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There is widespread agreement that vision plays an essential role. in the driving task. However, specifying  a

precise level of visual capability necessary for safe driving  continues to be problematic because  of the lack of

definitive empirical evidence on which to base a clearly defensible visual performance standard  The  purpose of

establishing vision standards for drivers of heavy commercial motor vehicles* (CMVs) is to identify individuals who

will represent an unreasonable and avoidable safety risk if allowed to drive CMVs.  The objective of the research in

support of a vision  standard has been to identify the required level of seeing  (based o n  empirical evidence in place

of a consensus)  in order that CMV drivers will not be a safety risk to themselves or to the motoring public. The

purpose of this  contract  was to assess the adequacy of the current  Federal vision standard for drivers of heavy

CMVs.  An exhaustive review was conducted of all new  and previously existing research literature and data. In

addition, further  analyses, risk assessment of minimum visual criterion levels,  and consensus  from experts  in the

vision and industry fields were used as a basis for recommending  changes to the current standard and to the

procedures underlying its adminstration.

PROBLEMS WITH  THE STANDARD
The Federal government began regulating vision  standards for interstate commerce motor carriers  in the

late 1930s.  At that time, the standard was based on a consensus of experts in the fields of vision and driver safety,

but the goal of providing a firm empirical base for the standard has proved elusive. The vision standard has been

changed steadily in the direction of requiring more stringent visual capability.  The standard currently states,

“...distant  visual acuity of at least 20/40 (Snellcn)  in each eye without corrective lenses or visual acuity separately

corrected to 20/40 (Snellen) or better with corrective lenses,  distant binocular acuity of at least 20/40  (Snellen)  in

both eyes with or without corrective lenses, field of vision of at least 70 degrees in t h e  horizontal meridian in each

eye, and the ability  to recognize the colors of traffic signals and devices showing  standard red, green, and amber”

(49, CFR, 391.41(b)(10),  1985).  Along with the problem of providing an empirical base for the standard, other

problems were identified,  e.g., the statement of the visual field requirement and need for a specific  color vision

requirement in the current  standard The visual field requirement left doubt as to what the actual specification of

horizontal field extent should be for each eye (70 degrees or 140 degrees), and the color vision requirement was

found to be probably unenforceable on a practical basis.

*Defined as any vehicle with  a gross vehicle weight  rating of 10,001 pounds or more; any vehicle that transports
hazardous materials requiring placards; and a bus  designed to transport more than 15 passengers including the
driver.
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REVIEW OF EMPIRICAL STUDIES
A review  and critical  evaluation were conducted on the  most significant scientific research directed at

investigating  the relationship between visual performance and driving for passenger, commercial, and aged/visually

impaired motor vehicle operators. Many studies  relating visual test performance to correlates of driver safety, such

as accident and violation rates, have been reported since the last major revision  of the CMV vision  standard in 1970.

Reports on new testing methods were reviewed, including contrast  sensitivity, glare sensitivity, low-light visual acuity,

and dynamic visual acuity. In general agreement with studies  reported prior to 1970, these  newer studies were able

to demonstrate only weak relationships between measures of vision and correlates of driver safety. No study

involving purely visual measures reported an empirical ability to identify unsafe drivers at a level that was

substantially greater than had previously been demonstrated for tests currently called for in the standard or for new

tests. Thus,  no new study or synthesis  of studies provided a definitive basis for extensive changes  to the current

CMV visual standard

FUNDAMENTAL LIMITATION DETERMINING MINIMUM VISUAL CRITERION LEVEL
FOR VISION SCREENING

Review of the historical research performed to provide a more adequate empirical specification of the

vision standard for drivers of both passenger cars and CMVs suggests a fundamental limitation in terms of

providing valid cutoff points  for screening purposes. Numerous studies have shown  that visual deficits are rarely the

primary cause of major accidents. Typically, many factors are found to contribute.  Secondly, persons involved in

accidents have already been screened for visual deficits  thus reducing  the number of visually  poor drivers actually

on the road For these and other related reasons, tests of primary visual capability cannot reasonably be expected

to correlate highly with measures of driver safety or to provide unabiguous cutoff points for screening out unsafe

drivers. This is true even though good vision  is unquestionably an essential component of safe driving.

NEW DEVELOPMEMTS
A new development worth  noting is the useful  field of view test (UFOV). The task central to this test

includes a cognitive component. The observer most discriminate the test object from similar test objects and report

its position in terms of a limited number of locations  in the field of view. This task is thought to depend on

information processing skills  as well as on primary visual sensory processing.  Correlations of test results with

measures of driving safety have been reported as high  as r = 055, which is considerably higher than the figure

reported for tasks dependent only on primary visual processing. However, even a correlation of the magnitude

reported for the UFOV task would  not be sufficient  to overcome the problem of a high false-positive rate. In

addition, the nature of this task is substantially different from the one  currently included in the CMV vision

iv



standard, and the empirical data is insufficient  to justify inclusion of the UFOV task in the standard. However, this

area of research is perhaps  the most promising of those reviewed and includes  contrast sensitivity, glare sensitivity,

low contrast acuity, and automated full-field perimetry.

STATE STANDARDS

State CMV vision standards applying only to intrastate driving were reviewed The requirements for each

state are generally less stringent  than the current Federal CMV standard The binocular  visual acuity requirement

in almost 80 percent of the states is 20/40,  but less than 10 percent of the states deny a license for monocularity.

Less than 40 percent of the states have visual field standards comparable to the Federal standard and only 24

percent have a color standard.

INTERNATIONAL STANDARDS

Review of vision standards for CMVs in other industrialized countries revealed wide variances. Most

countries require a visual acuity level for each eye separately that is higher than the current United States standard

of 20/40 in each eye. Only a few countries have a binocular acuity requirement and when specified, it is more

stringent than the United States requirement. For visual fields, most other countries state that the driver must have

“normal” or “full” fields. Most other countries do not have a requirement for color vision. In addition, the driving

privilege in many countries may be denied because of stereopsis,  aphakia,  diplopia, high myopia, night blindness,

and nystagmus.  Many countries  also require periodic checks for vision.

MEDICAL PROFESSION RECOMMENDATIONS

The medical profession and the American Medical Association  (AMA), in particular, have historically

provided significant  input to the process of setting vision test standards. The AMA guidelines for minimum visual

performance for operating commercial motor vehicles  are stricter than the  Federal CMV vision standard for visual

acuity (20/25 compared to 2O/40)  in each eye, but the recommendations for visuaI fields  and color vision are the

same. The AMA also lists visual disorders that are of concern but avoids recommending denial  of the driving

privilege based on them.

EXPERT OPINION SURVEY/RISK ASSESSMENT

Using a Delphi-type approach, a panel of experts conducted an assessment to judge the importance of, and

safety risks associated with, various visual impairments of CMV drivers. This involved panelists identifying  the

visual tasks most significant  to selected driving tasks and then ranking these  in order of importance to safety.

Results of this  exercise were useful  in development of the  final recommendations. In addition, a risk



assessment was conducted to estimate the probable impact of changing the  visual acuity criterion by a specified
amount (i.e., from 20/20  to 20/400).  Results of this analysis identified a theoretical level of risk associated with
different binocular visual acuity levels for a CMV  operator performing  a specific truck  maneuver.

WORKSHOP CONSENSUS

A workshop was conducted to review and provide a consensus on the  preliminary  draft recommendations.
The  panel represented industry  and visual sciences communities, and consisted  of licensed  doctors of medicine,
ophthalmologists,  optometrists, professors in academic opthalmology  departments, and  traffic  and safety
professionals in private industry.  These  panelists  represented many of the  professional  medical and industrial
associations. The l-day workshop opened with a project overview presented  by the principaI  investigator and
subsequent discussion was structured around the presentation of viewpoints by the  expert  panelists.  The  workshop
was addressed by the  Director of the  Office of Motor Carriers, who stressed the significance  of the workshop and
panelists'  expert  recommendations. Focused discussion was held on the  most vital points at issue, including  the
need to exclude monocular drivers or those with substantial  visual loss in one eye only,  the statement of the visual
field requirement, the  need for more complete and accurate testing of visual field  (more in accord with  the  medical
diagnostic procedure), the  benefit of including  newer tests of vision, the intent and effectiveness of the current color
vision standard, and the  basis of a risk analysis  model that  could  be used to evaluate  changes to the standard. The
workshop panelists  concluded that there  were  no compelling  reasons to change  the  current binocular visual acuity
standard of 20/40, that there  was a need to measure horizontal visual fields  using a more rigorous method than
currently  employed in commercial vision screening equipment, and that the current  color vision requirements are
unenforceable and do not meet the  intent of not excluding red-green color-defective indivudials  from the driving
privilege.  In addition, there was doubt on what risk, if any, there was for drivers who are  color blind,  since traffic

signing has been standardized and drivers  have  many other  cues to operate a vehicle  in a safe and effective manner.
Panelists  generally felt that it was important to note visual disorders and ocular  conditions  and that individuals with
specific conditions should  be referred to ophthalmologists. Follow-up  surveys were  also sent to the panelists  to
identify the  specific position  they took on the visual acuity, visual fields, and color vision standards.

FINAL RECOMMENDATIONS

Based on the  review  of the literature, Delphi exercise, and the panelists'  input, the recommended changes
to the CMV standard were amended as follows.  The statement of the visual acuity standard  was found to be
adequate. More specific wording to rule  out below-standard  performance in one eye was added to the Instructions

for Performing and Recording Physical Examinations. Extensive revisions  were  made to this section to specify more
completely the  testing conditions  and  procedures to be used when  measuring acuity, including light level, stimulus

type, and specific  test procedures. The Statement of the visual field standard was changed  to require at least a



l20-degree Geld of view in each eye measured separately in the horizontal meridian. Extensive revisions  were  also

made to the Instructions  section to specify minimum stimulus conditions and an acceptable procedure for testing in

the horizontal meridian. The statement of color vision was changed to require only a “safe and effective response

to colored traffic signals and devices, without requiring a specific test of color vision. Thus, red-green color-

deficient individuals who can otherwise respond safely and effectively (virtually all) will be allowed the driving

privilege  under this  statement. The recommended wording for the CMV vision standard is: “Has distant visual

acuity  of at least 20/40 in each eye without corrective lenses or visual acuity separately corrected to 20/40 or better

with corrective lenses, distant binocular  acuity  of at least 20/40 in both eyes with  or without  corrective lenses,  field

of vision  of at least l20 degrees in each eye measured separately in the horizontal meridian, and the ability  to

respond safely and effectively to the color of traffic  signals and devices  showing standard red, green, and amber. No

test for color vision is required.
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INTRODUCITON

The assertion that vision plays an essential role in the driving  task cannot  be credibly opposed. However, the
level of vision  that is necessary  for safe driving continues to be a contentious issue. The reason for this  is the
continuing unavailabilty  of definitive  empirical evidence upon which to base a clearly defensible  visual performance
standard. The purpose of setting vision standards for drivers of heavy commercial  motor vehicles  (CMVs)  is to
identify individuals who will represent an unreasonable  and avoidable safety risk if allowed  to drive CMVs.  The.
first  CMV  vision standard to set specific  performance requirements in 1939 was based on a consensus that defined
the minimum vision  necessary  for safe driving. The research objective in support of a vision standard has been to
identify the level of seeing, based on empirical evidence in place of a consensus, that  has to be met in order that
CMV drivers will not be a safety risk  to themselves or to the motoring  public The  objective is to review  the
current Federal vision standard(1)  for drivers  of heavy CMVs and  new and existing  data and  analysis, as a basis for
recommending possible changes to the current  standards and procedures underlying its administration.

Driving  safety is maintained through a constant stream of small decisions and less frequent larger decisions that
require  a high  rate of accurate visual  information about the driving  environment. The level of vision required to
support success  in the decision-making process and driving safety depends on the level of complexity  of the
projected driving task (i.e.,  high speed, widc-opcn  highway compared to congested urban  or suburban roadway
environments). It also  depends on the consequence of encountering an error, or series of errors, in the decision
stream that will lead to a catastrophic outcome to the  driver and others in the driving environment. For drivers of
CMVs,  the consequence of error is likely to be much greater in terms of loss  of life and property than the result of
a similar error  made by the driver of a private motor vehicle.  This fact is supported by the  statistics accumulated
(1979 to 1986) on the  disproportionately high  rate of heavy vehicle involvement in fatal crashes. For all types of
accidents (adjusted for exposure mileage), combination trucks  (tractor and trailer combinations)  have slightly less
than  50  percent of the accident involvement rate of passenger cars, but have a fatality involvement rate that is nearly
double that of passenger .zs.(‘)  In fact, in 1990, 4,061  people died in tractor-trailer crashes. However, only  l2

percent were  the truck  occupants. The majority of the fatalities in these tractor-trailer crashes were  passenger
vehicIe  occopaots.(3)

Driving  errors that might not produce a crash in a smaller  motor vehicle may well lead to a crash in a heavy
vehicle because of its more limited maneuverability.  The appreciation of these facts motivates the effort to define
visual standards  for driving that are most likely to lead to safer driving.  In addition, the apparently greater difficulty

of the CMV driver’s vehicle  control task and the obviously  greater adverse consequences  of heavy vehicle  crashes

1



lead to the presumption that the visual requirements for the driver of a CMV should be more stringent than those

thought to be appropriate for smaller  vehicles. This view is reflected in the existing Federal vision standard for

CMV operators.

The current need to reassess the bases for the Federal vision standard for CMV operators is motivated by many

factors, such  as more recent  vision assessment technology and vision-driver performance  evalutaion methods.



PROJECT OBJECTIVES

Meeting the objectives of this project was accomplished in three. ways: (1) by determining whether the current

statement of vision  test standards and testing procedures should be revised;  (2) by defining the acceptable levels of

vision necessary for operating a CMV, and (3) by examining the risk associated  with certain “acceptable” levels of

visual capabilities  identified through vision tests and examination procedures. It is important to note. that vision has

traditionally been defined  as an exclusively sensory task associated with transforming an object viewed in the

environment into a light image on the retina and transmitting that image to the brain. Increasingly, however,

vision-as  it pertains to driving and other complex sensory-motor tasks-has become inextricably linked to more

central  processing  or cognitive components of performance. The continuing evolution of performance standards

may be expected to reflect this expanded analytical framework.

The technical objectives for specific  project tasks were as follows: . . .

. Critical review and evaluation of scientific  information and data sources pertaining to driver
vision testing requirements for operating CMVs that weigh more than 10,000  pounds

. Development of preliminary recommendations for revising vision test and testing
requirements

. Preparation of a risk assessment for the proposed acceptable. level of vision  provided in the
recommendations

. Conduct of a workshop  to review draft recommendations with panelists representing
industry and the visual science community

. Summary of project findings  including  the draft recommendations for the vision  test
requirements and testing  procedures; discussion of how the  recommendations were
determined; additional information and discussion of important issues raised at the
workshop; suggestions for additional research to address unresolved problems; and other
recommendations for licensing restrictions relating to specific visual impairments.

The final report consists of the Executive Summary and five. main sections: Introduction,  Project Objectives,

Development of Recommendations, Proposed Revisions to the Standard, and Discussion.  The five appendixes

present a synthesis of the literature, a model developed for the risk analysis of a visual acuity criterion  shit% the

Federal Regulation for Physical Qualifications and Examinations  for CMV Operators, the forms used for the Delphi

approach, and the directory of panelists who attended the workshop.
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DEVELOPMENT  OF RECOMMENDATIONS

This section  describes the research process used to arrive at the recommendations for revising of the current

CMV vision  standard. The technical approach included the following steps: (1) review  and critical  analysis of

existing technical and scientific  literature, and other information and data sources;  (2) recruitment of a voluntary

panel of experts in the fields of vision,  driver safety, and the trucking industry for the purpose of advising the

principal investigator and participating in a l-day workshop; (3) preparation of a set of preliminary draft

recommendations for changes  to the standard; (4) use of a Delphi approach to estimate the relative significance  of

driver safety to visual tasks associated with  visual capbilities  tested in both the current  and perhaps future

standards;  (5) assessment of the level of risk associated with  a specified range of visual performance  in a simulated

truck  driving  scenario; and (6) conduct of an expert panel workshop for the purpose of eliciting advice and

obtaining a consensus on the proposed changes to the standard.

REVIEW  AND  CRITICAL  ANALYSIS  OF LITERATURE  AND  INFORMATION

A review and evaluation were conducted of scientific literature, data, and other sources of information found  to

relate to the current  Federal vision standards and the visual, skills necessary to operate a CMV. This effort included

a literature search  a study of the history of the current Federal standard,  and a comparative  review of the standard

with state and international driver licensing vision standards, along with AMA recommendations and other

government guidelines. Also included is a critical evaluation  of the empirical evidence relating driving  safety and

visual performance. The sections selected for Appendix A, Synthesis  of the Literature are unabridged versions

from the Task Report of the same title.

