of the data in the database depends on how the law enforcement officers are trained and 
their understanding on the importance of the PTARs. A general observation on the guide targets the 
people, the process, and the technology that fills/files the PTARs. The law enforcement police officers are 
the people directly involved in filling the PTARs. The training on filling the PTARs vary from state to state 
and police officers may not fully understand the importance on the crash reporting data elements 
required on the PTARs, such as some data elements definitions, their interpretation, and how to 
measure/evaluate them at the scene. The guide also states that “some police agencies may not view the 
timely and accurate completion of the crash form as a ‘mission-critical’ item, and thus data has the 
potential to be delayed, error-ridden, or incomplete” (FHWA, 2014). The guide offers the following six 
data quality characteristics (in terms of ensuring data quality by setting benchmarks to measure them) to 
be concerned about: timeliness, accuracy, completeness, consistency/uniformity, integration, and 
accessibility. Many states have proceeded to use electronic version crash reporting software instead of 
the paper forms since it has many advantages such as “more accurate data, more timely data, more 
complete data, faster retrieval and easier access, more effective use of resources, better opportunity for 
quality control monitoring, and better opportunity for electronic integration with other databases” 
(FHWA, 2014). 
 
Many transportation experts from federal agencies of the U.S. have gathered to produce the Model on 
Minimum Uniform Crash Criteria (MMUCC) Guideline (NHTSA et al. 2012b). The first three chapters of this 
guideline are of extreme importance to improve the crash data quality and the completeness of the 
PTARs. These chapters are divided by crash elements (location, description, narrative, etc.), vehicle related 
elements, and person related elements. The fourth chapter is related to information automatically 
obtained from the elements of the first three chapters. The fifth chapter of the MMUCC provides linkage 
between local and federal agencies, hospitals, DOT road information data and other possible linkage. This 
guideline provides the minimum set of variables that is needed to be required by federal standards but at 
the same time it gives the liberty for each state to collect more data to enhance decision-making and 
designing the PTARs as they desire. The MMUCC aims to improve crash databases in terms of uniformity 
and data quality control of the PTARs (NHTSA et al. 2012b).  

 
Problem Statement  
In the present day, data for vehicle crashes in Puerto Rico for recent years are not entirely available.  In 
the year 2015, the Department of Transportation and Public Works (DTOP, by its name in Spanish) was 
updating its crash database to include data from the previous eight years (2007 to 2014). Both fatal and 
injury crashes were given priority to be updated for each year since it is required by the Fatality Analysis 
Reporting System (FARS). Property-damage-only (PDO) crashes, although they occur in higher numbers, 
were subjected to be updated once finished with the fatal and injury type crashes. In addition, some crash 
reports from the PR crash database have data elements missing (mostly by being left in blank). This 
situation results in the lack of data for transportation specialists who wish to perform research aimed to 
reduce traffic fatalities or vehicle crashes in general. Moreover, graduate students from the University of 
Puerto Rico at Mayagüez Campus (UPRM) who wish to develop a research project regarding vehicle 
accidents cannot focus on data from Puerto Rico; they have to rely on either out-of-date data or records 
from other countries. 
 
Since the database was not completed and the statistics of the crashes were not accurate, Puerto Rico’s 
map link of locating crash data was removed from the MCMIS of the FHWA (2014) and also removed as a 
State in the FARS database of the NHTSA (2012a). The FMCSA database has only eliminated Puerto Rico 
from the map and does not provide the amount of information as other states. This situation has 
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prompted to identify ways to obtain accurate data from vehicle crashes that occur in Puerto Rico. Thus, it 
is logical to start with the first documentation when a vehicle crash occurs.  
 
Vehicle crashes in Puerto Rico are documented by the police officer at the scene, who prepares an initial 
report (Police Traffic Accident Report, PTAR) to be kept at the police station and a second report to be 
sent to the Central Station. At the Central Station, statistics are computed and shared with Puerto Rico’s 
DTOP. The Police of Puerto Rico (PPR) still fills out the PTARs using written paper forms, which sometimes 
results in missing information, legibility issues, and inaccurate locations of the vehicle crashes. In addition, 
the process of transferring the data from the Central Station to the DTOP is flawed and has resulted in a 
database that is not updated continuously and therefore, not reliable.  There is an evident need to collect 
data from vehicle crashes in a timely, efficient, and accurate manner as well as transfer it to a database in 
the same way.  
 

Objectives of the Research 
The main goal of the research study was to develop a mobile computer application for documenting and 
sharing data regarding vehicular crashes in Puerto Rico. The developed application could benefit the police 
workforce, the Puerto Rico DTOP, and higher education institutions by providing the means to collect 
vehicle crash data accurately and making it available for further research . The detailed objectives were: 

1. Determine relevant data needed from crash reports and the key features of this data. This first 
step would help in the creation of reports, the development of the database, and the proper 
transfer of the data to other interested agencies. 

2. Conduct an extensive literature survey on off-the-shelf equipment, and available software 
platforms for the development and deployment of the mobile application. 

