
  

TABLE OF CONTENTS 
 

EXECUTIVE SUMMARY .............................................................................................1 
Implementation ........................................................................................................... 9 

INTRODUCTION .........................................................................................................11 
Purpose ..................................................................................................................... 11 
Background............................................................................................................... 11 
Project Overview ...................................................................................................... 12 

REVIEW OF LITERATURE ........................................................................................13 
Introduction............................................................................................................... 13 
The Older Populations of Arizona and Florida........................................................ 14 
Older Drivers In The News ....................................................................................... 14 
Vision Impairment..................................................................................................... 16 
Affected Eye Structures ............................................................................................. 16 
Visual Acuity ............................................................................................................. 17 
Contrast Sensitivity ................................................................................................... 19 
Color Vision .............................................................................................................. 19 
Some Diseases Of The Eyes ...................................................................................... 21 
Refractive Error ........................................................................................................ 23 
Infectious Disorders of the Eye................................................................................. 23 
Nutritional And Metabolic Factors........................................................................... 24 
Alzheimer’s Disease, Dementia, and Driving........................................................... 25 
Some Driver’s License Vision Testing Policies:  An Overview ................................ 27 
Vision Testing:  Self Versus Other ............................................................................ 34 
Field Of Vision Testing ............................................................................................. 35 
Older Versus Younger Drivers.................................................................................. 35 

SURVEY OF DRIVER’S LICENSE BUREAU DIRECTORS OR THEIR 
REPRESENTATIVES..............................................................................................39 

ANALYSIS OF COLLISION DATA ...........................................................................39 
Introduction............................................................................................................... 39 
Methodology ............................................................................................................. 39 
The Framework......................................................................................................... 40 

COMPARISON OF RELATIVE ACCIDENT INVOLVEMENT RATIO (RAIR) OF 
COLLISIONS OF ARIZONA AND FLORIDA DRIVERS,  YEARS 1991 TO 
2001...........................................................................................................................41 
Bathtub Curves.......................................................................................................... 43 

DESCRIPTIVE STATISTICS AND CALCULATED RISKS OF 
VIOLATIONS/BEHAVIOR-RELATED COLLISIONS IN THE STATE OF 
ARIZONA,  YEARS 1991 TO 2001 ........................................................................51 

COMPARISON OF AVERAGE INDIVIDUAL RISKS OF COLLISIONS, 
INJURIES, AND FATALITIES OF ARIZONA AND FLORIDA DRIVERS, 
YEARS 1991 TO 2001 .............................................................................................53 

REVIEWS OF VISION TESTS AND DRIVING SIMULATORS ..............................57 
Introduction............................................................................................................... 57 
The History and Future of Vision Tests .................................................................... 57 
Vision Screening Tests .............................................................................................. 58 

LAWRENCE
Text Box
"New, Improved, Comprehensive, and Automated Driver's License Test                         and Vision Screening System"                                                                                                                by Sandy H. Straus, ESRA Consulting Corporation.
http://www.esracorp.com                              
Published May 2005, Arizona Department of Transportation



  

Vision Screening Methods in Other Settings ............................................................ 63 
RECOMMENDED VISION SCREENING EQUIPMENT ..........................................65 
DRIVING SIMULATORS:  YESTERDAY AND TODAY.........................................67 

From the Past to the Present .................................................................................... 67 
Research, Training, and Screening Usage ............................................................... 70 

SIMULATOR SICKNESS AND AFTEREFFECTS ....................................................71 
What is simulator sickness? ...................................................................................... 71 
Aftereffects ................................................................................................................ 72 
Flashback Effects ...................................................................................................... 72 
Cyberadaptation Syndrome and Simulator Adaptation Syndrome........................... 73 
Factors of Simulator Sickness................................................................................... 73 
Simulator Sickness Studies........................................................................................ 73 
The Simulator Sickness Questionnaire ..................................................................... 74 
Field of View and Flicker ......................................................................................... 74 
Gender....................................................................................................................... 75 
Incidence of simulator sickness ................................................................................ 76 
Impacts of Cybersickness.......................................................................................... 76 
Studies of At-Risk Drivers......................................................................................... 76 
Simulator Sickness Mitigation Strategies ................................................................. 76 
Future Simulator Sickness Studies............................................................................ 77 