Literature  Search
A comprehensive literature search was conducted using DIALOG’s  (Dialog Information Services,  Inc., Palo

Alto, CA) automated, online  literature database system. Coverage of the following subjects was included: traffic

safety, psychology, medicine, engineering, standards and specifications,  and government research-related subjects.

Keywords used in the online search included those relating to vision, vision screening and performance, vision

standards and specifications,  and truck  andd automobile operation. The majority of the relevant research literature

was identified in the following databases: Medline (National Library of Medicine), NTIS (U.S. Department of

Commerce), PsychInfo (American Psychological Association), and TRIS  (United States Department of

Transportation,  Transportation Research Board). A manual search was also conducted through KETRON’s

transportation and traffic  safety library and Scheie  Eye Institute sources. Finally, an automated and manual search

was conducted by the Northwestern University Transportation Engineering library staff. Documents were obtained

from academic and medical libraries and in-house sources.
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Informal  inquiries with visual science specialists,  traffic safety engineers,  state licensing agency personnel,
and truck industry representatives were used to identify information and data that might have been missed or
unpublished. Information on CMV vision standards was requested from more than  50  international standards
organizations and international  commerce, trade, and government organizations.  Replies were  received from
approximately 35 percent of these organizations.

Historv of CMV Vision Standard
In the late  1930s., the Federal Government began regulating the vision standards of motor carriers in

interstate commerce. The earliest vision  standard for drivers  of interstate trucks was specified in a general standard
for medical fitness. The standard was very general and stated the following  requirement: “Good eyesight in both
eyes (either without glasses  or by correction with glasses), including adequate  perception of red and  green colors.’
By 1939, the standard contained more specific minimum requirements for visual acuity, visual fields, and color
vision.  Table 1  provides a history of changes to the standard, which exhibits the standard moving  in the direction of
requiring  more stringent visual capabilities.  A complete description of the history of the standard is provided in
Appendix A, Synthesis of the Literature.

The current vision standard is specified  as part of the  Federal medical  standards (Code of Federal
Regulations, Subpart E-Physical Qualifications  and Examinations,  Sections  391.41 to 391.49(4,)  required  to be met
by operators of CMVs  in interstate  commcrcc.  The commercial driver must be medically examined at least every 2
years and while  on duty, a driver must have a certificate  showing that he or she has passed the required
examination. The examination covers  the general health  of the  individual as well  as setting  specific  standards for
vision and audition. It also  precludes individuals from driving  if certain  medical conditions exist, such as specific
heart conditions and, important for vision, diabetes mellitus  which mast be controlled  by insulin.

The visual requirements  for CMV  drivers are included  in Section 391.41 and are stated as follows:
‘Has distant visual acuity of at least 20/40  (Snellen)  in each eye without  corrective  lenses or
visual acuity  separately corrected to 20/40  (Snellen)  or better with  corrective  lenses  distant
binocular acuity of at least 20/40  (Snellen) in both eyes with or without corrective  lenses, field
of vision of at least 70 degrees  in the horizontal meridian in each eye, and the ability to
recognize the colon of traffic  signals  and devices showing  standard red, green, and amber.”

In addition,  Section 391.43c4)  states tbat medical  examination can be performed by a licensed  doctor of medicine
or osteopathy, and that a licensed  optometrist can perform as much of the medical examination as pertains to visual

acuity, field  of vision. and the ability  to colors as specified  in CFR 49. Section  391.41 paragraph
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Table 1. History of the Visual Standard for CMV Operators

Visual Acuity Visual Fields

One Other All 1 Horizontal
Eye Eye Binocular Meridians Meridians Red

7nlAn 7wtnn Yes

Color Vision

iiiJLJz

45 degrees

1944’6’  1 20/40 20/100  - I.-. I -- . I
4 5  degrees  1 - Yes

1964”’ 20140 20/40 140 degrees Yes

Yes Yes -

Yes Yes -

Yes Yes -TV-
I I

1985’9’n 20/40 20140 20/40

70 degrees
(uncorrected

error)

70 degrees
(uncorrected

error)

Yes

Yes

Yes Yes
I 1

Yes

Yes Yes Yesl-t
-’

Other Notes

Drivers
requiring
correction by
glasses are
required to
wear them
while drivina.

If Driver wears
contacts,
evidence to
indicate good
tolerance.“O’



Few instructions for performing and recording the physical examination are givw, but instrwtioos  regarding

speci6eation  of visual acuity, prohibition agaimt monc-xlat  vision  cootact  lens tolerance, and certain common cyc

eonditiom are given as fouows:

“when other than the sncuen chart is use& the  rcsuIts  of such test must be exprwed  in values
comparable to the  standard Snellen test. If the applicant wears cornxtive lenses,  these  should
be worn  while applicant’s visual acuity is beii tested. If appropriate, indicate ott the Medical
JSxaminefs  Catiticate  by checkiog  the box, ‘Qualified only  when wearing  cornxtive lenses. In
rccordiog  distance vision,  use 20 feet as normal.  Report aU vision as a fraction with 20 as
numerator and the smallest type  read at 20 feet as denominator. Note ptosis,  d&barge,  visual
fields, odar muscIe  imbalaoce, color blindness, cotneal -, exophthabnos,  or operate
commercial motor vehicIcs under existing  Federal Motor Carrier  Safety Regulations. If the
driver habihlauy wears  contad lettses,  or intends to do so white  driving, there should  be
stdlkient  evidence to indicate that he has good toleraacc and is well adapted to thei use. The
use of contad leases should be noted oo the record.

A critical review of the cutrent  standard has found  that a problem exists in the statement of the visual

field reqtiemcnt.  The standard, as published in the Federal Register@) in 1970, states that a 70-degree  field of

view is the minimum reqUtement  for each eye. The Federal Highway Adminiwatiott  has taken the position that

the visual  tield  standard should  spccifj 140 degrew of visual field as the miaimum rquirement  in each eye.. The

specification of 140 degrees for field of view in each vmuld  6s close to tbc  limit expected  for a normal healthy adult

eye. In addition, probletns were  found with  the color vision requiremen&  wbicb on a practical ba.6  is probably

uoeaforceablc.  The color reqoircmcat as stow  stated would  not exclude red-green color-defective driven since the

standard does not provide adequate instruction 011  requirements for color vision testiag.  It is also doubtful that the

standard intended to exclude typical red-green color-defective drivers since these  drivers currently are ott the road

and there is a Iack  of evidence that their  driver safety record is worst  tima the -d of tbw  without  such color

defects. Other specific issues were  ide&fkd  reIating  to the impact of rakiag  the vision standard, administration of

standards, onifotmity of testing, and additional factors that atTect dtiwr  safety.

Standard and Intern .atronal
Every State administers a vision  test to imiividttais  applying for a motor vehicle licease. Viiion standards

vary  slightly from state to state, but states that do coadua  visual screening  have a visual acuity rqoirement  for

intrastate CMV liceosiog, Other visual requirements vary cokiderabiy  in different stat- with  many states

rqoiriag visual fields testing  and several rquiriog  color testing.  Some states have a sterwpsis  requirement. For

tbc  most part, State vision  standards for intrastate commercial dtiw ticeasing  are less striogent than the Federal

standard for interstate commercial driving  knsing. For example, even tbougb  a biioctdat  (best  corrected)  visual

acuity requirement of 20140  is the standard in almost 80 percent  of the states, less tbaa 10 percent of the  states

have reported denying a licetw  for momxdarity.  Fwe  1 identifies the biioctdar  visual acuity standards by

percentage of states. In addition, approximately 38 sod 36 percent of the states  have a visual field standard for each

eye and in both eyes. Nearly 24 percent of the  states have a color  perception staodard,  and for most states, the

a



standards are for recognition of re& green,  and amber.  In addition, periodic vision screening is admiitered in

about ?z percent of the states.(“)

Review of the foreign vision  standards for CM%  revealed wide variance among the industriaked

countries where information on vision standards was identified Viiual  acuity for each eye is specified, with most

countries requiring better than the current  20/40 Federal requirement. Only a few countries have a biioctdar  acuity

requirement and it is more stringent than the Federal 20140  requirement. For visual fields, mast countries state

that the drivers must have “normal”  fields or WI” fields. Most of the countries did not have a requirement for

color.
20140

8 0 %

20145
2%

~,70u;~’
20/50  20160

8 %
6 %

2%

Figure 1. Binocular Visual Acuity Standard for ChW Operators

However, many had other visual requirements, such as stereopsis,  and will deny kensure  for visual

disorders and impairments such as aphakia, amctropia,  diplopia, myopia, night blindness, and nystagmus.  In

addition, many of the countries reported that they required periodic checks for vision.



&&&al  and Government Guidelines and Recommendations
The American Medical Association has participated in setting vision standards for CMV operators and

has provided guideIines(n)  for vision testing to its members. The guideIines  published  in 1986  differ from the
Federal vision standard in cxcIuding  high-power spectade  lenses (10 diopters  or greater) aad  in requiring visual
acuity in each eye of m/25 or better compared to 20/40  for the CMV  standard In additios other visual disorders
are discused  induding stereopsis,  nighttime vision,  diplopia  and osciIIopsia,  but spe&ic  recommendations for
excbniing  drivers with  these conditions are avoided

r
The U.S. Department of Transportation and National Highway Trafiic  Safety Administration,  in

cooperation with  the American Association of Motor VehicIe  Administrators, published  a 1980  boollet entitled

“Guidelines for Motor VebicIe  Administrators; FmztionaI  Aspects of Driver Improvement-A Guide for State
Medical Advisory B~ards.~‘~)  This bookIet  presented a seCt  of recommendations for aII  drivers  otherwise medically
capable of operating  commercial vehides,  incImiing  heavy trucks. The recommendation for visual  acuity differs
from the Federal vision standard but is the same as that proposed  by the AMA (i.e., 20/‘25  or better is required in
each eye, not 20/40  as specified  in the Federal standard). The  recommendation for visual Gelds is specified as 140
degrees for each eye in the horizontal meridiaa.  The recommendation for color vision is the same as the Federal
vision standard and AMA recommendations (i.e., ability  to distingui&  red, green, and yeIIow/amber).  The  booldet
prtides  recommendations for visual  acuity, &MI fields, o&r motiIity,  color disaimiition, depth perception,
dark adaptation, refmctive  states, and strabiimu  (crossed eyes).

.

Drivine  and Vision Performance: Emoirical  Evidence

A major effort was undertaken to identify research  which reported measurements of the relationship
between many aspects of visual performance and  accwsible  indicators of driving safety. The studies identified were

primarily  post  hoc anaIyses  of data already accmmdated  through routine driver registration testing and record
keeping. However, some studies introduced novel controlled  vision  testing methods into the driver testing routine
designed to obtain data OIL  a broad scaIe  which could  then be eorrelakd  with  the driving record over time. The
Literature search found numerous research projects that examined the relationship  between vision  test results  for
operators of motor vehides  and their driving performance record (i.e., accidents and violations), dating back to the
mid-1950s. Most of these studies were initiated to determine what visuai skiIIs  best correlate  with driving
performance. The redts were used to recommend to state licensing agencies the most practical  vision tests to

admiiter to license  applicants and renewals. Many of the studies focused on vision  tests that  were easily
accessible through commerciaI  vision screening devices. However, some of the studies iavolvcd  developing
customized vision testing apparatus, and some used &deal testing equipment known to be impracticaI  for mass
vision screening in a Iicensing  bureau entiaament. In addition, most of the research fc-xsed  on the  passenger
vehicIe operator and only  a few studies investigated the visual and driving performance  of the CMV operator.



Passengv  Vebide Operators  and Vision Performaace-Tbc  most significant  research efforts on vision

pcrfonaance of passenger vehicle operators versus driving  performance records and on vision performance of CMV

operators versu  driving performance records are summarized in this  section. The Synthesis of the Litcrahue  in

Appendix A provides a more detailed description and critical review and evabtaticm  of tbe rcscarch  to date.

One of the earliest, most comprehensive studies on the relationship between vision  and the driving

performance  record was conducted by Bur&‘“‘~ on over 179l drivers over a 3-year period ia the 1960s. Drivlag

habits (annual mileage reported), age, and gender were reported in addition to information on their vision test

performaace for dynamic visual acuity, static visual acuity, lateral visual field, low-light recognition thrcsbolds,  glare

recovery, and sighting dominance. Of the vision tests analyzed in reIat.ioa  to trafiic crmvictioas  and accidents

(reported), statkticaUy  signiticant  correlations found between vision and the drhiug performmcc record were very

we&  Like other researchers from the 196&(1aJ9) Burg reported that mileage and age were the most powerful

predictors of tratlic  accidents and convictions. Further analysis  of the Burg data by Hi and Burg in 19n(zo)

revealed a small but sigtdticaat  correlation between static and dynamic visual tests, and glare recovery  tests and

accident rates for drivers over age 54.

In the early 19705, the U.S. Department of Transportation was interested in the results  of the Burg

studies. The Department initiated a series of bw&ations designed to develop a battery of vision tests that were

more functionaUy  related to driver performance and safety, and that could lead to the development of a vision

testing device for use in saeetdag  driver’s license applicants or renewals. Ia this study, Henderson and Burg,(*t)

after reviewing prior Iiterahlre and analyzing earlier data, provided a systematic analysis of the visual requirements

for driving. Tbe initial phase of the study ideatied important visual functions: static visual acuity (normaI

iuumination), central angular movement, ccatral movement-in-depth, useful peripheral vision, static acuity (low-level

illumination),  tield of view, eye movement and furation,  dynamic visual acuity, accommodation faculty,  and glare

sensitivity. These visual functions were incorporated into a prototype  vision testing device (the MARK I Vision

Tester). Over 600 license  renewal operators were screened on the device. Accident statistics were collected  for the

preceding 3 years for each operator. Results showed a moderate, consistent, age-related dedinc  for all the visual

functions. Siicaat age-related loss in visual ability was reported for static acuity  under normal and low

illumination, glare, and dynamic acuity.  However, the correlational analysts conducted to assess the potential

predictive validity of the MARK I showed many signiiicaat correlations ia the direction of poor visual performance

statisticaJly  related to a good driving record.

The U.S. Department of Transportation, encouraged by some of the results of the MARK I study,

decided to continue this  research in an effort to establish a generally valid vision screening device for motor vehicle

department use. Further  test&  bv SbinarPW OIL  890 licensed operators revealed very low correlations between
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tow lcds of ikniaation was most consistcntIy  related to accidents; poor  static acuity under low levels of

ihmination  was related to ni+timc accidents. There was alsO a rclationsbip between central an&r movement

and accident bwolvemcnt.  In addition, none of the single vision teats was significantly associated with accident

involvemcat  for all age groups, but each test was significantly associated with  accident iavolvcmcnt  for one or more

of the age groups. Results for tbe battery of vision tests and the driving  statistics did not establish a clear-cut

relationship between specific visual tests and the driving record.

Another important effort, conducted around the same period by Hofstetter,(2S)  correlated the visual

acuity test scores of l3,700  drivers with self-reported accidents during the previous l2-month period. Data were

collected nationally, over a period of 10 years, by means of a survey form given out in a variety of settings and

population with  support from the Auxiliary to the American Optometric Association, using commercial vision

screeners. Accident rates for persons  with  acuity in the lower quartile of the measurements were compared to rates

for persons with  acuity above the median measurement. Drivers in the lower  visual acuity  group were found to be

twice as IikeIy to have bad three accidents in tbe previous year as those  with acuity above the median, and 50

percent were more likely to have had two accidents. No sign&ant  differences were found behveen the lower acuity

and higher acuity drivers when only one accident was used as the  criterion of comparison. This  study provided

some  evidence of the connection behveen poor visual acuity and increased accident frequency. However,  these

results  applied only to the very poor visual performers compared to the best in the driver cohort.

Studies cm visual fields and glare were also conducted in the 1970s. Council and Allen@)  compared

horizontal visual field measurements to a&dent  rates for more than 52,ooO drivers and found that only 1 percent of

the drivers recorded a horizontal field of 120 degrees or less, and that the accident rate for these drivers was no

higher than the rate for those whose fields  were greater than l20 degreea.  Studies on &are  sensitivity incorporated

into other vision testing using the MARK I and IMARK fl@) devices were also unable to show  any sign&ant

relationship. Wolbarsht(2~  conducted a study of @are sensitivity using a modified commerdal vision screener with a

customized overlying glare source  of controllable intensity. He tested 1,500 driver’s license applicants and renewals

for glare sensitivity at three veiling glare ratios (backgrotmd:target)  of 21 (high  glare), 49  (medium glare), and 8:l

(low glare). The results showed no  sigdicant wrrciation  between  glare sources and  driving performance, akhougb

the average glare sensitivity scores did bwease  with age.