3. Select the proper architecture for the mobile application software and reporting system. Although 
the initial system was deployed at a small-scale, it was stated that its design must be scalable. 

4. Develop a mobile application that substitutes the police reports (PTARs) that are filed in the field 
when a vehicle crash is reported. 

5. Develop an accident data sharing system among the interested parties (i.e. local police station, 
central police station, Puerto Rico DTOP, and higher-education institutions). The collected data 
and reports could be available to the general public. 

 
Having an electronic version will ease the process of submitting the PTARs directly to the crash database 
and avoiding risks mentioned at the problem statement. This project is an opportunity to help Puerto 
Rico’s DTOP for maintaining the crash database up-to-date and to help the PPR to fill the PTARs faster, 
accurately and efficiently. It is expected that not only will the police officers benefit from the electronic 
application, but people involved in crashes, insurance companies, and federal and local agencies as well.  
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LITERATURE REVIEW 
One of the objectives of the research was to determine the time efficiency of the mobile application for 
police reports as compared to the current written reports. However, it was found that there were few 
studies regarding the comparison and time efficiency analysis of both paper and electronic versions of the 
Police Traffic Accident Report (PTAR). Only two studies were found during the literature review process. 
One report from Australia (Andreassen and Cusack, 1996) was found to be related to the goals of the 
study; it focused on the digitalization of the PTAR from Australia as well as the determination of its time 
efficiency and a time value analysis for both paper and electronic versions. A second study (Montella et 
al., 2014) compared the crash database systems of different countries by listing all its features and 
providing recommendations based on the advances that differ from each one of the researched countries. 
 

Digitalization of PTAR and Determination of Time Efficiency  
The study performed by Andreassen and Cusack (1996) focused on digitalizing the police (written) report 
for vehicle crashes, known as AFP324, and determining its time efficiency by comparing the times in filling 
out both forms. Before developing the digital version, police officers from the Australian Federal Police 
(AFP) and the Traffic Monitoring Unit (TMU) were interviewed about the process of filling out a crash 
report. Afterwards they were presented with the idea of the Electronic Accident Report (EAR) and were 
also asked to fill out a questionnaire. During the interviews, the police officers pointed out the use of 
paper notepads to gather information of the vehicle crash initially; afterwards they pass the information 
to the AFP324 report which is then uploaded to the Computerized On-line Policing System (COPS).  For 
those vehicle crashes reported at the police station, police officers indicated that these are directly 
reported using the COPS system (the written form is not used in those cases). Police officers were also 
asked about areas of improvements, comments, and suggestions that could be done to the system in 
general.  
 
Based on the initial interviews and the results of the questionnaires, the EAR was then developed by 
copying the AFP324 form in a logical order for the commodity of the police officers. The digital version 
aimed to improve the paper based form in the following areas legibility, missing data, inconsistencies, 
crash location, vehicle data, driver/occupant data, environment data, the vehicle crash diagram, and the 
narrative. The digital version of the crash report (EAR) was developed with hand-held computers using 
“penright!” technology; it included add-ons to make it easy to follow when filling, unable to leave blank 
data fields, digital accident sketches, and hand-writing-to-text experience for the narrative section using 
an “electronic pen”.  
 
Four Hand-held devices were used for the field trials. First, they trained the officers, which were going to 
be on duty attending crashes during the trial, for two weeks, on how to use the EAR system. The time 
measurements were taken for each of the four following procedures: filling the notepad, filling the 
AFP324, filling the EAR, and entering (uploading) the crash information into COPS. It was observed that at 
the crash location, the time observing, taking measurements, and interviewing those involved in the crash, 
took the officers approximately 25% the total time spent in scene; the remaining 75% of the time was 
spent filling out the crash report.  
 
A total of 47 observations (crash reports) were obtained during the trial; 45 of those were taken at the 
scene of the crash whereas the other two crashes were reported at the precinct. The observations 
included the following scenarios: one fatal crash, two admitted to hospital, three injured and received 
medical treatment (outpatient), four were categorized as injury but not requiring medical treatment 
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(ambulance), and 37 were non-injury (or property-damage only, PDO) cases.   The results of the time 
measurements for all four procedures mentioned earlier are shown in Table 1.  
 

Table 1. Time Measurements for the Four Procedures (Andreassen and Cusack, 1996) 

Process Average Time (minutes) 
Standard Deviation 

(minutes) 
Sample Size 

Paper notepad 8.3 5.2 47 

AFP 324 12.0 4.7 25 

EAR 11.3 3.5 18 

COPS 8.7 2.6 19 

 
As seen in Table 1, the notepad was filled at all 47 observations. There were 25 crash reports filled with 
the AFP324 paper version, 18 reports filled using the EAR, and 19 crash reports entered to the COPS 
system. It is worth mentioning that the process regarding the paper form was: fill out the note pad, fill 
out the AFP 324, and then enter the information to the COPS system. This took an average of 29 minutes.  
The process using the digital system was: fill out the notepad and then fill out the EAR, which took an 
average time of approximately 20 minutes. The time savings determined were then converted to time 
value, shown in Table 2. The EAR system without any enhancements showed that the net present value 
of the time savings would be approximately $598,000 at four years, with a discount of 7% and charging 
$45/hour. 
 