SAFETY RECOMMENDATIONS...............................................................................79 
RECENT AND CURRENT DRIVING SIMULATOR RESEARCH...........................81 
RECOMMENDED DRIVING SIMULATORS............................................................85 
CONCLUSION..............................................................................................................87 
RECOMMENDATIONS...............................................................................................91 

Vision Screening System ........................................................................................... 91 
Cognition Test........................................................................................................... 93 
Knowledge Test......................................................................................................... 93 
Driving Test .............................................................................................................. 94 
Driver’s License Renewal ......................................................................................... 95 
Additional Recommendations ................................................................................... 96 
Implementation ....................................................................................................... 105 

BENEFITS OF ESRA DVAT ™ ................................................................................106 
REFERENCES ............................................................................................................107 
APPENDIX A:  HORIZONTAL SECTION OF THE HUMAN EYEBALL AND 

SOME COMMON CONDITIONS THAT MAY AFFECT IT..............................143 
APPENDIX  B:  RESULTS OF GLOBAL SURVEY OF DRIVER’S LICENSE 

DIRECTORS OR THEIR REPRESENTATIVES,  YEAR 2004 ..........................144 
APPENDIX  C:  COLLISIONS IN ARIZONA, YEARS 1991 TO  2001..................163 
APPENDIX  D:  DESCRIPTIVE STATISTICS OF COLLISIONS, FATALITIES, 

AND INJURIES OF ARIZONA AND FLORIDA DRIVERS, YEARS 1991 TO 
2001.........................................................................................................................165 

APPENDIX  E: OVERVIEW OF ARIZONA AND FLORIDA DRIVER’S 
LICENSEES, YEARS 1991 TO 2001....................................................................179 

APPENDIX  F:  COMPARATIVE RATES OF COLLISIONS, FATALITIES, AND 
INJURIES OF ARIZONA AND FLORIDA DRIVERS, YEARS 1991 TO  2001181 



  

APPENDIX G:   COMPARISON OF RELATIVE ACCIDENT INVOLVEMENT 
RATIO (RAIR) OF COLLISIONS OF ARIZONA AND FLORIDA DRIVERS,  
YEARS 1991 TO 2001 ...........................................................................................205 

APPENDIX G:   COMPARISON OF RELATIVE ACCIDENT INVOLVEMENT 
RATIO (RAIR) OF COLLISIONS OF ARIZONA AND FLORIDA DRIVERS,  
YEARS 1991 TO 2001 ...........................................................................................205 

APPENDIX H:   RELATIVE ACCIDENT INVOLVEMENT RATIO OF ARIZONA 
DRIVERS WITH CORRECTIVE LENSES, INVOLVED COLLISIONS, YEARS 
1991 TO  2001 ........................................................................................................220 

APPENDIX I:   RELATIVE ACCIDENT INVOLVEMENT RATIO OF FLORIDA 
DRIVERS ASSOCIATED WITH  INJURIES, YEARS 1991 TO 2001 ...............229 

APPENDIX  J:   RELATIVE ACCIDENT INVOLVEMENT RATIO OF FLORIDA 
DRIVERS ASSOCIATED WITH  FATALITIES YEARS 1991 TO 2001...........238 

APPENDIX K: RELATIVE ACCIDENT INVOLVEMENT RATIO OF FLORIDA 
DRIVERS ASSOCIATED WITH  COLLISIONS, YEARS 1991 TO 2001 .........246 

APPENDIX L: DESCRIPTIVE STATISTICS OF WEATHER-RELATED 
COLLISIONS IN THE STATE OF ARIZONA,  YEARS 1991 TO 2001 ............255 

APPENDIX M: DESCRIPTIVE STATISTICS OF LIGHT-RELATED COLLISIONS 
IN THE  STATE OF ARIZONA, YEARS 1991 TO 2001.....................................259 

APPENDIX  N: DESCRIPTIVE STATISTICS OF MANNER OF COLLISIONS IN 
THE STATE OF ARIZONA, YEARS 1991 TO 2001...........................................263 

APPENDIX O: DESCRIPTIVE STATISTICS OF RESTRICTIONS-RELATED 
COLLISIONS IN THE STATE OF ARIZONA, YEARS 1991 TO 2001 .............269 

APPENDIX P: DESCRIPTIVE STATISTICS AND CALCULATED RISKS OF 
VIOLATIONS / BEHAVIOR-RELATED COLLISIONS IN THE STATE OF 
ARIZONA, YEARS 1991 TO 2001 .......................................................................273 