Research on ixessing  visual and driving perftamance continued in the 1980s. Keltner  and Johnson

used automated static perimetry to screen  more than 500 drivers for any evidence of visual field loss in 1980. This

technique found that approximately 5 percent of the motorists had significant visual field loss compared to only 1

percent found to have a noticeable deficit in the study by Council and AUen,(x) who tested only in the horizontal

meridian.  In addition, Keltner and Johoson reported that subjects over age 65 bad four to live times the incidence

of &al !ield deficits of younger persons. For tbc Keltner and Johnson study,  field loss was defined as substantial

depression of all or part of the peripheral visual field and/or an inability to deted  two  or more adjacent visual field



(=‘)points (smtoma).  This  project was extended to compare  the visual field 1w.s  of 10,000 volunteer drivers with

accident/comiction histories. For this larger study, it was found that drivws  with visual field loss in both  eyes bad

accident and conviction rates that were  hvicc as high  as those for driwrs with normal visual fields. The results were

statis.&lly  significant. It was s-ted that decreased performance on a visual fields test probably results from

age-related decreases in retinal illumination and other  squired  vision impairments (such as glaucoma, degenerative

myopia, diabetic retinopatby,  and retinal detachment) which are more common in older age groups.

Another study, conducted by Daviscm@)  in 1985, tied l,OOO motorists who were randomly stopped

in and around a town in England and asked to volunteer for a vision  test and provide  information on driving record,

vision examblaticm history, and other demographic information. Siicant positive awxiations  were found

between accidents and right-eye  or Ieft-eyc  visual acuity and binocular acuity for all drivers and a relationship

between  atxidents and heterophotia  for drivers who were over 55. A recently  completed study for the

Pennsylvania Department of Transportation was undertaken to determine the vale and feasibility of periodic vision

screening during license renewal. The study examined the relations&p of three vision measures  (static visual acuity,

horizontal visual fields, and contrast sensitivity) to accident and violation records for over l2,4tXl licensed operators

who wwe  unaware that they would be. tested. It was found that dxivers who failed the Pcnnsyivania  Department of

Transportation visual standard or scored below “normal” on the  contrast seGtivity  test were at a significantly blgber

risk  for a&dents  in only the two oldest age groups (66 to 76 and 76+). However, the rcscarcbers  found no

signiticaat relationship between poor  vision performance on each of the vision  tests aaalyLcd separately with

accident and violation records.

For the most part, significant statistical relationships between  spxific  vision test scores and driver

performance  records (for passenger vehicles) have not been clearly established.  Many researchers have stated that

di&ulties  io hying to relate driving performance  to visual capabilities can be attributed to the follow

0 Viion is only one of many factors infbtencing  driving performance.

. Some vision tests may not really relate to visual requirements of driving,

. Reliability  of criteria used to measure driving pcrformaacc  may be low.

. Research methods may have used unrepresentative samples of the  driving population

. Individuals with visual diflicultics  often place self-imposed limits on their dr%ng,  thus
reducing their exposure to the risk of an accident.

CMV Operators  and vision Perfomuwc&n 1973, Henderson and Burg attempted to relate CMV

driving  skills to the visual tests included in the MARK I Vision Tester.(*l)  Their goal was to establish a sound

&&tic ba.sis for minimum visual standards for the Oftie of Motor Carriers. The relative importane~  of different

aspects  of & driving task was established by examining literature, interviewing truck drivers, observing  truck drivers

l3



in acfion,  and conducting a systematic examina tion of the driving task. The resarcbers  established a hierarchy of

importance for tbe visual functions selected as most important. Weights were assigned to various driving bebatiors

and to each visual function according to its judged importance to driving behavior. Those visual functions judged to

be most importattt  to the truck driving task and necessary to an analysis  comparing visual performance and

accidents and violations were static visual acuity;  dynamic visual acuity; perception of angular movement;  perception

of movement-in-depth, visual field,  movement-in-depth and steady, saccadic, and pursuit fixations;  gIare  sensitivity,

and angular movement. Significant  relationships between accidents and poor visual performance were found only

with measures of perception of movement and dynamic visual acuity. No correlation was found between static

visual acuity or field of view and accident frequency for commercial drivers.

In a more recent attempt to correlate visual performance with  accident record, Rogers, Ra&  and Janke

in 1987, (33  compared the driving records of visually  impaired heavy-vehicle operators with the records of a sample

of visually nonimpaired heavy-vehicle drivers. The  purpose of the project was to determine wbetber  the Federal

vision standard could be justified based on the traffic safety record of these drivers. The records of more than

16,ooO  heavy-vehicle operators registered by the California Department of Motor Vehicles were examined.

Measures of driving performance consisted of 2-year total accidents and contictions  associated with  incidents

involving commercially registered vehicles. V&ally  impaired operators were categorized into two  subgroups of

substandard static aeuity (1) moderately visually impaired (corrected acuity between 20/40 and 20/200  in the worse

eye, 20/40 or better in the other), and (2) severely visually  impaired (corrected acuity worse. than 20/200  Snellen in

the worse. eye, 20/40 or better in the other). Nonimpaired drivers met current Federal acuity standards (corrected

acuity of 20/40 or better in both eyes). Analysis results, adjusted for age, showed:

. Viiually  impaired drivers had a sigrdficantiy  higher incidence of total accidents and
comictions  and commercial-plate accidents and conviaio~~  than did nonimpaired
drivers.

. Moderately impaired drivers bad a significantly bigher  incidence of commercial-
plate accidents than did nonimpaired drivers.

. The incidence of total accidents did not significantly differ between the
nonimpaired and moderately impaired drivers.

. Severely impaired drivers had a signifxantly higher incidence of commercial-plate
conviaions than did nonimpaired drivers.

. Nonimpaired and moderately impaired drivers did not significantly  differ OII
commercial-plate convictions.

. Drivers licensed to operate any combination of heavy vehicles had a higher
incidence of total accidents and convictions and commercial-plate accidents and
convictions than did those licensed to operate single vehicles  having three or more
axles.



These findings  lead to qualified support for the current Federal visual acuity standard, particularly

regarding exclusion from driving of the severely impaired (visual acuity below x)/200 in the worse eye, 20/40 or

better in the other). Less support is offered regarding the restriction of the moderately visually  impaired heavy-

vehicle operator (visual acuity between m/40  and 20/2Dl in the worse eye, 20/40 or better in the other).

Another recent study identied in the literahue  asse&g the relationship between vision and truck

operator performance was conducted by M&night  et al(=) He examined visual and driving performance of

monocular and binocular tractor-trailer drivers. On the visual measures, the monocular  drivers were sign&antIy

deficient in contrast sensitivity, visual acuity under low illumhation  and glare, and bmocular  depth. However,

momcular  drivers were not significantly deficient in static or dynamic visual acuity, visual field of individual eyes or

glare recovery. In addition, driving measures of visual search, lane keeping, clearance judgment, gap judgment,

hazard detwztion,  and information recognition showed no diKerence.s between  monocular and biiocuiar  drivers.

The one  exception was sign-reading  distance, which was detined as the distance at which signs could  be read during

both day and night  driving in a controlled road test. The binocular drivers were first  able to read road signs at

significantly greater distances than were the monocular drivers in both daytime and nighttime drivibg,  and this

decrement correlated significantly  with the binocular  depth perception measure. M&night  also reported a large

variation in visual and driving measures  among monocular drivers and several signiticant  differences between them

and binocular drivers., sug@ng the need to assess the monocular drivers’ visual functioning capabilities more

closely and the need to continue research in identifying visual performance measures that siguiticantly  correlate with

measures of safe driving skills.

only a few studies examined the relationship between  driving performance record of CMV operators and

their vision performance and they did not provide enough support to propose. def%itiive  changes to the current

Federal vision standards.

RECRUITMENT OF EXPERT PANEL

Potential members for the expert panel and workshop were identified through the FHWA, OMC, by

contacting professional medical, vision, and t&k safety organizations, and by soliciting candidate mames from

leading experts in the vision and traffic safety field. The folIowing  professional organizations were represented in

the selection process  and ultimately on the panet:

. American Ophthalmological Society

. American Optometric Associaticm

. American College of Occupational Medicine

. American Medical Association

. American Trucking Associations



. Human Factors Society

. Traospwtation Research Board

. Americarl Psychological Association

Representatives from the Insurance  In&tote for Highway  Safety, Association for the Advancement of

Automotive Medicine, sod International Brotherhood of Teamsters were invited but were unable to attend the

workshop due to prior commitments.

The list of potential panelists was reviewed and ret&d  with  the FHWA, OMC. Invitation letters were

sent to those  on the tinal tit. AII explanation of the project and the expected role of each panelist, in providing

advie and participating in the workshop, was provided The following  panelists accepted the imitation to

participate on the panel:

.

.

.

.

.

.

.

.

.

.

.

?

Merrill I. Allen, O.D., Ph.D.; Indiana University, School of Optometry

Clifford Anderson; Medical Resource. Services Diagnostics,  Inc.

Karlene Ball, Ph.D.; Western Kentucky University, Department of Psychology

Bernard Blais, M.D.; General Electric Corpkatioo,  Medical Diiec~or

Raymond P. Brim Ph.D.; Perceptual Safety and Systems Research

NeiU Darmstadter; American Trucking Associations, Senior Safety Engineer

Chris Jobmoo, Ph.D.; University of California, Davis, Department of
Ophthalmology, School of Medicine

Arthur H. Keeney,  M.D., Ph.D.; vaiversity  of Louisville, Lioos  Eye Research
Institute

A. James M&night,  Ph.D.; National Public Services Research Institute

Cynthia Owsley,  Ph.D.; University of Alabama, Biiiagbam, Department of
Ophthalmology, School of Medicioe

Sandra Z. S&o,  M.D.; Social Security Admiitration, Office of Medical
Evaluation Branch

Frank  S&i&x,  Ph.D.; Oakland University, Department of Psychology

Appendix E provides their addresses and telephone numbers.
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RECOMMENDATIONS PRIOR TO WORKSHOP

Prelimhry recommendations to the CMV vision standard were presented in a task report. A review of

the current standard brought out dcficiemies in three areas:

. EHcm in the statement or intent of the standard;

. Practical limitations to testing procedures or eaforcemeat; and

. Substantive changes io the standard that could  be supported either by new
empirical evidence linking the current tests to measures of driver safety or by new
technical developments in vision  test&x&

For each visual fun&ion  specitied  in the standard, problems were as fo~ows:

. l&&Q&y-la& of speciticity  in statiog  conditions for testia&

0 Visual Acid-apparent error in the statement of hozizontal field extent and
uospecified  methods for testing,

. Color Vision-unclear  inteat  of standard, unspecified  methods for test& and
problems with cnforceabiity.

Other areas considered for change were the visual disorder &ecklist,  a& areas of testing, and enforcement

procedures:

. ViiwJ  Imoairmeots and Disorders-appropriateat.%  of disorders Listed of
unspecified action if disorder is present

? pew  heas for Testhg-contrast  sensitivity, low-contrast acuity, glare seesitity sod
recovery, automated visual field testing, dynamic visual acuity, and useM field of
view

?? ???????????? -medical  testing vs. state agency testing  rcstrhion  of
speciaky  for medical testing, medical card as an enforcement procedwe, and
periodic renewal or retesting

The remainder of this section presents a summary of the rationale for the preliminary recommendations

set prior to the workshop.

Visual Acuity

Acuity of vision is defmed  as a measure - - ,--  WV -: separation

behveen otherwise contimous  parts of a letter or form. The acuity  testing most often performed involves a wall-

mouotcd,  printed chart of letters or forms and relies on verbal response of the patient. Testing is inexpensive,

requires low techoology,  is easy to admiiter, and takes only minutes to complete. Measures of acuity are among

the oldest forms of systematic visual measurement and have in recent years received intense criticism as incomplete
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and inadequate for characterizing overall visual status. On the other hand, it is doubtful that soy  eyccarc  spxi&t

would consider a visual cxam complete without taking such a measurement. In emergency eyecare  situations, the

6rst  important piece of information comes from a measwc  of acuity. Viy all ophthalmologic exams begin with

a measure of acuity. In spite of intense  and often valid criticism, a conseasus  among eyecare  specialists still places

visual acuity at the top of the list for bcii the most used and useful visual test. As an efficient and useful  test of

vision, vtual  acuity has withstood the test of time.

The. current CMV standard requires at least Xl/40 Snellen acuity at distance in each cyc measured

separately either with or without correct&.  lenses.  An additional requirement is m/40 bmocular  vision at distance.

The level of 20/40 represents an arbitrary criterion, which is supported by a consensus that vision poorer than this

level introduces  risk into the driviq task. A rwicw  of both state and international visual staadards for driving

found that the 20/40 standard is representative of other standards and is, if anything, lenient in terms of currently

accepted criterion values. The mode for state acuity standards for CMV drivers  is 20/40 (40 of the 50 states), and

for selected industrial countries the mode for monocularvision  is 20/30.  At this time, no evidence or method can

elicit an objective judgment that an acuity criterion other than the one already established by cons+us should be

selected for CMV drivers. On this issue, research evidence prcscnted  in the  Synthesis of the Literature (Appendix

A) showed that the difference between visual acuity scores for drivers without accidents, compared to drivers with

accidents or citations, was not sufficient to support statistical ’dtsdmi~tion against poorer drivers on this basis.

However, io the absence of a better  performing  test that is & efficient and robust with respect  to the level of

technology and actions on the part of test admiitrators, visual acuity provided the best and simplest method  of

obtaiuiag a memdogful  measure of vision.

What was not spccitied  in the standard were the conditions under which  the  test  should bc  conducted.

This area is important because acuity scores can vary sipiftcantly,  depcndiag on factors such as the type  of test

used (e.g., .%&en letters, Roiling E, and Laodolt C), illumination level, effeaive viewing  distance,  and effective

letter contrast. Whereas the acuity test is robust relative to many other modcs  of testing under such conditions,

variation on the order of the difference between standards adopted by different couotries  or states can be expected

(i.e., 20120  to 20/X3).  For this problem to be minimiid, limits on test conditions sboold  be specitied witbin  the

stadad. The guideline for this spxification  should conform to current routine ophthalmologial  practice  sod not

exclude current semiautomated commercial succning devices such as Mast/Keystone’s  DVS II, Titmos’  Titmus  II-

DhW,  and Stereo Optical’s Optec 1ooO.  However, even these  devices do not provide consistent results on acuity

scores for the  same or similar subjects. A model paragraph for ioscttion into the standard would be simii to the

following one:

Test charts should bc  illuminated with white light (color temperatore from ZOO’ K to 75ao”

K) at a level well within the photopic range.  Luminance readings from the white part of the

chart should  be between 30 cd/m*  and 120 cd/m’. Optotwca should bc  wesentcd as black oo



a white ba&grouod  ‘l%e  SeelIen optotype  is the preferred target. However, other optotypcs

such as SIoao letters, numbers, rolling E, Laodolt C aad geometric patterns  are acceptable.

when other than the sneuen chart is used, the results of such test must be expmssed  io values

comparabic  to the standard SuelIen test. In recording distance vision,  USC 20 feet as normal.

Report aU vision as a fraction with 20 as numerator and the smallest type read at 20 feet as

the denomioator.  Note visual disorders. If the applicant wears corrective Ieoses, they should

be worn  while the applicent’s  visual acuity is beii tested. If appropriate, imiicate on the

Medical Examher’s Certificate by chec!&g  the box, Qualified only when wearing corrective

leoscs.’

Visual Fields
The field of view is the visual solid angle within  which vision oars or the area of physical space visible

to an eye (or eyes) in e given position. Each eye has an independent field of view, which in a young  normal

observer extends about 140 degrees along the horizontal meridian (90 degrees in the temporal direction and 50

degrees in the nasal direction) and somewhat less in the vertical meridian; and both eyes together have a combined

field of view that covers about 180 degrees horizontally. The combined  field of view has a central region where the

fields of view from each eye overlap and provide biioadar vision capable of perceiving three dimensions. The

overlapping field is approximately 100 degrees centered on the hotintal mcridiao.

In 1970, the Ch4V  vision  standard was revised to include e requirement for visual fields of “...  at least 70

degrees in the horizontal meridian io each eye....” As reviewed under the Synthesis of the Literatore (Appendix A),

the intent of this portion of the 1970 revision of the visual field requirement was not dear. A portion of the intent

of the 1970 revision appeared to be a restatement of the requirement in terms of monocular testing, which was the

normal medical practice. However, the extensive overlapping of biiocolar  fields meant that a binocular specikatioo

could not simply be divided by two to arrive  at a monocular specification. One could sot reasonably assume that

the intent of the 1970 standard was to make the visual field requirement much less stringent thao even the 1939

speciIicati~a.(~)  Ia aU probabiity,  a simple error occurred and the mo~~ocular field should have  been 140 degrees.

Because of this  ambiguity io the statement of the standard, a reevaluation of the wording and intent of the visual

fields specitication  was Iwxssay.