After the field study, some recommendations were given in order for the EAR to be faster to input when 
collecting the data. Some of these were: readily police officer information, full access to the Australian 
Capital Territory (ACT) database of the streets and suburb names in the EAR, implementing the notepad 
within the EAR, and the use of 2D barcode readers for driver’s license and vehicle registration information. 
It was projected that with these features embedded on the EAR, there would be a time saving reduction 
of approximately 65% (a total time of filling the EAR of 10.2 minutes).  
 
The study performed by Andreassen and Cusack (1996) concluded that indeed the EAR is more time 
efficient when compared to the AFP324 paper version. The police officers indicated that the use of the 
pen technology was comfortable and more convenient when filling the narratives. The EAR system with 
enhancements would save the time taken to fill the EAR by approximately 65% and approximately 
$700,000 in savings. Finally it was noted that the EAR was able to fix the areas where the paper form 
lacked on making it more complete, improving the sketches and the general quality of the accident report.  
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Table 2. Savings in Reporting Time (adapted from Andreassen and Cusack, 1996) 

All Crashes "Major" Crashes Only  

AFP - Time per crash (minutes) AFP - Time per crash (minutes) 

  Time Saving   Time Saving 

(i) 324 29 - (i) 324/COPS 23.4 - 

(ii) EAR 19.6 9.4 (ii) EAR 19.6 3.8 

(iii) plus enhancement 13.9 15.1 (iii) plus enhancement 13.9 9.5 

(iv) combine with pad 10.15 18.85 (iv) combine with pad 10.15 13.25 

 AFP - Time per year (hours)  AFP - Time per year (hours) 

(i) 324 - (i) 324 - 

(ii) EAR 1849 (ii) EAR 747 

(iii) plus enhancement 2970 (iii) plus enhancement 1868 

(iv) combine with pad 3707 (iv) combine with pad 2606 

TMU Time per year  TMU Time per year  

(i) 324 960 hr/yr (i) 324 1920 hr/yr 

Total Time Saving (hours per year)  

(ii) EAR 2809 (ii) EAR 2667 

(iii) plus enhancement 3930 (iii) plus enhancement 3788 

(iv) combine with pad 4667 (iv) combine with pad 4526 

Net Present Value (4 years 7% discount) at $45/hour 

(ii) EAR $ 428,130 (ii) EAR $  404,490 

(iii) plus enhancement $ 598,990 (iii) plus enhancement $  577,350 

(iv) combine with pad $ 711,320 (iv) combine with pad $  689,830 

 

Comparison of Crash Databases among Different Countries 
Montella et al. (2014) studied the comparisons between vehicles crash databases and reporting systems 
from Australasia, New Zealand, Europe, and the United States (US). The comparison included the following 
categories: crash location, crash narrative, crash classification, crash severity, road, traffic unit, and person 
related information. These datasets are relevant for the US at the national level for specialized safety 
databases, such as the Fatality Analysis Reporting System (FARS) and the Highway Safety Information 
System (HSIS). Also a revision on the importance of the Model Minimum Uniform Crash Criteria (MMUCC) 
guideline was performed in the study.  
 
A total of eight crash databases were observed for comparison. The study allowed for an overview of each 
database observed. For Australia, the crash database can be accessed by road safety professionals and 
insurance companies throughout the State Government website. The detailed police reports are 
restricted from access due to privacy reasons; only in Western Australia there is a linkage between the 
hospital and the Emergency Medical Services (EMS) with the actual police reports. In New Zealand (NZ), 
the crash database is known as Crash Analysis System (CAS); it includes crash data from 1980 and is 
operated and maintained by the NZ Transport Agency. The database is a web-based portal and detailed 
police reports can be accessed by authorized road safety professionals. CAS is a full GIS based system and 
provides automated collision diagrams provided from the police officers.  
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Other databases compared were the following: Europe’s (EU) Common Accident Data Set (CADaS), EU 
Directive, Italy’s National Institute of Statistics (ISTAT), Italy’s Highway Police, U.S. MMUCC, and U.S. 
Indiana. Montella et al. (2014) considered the MMUCC as a common crash information system at the 
national level based on the standardization and quality control it provides for any crash database. In 
Indiana, the crash database is managed by the state’s Department of Transportation (DOT). This database 
is different from others and is provided by a private company which named the web-based repository 
“ARIES”. All crash reports are filled by the state troopers using field laptops operating on a special software 
that uploads the crash reports immediately to the ARIES portal making it available between two and three 
days after being submitted.  
 