APPENDIX Q:  COMPARISON OF AVERAGE INDIVIDUAL RISKS OF 
COLLISIONS, INJURIES, AND FATALITIES OF ARIZONA AND FLORIDA 
DRIVERS, YEARS 1991 TO 2001........................................................................280 

APPENDIX R: ARIZONA COLLISION RATES BY RESTRICTIONS, 
VIOLATIONS, AND BEHAVIORS, YEARS 1991 TO 2001 ..............................284 

APPENDIX S: VISION SCREENING DEVICES......................................................291 
APPENDIX T: DRIVING SIMULATORS.................................................................295 
APPENDIX U: COMPLETED GLOBAL SURVEYS ...............................................306 

United States of America and Commonwealth of Puerto Rico ............................... 306 
United Kingdom...................................................................................................... 382 
Canada.................................................................................................................... 385 
Australia.................................................................................................................. 407 
New Zealand ........................................................................................................... 421 

APPENDIX  V:  COPY OF THE SURVEY FORMS.................................................424 
ACKNOWLEDGEMENTS.........................................................................................427 

 



  

 
 

TABLES 
  page
Table 1 The Haddon Matrix   40 
Table 2 Thresholds of Annual Fatality Risk Levels According to Otway and 

Erdmann 
  54 

Table 3 Model and Special Features of Vision Testing Equipment   65 
Table 4 Model and Special Features of Driving Simulators   85 

 
FIGURES 

  page
Figure 1 Horizontal section of the human eyeball and some common conditions 

that may affect it. 
  20 

Figure 2 The Bathtub Curve   43 
Figure 3 Comparison of Left Turn Manner of Collisions Among Drivers in 

Arizona and Florida for years 1991 to 2001 
  47 

Figure 4 Comparison of Dawn or Dusk Related Collisions Among Drivers in 
Arizona and Florida for years 1991 to 2001 

  48 

Figure 5 Comparison of Collisions Among Drivers with Visual Defects in 
Arizona and Florida for years 1991 to 2001 

  48 

Figure 6 ESRA Vision Assessment Procedure for Transportation™  
(ESRA VAPT™) 

 102 

Figure 7 ESRA Dynamic Vision Testing for Transportation™   
(ESRA DVAT™) 

103 

Figure 8 Figure 8.  ESRA Dynamic Assessment for Transportation  
(ESRA DAT ™) 

104 

 



  

GLOSSARY OF ACRONYMS 
 
 
3DAGT 3-Dimensional Amsler Grid Test 
AAA American Automobile Association 
AAMVA American Association of Motor Vehicle Administrators 
AD Alzheimer’s Disease 
ADL Activities of Daily Living 
ADOT  The Arizona Department of Transportation 
AION Anterior Ischemic Optic Neuropathy  
AMD Age-Related Macular Degeneration 
AUS Australia 
AZ Arizona 
CA Canada 
CMV Cytomegalovirus Retinitis 
CPR Commonwealth of Puerto Rico 
DAT ESRA Dynamic Assessment for Transportation™ (ESRA DAT ™) 
DETR Department of the Environment, Transport and the Regions  (UK) 
DfT United Kingdom Department of Transport 
DMV  Department of Motor Vehicles 
DVAT ESRA Dynamic Vision Assessment for Transportation™ 
ESRA ESRA Consulting Corporation 
FAA Federal Aviation Administration 
FL Florida 
HIV Human Immunodeficiency Virus 
MIN minimum 
MAX maximum 
MVD Motor Vehicle Division 
NADS National Advanced Driving Simulator 
NHTSA National Highway Traffic Safety Administration 
NZ New Zealand 
PCTL percentile 
PRT Perception Response Time 
RAIR Relative Accident Involvement Ratio 
SAS Simulator Adaptation Syndrome 
SIREN  Simulator for Interdisciplinary Research in Ergonomics and Neuroscience 
SSQ  Simulator Sickness Questionnaire 
STD standard deviation 
UFOV Useful Field of View™ 
UK United Kingdom 
US United States 
USA United States of America 
VACS Visual Acuity and Contrast Sensitivity Tests 
VAPT ESRA Vision Assessment Procedure for Transportation™ 



  

 


	AZ559 7.pdf
	AZ559 8.pdf
	AZ559 9.pdf
	AZ559 10.pdf
	AZ559 11.pdf
	AZ559 12.pdf