The following  wording  was recommended: *... tield of vision of at least 120 degrees in each eye measured

separately in the horizontal meridian.” This correction would  follow  the intent of measuieg  each eye separately,

but not be so striogent  as to exclude drivers who do not exhibit dear  pathology. A larger number is possible, up to

the MO-deaee Unit of normal for a vower oerson. but if adouted would leave little room for normal variation

with



Geld specitication  since problems in biiocularity,  important to drivin&  would be discovered through routine

biiocular  acuity testing Moreover, the standard already stated that monocular drivers (or those with severe tield

deficits in one eye) were spe.iticaUy  excluded.

As with visual acuity, the conditions and methods for testing are an important source  of variance  for test

scores  measured in practice. The limitation of the standard to the horizontal field of view is already spxified.  This

limitation is justitied in that pathologic dcacasc  in visual field extent important to driver safety would  only rarely be

confined  exclusively to the vertical meridian. Ooe can expect that signitiwt decrease in visual 6clds  will often be

associated with deficits in other visual modalities such as acuity. Recent shtdies  have shown a relationship behvecn

caretidly measured static litU fields and accident rates,-(uc)  but even with  reduced testing programs, tbc  time and

resotmx.  expenditure appears to outweigh any real advantage of such testing as a screening procedwe on all drivers.

The phiIosophy  of the standard, thus far in its cvoIution,  is that a sczccning  exam should be performed on all

applicants equally. Inclusion of expensive or teclmologically  difficult exams would run counter  to this well-accepted

practice.

The current  methods of testing horizontal fields  in the dtiver screening context are the confrontational

technique, the tangent screen (both  usually employed as part of the medical exam), and variations ore detecting a

smail light stimubts  in a dark surround along the horizontal mctidiatt.  Large variations may occur  in the luminance

and size of the test objects, and the variations can affect the m’easwed field extent. These  tests are designed to

measure the largest extent of the horizontal field only and cannot  detect defects within  the field or specify sensitivity

in any meanit@ way. The basic techniques are adequate for screening purposes,  but minimum stimulus

conditims  should be specitied to eliminate large variations in test results from one test situation to another. All

commercial screening device  have adopted the technique of detecting a small bright light in a dark surround, and

the variation among these devices is relatively small.  Presented below i a mcdel paragraph for insertion in the

standard along with  .the speciEcation  of the visual field test conditions:

The visual field test should  be conducted on an apparatus capable of testing the horizontal Geld

of view to a minimum of 40 degrees nasally and 80 degrees temporally for each eye. The

angular subtense  of the test objeu  should  be between 10 minutes of arc and 2 degrees of arc.

The luminance of the test object should be behveen 5 and 25 cd/m*.  The background should

be dark.

Color Vision
Normal color vision is tricbromatic;  i.e., only  three primary colors  separated sufticiently  in the spectrum

are required for an observer to mix and match aU other possible c&rs.  The normal color observer can easily

&it@sh red, yellow, and green in the long-wavelength end of the spectrum. However,  this ta& may be difficult

or imnoccihle for certain of ohservers  who do not have normal ahotooimnent absorr&ion  in their middle



long-wavelength cone  receptors,  or for individuals v&b acquired ocular disease. A defect of this  type  could

conceivably contriiutc  to unsafe drivin&  However, the largest class of color-defective observers, those with  one of

four types of congenital  red-pecn  defect, has been shldicd  repeatedly in a driving context and has not shown poorer

driver safety performance than normals. W3) This  result might seem surprising  since important driving information

is conveyed through  color-coded traffx control signals  and devices. However, even these  devices have been

designed to minimii the color dis&miition problem to the &ss of long-wavelength-defective drivers. The

devices accompli&  this task mainly through the  standardized restriction of the green traffic signal to that part of the

color space perceived as white (or gray) to the most severely red-green color defectives (dichromats). Thus, the

green signal is readily distinguished from the red and yellow, wbicb appear yellowish to these  drivers. Although

red/yellow confusions may still occur, they apparently are not serious enough to introduce a signiticantly  bigher

level of risk OIL  the part of these  drivers. Position and other noncolor  cuts also contriiute  to safe discrimination of

information conveyed by color traffic control devices.

As a practical matter, observers who are completely color-blind from bii (those who cannot  reliably

distinguish colors in uny part of the spectrum, also referred to as achromats)  have very poor vi.%+  acuity associated

with  the disorder. Such individuals are easily identified from bii or will certainly be screened with  a visual acuity

test; they do not require a c&r test for screening. Siila~ly,  drivers who acquire color vision defects as a result of

octdar  disease wiu  also tend to exhibit other, more detinitive signs of the decrease in visual functional capacity.

Viitml acuity loss,  visual field constriction, loss of binocular&,  or general deterioration in health related to more

systemic problems, such as diabetes mellitos, will be detected through  other parts of the vision  exam or through  the

medical exam.

In practice, the current color test standard does not screen out congenital red-green defective drivers,

partly because the ability of red-green color-defective individuals varies signiticantiy  with the angle of stimulus

subtense.(S36)  For large angular subtense  (more than 5 to 8 degrees, depeoding on the obsemr),  even red-green

dichromats can differentiate among red, green, and yellow spectral lights. These same observers are totaNy  unable

to distinguish colors  in this spectral range for small lights  subtending 2 degrees or less. Thus, dichromats typically

“pass” a color test presenting large enough stimuli that are well saturated and reasonably bright,  but fail any classic

test of red-green color  vision such as pseudo&chromatic  plates (colored dots of one color that show a number or

pattern within colored dots of another  color) or small field spectral color matching (anomaloscope  testing).

The current or past color vision standards were probably not stated with  the intent of screening out the 8

percent of tbe male population who are congenitally color-defective in the red-green part of the spectrum. One WI

infer this conclusion partly from the loose wording of the standard, which most specialists would rccogniw  as too

lenient to provide efficient screening. Certainly a color standard for efficient screening could be specified. This

course of action was not recommended. The  literature on color vision and past experience of participation by these

drivers orovided  no evidence that would  warrant the  exclusion of this class of drivers from the road as CMV or



private daiver~. Iostcad  of ret&&g  the current  ioefkctive standard or its reksio~~, the color  tcS rcqtiemeot  wz

deleted. Note that 11 of the l5 indostriaked  countries identified in the Synthesis of the Literature (Appeoh A)

do not specify a color test staodard

Visual Imuainnents and Disorders

Including items 00. visual pathology as weIl as functional tats of vision (visual fields and color vision) on

the medical examination chec!&t has r&cd  questions about the intent of the standard in these  areas. On one

hand, dear  statements specifying minimum visual pcxformance  are present  in the cut-tent  standard, along with

iostntdiot~~  on qualification to drive a CMV, i.e., the appiicaot must meet these  minimum requirements. On the

other hand, a long, but incomplete list of octdar  pathology  is prcsettted  as part of the medical exam sod undcar

itutrwti~ns  are presented about the intent of this  part of the exam in terms of the disposition of the applicant if

such cooditiot~~ are noted

The ambiguity created by this dual speci6cation  needed to be resolved Beyond noting potentially

harmful ocular conditions found during the medical exam, the checklist should  be complete and tjte items Listed in

the same order of medical importance. Moreover, a clear statement of the intent of this part of the exam should

alsO be inchtded.  In other words, these conditions should  be brought to the attention of the applicant so that

treatment, where avaiIabIc,  can bc  sought. DiioaIitkation should  not be made on the bask of noting one of these

conditions. Instead, appticants  should  be disquatified for visual reasons only if they faII  below the minimum visual

performance level specified in the current  standard.  Viiy alI pathologies noted on the checklist  wiII eventwdly

have consequences for vision that wiU  be detected by the specSed tests of visual pcrforo~ancc,  provided such tests

are rigorous and uniform. This recommendation appears consistent with current practice.

The standard (CFR 391.43,19&T)  states that when the foIlowing  medical conditions involve  via&

coosequency  they must be noted:

“Note ptosis,  dischwge,  visual fields, ocular  musc.le imhakmce,  color blindness,  comeal scar,

exophtbalmos,  or strabiius, uncomded  by corrective lenses.  Moncadar  drivers are not

qualified to operate commercial motor vehicks under existing Federal Motor Carrier Safety

Regulations.’



D&.&ions  of the listed visual/medical comiitioas  and their importance to driver safety are  presented

next. Ptmis  refers to the drooping of the upper eyelid Causes for this  conditioa  include lid muscle

weakness, damage to the oculomotor  nerve, and interference with  the sympathetic nerves. However, unless

the eyelid covers a high proportion of the pupil and consequently would  affect image brightness or clarity,

the condition  need not be noted Diharge  is a secondary symptom of blwkage  of a tear duct, an eye

iufection,  or an alIergic  reaction and can cause blurring of vision. However, this  condition is frequently a

temporary state and not newswily  worthy of inchsion ia the standard Vialfields is treated as a specific

requirement in the standard. The need for separate notation oa  the exam form is unclear. Specitic

recommcndatioas  for visual fields are noted in a preceding  se&m.  Ocu&v  muscle  imbalance  includes

deviation of the eyes from their normally parallel position and can be of two types, paralytic (forward gaze,

right or  left lateral gaze) and nonparalytic  (convergent or divergent). The individual with  either condition

may have trouble focusing at times; but lf visual acuity and visual fields meet the stamiards,  this condition

does not usually need to be noted Color  blindness is questionable in term3  of whether to note or include it

in the standard, as discussed in a preceding section. Comeal  scar  is a superficial  grayish white opacity in the

cornea,  secondary to an old injury  or inflammation. If the individual meeta  the visual  acuity and visual fields

standards, this  cmdltion need not be repotted. Erophhfmos  is a forward protrusion of the eyebaII from the

socket. If it lavolves  severe pressure from muscle tissue on the optic nem, visual impairment or blindness

can result. However, in the majority of individuals, this  condition exhiits  little effect on visual acuity and

visual fields. Some individuals do complain of occasional dlfficuIty  in focwiag,  but this problem does  not

seem severe enough to be cause for disquaIificatioa.  Stiismur is the result  of muscle weakness that causes

deviation of one eye iawa~IIy  (esotropia)  or  ouhvardly  (exotropia).  The  comiitlon  can cause amblyopia

(reduced  vision) in an otherwise normal eye caused by disuse of that eye; one eye becomes ‘Ia@  and stops

functioning to hll capacity; thus visual  acuity in that eye is reduced markedly by suppression of central

(foveal) vision. If visual acuity  and visual fields standards are met, this condition probably need not be

re



With the exception of the condition of monocularity,  the  preceding visual conditions do not necessarily

disqualify a driver from operating a CMV. The standard addresses only the need to *note’ them. These

conditions may or may not affect an individual’s ability to drive or, for that matter, may or may not i&bit

the individual’s abiity to pass visual acuity, horizontal field of vision, and color vision  tests specikd  in the

standard.

If the checklist is to be retained in a form similar to the current one, a number of other conditions

should be included: aphakia (absence of the.  lens), cataract (opacity in the lens or cornea), conjunctivitis

(iation of the conjuxtival  lining), glaucoma (an increased pressure on the eye due to excessive fluid

within the eye), macular  degeneration (deterioration of the membrane between the retina and the underlying

layer of blood vessels), and abnormal refractive states (astigmatism, hyperopia, myopia, prcsbyopia).

Prooosed  Chances to the Federal Standard

Both the Federal standard changes proposed prior to the  workshop and the fmal recommendations

arc  shown in the folIowing  items.

Section 391.41 Physical qualikations  for drivers.

(a) A person shall not drive a motor vehicle  unless  he(or she) is physically qualified to

do so and....

(b) A person is physically qualified to drive a motor vehicle if that person....

(3) Has 110  established medical history  or clinical diagnosis of diabetes mellitus

currently requiring insulin for control;....

(10) Has distant visual acuity of at least 20/4O  (SneUen) in each eye without corrective

lenses or visual acuity separately corrected to 20/40 (Snellen) or better with

corrective lenseg distant biiocular  acuity of at least 2O/40  (SneUen)  in both eyes

with or without corxctive  lenses, field of vision of at least l2O degrees in each eye

measured separately in the horizontal meridian (c&r stun&z&  d&ted);

In addition, Section 391.43(“)  states that medical examination can be performed by a licensed doctor

of medicine or osteopathy, and a licensed ophthalmologist or optometrist can perform those  parts of the.

medical exam that pertain to visual acuity, field of vision, and the abiity to recognize colors as specikd  in

CFR 49 paragraph (10) of 391.41(b). Few instructions for performing and recording the physical
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examiuation are giveu,  but instructions regarding  specitication  of visual acuity, prohiiition  against  monocoIar

vision, contact lens tolerance, and certain common eye conditions are as follows:

Section 391.43 McdicaI  examination; certiticate of examioatiou.

(a) Except as provided in paragraph (b) of this sectios  the medical -ination shaU

be performed by a licensed d&or of medicine or osteopathy.

(b) Either a state Iiceosing  agency with standardized visual sneening  equipment or a

Licensed ophtbahookgist  or optometrist most (“muy” &kted)  perform so much of

the mcdid examination as pertains to visual acuity, field of vision (requirement for
cdor  recognition  deleted) as spedfed  in paragraph (IO) of 391.41 (b).

(c) The medical examimtiou  shall be performed, and its resuka  sbaU be recorded,

substaotidy  in accodauce with the fokwiog  instrwtiooa and examination form:

Test &arts should be UIomioated  with white Iight  (color temperature from 25d.K

to 75CO”  K) at a level weII  within  the photopic  raoge.  Lumioance readings from

the white part of the chart should  be between M cd/m’  and 120 cd/m’. Optotypes

shouid  be presented as black on a white ba$grotmd.  The SneUen optotypc  is

preferred. However, other optotypes  such as Sloan letters, numbers, rolling E,

Laodolt C, and geometric patteros are acceptable. When other than the SneIIen

chart is used,  the results of such test must be expr-d in r&es comparable to the

staodard SneUen test. In recording  distance vision, use 20 feet as normal. Report

aU vision as a fraction with  20 as numerator and the smallest type read at 20 feet as

denominator. If the applicant wears  corrective leases,  these should  be worn  while

applicant’s visual acuity is beii tested. If appropriate, indicate on the Medical

Examiier’s Certificate by checking the box, ‘QaaIitied only  when wearing corrective

leuses.’  The visual field test should be cooducted  on an  apparatus  capable of

testing the horizontal field of view to a minimum of 40 degrees nasally and 80

degrws temporally for each eye. The angular subtense  of the test object should  be

between 10 minutes of arc and 2 degceJ  of arc. The luminance of the test object

should be equivalent to between 5 and 25 cd/m*.  The background should be dark.

Note ocular pathologics (refer to recommended list). MonocoIar  drivers are not

quaIXed to operate commerciaI  motor vettides under existing Federal Motor

Carrier Safety Regulations. If the driver habituaUy  wears contact lenses,  M i+ends

to do so while  driving, there should be sufficient evidence to indicate that he bas

good  tolerance and is weU adapted to their use. The USC  of contact lenses should
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person’s comprehensive visual assessment history-either clinical examination or sueeaiag  by a Departmeot

of Motor Vehicles protocol-to that individual’s driving record  Accordingly, a Delphi-type approach was

used for initially identifying specific visual functions deemed most important for safely performing each of

seven critical CMV d+ing tasks. With this  information, the panel of experts coUedively  established

minimum acceptable performance levels for each visual fundion for each driving  task. Fdy, the panel (1)

indicated which visual disorders and ocular conditions should  be noted oa a physical examination form and

which should require a foIlow-up  exam by a vision specialist, then (2) provided a subjective (rating scale)

evaluation of the relative safety of matched moaoctdar  and bmocuiar  drivws  with  rcspcct  to critical CMV

driving task response capabilities.

Tix  expert panel for this task, composed of the workshop  participants identified in the following

section, was first asked to indicate by order of importance three visual functions  required for safely

performing each of the following driving tasksz

. Maintaining safe  speed for conditions (highway  geometry/weatbet/tiibiity)

. Maintaining safe following  distance

. Staying in lane/steering control



. Mcrging/yieldbag  ia mflic  conflict situations (lane drop, ramp gore, intersection of
driveway)

. Cbaaghglaoesaadpassiag

. Complying with  traffic  control devices (signs, signah,  and pavement markings)

. Back&  up/parking operations.

IO  the judgment of senior project staff and as noted by previous  researchers in this area, the above

driving tasks may be cited as critical to safe CMV operation.

This expert evaluation was conducted using a Delphi-+, iterative process  in which the most frequent

response for each order position (most important, second most  important, third most important) was

tabulated for each driviog  task; this information was then made available to each panel member, and farther

responses from each person were requested as needed to resolve ties and achieve consensus for all rankings.

Three iterations of this  process wore required, resulting in the collective  judgments s-*d in Table 2

(Appendix D provides the evahatioa  forms.)

Table 2. Visual Functions Judged Most Important for Safely Performing Seven Critical CMV Driving Tasks

Drivina Task

Maiatainiag  safe speed for condition!