The researchers evaluated the comparisons between the databases and provided their opinions on which 
system was more efficient as well as if they were up to federal standards. It was also stated which ones 
were lacking on information. The observations were summarized and compared based on two types of 
information: (1) crash data and (2) road, traffic unit, and person related data; these are shown in Tables 
3 and 4. Both tables show how each country is organized based on information obtained from the 
countries crash databases.  
 
The study determined that not all countries have their police report databases linked with hospital 
records. To bring more accurate injury severity data to the reports, Montella et al. (2014) suggested 
adding to the linkage of police reports the following: name of the hospital, injured area, injury description, 
hospital discharge data, fatality date, and call code, which can all be filled out by hospital personnel.  It 
was also recommended that PDO crashes should be reported at all times since it can help provide proper 
road safety professional evaluation and countermeasures for future crashes. The injury type crashes 
should be reported in a three level intensity status which only the U.S. database uses (serious, slight, and 
possible injury) whereas other countries prefer a two or even a one level as seen on Tables 3 and 4. Finally, 
the authors recommended the use of electronic versions for reporting crashes since these can be more 
accurate, faster, and able to solve many problems associated with paper forms. 
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Table 3. Summary of Crash Information (Montella et al. 2014) 
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Table 4. Summary of Road, Traffic Unit, and Person Related Information (Montella et al. 2014) 
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RESEARCH APPROACH 
The project team included personnel (faculty and both graduate and undergraduate students) from the 
departments of Civil Engineering and Computing Engineering at the University of Puerto Rico, Mayaguez 
(UPRM).  
 
Initially a literature review on related studies was performed as well as the current processes for filing 
reports related to vehicle crashes; this review did not only include the process in Puerto Rico, but in other 
countries as well (see Chapter 2: Literature Review). A meeting with the Traffic Record Committee of 
Puerto Rico resulted in the inclusion of the Model Minimum Uniform Crash Criteria (MMUCC) in the as it 
was stated that the Police Traffic Accident Reports (PTARs) must be in compliance with the requirements 
established in the MMUCC. The data collection on information about the current process for filing vehicle 
crash reports in Puerto Rico included interviews with police officers and the gathering of relevant 
documents. The police officers also gave their recommendations regarding features that would be desired 
in the electronic version of the PTAR.  
 
Based on the information collected and the current off-the-shelf equipment and software available, a 
mobile computer application that can substitute the written PTAR was developed; it was Car Accident 
Report System (CARS). The equipment, software and architecture was selected based on the system 
requirements and the needs of the agencies.  Police officers were shown an initial prototype of the mobile 
application to gather additional information. The revised PTAR and the CARS application were then 
compared based on accuracy and time. However, due to the difficulty of finding available police officers, 
the comparison tests were performed with non-police subjects. All the feedback gathered during this 
period was used for making improvements.   
 
It was stated that the application should also be able to create the second report that police officers 
prepare to send it to the Police Central Station for statistical purposes.  Therefore a data-sharing system, 
in the form of a web app, which allows an officer to collect data to be shared according to the agency 
needs was also developed.   
 
In addition, and as a side project, a mobile application for traffic violations, Electronic Tickets (E-TICS), was 
also developed.   
 

MMUCC Compliance  
With technology advancing each day, it was stated that the Police Traffic Accident Reports (PTARs) from 
the Puerto Rico Police could be filled using an application with access only for the police officers. The 
Model Minimum Uniform Crash Criteria (MMUCC) guideline identifies the crash data elements required 
within a PTAR to obtain the most important details and thus improve the data quality obtained from the 
traffic crash. Therefore the research approach started with a detailed literature review on the MMUCC in 
order to identify all the information that must be included in the PTARs.  
 
In 2015, the Police of Puerto Rico (PPR), along with the Traffic Records Committee, developed a revised 
PPR-93, which is the official name of the PTAR used in Puerto Rico. This was done in order to improve the 
quality of the report as well as to be in compliance with the specifications indicated in the MMUCC 
guidelines. It was found that the earlier PPR-93 (which dated back to 1988) only complied with 
approximately 40 percent of the MMUCC requirements. The research team met with the Traffic Records 
Committee and were allowed the revised PPR-93 paper form while it was submitted for approval by the 
PR government. The revised PPR-93 was approximately 80 percent MMUCC compliant.  
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By comparing the revised PPR-93 and the elements established in the MMUCC guidelines, it was possible 
to identify all the elements missing for the PTAR to develop a mobile application 100% MMUCC compliant.  
In addition, traffic reports from several states were collected, including the one from Alaska, which 
complies 100% with the MMUCC. The results of this first part of the research were presented to the Traffic 
Records Committee and consequently to the police officers who collaborated in the next step.  

 

Current Process for Filing the PTARs 
After gathering the information from the MMUCC and the revised PPR-93, the next step was to interview 
police officers in order to collect information about the process of filling the PTARs when a vehicle crash 
occurs. The procedure of filing a police report, stated by the San Germán municipality police department 
is shown in Figure 1.  
 

Writing down information of 

involved parties and crash location 

information on a notepad.

Fill the report at scene or 

at the police precinct.

Fill PPR-84 online to obtain a case 

number within 24 hours.

Hand in the report to the supervisor 

for it to be approved.

Once approved, send the report to the 

police district headquarters (HQ) for 

proper filing and DTOP* converts each 

PTAR on an excel sheet for it to be 

included into the crash database.
 

Figure 1. Crash Report Filing Process in PR 
*Department of Transportation and Public Works of Puerto Rico, due to its name in Spanish 

 
As seen in Figure 1, the vehicle crash documentation starts with the police officer writing the initial 
information (people and location of the crash) on a notepad at the location. Then the police officer can 
either fill out the PTAR (paper form) at the scene of the crash or back at the police station. A case number 
(used for court and/or insurance purposes) is obtained by filing a PPR-84 form online. After the PTAR is 
completed by the police officer, it must be approved by the supervisor. The supervisor can make changes 
to the PTAR and, after approval, the document is sent to the headquarters. At the police headquarters, 
the document is then sent to Puerto Rico’ Department of Transportation and Public Works (DTOP, due to 
its name in Spanish) which is responsible to add the documentation into the crash database by manually 
entering all corresponding information using Excel software.  
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As it can be observed, the process of filing a PTAR can be somewhat difficult and time consuming; and 
these two aspects are correlated. The time of the availability for a paper copy depends on the transfer of 
the report towards the PPR headquarters. The availability on the crash database depends of the DTOP 
personnel in charge of adding the PTAR data into Excel. As such, there is a risk associated with the process 
of transferring the documents; the reports might get lost, there could be misinterpretations due to police 
officer’s handwriting, or mistakes can be made during the data entry process. Therefore, the research 
team identified three issues regarding the PTAR paper form that should be corrected by the development 
of a mobile application: (1) legibility and accuracy of the report, (2) errors in crash location, and (3) missing 
data. 
 

Development of the Car Accident Reporting System (CARS)  
After obtaining information about the process of filing the PTARs, obtaining all related documentation 
(revised PPR-93 and MMUCC elements required), and gathering feedback from police officers regarding 
current issues with the PTAR, the next step was the development of the mobile application. The goals of 
the electronic PTAR mobile application were: an easy-to-use user interface (UI) and all features necessary 
to create, input information and summit the PTARs efficiently. Figure 2 depicts the general architecture 
of the system.  
 

 
Figure 2. General System Architecture 

 
Applications can be run from mobile devices, laptops or desktop machines. The selected equipment to 
carry the electronic application was the Apple IPad Air. After familiarizing with technical applications that 
are useful for programming with iPads and the server, the team settled on the Java Play Frameworks as 
the appropriate one for this research. The communication with the server side components goes over a 
RESTful API, thus capitalizing on existing HTTP infrastructures and security settings. The data returned by 
the server-side components are encoded in the JSON format. This ensures a platform independent 
communication mechanism that can feed data to mobile and web apps alike. Figure 3 depicts the specific 
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organization of the client and server components of the mobile application. The application was 
implemented on iOS using Swift and it is been updated accordingly; all developments were performed on 
a MacBook Pro. The data are collected and managed with a the MySQL database engine. 
 

 
Figure 3. TransInfo Mobile App Architecture 

 
The application was designed to provide the User Interface (UI) necessary to collect the information from 
the vehicle crashes: crash report, vehicle information, weather conditions, and person data.  The UI 
follows all the conventions and guidelines specified by the Apple User Experience manuals.  The name for 
the mobile application developed was Car Accident Reporting System (CARS); Figure 4 shows the login 
screen designed which contains the logo.   
 

 
Figure 4. Login Screen 

The first version of the mobile application CARS included all elements of the new version of the police 
report (revised PPR-93) plus all elements required by the MMUCC in order to create an application that is 
100% compliant with these requirements. The UI uses a slide-in menu, to provide options to create new 
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reports, access previous reports, and update settings. The main UI panel provides the input elements to 
collect accident related data. This panel uses a lower-end tab menu to easily navigate between the 
sections of the accident report. Figure 5 shows the original main screen of the application. 
 

 
Figure 5. Mobile App Main Screen 

 
The information collected on the app is sent to a server app running on Linux virtual machines hosted at 
the University of Puerto Rico, Mayagüez (UPRM). The server app is implemented with the Java Play 
Framework, and exposes a REST API to store data, read data, update data, and delete data with the client. 
All data records are maintained inside the MySQL relational database engine, which also runs on the Linux 
machine. The developed application has five main tabs: Accident, Conditions, Data Entry, Vehicles, and 
Persons, which are shown in Figures 6, 7, 8, 9, and 10, respectively.  
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Figure 6. First Tab: Basic Information of the Accident 

 

 
Figure 7. Second Tab: Accident Conditions 
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Figure 8. Third Tab: Data Entry 

 
 

 
Figure 9. Fourth Tab: Information of the Vehicles Involved 
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Figure 10. Fifth Tab: Information of the Persons Involved 

 

The first version of CARS was presented to police officers in order to gain some feedback based on users’ 
perspectives. Based on the information gathered, some improvements were performed, including the 
addition of the Scan Driver License PDF417 barcode. This feature automatically uploads the following 
information to the application when a driver’s license is scanned: name, gender, date of birth and 
expiration date. In addition, the following improvements were made: 

 A Narrative tab was created. Besides the narrative, police officers can also add the following 
information:  time for Medical Services notification and arrival as well as the time for Police 
notification and arrival. 