Maintaining  safe following distance

Staying in lane/steering control

Merging/Yielding in tra!iic contlict
SituatiOlU

Changing lams  and passing

Complying with  traffic  control dcvicc!

Backing up/Parking operations

Visual Function by Order of Importance

11

viwal fields

Depth perception,
stereopsis

viwal fields

viiual fields

2

Motion perception

Motion perceptior

3

Contrast sensitivity

viiual tields

Static acuity

visual  search/
Attention

Contrast sensitivity

Motion perception

viiual fields

Static acuity

Depth perception

Depth perception/
stereopsis

viual fields

viiual fields

Contrast sensitivity

Contrast sensitivity

The next  step in the evaluation process was to request that each member of the expert panel provide

a minimum acceptable level of performance for all visual functions named in the consensus table of results

for the previous round. This effort yieided ambiioos results. In some casw,  the most appropriate metric

for performance capability remains unresolved in the technical literature (e.g., visual search/attention,
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cootrast  sensitivity), and in other cases a mix of qualitative and quantitative responses was provided (e.g.,

visual fields, motion perception, and depth perception).

Subsquently,  only those  fimctions  that were  addressed at the workshop and were to be used in the

acIoal  development of recommendations for a revised standard were further evaluated. This post workshop

evaluation invoked static visoaI acuity, visual fields, and color vision. For other hmctions  identified in Table

2, a more precise determination of minimum acccptable  pxformancc levels is deferred until coothing

rcsearcb  tindings  justify their formal incorporation into the Federal vision standard. This issue receives

additional discussion in the conchiing  section of this report.

With rcspcd to static acuity, visual tie&,  and color tion, panel members were asked to select from

among  alternative specitic  wordings suggwtcd  by their rcsp’onsu  to the prior rquesta  for ioput on this  task.

For visual acuity, the selectioa~  were as follows:

1 .

2

3 .

4 .

“Has distant visual acuity of at least 20/40 (SneUen) io each eye without correchve
hses  or visual acuity separately corrected to 2Q/40  (SneUen)  or better with
corredive  lenses, and has distaot biiocular  acuity  of at least 20/40 (Snellen) in both
eyes with  or without corrective lenses.” (Current vision  standard)

“Has distant visual acuity (either with  or without correchve  lenses ) of at least
2C1/40  (Snellen) in one eye and at least 20/100  (SneUen)  in the other eye and has
distant biiocular  acuity of at least 20/40 (SncUix)  in both eyes with or without
cornxtive  lenses.” (Goes back to earlier standard)

“Has distant visual acuity (either with  or without Iensca) of at least 20/40 (Soellen)
in one eye and at least ZI/ZOO (SncUen) in the other eye; and has distant biiocuhr
acuity of at least 20/40 (SneUcn)  in both eye.5 with or without cone&e lenses.’

(Akemate  wording)

For field of vision, the selections were  as follows:

1 . “Field of vision of at least I20  degrees in each eye measured separately in the
Horizontal Meridian.”

2 “FWd  of visioa of at Ieast W degrees in each eye measured separately in the
Horizontai  Meridian.

3 . ‘Field of vision  of at least 140 degrees in each eye measured separately in the
Horizontal Meridian.”

4. (Alternate wording)
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For color vi&~ the sclcctioas  were as follows:

1 . l-he current visual standard for color (‘the ability to rccognizc  the colors of traffic
@aJs  and devices showing standard red, green,  and amber”)  should bc dropped.

2 Retain the cm-rent visual standard (“the abiity to recognize  the colors of traffx
signals and devices showing standard red, green, and amber”), but add “No test for
color vision  is specified

3 . The abiity to discrimiiate  the standard color green used io traffic signals and
devices from the other standard colors, red sod amber. See instmctions  for
pcrfomhg  color vision test in Section 391.43.”

4.  (Ahcmate  wording)

For visual acuity, 7 out of 11 paacIists  selected alternative k the remaining panelists selected

alternative 3. For field of vision, 6 out of 11 panelists chose  alternative. 1; 3 panelists selected alternative 3;

and 1 panelist each selected alternative 2 and 4 (their own word&) For color vision, 6 out of 11 panelists

seleded  alternative 2; 2 panelists each chose alternatives 3 and 1. One panelist did not seled  any of the

altcroatives.

From the consensus of expert opinion in these areas, it was indicated that alternative 1 for visual

acuity, alternative I for visual fields, and alternative 2 for color vision  were most preferred for a Federal

vision  standard for commercial vehicle operators.

A wide range of visual disorders and ocular  conditions was listed in the evaluation requested of panel

members as to which should be recorded on the physical examiaation form, which should not be recorded,

which should be referred to a vision specialist, and which should  not be.  referred to a vision specialist. These

conditions indudcd  aphakia, astigmatism, cataract, conjuactivitis,  comeal scar. exophthalmos,  glaucoma,

hyperopia, macular degeneration, myopia, ocular muscle imbalance, presbyopia,  pto& retinopathy, and

strabkmus,  plus any other cottditiott  that a panel member wanted to list.

Responses mandated the inclusion of aphakia, cataract, comeal scar, exophthakaos, macular

degeneratioo,  ocular muxle  imbalance, ptosis,  retinopathy,  strabiimos tmcorrcaed  by corrective leases, and

any other condition that the examiner deems important to note on a physical examination of a CMV driver.

These com-Jitions are acmrdhgly  written into the proposed recommendations.

Fiially,  the expert opinion survey addressed the question of the safety of monocular versus biiocular

drivers with  respect to spxitied  critical CMV driviog  tasks. Panel members were asked to respond to the

ratings to estimate the relative performance capabiities  of monxular  versus biiocular  CMV drivers matched
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on age, gender, education, and years and type of driving experience for each of the seven driving tasks
identitied  previously: maintaining safe speed for conditions, maintaining safe following  distance, staying in
lane/steering control, merging/yielding in traffic  coatlict  situations, changing  lanes and pass@  complying
with  traffic control dew&s,  and  badring  up/parking operations. Relative safety ratings were provided on
seven-point bipolar scales indicating the  judged likelihood of safe performance under “reasonable worst-case”
conditions. The least safe rating was ‘1”; the most safe rating was T. Each  panel  member placed an “M

and a “B’  to indicate,  on a common rating scale, the judged likelihood  of safe performance for matched
monocular and biiocular  drivers, respectively, for a particular task. The  adual rating scales distributed to
panel members are  provided in Appendix D.

Mean values for the  rated safety of monocular and biiocular drivers using this  approach were
calculated, and t-tests were conducted to indicate whether differences in the judged likelihood  of safe
performance for the  two groups were reliable. Results of this  procedure, using one-tailed tests of the
hypothesis that  biioctdar  drivers would be judged higher (more likely to perform  safely) than nxmoctdar
drivers, demowrated a sigaiticant  difference in the predicted direction for:

a Maintaining safe f&wing  distance (t=2.16;  df=14;  pc.05)

. Merging/yielding in trafik  conflict situations (t =325,  df= 14;  pc .Ol)

. Changing lanes and passing (t=323,  df=14;  pc.01)

. Complying with  t&tic  control devices (t-2.65; df=l+  pc.01)

. Backing up/parking operations (t = 2.96,  df= 14;  p-z  .Ol)

Thus, the wording of a standard that  & facro  ududes  monocular  drivers  by requiring distant visual

acuity of at least 20/40  (SneUen)  in eafh eye is supported by the  ratings, which for five out of seven critical
driving tasks defined ia this research, demonstrate a sigaiftcant  perceived dcficieney  in the  abii of such

drivers to perform as safely as their biiccuhu  counterparts. (Note: The  panelists thought  tbat the  two
driving tasks in which safety would not  be sigaificantly  reduced for the  monocular  CMV driver  were
maintaining safe speed for conditions and stayiag  in lane/steering control.)

RISK ANALYSIS OF A VISUAL ACUITY CRITERION SHIFT
Existing models of driver behavior suggest that  the  function  relating increased criterion accident risk

to decreasing activity (criteria) will mimic one side of the normal probabiity curve, but assigning specific
values to accident probability  will depend upon further analysis of reduced visibility  crash data for individual

situations. However, even adopting the most liiral assumptions regarding driver response capability,  it
seems apparent that  shifting the criterion for visual acuity can lead to a measurable increase in the

probability of a crash  whenever a CMV driver’s vehicle  control decisions in moderate-to-heavy trafiic



conditions depend upon  timely comprehension of guidance information prcsentcd  by highway signing

certainly, given the goal to maintain or improve the level of service on existing highways with  increasing

t&tic  densities, &is  risk modeling approach argues  against  any change  toward less svingeot visual

performance (acuity) criteria for operators of CMVs.  One of the tasks for this project was to develop an

assessment of the safety risk involved with various levels of vision aad determine, to the extent  practical, the

potential risk associated with various performance criteria oa the recommended vision standard.

Empirical evidence found could not reasonably quantify any speciGc risk (such as a crash rate) with a

specitic  visual performm level (such as 20/40  biiocolar  visual acuity). This task was reduced to

performing an aoalyticz3l eacrcisc  ori a theoretical risk associated with  shiftiag the pass/fail criterion for tests

of CMV drivers’ visual acuity. Viuat  acuity was selected for this analysis because  of its prominence in

traditional vision  test protocols aad its high level of face validity to everyday driving  tasks. The analyJis  was

specific to a defined operational context aad relied upon assumptioas  about those  situations as found in

current models of driver response effectiveness.

This theoretical analysis  case examined a maneuver/de&ion  response Jequeace  within the framework

of decision sight distance models. In the analysis, a safe and effective  driver response was dependent upon

sign legiiity/compreheasinsion under freeway opxating  conditions, taking into account  the increasing

attentional demands for avoiding traffic  conflicts-and the correspondiag  decrease in attentional  resources

available for road sign information processing-associated with this situation. The CMV operator, who was

unfamiliar with the roadway beiig  travelled,  had to respond to guide sign information to successfully navigate

his/her destination.

The focus of the anaiysii  was to deszribe  a fuaction  of relating increased risk of traffic

conflicts/accidents to decreasing time legibiity  distaacc  resulting from driver visual acuities  worse than

20/u). Appendix B describes the risk analysis model ia detail.

WORKSHOP

The objcctiva  of the workshop  were to have the panel of vision  and trucking industry experts review

the preliminary draft rccommcndatioxu  for changes to the CMV vision  standard, discuss diEcult  or

unresolved issues concerning proposed  revisions, and attempt to reach a amscasus. Workshop issues were

categorized into three areas: (1) review of data relevant to setting the criteria levels  specified for visual

functional tests iacludcd in the standard (visual acuity, visual fields,  color visioa,  and any other visual

functioas  that would be proposed for inclusion),  (2) more compreheasive specitication  of testing procedures



Ftior to the workshop, panelists were asked to review  the Synthe.sis  of the Literahre  (Appcn&  A)

and Pwhdnary  Recommendations, provide alternative suggestions on these recommcndationg and prepare a

two-page point-of-view paper summarizing their suggestions and recommendations for change  to the CMV

vision  stamiard.  These point-of-view papers  were submitted to KETRON prior to the worhhop  and wed to

organize the presentation of is.sucs  at the workshop. Panelists were provided copies  of all the other panelists’

point-of-view papers prior to the workshop to help guide the discussion  on issues  that would be brought up





Results of tbc workshop are summarized, by issue (visual fwtio~ testing procedure, diagnosis of

other visual impairments and disorders), and presented as follows:

. visual  Fanctloa

J!&L&&-The majority of the panelists agreed that there was ao cnmpelIing
reason to change  the binocular visual acuity standard from the current  20/40.
Two panelists called for a stricter 20/2S  biiocalar  acuity standard with  reasoas
relating to cab vibration effects and personal opinion. Tote monocularity  issue
was debated at some length. Most panelists weed that the available research
results linking driver safety to lowered a&y in me eye were sufficient  to change
the current  standard to aUow moaocalar  drivers or drivers with vision that is
substantially worse in one eye. However, a coasensus  oa the issue of
monowlarity  was difliedt  to achieve because of the  diversity of opinion on the
panel.

Visual F&&-The  majority of panelists agreed that some  measure designed to
screen fir visual field defects was important for safety. Some panelists held the
view that more rigorous testing including the vertical meridian as a minimum,
would be necessary  to make the visual field scteeniag effective. However, doubt
was expressed about whether the commercial vision  quipmeat  currently
available could  be adapted to that purpose. The compromise position that was
reached spedfied improved test equipment and procedures for testing along the
horizontal meridian. Testing on the vertical meridian was not  recommended at
this time but was suggested for future  consideration. Most of the panelists felt
that screening alottg  the horizontal meridlqt  would be sttEiciettt  to detect for
gmss  visual field disorders.

Color V&pThe majority of panelists agreed that there was iaconclttsive
evidence that eongenital red-green color-defeaive individuals were not  safe
drivers. Evidence to the contrary was cited. Standardization of traflic signal
colors and the presettce  of other environmentaI  fucs  have ktaally eliminated
most difIicalties for the color-deficient iadkidaat.  In additioa,  the current
standard doea not adequately spxify  how to test wlor  vision  for compliaace  with
the standard. An efficient screening for red-green color-deficiency  would be
expected to elimiiate  8 percent of all males who currently operate CM%.  It
should  be noted that some panelists felt stroagly  that elimittating a color vision
standard would be very controversial, regardless of the  lack of empirical evidence
supporting it.

. Tasting Pmcedures-Most  panelists agreed that the testing procedures for
measuring acuity aad visual tields  needed to be more eompreheasive.  Viiual
acuity optotypes,  background illumiaatioa,  and target lamiaanca should follow
the ‘Recommended Standard Procedures for the Clinical Measurement and
Specification of Viiual  Acuity:  as published by the  Committee on Vision,
National Academy of Sciences (1980).  SpecitjGtg  visual field target size and
luminance was recommended, and the need for a test procedure that would
provide a repeatable and accurate measure of field limits ia the horizontal
meridian was discused.

. Reporting  Visual  ImpaIments  and Msorder-It  was generally agreed that the
examining physician needs to report visual disorders and impaitments, but these
should not be tlte  basis for disqaalitication. A deftitive  list of conditions was

34



not developed at the workshop. Howevex, panelists were able to recommend
what conditions should  be included in the list in a post-workshop follow-up
SurvCy.

. Spaclal Concerns FtaLd  at the Worlubop-A  primary issue discussed at the
workshop was whether current and alternative approaches would ever be able to
determine visual criteria levels  that would separate “good’ from “bad’ drivers. It
was questioned whether large sample database studies could provide an objective
basis. Suggested alternative objective approaches were simulation of worse-cast
sce&os and “ride-along” observations of real-world driving, The basic fador  to
be considered was the practical limitations for wing such appmach~.



PROPOSED REVISIONS TO THE STANDARD

The proposed revisions and recommendations to the current vision standard for CMV operators were

based on findings from the literahuc  review (Synti~esis of the Literahue  in Appendix A), results of the

Delphi approach,  point-of-view papers from  the  panel of vision and industry experts, opinions and comments

from  worlrshop  panelists and participants, and post-vmrksbop  follow-up opinions from  panelists.

Revisions (ii boldface) were suggested for the visual requirements section of the Federal Standard

(CFR 49,391.41@)(10),  1985 Physical Qualification for Drivers) and the testing procedores  (CFR 49,391.43

(Head-Eyes), Medical Examination; Certificate of Physical Examination).

VISUAL ACUITY
The current visual acuity standard is recommended This  recommendation is based on a lack of

evidence or method for objective judgment that an acuity criterion-other than that already established and

agreed upon by the majority of panelists and other &ion  experts-could be selected for CMV operators.

“Has distant visual acuity of at least 20/40 in each eye. without  corrective lenses or visual
acuity separately coreded  to 20/40 or better with  comxtivc  lenses,  distant bioocular acuity
of at least 20/40 in both eyes with  or without coriectivc  leases.”

.
The testing procedure for visual acuity should  be rcviscd  extensively and include type and size of

target, contrast type, size, contrast and lumioaace of target are described, as well as background Iuminance

and testing  procedure.

“l-he  recommended procedure for testing vkooi ocoity  is based w the standard procedures
recommended for clinical measnmnent  as reported by the Committee om Wsion of the
National Academy of Sciences (1980).  ‘Ibe  standard  optotype  ia the Lodolt ring. Hewer,
other quivoient  optotypes, so& as the Slam kttm u a group, OR occeptabk.
Lagarttbmk skiog  shwld be used (ir, succeaslvely  lyrcr sizes should be 126 times larger
than the preceding size).  Optow ktters should be black  on. widte background with P
minimum cootmast  of OAS  nod P lumioonce rmge for the white background of 85 to l20
cd/m’. Under these conditiws, acuity should be defined as the smoikst  size at wideh 7 out
of 10 (or 6 out of 8) letters ore correctly identitkd at P giveo  distnnee. Effective viewiog
dktaucc should not be less than 4 meters. Regwdk~s of vhiog dktnoce, acuity should be
spacitied in terms of a fmctioo with 20 as the oumerator ood the smohst trpc that could be
read at 20 feet os the demmimtor  (Le., 20/20, or 20/40).  Although the Soellen  chart
departs from tbe staodord La semal ways, it Is acceptable if no pmctkol means of following
the recommended procedure is avaUabk. If tbc  applicant wears corxctive  leases, these
should  be worn  while  applicant’s visual acuity is beii tested, If appropriate, indicate on the

Certificate hv chcckirm the  box. ‘Oualitied oak when weak? WITC&X.