 Some fields were reorganized in order to ease user experience (based on the comments made 
by police officers).  

 Some texts were changed to help users better understand the purpose of a field or area.  

 Some bugs were identified and fixed across the application.  

 Updated to latest iOS Software Development Kit 8.4. 

 Updated libraries for reverse geocoding and maps from Google. 
 
The research team felt that that the CARS version after these improvements was an appropriate one to 
carry out the field tests (i.e. trial runs).  
 

Field Tests and Additional Improvements 
In order to start the field tests, it was necessary to obtain the approvals of the Institutional Review Board 
of UPRM’s Committee for the Protection of Human Subjects in Research; the approval was obtained on 
July 22, 2015.  
 
Initially the field tests of the CARS application started with police officers. However, due to the low 
number of police officers able to participate and time constraints, it was decided to carry out the tests 
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with the general public. Since it was hypothesized that the general public does not have any experience 
filing a PTAR (either paper form or mobile version), it was concluded that the results of the field tests were 
not to be affected due to the sample population.   
 
In order to determine if the mobile application was more efficient than the written report, two sample t-
tests were used to compare the time it took a person to fill out a crash scenario. Two hypothetical cases 
(i.e. two scenarios regarding a vehicle crash) were developed with the help of a police officer. Subjects 
needed to fill out both cases: one using the mobile application and the other one with the paper form 
(revised PPR-93). The cases were assigned in a random manner. For both cases (and both report types), 
the time that the subject took filing the report was recorded. Table 5 shows the total times for both 
hypotheticals cases using both methods.  
 

Table 5. Descriptive Statistics for Time Filing the Cases (in minutes) 

PTAR Version No. of Subjects 
Case A 

Average St Dev Min Max 

CARS mobile app 11 50.72 9.61 32.3 65 

Revised PPR-93 9 41.35 6.38 32.09 51.04 

PTAR Version No. of Subjects 
Case B 

Average St Dev Min Max 

CARS mobile app 9 48.96 9.8 38.31 69.25 

Revised PPR-93 9 41.17 10.6 18.61 57.47 

 
As seen in Table 5, the time it took out filing a vehicle crash report using the CARS mobile application was 
higher than using the revised PPR-93 paper report. Although the number of subjects was low, two-sample 
t-tests were performed in order to determine if these differences in time were significant for each 
hypothetical case. For Case A, the difference of 9.37 minutes was found to be significant at the 95 
confidence level (T-value = -2.61, α = 0.018). For Case B, the difference of 7.79 minutes was not significant 
at the 95% confidence level (T-value = -1.62, α = 0.126).  
 
In addition, the number of inaccurate entries on both reports was also determined; this helps in 
determining a percentage of accuracy. It was observed that subjects made more mistakes using the CARS 
mobile application. Based on the results of the field tests, as well as on the comments from the 
participants, it was determined the reasons why test subjects took more time and made more errors using 
the mobile application.  To improve the mobile application, the following changes were made: 

 The bug in which the VIN number from the vehicle in the previous report would show up was 
fixed. 

 A “scroll view” was added to all the tabs so it would not interfere with the boxes to be filled. 

 The notification time for the crash was added. 

 A new window was added where it could be seen what was filled before regarding the persons 
and vehicles involved in the crash.  

 The keyboard was improved as to show the required characters to be used in the data entry 
boxes (i.e. if the box to fill requires a number, then the keyboard will automatically show up 
set to numbers). 
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It was determined that there were many problems with the use of Objective-C, therefore it was decided 
to re-write the client UI using Swift. The appearance of the application remained the same and it was also 
made available in both languages: Spanish and English.  
 
Another important addition to the CARS mobile application was the collision diagram. It includes thirteen 
scenarios that can be added as “background” as well as four vehicle types (passenger car, motorcycle, 
bus, truck). Police officers can select the scenario where the crash occurred (intersection, along a curve, 
etc.) and “drag” the vehicles and accommodate them according to the situation. Figures 11 and 12 show 
examples of two scenarios.  
 

 
Figure 11. Entrance to Freeway Scenario of the Collision Diagram 

 
 

 
Figure 12. Signalized Intersection Scenario of the Collision Diagram 
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One last improvement was the addition of a “search” button for both driver’s license and license plate 
identification numbers. Since it was theorized that the database would eventually contain information 
from all registered drivers, as well as all registered motor vehicles, two search buttons were added to the 
application. After typing the driver’s license number, a pop-up window indicates if the person’s 
information is already in the database. If it is, the application automatically fills out all the information 
found in the system, including vehicles “assigned” to the person. This can also be done with a license plate 
number, thus minimizing the time it takes to fill out the information for a motor vehicle, especially the 
VIN number. This improvement also aimed to increase the accuracy of the data collected by the CARS 
mobile application.  
  
The application was maintained in GitHub, a software development platform and changes were made to 
the file structure and its organization in order to improve asset usage.  
 

Database and Web Services Development 
While the field tests were taking place, the rest of the team worked on the integration between the client 
and the server to save the information entered by the user in the report. The crash report is saved in the 
tablet using the Core Data framework. That framework is part of the iOS Software Development Kit (SDK) 
that allows saving complex structures on the device (iPad). This allows synchronizing with the server. With 
this feature, the application can be used offline. In addition, a stress test was performed on the server to 
measure how much traffic it could handle. This stress test was made using a HTTP load testing tool called 
Vegeta. The server responded very well to 10,000 requests in a minute, without using more than 20% of 
the CPU. 
 
Initially the CARS application was finished using the program Objective- C and the User-Interface (UI) was 
developed in Spanish. To address the possibility that a person involved in a vehicle crash would only be 
fluent in English, the application was expanded to support the English language as well. However, during 
the field tests it was determined that there were many problems with the use of Objective-C, therefore it 
was decided to re-write the client UI using Swift. The appearance of the application remained the same 
and it is also available in both languages (Spanish and English). It was necessary to migrate the collision 
diagram from Objective-C to Swift as well. During development, Core Data was dropped and instead the 
data was only stored on the server. Once the user logged in to the application the necessary information 
would be fetched from the server. 
 
During the same period the database for the application was developed and actualized.  All the attributes 
in each of the tables in the database were then evaluated. Figure 13 shows an example of the database.  
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Figure 13. Screenshot of the Tables in the Database 

 
The team worked on changing the configuration of the web services in order to efficiently connect them 
to the database. The objective of this task was to develop web services with the new tables from the 
database in order to save the information every time a crash report is submitted. Web services were 
developed for the following tabs in the application:  

- General Information of the Vehicle Crash 
- Crash Conditions 
- Person Registration  
- Vehicle Registration 
- Crash Details 

  
Since the application was developed using Swift, the login was also developed using the web services. The 
web services were also finished for the search of a person by using his or her driver’s license identification 
number or by searching for a vehicle using its license plate.  
 
The database needed it to be updated. For this task it was taken into consideration the information of a 
person in the crash report as well as the information for the vehicle involved in the crash. Several 
statements were identified for this task, such as: 

- Every crash report must have a crash detail and a crash condition, 
- A person must “belong” to a crash, and 
- A vehicle must “belong” to a crash.  

 
Figure 14 shows the representation of the mentioned task.  
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Figure 14. Tables Related to Crashes 

 
All efforts were then focused on the development of a responsive web application to be run from a 
desktop (or laptop) computer. This was performed in order to simulate the procedure of a supervisor 
approving the PTAR filed by a police officer to then send it to the pertinent agencies, as stipulated by the 
police officers.  Figures 15, 16, and 17 show the login page, the list of crash reports submitted, and one of 
the pages of the crash report from the web application, respectively.  
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Figure 15. Login Screen from the Web Application 

 

 
Figure 16. List of Crash Reports Submitted 

 

 
Figure 17. View of an Example of a Crash Report using the Web Application 
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Using the web application, changes can be made to a crash report submitted by a police officer using the 
CARS application. These changes can be saved and shared to the pertinent agencies.   
 

Electronic Traffic Infraction and Citation System (E-TICS) Development 
As a side project, a second mobile application was developed for the issuance of traffic citations by police 
officers. The goal of this application is to substitute the need for the paper-based citation form, streamline 
the issuance process and reduce data-entry errors. It was hypothesized that the data collected with this 
mobile application could be integrated with the database from the CARS application that could assist 
researches in identifying the correlations, if any, between traffic citations (i.e. risky driving or law-breaking 
behavior) and vehicle crashes. The mobile application was named Electronic Traffic Infraction and Citation 
System (E-TICS) and it gathers the following information: 

 From the driver: license number, first name, initial, last name, address, state, city, zip code. 

 From the vehicle: license plate, VIN, year, brand, model, color. 

 From the company (if commercial vehicle): name, address, control number, receiver name. 

 Regarding the infraction: transit law and article number, description, amount to be fined. 

 Regarding the location: latitude, longitude. 
 
Figures 18, 19, 20, and 21 show screen images of the mobile application for the traffic citations. The 
application is in both English and Spanish; it adjusts according to the language selected on the tablet.  
 