VISUAL FIELDS

The current  field-of-vision standard was incorrect. The recommended standard should  state:

‘-  lkld d vision of at least I20 degrees  in each  QT  measured separately in the horizwtal
muidkn,‘.

The Norma healthy eye actually has a range  of Ma degrees in the horizontal visual  fiekl. The

recommendation is sU&tIy  lower  than 140 degrees in each eye to allow  room for normal variation with age

and for errors in accuracy  of testing or equipment caBration. It was dccmed mmecessmy to specify a

bimocubu  field since problems in bimocolariry  important to driving wilI be identified through  the acuity test.

No empirical evidence was found to justify l20 degrees as the minimum uitcriou. However, past medical

recommendations and consensus on views identilicd  at the workshop provided support for this

EZCUUUlCUdatiOU.

Recommendations have. also included a description of how to test the visual fields standard.

“Ibe  recommended procedure for testing visual lieids  requires equipment that is able.to
present a round,  luminous stimulus of 0.15 to 025 degrees in engukr extent on a low
photopie  ba&ground  of I to 10 cd/m*.  Stimulus luminance should be  50 to 100 cd/m2  and
duration should be  in the range  of 100 to 200 - Subject fbmtton  should be verifkbk.
Multiple presentation in random sequence  under  monocular test conditions must be
possibk. llsis  will  normally  require separate test sUmoius  positions for determihg
temporal and nasal  lkld limits. Testing must be monocular with one eye blocked. ‘IIte test
proccdurr  should present the nasal  and temporal (70 degrees to SO  aspaS  temporal  and 50
degrees to 40 degrees nasal)  a minimum of 3 times each  ia  random alternathg  sequence.
Responses are  best recorded automatically. If the appikaat  - cowective  lenses, these
are  not required to be worn  ahik  applicant’s vislmi neids  are  being ChecW”

COLOR VISION

The color vision standard presents a special  problem because nearly 8 percent of male drivers Gil

have  a congenital  red-green  deficiency if tested appropriately. As stated previously, empkicai  evidence

indicates that such  individuals are no less  safe to operate any type  of motor v&de  than those. with  normal

color vision. Nevertheless, the consensus view of the workshop panelists is that some form of color standard

should be  retained, but formal color testing should not be required. In place of formal testing, the medical

examiner  wiU determine subjectkly  that an individual can safely operate in the driving  environment. This

color information will  be extracted by asking if the driver can respond “safely and effeaively” to standard

traffic  shaIs and devices disoiavinn  colors. Individuals with color deticiencv will  be able to answer on the
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The rewmmcndatiou  is a sIight  variation from the current standard and specities  that there is no

specific color vision test required:

‘...  and the ability to respond safely and efktlvely  to eolo~  of traffk  sigaals  and devices
sbewiog  stanlard  red, green,  and amber. No test for color vision is required.’

VISUAL DISORDERS AND IMPAIRMENTS

Viiual  and ocular disorders that the physician should  note were discussed at the workshop and

evabtated  again by panelists in a post-w&hop  survey. It was determined that a portion of the current

disorders should be cdimioated  and other disorders should be added. The following visual disorders and

impairments were selected as important (recommended additions in boldface):

.

.

.

.

.

.

.

.

.

.

aP-

cataract

wmeal  scar

exophthalmos

ghUCOUM

macular dcgenetation

ocular muscle imbalance

ptosis

redaopathy,  and

strabiimus  uncorrected by corrective leases.

In addition, “any other condition deemed impottaat” should be added.

COMPLETE STANDARD

If all recommendations are accepted as visual standards for CMV operators, they could k

incorporated in the Code of Federal Regulations as follows:

391.41 Physical qualikations  for drivers.

(b) A person  is physically qualified to drive a motor vehicle if that person . . .

(10) Has distant visual acuity of at least 20140  in cacb eye without corrective
leases or visual acuity separately corrected to 20/40 or better with corwctive
leases  distant biiocolar  acuity  of at least 20/40 in both eyes with  or without
corrective lenses, fleld of vision of at least lZ0 dcgrew  in each eye measured
separately in the horizontal meridian, and the ability to respond safely and





Head-Eyes

‘Ihe  racommaaded  procedure for teatlag  visual acuity is based aa  the standard pmcaduras
-mended  for cUnlepl  awasuremeat  as rqwtcd  by the Commlttce  aa Vislaa  of the
Natioaal  Academy of Sciences (1980).  ‘Ibe  staadard  optotypa  is tbe Laadolt  riag.  Hoatver,
other  equivalent optotypzs,  such  as the Sloaa  letters  as a group,  arc  acceptabk.
Lqarlthmk  siring  should be used (lr, successively larger skm  should be 136 times  larger
thaa  the

?
receding  size). Optotyps  letters should be black oa a tiite  backgraaad  of 85 to

120 cd/m . Under these coadltioas,  acuity should be dafhad  as the smallest s&e  at whkh  7
out of 10 (ar  6 out of 8) letters are correctly ideatifkd  at a glvea  distance. Effectivs  viosiag
distaace  should not be less  tbaa 4 meters. Ragardkss  of view@  distaaca,  acuity should be
spdlkd in terms of a fmctioa with  20 as the numerator aad  the smalkst  type that could be
read at 20 feet as the deaomiaator  (Le., 20/20 or 20/W.  Althaugb  tba Saelka  chart
depanis  fram  tbe standard  ia  several ways,  it is acceptable if ao pnactkal  mesas of follorpiag
the recommended pmcedure  is available. If the applicant wars  correclive  lenses,  the
should be wora  while applicant’s visual acuity  is beii tested If appropriate, iadicate  oa the
Medical Examiner’s  Certificate by chec!&g  the box, “Qaalitied only when wearing  corrective
leasas.’  The  raommeaded procedure for tasting visual fklds requires  equipment that IS
able ta present a round,  lumiaoas  stimulus d 0.15 to 025 degrees la aagak extant aa a
low pbotopk  backgrauad  of 1 to 10 cd/m’. Stimulus lumiaance  should be SO  ta 100 cd/m’
and duration should be ia  tba raage  of 100 to 200 msec.  Subject fixation should be
verifiable. Multiple preseatatioa  ia  random ssqueaa  under  moaacular  test caaditioas  must
be possibk. l%ls till normally require sepatatc’  test stimulus pasitioas  for determining
temporal and aasal fkld limits. Testlag  must be maaacular  dtb oae v black& ‘Ihe  test
procedure should  present the aasal  aad  tempatal  limits (70 dv ta 80 degreea temporal
and 50 degrees to 40 dagraes nasal) a minimum of 3 tima  each  ia  a raadom  altematiag
sequeaa. Reapoases  are best recardcd  autoaWkally.  lf tbe applkaat wears  correcthe
leases,  these are aat  required to be wora  while applicant’s visual tlalds  are beiag c&W

Note aphalda,  cataract, earneal  scar, exophthalmos,  gJaucama,  macular de@aaratka,  ocular
muscle imbalaaca,  ptosis,  retlaopatby,  strabiias uncorrected by corrective leasas,  aad aay
other coadltlous  deamed lmpartaat. Individuals wltb  aa visiaa ia  ane  w ar visiaa below
standards in oae  ey as specukd  la mph (1) af 391.41(b)  an? disquauRad  to oparata
commercial motor vebkka uadar  existing Fedenl  Motor  mu Safety Regulations. If the
driver  habitually wears coataa leases, or intends to do so wbik  driving  there should be
s&icicnt evidence to indicate that the individual has good tolerance aad is we.U  adapted to





DISCUSSION

This report reviews the importaot  issue  of providing cmpirifal support for the vhal test criteria as
set forth  in the ChW  vision standard and evaluates progress io developing new methods of vision testing.
Although  much new material oo  driver safety and vision  has a-olated  since the last comprehensive
revision of the Ch4V  v&ion staodard  in 1970, the oew data were found to provide almost  the same level of
empirical support as had existed previously. This &Jing  continues to require reliance oo  an informed
cmscosus  to evaluate  chaoges  to vision test criteria, wording, and recommended procedures of the standard.
New tests are currently  being developed, and several discwsed  below show  promise of improving on present
techniques. Howwer,  oo  single new test or combiition  of tests was found to provide a level of information
sofhiedy superior to currently utilized  techoiques  to warrant inchion in the  CMV  standard at this time.

NEW AFtEAS OF VISION TESTING
Recent advances io techotogy and  current research in visual -ent have supported the

development of new methods and equipment for testing visual performance.  Many of these newly emerging
vision  testing techniques have been sautinized  for inclosion  in driver license  applicant testing and  renewal
programs. Some of the more important of these visual tests are contrast sensitivity, tow-contrast acuity, giare
sensitivity and recovery, automated visual field testing, dynamic visual acuity, and  osefol  field of view
(IJFOV).  To date, none of these advances has had a major impact on routine vision screening of the kind
appropriate for testiog CMV  driwrs.  In general, the thrust  of research  in this area  has been to add coverage
for factors neglected io the more traditional acuity,  visual firAs,  and color tests. For -ple,  contrast
sensitivity measures the abiity to resolve spatial detail, as does  acuity, but does so at minimum wotrast.
Glare recovery measures acuity  under  comiitioas  of an interfering light source. Loweontrast  acuity presents
a standard acuity test under lower light conditions. Full-field static perimetry  measures threshold sensitivity
at a large  number of visual field locations. One of the most promising of the new approaches is that of

wmbii  nonvisual with visual fadon  as is dooe  in the UFOV test.

Contrast wnshivhy testing has been a prominent emerging visual assessment tecbnoiosy  for almost
two decades. Contrast sensitivity measures the abiity of the  visual system to detect variation in adjacent light

and  dark regions as a function of spatial frequency of how closely spaced the neighboring regions are. Hi
spatial frequencies are cioseiy  spaced while  low spatial frequencies are  widely spaced. Contrast eositivity

measurements demonstrate that the ability to see targets of low spatial frequency is stat&icaIly  independent
of the abiity to see high spatial frequency targets such as those presented in visual  acuity teztiog.  This
measure provides a more complete picture of the performance of the visual system than dots  visual  acuity
alone. From an admiitrative  standpoint,  commercial vision screeners are available to measure minimum

testing ranges  of contrast sensitivity in a relatively brief period of time (4-5 minute&o’)  Hoover,  fidI
ranges of contrast  sensitivity testiog  require more time and  adequate space for viewing.  Schieber(3~  pointed

out other shortcomiogs  of contrast sensitivity test& includiog  difhdty io spe+og  the criterion lcvcl that
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ckarly separates the abnormal contrast sensitivity funaion score  from the normal score,  diti%ulty  in

determining the number of mcasurcs  of contrast sensitivity necessary to make the test  accurate  enough for

USC in screening and questionable rciiabiity  of contrast sensitivity measurements to diagnose  visual

wnditiom  such as cataracts and glaucoma, as claimed by the marmfacnucrs.  More research appears

necessary to v&date  the rclationsbip bctwccn  contrast scnsititity measurements and visual pcrformancc

nccw~ary  for driving before recommendations  can be made for incorporating contrast sensitivity testing  into

any type  of vision standard or screening procedure for licensing of automobile or commercial vehicle

operators.

Low-contrast acuity tcsthg  also appears promising for visual assessment. It can provide information

about visual disabiity  similar to that provided by comrast  sensitivity. Low-contrast optotypes  arc substituted

for the high-contnst  letters normally employed in the acuity test. Proponents of the low-contrast acuity test

him that it rivals the contrast sensitivity fum%ion measures  in terms of its abiity for making clinical

diagmscs of visual disorders such as cataracts, glaucoma, diabetic retinopathy,  age-related rctinopathy,  and

ocuhr  hypertcnsioo.  Low-contrast acuity testing  is easy to admiitcr and score.  In addit& the low-

contrast  optotypcs  could bc easily retrofitted into many of the vision scrccncrs  already in use by drivcr-

licensing authorities.

Diidvantagcs  of low-contrast acuity testing in&d; the inability to temporarily modulate test stimuli

(i.e., add a motion component) and the difticuky  of automating a task that has a limited number of response

alternatives (i.e.,  the 26 letters of the alphabet). Some of these disadvantages can bc ovcrcomc.  Howcvcr,

the most critical problem is the lack of research showing the relationship of low-contrast acuity scores to

visual pcrformanec  necdcd  for safe dri~@.(~  This lack of upcliCncc  with low-contrast acuity testing in the

driving context prevents  its incorporation into the draft recommendations.

Glare sensitivity  testing has cmcrgcd  as a new vision testing technology that could bcncfit  driver

vision screening programs. Glare is a problem for all drivers, but is of special co~~ccrn  for older drivers and

can be potentidy  hazardous for thcsc  wearing  contact Icoscs. Testing in this arca has the potential for

detecting signifiat but correctable vision  problems. The aged arc increasingly more likely to develop

cataractous  or prccataractous  ocular opacities that produce marked d&its in the abiity to see under

transient-illumination or high-illumination conditions  (e.g.. opposing headlamps during nighttime driving,

high-mast roadway lighting, driving toward the brightly illuminated sky at dawn  or dusk). Siiilarly, contact

his wearers may suffer from exccsivc sensitivity to glare rcsuking  from  the comptications  of contact lens

wear, possibly related to worn or dam& contact lcnscs  or to corncal  inflammation sccondmy  to contact

lens wcar.(m  These conditioos arc  susceptible to treatment. CMV drivers who wear contacts and have

glare problems could bcnetit  from  such testing. Some commercial glare scnr&ity  testing cquipmcnt is

available and these tests can be administered in a small amount of time. However, no empirical evidence
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&we  seasitivity  pcrformaace  with measures of driving performance has been repotted Acceptable levels of

glare for driver safety have not been determined. This lack of generally accepted procedures and a

consensus 0~ cutoff criteria appropriate for CW driver safety prevent including glare sensitivity  testing from

being included in recommendations for CMV visual requirements at this time.

Automated visual field testing has been proposed in recent years as a te&ology  that could be used

to greatly ioaease  the sensitivity and validity of visual field testing in CMV driver liceosing. Automated

pcrimctry  provides light detection threshold measurements at regularly spaced intervals throughout the visual

field and has found a substantial clinical role in detection of retinal, optic nerve, and cortical disorders. Its

automated feature improves upon the manual Goldmann type  of visual field testiog  that has provided the

clinical standard These  tests provide a vastly better assessment of visual field performawe than the

commercial screeners used by many state licensing  agencies, which test only a few points along the horizontal

field axis. Howver,  the procedure takes up to Xl minutes to complete for both eyes and is tiring to the

patient. Johnson and Keltner@)  have evaluated the reIationship  between the visual field deficits as

measured by automated perimetty and driving performance, as well as the feasibiity  of using the device for

mass driver serceaing.  They report that drivers with visual field loss ia both eyes have a traftic  accident and

contiction rate twice as high as that of age- and sex-matched observers and of patients with constricted visual

fields as the result of retinitis  pigmentosa  For this study,  a reduced resting protoccd  was used so that the

total testing time for a full-field static assessment in one eye would take less than 5 minutes. However, the

high cost of equipment and the inability to incorporate other visual tests (such as visual acuity) in the same

equipment make this technology impractical for inclusion in the CMV vision  standard at this time.

Dynamic  visual acuity  testing has consistently sbovm  promise for use in driver licensing vision testing

but has failed to gain general application. Bailey and Sheedy@)  state that even though  sh&s have  shown

dynamic visual acuity to be more strongly related to accident rate than other visual attributes, the correlation

is not strong enough to justify its inclusion as a vision standard The considerable amount of research

devoted to dynamic visual acuity has not led to acceptance of standardized testing procedures by eyecare

professionals or to incorporation of acuity testing into commercial vision saeening  equipment. As with glare

and contrast sensitivity, the lack of wide acceptance and the difficulty of setting valid and defensibie cutoff

criteria for ChW drivers make this  test impractical for inclosion  in the CMV vision standard at this time.

The concept of testing for a useful  field of view (UFOV)  combines  attentional  factors with  visual

field measoremcnts.  The rationale behind this approach is that it is not the visual field that counts most for

safety. It is rather the level of useful  information that can be extracted from a given field configuration.  In

the UFOV test, the observer must dkrimiite the test object from similar test objects sod report its

position io terms of a limited number of locations in the field of view. The basis of disaimktion can be

varied. The UFOV test appears to depend on the earliest, preattcntive (parallel-pr-ing) stage of visual
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attention. It tests a subject’s ability to capture and direct attention to highly salient visual events, a skill
which seems au&d  for effective driviog,  especially for CMV drivers who reqtic exaggerated lead times for
hazard recognition. The UFOV test incorporates measures of divided attention, selective attention, and
speed of visual information processing to arrive  at an overaU  measure of attentional  capacity. This  approach
is thought to represent more realistically the real-world situation in which visual judgments essential to
driving safety must be made.

CorreIations  of UFOV  test results @)  with measures of drhiog safety are reportedly as high as
r=OS,  which is considerably higher than reported for tasks dependent only  on primary visual processing.
The emerging cxidence  suggests further research to develop -ent approaches iocorporating  attentional
as weII  as purely sensory visual capabiities.  This area of investigation is expected to have a strong impact oo
revising standards for driver quali&,ations.  However, several problems remain before this test can be
considered for inclusion in the CMV vision standard. Even a correhtion  as high as r=055,  as reported for
the UFOV task, would not be sufficient to overcome the problem of a high false-positive rate, which is a
problem for every vision  test applied to the task of disuimiiting safe from unsafe drivers. .S&ond,  although
equipment is currently beii developed to allow  use of the  UFOV test in a rapid suecning  contex&  specitic
eritcrion  levels for “good” versus ‘poor” UFOV level.5  relative to driver safety have not been dearly
established In addition, the nature of &is  task is substantially  different from the one cm~ently  included in
the CMV vision  standard, and present  experience is insticient to judge the likelihood of practical
acceptance by both  testing agencies and the ChfV  industry

This area of research  is perhaps the most promising  of those reviewed The experience with UFOV
testing and other techniques that combme  visual tcstiog  with  behavioral assessment shows that progress can
be and has been made. That the current tests need improvement is not in question. The lack of progress in
devising highly predictive tests that rely solely on visual performance criteria  points out the need to include
more than vision io screcaing  for unsafe drivers.

ENFORCEMENTPROCEDURJZS
The basis for enforcement of the current CMV vision standard is the required medical exam. At

present, the general care  physician must perform or verify the specitic visual tests for acuity, visual fields, and
color perception, then note the list of ocular  abnormalities. Physicians are not selected, trained, or certified
in any way to perform these tasks as required for CMV driver test& unless they have sought traioing

voluntarily. An inescapable consequence of this arrangement is that testing will not be carried  out 011  a
satisfactorily uniform level. Several factors contribute to this situatiorc  (1) free selection of an examining
physician by a driver or employer, (2) uneven training and  experience on the part of the physicians, and (3)

noostandard  or inadequate equipment available to the examiner. These issues could be addressed

individually, and in some states this approach will be the  preferred course for strengthening  enforcement of
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the vision standard. However, a more practical, cffecxive, and efficient approach in many of the most
populous states may be to encourage the state licensing authority to adopt vision  standards in conformance
with the Federal standard and to test drivers on the state level for the class of vehicle de6mx.l as commercial
at the Federal level Many states are already in conformance with the Federal vision  standards, or could be
with  minor  chaqcs to either their vision  requirements or their vehicle class deliuitioms.  Moreover, the states
that are  in couformance  are among the more industrializd  and populated  states and have a large proportion
of the interstate commercial drivers. AU states require a vision exam for license  application and have a

visual acuity screening standard. However, only 72 pcrccnt  of the states conduct periodic vision screening,
which would be necessary  for conformance to the  CMV regulation. In addition, some states have different
vision testing requirements by license class (e.g.. passenger vehicle, intrastate ttnck,  school  bus), but most
states would have to institute a commercial  &s&cation  that included vehicles defined  under the Federal
regulation.  An advantage and incentive for adopting this approach would be  that drivers in states where  the
vision standard is met would be exempt from the vision part of the medicsI  exam.

If the state enforcement option is not feasible for political, economic, or other reasom?,  licensed
ophthalmologists or optometrists, spxi&aUy  trained and knowledgeable on the Federal CMV  vision
standard, should admiitcr the vision exam. It is most likely that the  general practitioners and physicians
who are  not routinely familiar with the standards would  pot  have the  vision  equipmeot  necessary to
admiukter  the testing requirements and  may be reluctant to dLsquali@  CMV  drivers. This reluctance may be
based on an unwillingness  to adhere to the requirements of the vision standard or because this action might
jeopardize a tong-term relationship with the patient and/or family.

Recommendations concerning enforcement are as follows: (1) Wherever  feasible, have the vision
part of the medical exam performed by an eye care specialist, either  an ophthalmologict  or optometrist;
(2) Encourage state driver testing authorities to adopt both the Federal Vision  Standard and the Federal
detinition  of CMV drivers as a minimum for intrastate licensing and repeat testing, (3) when states are in
couformauce  with the Federal standards, grant exemption on the vision part of the medical exam to that
state’s ChW  drivers.

For documentation and proof of visual fitness, the medical examiner’s certiticate  (medical card)

should reflect that the visual tests and eye exam were  ConducM  by a licensed ophtbabnologist  or
optometrist. Date of examination, name of examiner, medical license number, certiiicate  of qualification to
test CMV vision standard license number, address of office and examiner’s signature should be included as

well. Requirements for carrying  the medical card on the  person and keeping a copy of the medical
certificate in the vehicle  should bc  left as specitied  in the current standard.
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NJJW  APPROACH FOR PROVIDING EMPIRICAL SUPPORT

The reason for the apparent failure, even of large-scale correlational studies of vision scores and

m~asurea  of driver safety, to provide empirical evidence useful  in support of the vision standard does not

reflect a lack of intense or directed effort. On the co&nay,  these shvJies  were comprehensive and still failed

to fmd definitive empirical rcsulk. This leads to the concbtsion  that the problem cannot  be solved  by broad-

based correlational studies of their  relationship to primary visuaUy mediated performance. The fundamental

reason is the extensive overlap of the vision test scores of safe and unsafe  drivers coupled with  tbc  fact that

most potential drivers with poor vision are already screened off the road by vision tests  and cannot  contribute

to the statistical base. Viion is only one component of driver safety.

On the other had, it is dear  tbat some level of reduced vision is unsafe. Caa other means be used

to establish empirically meanby@  limits? Two possiitie$ were dixused at the worlnhop.  The first is to

study worst-case simulated scenarios and the second is to employ a ride-along method for gathering real-

world data on driving performance and mishaps. The worst-c-w  simulation method might  employ a Ml-

scale driving corm that presents  simulated hazards and emergency situations of varying degrees  of diflicuhy

and at extremely high encounter rates compared to the real-world situations  This  approach would produce

driviog  emorg as data for measurement, at a rate high  enough  to be. statistically useful  for evahmtiag drivers

with  normal and less than normal vision. These data might provide  a basis for setting minimum vision

standards for given sihmtions  on *Ae course. This approach would  be extremely expensive  and still present

the problem of validating the course sihratioas with  real-world seeds for safety. To some  extent, this

problem could be addressed by comparing scores of normal and below-normal vision  drivers. Compared to

worst-case simulation, the ride-along technique has the advantage of providing real-world data. However, a

prohibitive amount of observer time would be required to a-&ate  medagfd data on the rare serious

accidents that are the major safety eonccra  (not to mention the danger to the observer). Data on more

routine mist&es and mishaps would again suffer from the problem of establishing relevance to the incidence

of more serious accidents.

An increasingly feasible technical  alternative to either of the approaches just de&id is computer

simulation of the driving task. This  approach would have  the advantage of presenting scenarios of varying

type and degree of di&Aty at the discretion of the researcher,  and would present ILO danger,  either to the

driver or to the observer. Cost would be significant in the development phase, but would be much less than

a real simulation at every level. The major problem is the degree of realism that could be achieved.

Technology in the area of graphics presentation is imprwing rapidly and ik cost  is decreasing. If the

problems of relating simulator performance to real-world safety considerations can be adequately addressed,

this technology would appear to offer the greatest promise of providing additional support for the CMV

vision standard.
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APPENDIX A

SYNTHESIS OF THE LITERATURE



This  synthesis of the literature  (&giaaIIy  the Task A Report)  comprises the  history of the
vision standard, the infmstate  vision standards, international stat&r&  guidelines  of ptofessicmal  and
government organkations,  and evaluation  of empirical  evidence.

HISTORY OF THE VISION STANDARD

In the  Iate  19Xk,  the Federal Government began regulating  the  vision  standards for drivers
of CMVs  in interstate commerce. (These reguIatiorw  have appeared in the Federal Register (FR)
and tbe Code of Federal Regulations (CFR).) Smce that time, the standard has been &aged
steadUy in the direction of requiring more stringent visual capability.  The  vision standard for drivers
of interstate trucks  was specitied  o&ioaUy  in a general standard for medical fitness.  The standard
was very  general and stated the  follow&

“Good eyesight  in both  eyes (either without  gkses  or by correction with glasses),-.
inch .

3,
adequate perception of red  and green  colors” (Federal Register, 1923(c),

c.1938).

By 1939, the standard was mod&d  to co&n specitic  minimum requirements for visual acuity,
visual fields, and color vision:

“Vied  acuity (either  without glasses or by correction with gIasses) of at feast 20/40
(SneUen)  in one  eye, and 20/100  (SneUen) in the other eye; form field  of not less
than 45 degrees in aII  meridians from the  point of fixation;  ability  to distingukh red,
green,  and y&w-  (4,  Federal Register, 2295, 122,  June  7, 1939).(*)

HistoticaI  documentation contkms  that  the  standard remained the same through  1944 (9, Federal
Register, 192.2@),  1944).(3)  It wasn’t until 1964 that the standard was changed to incbuie  more
stringent requiremenU  in visual acuity and visual field.  The minimum requirement for visual  acuity
now became: *... at least  m/40 (Snellen)  in each eye . . . . In addition, the visual field rquirement

was rutatcd  to inchtdc  otdy  the horizontaI  meridian: . . . . form field of vision  in the hotizontal

meridian shall  not  be less than  a total  of 140  degrees.’ The visual field speciti~tion does not
require that each eye be tested separately, but appears to imply with  the word ‘total” that biiocubir
coverage shotdd  add up to at least 140 degrees. The abiity to distinguish  color requirements (red,
green,  and ycUow)  did not  change. The standard now  stated that driws  requiring correction by

gbsses  ‘...shaU  weaf  properly prescrii giasscs  at aII  times when driving. (29, Federal Register,
8420,  191.2(b),  July 3, EJ64).(4)
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The standard was retied again  in 1970 to in&de the words ‘distant” and “biiocuIar*  in
spceifying  visual acuity. The standard now stated that a driver must have’... distant visual acuity of
at least 2Q/40  (Soellen)  in each eye...’ and ‘...distant  binocular acuity of at least 20/40  (Sneh)  in
both eyes with  or  without cokTective  leases.” However, the field  of vision standard was now  changed
to *... at least 70 degrees in the horizontal meridian in each eye...,” which is markedly  different from
the 1964 standard requirement, *... not be less than a total of 140 degrees...’ in the horizontal
meridian. The intent of this 1970 revision to the visual tieid  requirement is not dear. It appears
that part of the intent of the 1970 revision was to restate the requirement in terms of monocular
testing, which is the normal medical  practice. However, the extensive overlapping of binocular  fields
means that a biiocular specification camot  simply be  divided by hvo  to arrive at a monocular
speci6catioa  It is certainly not reasonable  to assume that the purpose  of the 1970  standard was to
make the visual field requirement much  less stringent than  even the 1939 speciflcatioa  It is also not
certain  that a simple error was committed and that the mottocular  field  was supposed to be 140
degrees. Bceause  of this ambiity in the statement of the standard, which is still current,  a
reevaluation of the wording and intent of the visual fields specitication  is nccewry.  AdditionaJy,
the 1970 c&r requirement was revised to specify traffic control devices and their c&rs.  The
wording changed from “abiity to disthguisb colors red, green, and yeUOar  to “ability to recognize
the colors  of traftic  signals  and devices showing stand&d red, green, and amber” (35, Federal
Register, f&%3,391.41  (b)(lO),  April  22, 1970).(%

Also  in 1970, two separately dated changes were made to the requirement for drivers with
prescription lenses. Fust,  dated in April  of 1970, the requirement for spectacles was relocated from
the vision specification to Section: 392.2 (a) Spectacles to be wont.*  The new regulation was stated
as fouows:

“A driver whose visual acuity meets any of the minimum requirements of section
391.41 of this subchapter only  when he wears corrective lenses shaII wear properly
presuiid sp~a&s  at aII  times while  he is driving’  (35,  Federal Register, 6466,
3929 (a), April Z&1970).@

SecondIy,  dated in November of 1970, the title of the spedade  section was changed to “Corrective
lenses to be  worn’  ia order to cover the wearing of contact lenses.  The reguhtion now inchded a
provision that a driver couId  wear prescribed contact lenses instead of prescribed spectacles. The
provision also required the driver to ‘have a spare lens or set of lenses on his person”  when driving.
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The most current printing of the standard(a in the Code of Federal Regulations (49, CFR,

391.41@)  (lo), October 1,19SS)  has not changed since November of 1970 and is dcsaiid in the

following paragraphs.

As part of the effort to update the vision standards, the Federal Hi&ray Admiaistratioa,

Office of Motor Carriers (IWWA OMC) is address@ the correction of tlk possible  error in the 70-

degree horizontal meridian field.(*)

The Code of Federal Regulations, Subpart E-Physical Quaiitkations  and Examinations

Scclioas  391.41 to 391.4ti9)  specifies medicaJ standards required to ba met by operators of CMVs in

interstate commerce (see Appendix C). The commercial driver must be medically  examined at least

every 2 years and, while  on duty, a driver must have a certificate  showing that he or she has passed

the required examination. The required examination encompasses the genencral  h&b of the

individual as weU as setting specik  standards for vision aad audition. It alsO predudes  individuals

from driving  if they have certain medical comiitions  such as spe&c  heart conditions and, important

for vision,  diabetes mcUitus  which must be controUed  by iwdia.

The visual requirements for CMV drivers are iacluded in Section 391.4l(n  and are stated

as foknvs:

“Has distant visual acuity of at least 20/40 (Snellen)  in each eye without corrective
lenses or visual acuity separately corrected to 20/40 (SneUen)  or better with
corrective 1ens.q  distant biiocular  acuity of at least 20/40 (SneUen)  ia both eyes
with or without ccrrecti~  leases,  Geld of vision of at least 70 degrees in the
horizontal meridian in each eye, and the abiity to recognize the colors of traffic
signals and devices sboniag standard red, green, and amber’  (49, CFR,
391.41(b)(lO),  19Ss).

In addition, Seuioa  391.43t9)  states that the medical examination can be performed by a

licensed doctor of medicine or osteopathy, and a ticeased optometrist can perform  as much of the

medical examiaation as pertains to visual acuity, field of vision, and the abiity to recogaize colors  as

speciiied in CFR 49 paragraph (10) of 391.41(b). Few instructions for performing and recording the

physical examination are given,  but instruaions  regarding specikation  of visual acuity, prohibition

against monocular vision, contact leas tolerance, and certain common eye conditions are as follows:

“When other than the SncUcn chart is used, the resaks of such test must be
expressed in values comparable to the standard SneUen test. If the applicant wears
conedive  lenses,  these should be wora  wtdle  applicant’s visual atity is beii tested.
If appropriate, indicate on the Medical Examiner’s  Certificate by checking the box,
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‘Qualified only  when wearing correaive lenses.’ In recording distance vision we 20
feet as normal. Report all vision az a fraction with  20 as numerator and the
smallest type  read at So feet as denominator. Note ptosis,  discbarge,  visual fields,
ocdar  musde imbalance, color blindness, corncal  scar, exophthalmos,  or strabiimu
uncorrected by corrective leases. Monocdar  drivers are not qualified to operate
commercial motor vehicks under existing Federal Motor Carrier Safety Regulations.
If the driver babitaally  wears contact lenses, or intends to do so while driving, there
should be sufficient  evidence to indicate that he bas good tolerance and is well
adapted to their use. The use of contact leases should  be noted on the record’ (49,
CFR 391.43, 1985).

As de&id above a problem exists in the statement of the visual field requirement. The

standards, as published in the Federal Register@) since 1970, states  that a 70-degree  field of view is

the minimum requirement for each eye. The Federal Highway Administntion  has taken the

position that the visual tield standard should specify that 140 degrees of visual field is required in

each eye. However, the evoh~tion  of the visual field specification appears to leave some doubt as to

what the ad spwifxation  of horizontal field extent should be. The later se&on, listing

international visual standards, indicates that there is no obvious co~~.~nsus  on visual Geld

requirement, with  5 countries or prwinces of the 15 listed not spec@ing  a standard, 5 not providing

a specitk number (stating only the visuat field should k normal or full),  and the 5 remaining

cotmties  spedfyine numbers between l20 and 150 degrees for each monocular field and 170

degrees for a binocular  field.