 

 

Figure 18. Login Screen (English) Figure 19. Screen for Driver, Vehicle and  
Company Information Entry (English) 
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Figure 20. Screen for the Selection of  
Infraction Type (Spanish) 

Figure 21. Screen for Submitting  
the Traffic Citation (English) 

 
Similar to the CARS application, it was decided that E-TICS application should also include the option of 
determining the exact location of the traffic violation, as shown in Figure 22. This information could be 
used in future research projects that wish to determine locations in which driver behavior can be 
considered risky.   
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Figure 22. Map Location of E-TICS 
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SUMMARY AND FINAL REMARKS 
Puerto Rico’s database on vehicle crashes has encountered many challenges: missing data, incomplete 
reports, and inaccurate information. The Police Traffic Accident Report (PTAR) is still filled out by hand 
and, by the time when the project started, this document was not completely compliant with the Model 
on Minimum Uniform Crash Criteria (MMUCC). As such, the team developed a mobile application that is 
100% MMUCC compliant to substitute the paper form of the PTAR. The objectives of the study were 
achieved;  

1. MMUCC documentation and PTAR reports (current and under revision) as well as police 
interviews were critical in determining all relevant data needed to start developing the first 
prototype of the mobile application. 

2. Although the literature found on digitalization of vehicle crashes reports was not as extensive as 
desired, it was key to determine how to measure the efficiency of the developed application.  

3. Based on the literature review regarding the programs available for the development of a mobile 
application, Objective-C was selected. However, it was letter determined to rewrite the User 
Interface using Swift. 

4. The mobile application that could substitute the PTARs was developed and given the acronym 
CARS, which stands for Car Accident Reporting System. It is available in both Spanish and English 
languages and it has all the requirements established in the MMUCC.  

5. A responsive web application was also developed in order to simulate the procedure done by a 
supervisor for each crash report. The Web App is run from a desktop (or laptop) computer and 
can access all police reports filled out using CARS; these can be altered and approved for final 
documentation and to be shared with other parties.  

 
It is important to note that comparison tests between the PTAR paper form and the CARS application were 
performed with civilians as opposed to police officers. Although the reason for this was due to difficulty 
in finding enough police officers available for the tests, it was later determined that tests would have been 
biased. Police officers have ample experience filling out the PTAR paper form, thus adding a factor of 
familiarity that could negatively influence the time and accuracy of the CARS app. However, the time to 
fill out a report using the mobile application was higher than the PTAR paper form for both hypothetical 
crash scenarios (although this difference in time was significant at the 95% confidence level for only one 
of the crash scenarios). The accuracy was also observed but not statistical tests were performed due to 
the CARS application containing more entries (due to the requirements added according to the MMUCC). 
Subjects did make more mistakes using the CARS application and these observations were used to make 
improvements to the application.  
 
No field tests were performed after the CARS application was finished due to constraints regarding time 
and resources (as well as the difficulties encountered due to Hurricane Maria in September 2017). 
However, open houses took place in several locations in order to show the application to several agencies, 
including the Department of Transportation and Public Works of Puerto Rico. CARS application was well 
received and most of the positive comments were focused on the collision diagram. It is recommended 
to perform field tests with the finished application in order to verify if the final improvements had a 
positive impact in the time and accuracy of data entry.  
 
As a side project, the Electronic Tickets (E-TICS) mobile application was also developed to substitute the 
traffic violation document (paper form) used by police officers. Similar to CARS, E-TICS app also includes 
the availability to “pinpoint” the exact location of the traffic violation. This was done in the hopes that, in 
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the future, both CARS and E-TICS databases can be matched in order to study the possibility of a 
relationship between vehicle crashes and traffic citations.  
 
As a final remark, this project was originated from the recommendations of previous research performed 
at the University of Puerto Rico at Mayaguez (UPRM), which focused on vehicle crashes. Some crash data 
were inaccessible and inaccurate, specifically the exact location of crashes, in order to identify hotspots, 
thus meaning difficulties in performing those research projects. The development of both mobile 
applications, including the web app for data sharing, was done in order to improve the data collection and 
reporting process for some agencies in Puerto Rico.  
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APPENDIX A – IRB Approval 

 

In order to perform the comparison tests between the mobile application and the paper form of the 

crash report PPR-93, approval by the Institutional Review Board of the University of Puerto Rico at 

Mayaguez was required. The letter of approval is dated July 22, 2015 and subject tests started after this 

date.   







APPENDIX B – PPR-93 1988 Revision 

 

The PPR-93 1988 Revision was the crash report filled by police officers in Puerto Rico previously, before 

changes were made and approved in 2012.   It consisted of three pages (long version) and a short 

version (two pages) was available.  The last page shows the codes for several characteristics of the 

vehicle crash.  















APPENDIX C – PPR-93 2012 Revision 

 

The PPR-93 2012 Revision was the current crash report used by the Police of Puerto Rico during this 

investigation.  Similar to its previous version (PPR-93 1988 Revision), both long and short versions (five 

and two pages, respectively) are available.  

















APPENDIX D – PPR-93 Under Revision 

 

At the time of the investigation, the Traffic Records Committee of Puerto Rico was revising the PPR-93 

crash report in order for it to be MMUCC compliant, thus an unofficial version was made available to the 

research team. The mobile application developed (CARS) was based on this version.  Unlike previous 

versions of the PPR-93 crash report, this one does not include a short version.    
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