The color vision requirement of the 1970 CMV vision standard also presents the problem of

beii unenforceable on a practical basis. The requirement now states that a driver must be able I...

to recognize the colors of traffic signals and devices showing  standard red, green, and amber.’ As

stated, this requirement does sot specify relevant stimulus  parameters, such as stimulus size,

stimubts  Iuminaace,  and wavelength composition or chromaticity  that are critical in determining

whether different classes of color-defeztiw observers will be able to pass the test. To a certain

extent, the wavdength composition of the stimulus is inferred by the phrase  ‘...showing  standard red,

green, and amber.” Presumably, the *standard’ referred to is that set by the National Bureau of

Standards (NBS)/“)  which  sees the colors of t&tic  control signals in the United States.

Spxitk reference to the NBS or an interpretation of the color standard for the purpose  of

color testing would clear up that part of the stimulus problem related to cbromaticity  spxikation.

However, an even more difticolt  problem would remain which relates to the visual angle of subteose

of the test color and the intent of the CMV vision standard in restricting color-defective individuals
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from driving. This  problem arises because the abiity  of red-green color-defective individti varies

z.i@ficandy  with the angle of stimuhs subtense. (11*12) For large angular subtense  (larger than 5 to

8 degrees, depending on the observer), even red-green diehromats  can rewgnizc  the difference

betarccn  red, green,  and yellow  spectral lights. These same observers are totally unable to

disth@h colors in this spectral range for small lights subtending 2 degrees or less. Thus

dichromats  wiU  typicaIly  “pass” a color test which presents large enough stimuli that are well

saturated aod reasonably bright, but will fail any classic test of red-green color vision  such as

pseudokochromatic  plates (colored dots of one color that show a number or pattern within  colored

dots of another color) or small field spectral color matching (anomaloscope  testing).

If it is the intent of the color requirement of the CMV standard to exclude  red-green coior-

defectives  from driving (and this is doubtful for reasons stated above), then color testing methods

most be respecificd  to accomplish this goal. Simply presenting colored circles printed on paper or

viewing colored lights from a distance that will product a large field of view will not screcll  out red-

green color-defectives. In practice, ioditidoak  io this category are not b&g denied CMV licenses

under current enforcement comiitions.  In fact, there seems to be no evidence that would  warrant

the exdusion of this class of drivers from the road



INTRASTATE VISION STANDARDS

Recommendations provided in tbis projcd may be partiaIIy  bawd oo the admioistrativc

abiity  of the states to manage vision screening programs for commercial drivers. Vii011 standards

aod testing  procedures for squiring  and maintaining a Iicense to operate a commercial v&icIe

intrastate were obtained from National Highway  Traffx Administration (NHTSA) Guidelines for

Motor V&i& Admiitrators, State and Provincial Licensing Systems-Comparative Data(t3)  aod

contact with  administrators from state ken&g bureaus. Table A.1 compares the state vision

standards for intrastate CMV drivers.

Ractic.aIIy  every state administers a vision test for individuak applying for any type  of motor

vehicle Iicense. Vision standards vary slightly  from state to state, but every state that conducts visual

screening  has a visuai acuity requirement for intrastate commercial vehicIe  Iiccnsing.  Other visual

requirements vary considerably in different states, with  many states requiring visual fields testing,

and several requiring color testing. Some states even have. a stereopsk requirement.

For the most part, state visual standards for h,trastate  commercial  driver Iicensing  are Ices

stringent thao the Federal standard for interstate commerciaI  driver Iiccnsing.  For -pie, eveo

though  a biiocoh (best corrected) visual acuity requirement of 20/40 is the standard in almost SO

percent of the states, less than 10 percent of the states deny a license  for mooccularity.  In addition,

approximately 38 and 35 percent of the states have a visual field standard for each eye and both

eyes, respectiveIy.  These standards range from 70, SO, and 140 degrees in each eye to 7O,llO,lZO,

140, and 180 degrees in both eyes. Nearly 24 percent of the states have a color perception standard

sod for most states the standards arc  for red, green,  and amber. In additiob  12 percent of the states

have a stereopsis  standard

Pe.rkdic  vision sacening  is admiitercd in 72 percent of the states. Diions with

kensing  bureau administrators in nine of the larger populated states (C4,  FL, MI, NJ, NY, NC,

PA, TX, and VA) indicated that periodic vision testing varies. Reports indicated that thee states

require vision retesting every 2 years, ftve states require every 4 years, and one state requires every 5

years.
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Table Al. Comparison of State Viion  Requirements for CMV  Operators

1 Massachus@+@1 I M/M I aKnY  I 120 I Yes  I No I Periodic I
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Table  A.1 Comparison of State Vision  Requirements for CMV Operators  (Cont’d.)

the horizontal meridian; color abbreviations: R = red, G = grcca,  A = amkr, Y = yellow, and B = blue;
abbreviations for other conditions: AK = aphakia,  DP = diplopia,  EY = eye coordination, Hh4 = hi&
myopia, NB=night blindness, NG=nystagmus,  and ST=stcrwpsk  (absence of); NS=standard  not
specitic&  No=no  standard; PV=defauh  to private vehicle standard.
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INTERNATIONAL VISION STANDARDS

The United States vision standard for CMV drivers has evoW over a period of more than

Xl years to meet the perceived rqticments of American roads. During this same period, simii

stardads  have been evolving  in other iadostriahd coumries,  but not nece.s.&iy  in driving

entionments  comparable to those found in the United States. It is impossible to know the extent

to which the standards  io the industrialized count&s have iofluenced  each other during their

evolution.  Certainly, it is reasonable to assume that some transfer of information has occurred,

esp&aUy  among Eoglish-speaking countries and countries of the European community. However,

regardkss of the history  of how this information was spread  a survey comparing specific vision

standards for drivers of 04% in the industrialized countries cull shed some light on the limits of

vision  thought to be reasonable by different national organhions. The results of this survey are

presented next.

Current information on foreign vision  standards of CMV drivers was obtained thr&b

correspondence with  international staodards,  medical, and commerce organizations in January and

February of 1991. In addition, vision staadards for countries ia the European Common Market

were obtained from the British Association of Optoaictrists~*4~  and from a 1985 review article by

Charmaa.(~  Table A.2 provides a summary of international vision  standards for a selection of
iadustriahed  cotmtriw  considered to be representah of the spectrum of response. Standards for

visual acuity, visual fields, color &ion,  other conditions, aad retesting are listed in tbe table.

Review  of the foreign vision standards for CM%  revealed a wide disparity among  the

comtries  that offered information oa visual standards. Viiual  acuity for each eye is specified with

most cmatries  requiriag  more than the current 20/40 Federal requirement. Only a few countries

have binocular acuity requirements that are more stringent thaa the Federal 20/40 rqtiemeat.

For visual tick& most countries state that the drivers have  *normal’  fields  or “W fields. only  4 of

I5 countries  specified the visual field range  for each eye (e.g., l20, Us,  and 150 degrees). Most of

the countries do not have a requirement for color, 2 of 15 did specify rquircmcats  for red, green,

blue, amber, and yellow. Viion standards for CMV drivers vary signiticaatiy from country to

country. Nme of 15 countries  have  other visual requirements, such as stereopsis,  and will deny

liceasure for visual disorders and impairments such as aphakia, amctropia, diplopia, myopia, night

bhincss, and nystagtrm.  Eight of 15 countries reported that they require periodic checks for vision.

The time between rechecks ranges  from a~uaUy  to every 2,s.  or 5 years. Some countries do oat

start periodic vision programs until drivers reach certain ages (e.p?  50,60, or 65).
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Table A.2. Summary of International Vkion  Standards for ChfV  Operators

NOlhWbdS 20/25 20/25
wa

Sweden w= NS
w=

Swlkerbnd w2Q NS
20/25

Weat  Gemny wm NS
1 20;25  1

EEC
I ii% I NS

NS
I INSNS

NS NS NS

Normal NS Normal
NOKtld

NS NS RYB

150 NS NS
150 1 II

Nwmal NS
I I

NS
NOKtld

NS 1 NS / NS

Normal
Stereos

NS

Normal  NS
Sterwx I

NS I NS

b& 1 Periodic

Key to Table 2 visual acuity is exprwed in SneUen notation; visual field is given in degrees  along
the horizontal  meridiao;  color abbreviations: R = red, G =green,  A= amber, Y = yellow, and B=blue:
abbreviations for other conditions: AK= aphakia,  DP = diplopia,  HM  = high myopia, NB  = night
blindness, NG=nystagmus,  and ST=stereopsis  (absence of); NS=standard  not specified
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GUIDELINES OF PROFESSIONAL AND GOVERNMENT ORGANIZATIONS

This  swtiou presents vision rccommendatio~~  for CMV operators by the American Medical
Association (AMA) and the U.S. Department of Trausportation,  National Highway Traftic  Safety
Admhdstratioa,  and American Association of Motor Vehicle  Administrators (USDOT,  NT-IT%,  and
-A).

VISION RECOMMJXNDATIONS  OF THE AMA

The task of enforcing the Federal vision  standard for operators of CMVs  falk primarily to
medical doctors who  have a mbdmd  amouut  of traiaiag in methods for visual testing. The AMA

has hhricaIIy  participated in setting  the Federal vision  standards and  bas provided  guidehes~‘6’
for vision testing to its members. The guidelines published in 1986 differ from the Federal vision
standard in e.xcIwling high-pcwer  spectade  lenses (IO  diopters or greater) and in requiring visual
acuity in each eye of 20/25  or ktter compared to 20/40  for the CMV standard. In addition, other
visual disorders are discus&  iocludiug  stereopsis,  nightthe  vision, diplopia,  and osciUopsia, but
specilic  recommendations for exchdhg  drivers  with  these conditions are avoided.

Class I drivers are quaIitied  to operate any vebick,  imhling Iarge, heavy articulated trucks
and v&i&s,  and trucks transporting hazardous matcriak,  such as fueI, chemiczds, explasives,  and
radioactive substanws.  Excerpts from  the AMA vision recommendations  for CIass  I drivers only are
given below

? m Vid &&-Ceutrd  visual acuity should bc  assessed at a
standard distance of 20  feet with  optimal refractive  wrrectioa.  The
assessments shouid  a&da the we of extremeIy  high-power spcctacie
lenses  in the rauge  off 10 diopters  (D), bin- telescopes or low-
vision-aid spectacles or compound magnifying  systems, because such leases
distort and reduce the visual fields  of the wearer. In aII  iastances,  the
driver’s acuity should  be demonstrated promptly.

It is recommended that drivers  in Class I have central visual  acuity of
20/U or better iu each eye with  or without cowentional  spectacle
comedon. Spectacle correction of 10 D or more in either eye should be
diqual@og.  A drkw may be  tested with contact lenses if he or she can
wear  them all day.

. F,&j of Vj--l-be  Goldmann  IlO-Wntimete?  dhS bOti  F-XbCter  h’dS
become the reference standard for testing visual fields sina its
intrcduction  io 1945. However, less cumbersome and less expensive
equipment may be wed . . . .
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In te.5ting  fields of vi&I&  the cxamincr  may use confrontatioa  testing with
eye-K-eye  fixation by examiner and examine. The examiner mcasmes
awareness  of a cotton-tip applicator or  a mokg Linger at the periphery
and compares it with  his or her own visual G&k,  which must be normaL

Alternate methods of testing utilize the  American Automobile Association’s table
model field-of-vision tester, which is 20  inches in diameter and encompasses
approximately 220 degrees horizontaU~  the Titmus  push-button perimeter ax,
adapted to tbc  top surface of a Titmus  vision tester, the simple hand-held

d Schweigger  and Spiller rotating are perimeters; and the hand-held C Perimeter.
For screening purposes, the  testing is cotdined  to the horizontal arc and utilizes a
3-millimeter  white target  against a 33OmiUimeter  radius are or  a Goldmaru!
perimeter  using the III  4-2  target.

For Class I drivers, each eye is tested separately while the other eye is
obscured by an opaque occluder,  preferably one that  is tied around the
head The patienrs  spectacles or contact lenses  should be  worn  during
the visual field examimtioa  Each eye should have visual field  recopnition
throughout an arc of 140 degrees or more. Individuals wearing spectacles
with lenses exceeding 10 D or utilizing heavy spectacle frames  generally
cannot  meet this standard

? Color Visirxt-The  completely color-blind or achromatic individual usually
has poor  central visual acuity and also  may have visual field loss. The
widespread modiktion of adding yellow to red and adding bbxe  to green
t&k signals has reduced the problem of kd-green  visual confusion, even
in pxsons  with s~&iIicant  deficiencies of red or green sensitivity.

Class I drivers should be able to diskguish  the  basic t&k  control colors,
red, green, and  amber, with each eye separately.

0 w-Stereopsis  is almost excIusiveiy  a functkm  of near  vision and it
is tested by near-range equipment, such as a Vcrhoeff  stereopter,  the
Wii-Titmus  double-printed polaroid  vedograms,  or random  dot
stereograms.  Distance  depth perception in driving does not relate. to
near-range stereopsis  and it can be satisfactorily tested only with a road
driving  test. Testing of this  function  is not required to determine a
driver’s medical qualiticatiom

0 .Nii~c ViiioQ-NI@time  or mesopic visual ftmctions...are  class&d  as
(1) night vision  or  central  acuity under  redwed  iUumi~tion; (2) glare _
tolerance or central acuity against a standardized  glare  light source;  and
(3) glare -cry  time, as exprd  in sccomls  mxessq to regain
satisfactory night vision after qosure to disabling glare. Economical and
reliable testing procedures are not generally available and results often are
not reproducible.

(For Class I &ivers)...the  physician testing night&me  vision should  attempt to
detect morphologic and struchnal alterations of the eye that are known to affect it
and its mesopic  functions, such as corncal  opacities; dystrophies or scars affecting
the pupil&y portion of the cornea; lens  opacities, particularly those involving the
pupillary  or central portion of the lens; pigmentary  degeneration of the retina;
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optic atrophy, degeneration of the ma&e; or signiticant  arteriosclero&  diabetic,
or hypertensive rctinopathy.

0 niplpoia  and Oa-Bibuxtdar  vision and fusion are the produd  of
highly specialized  and prcdsc  neurological fuactions.  Factors known to
impair these functioas  are alcohol  ingestion, hypoxia, and fatigue.
Individuals vary greatly  in their fusional  cap&t&  and in their tolerance of
the imp&~+ factors. A driver who develops diplopia soon wiIl learn to
close an eye to suppress one of the  images. The occurrence. of diplopia is
relatively rare, but its presence could interfere with  the safe operation of a
motor vehicle.

Among the many  riCur01ogical  diseases that may prodwe  diplopia is
multiple sclerosis. A hi&  proportion of patients with  that condition have
nystagmus  of a rapid, jerky type  that may ultue  some blurring of the
visual image. caze  palsies of supranuclcar  origin and  conditions invohing
the extraocular  muscles or sixth cranial oerve  also cm cause diplopia.
Ftosis  due to a condition aEectinp  the third nerve may reduce the visual
field Acute optic neuritis reduces vision on the side of the affected ncm;
symptoms may clear in days or weeks but recurrences  are.  frequent.

To be  medicaIIy  qu&ied  for a Class I . . . license, the driver should  have a
waiver from the examining  physician based 011  Iong-standing  functional
adaptation.

? ~-(Tl~~guidelines describe  reasons for
transient obscz&g of vision, including physiological  disorder, dilating
pupils during eye exams,  tcmporzuy  monocular  states, and problems with
contact  lenses.  However, no specific  recommemiations  are made for Class
I or other dass  drivers.)

MSION RECOMMENDATIONS OF USDOT/IWTSA/AAMVA

The U.S. Department of Transportation and National Highway Tra&  Safety
Admiitratiott,  in wopcration  with  the American Association of Motor Vehicle  Administrators,
published a 1980  booldet  entitled ‘Guidelines for Motor Vehicle Admhistrators;  Ftmcfional  Aspects

of Driver Improvement-A Guide for State Medical Advisory B~ards.~‘~  This handbook provided a
set of ‘&ion  recommendations for all drivers who are otherwise medically capable of operating
commercial v&i&s,  including heavy trucks. The recommendations differ from those in the Federal

vision standard but are the same as those  in the Ah%4  standard for +&al acuity (i.e.,  20/25  or
better is required in each eye, not 20/40  as spcciticd  in the  Federal standard). However, visual
fields are the same as those  in the Federal vision standard (i.e., 140  degrees for each eye in the
horizontal field). In addition, color  idenfication  is the same as that in the  Federal vision standard

and AMA recommendations (i.e., abiity to distinguish  red,  green, and yellow/amber). The b&Jet
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provides  rccommendatioos  for visual acuity, visual tie&,  ocular  motiIity,  color disuimiiation,  depth

perception, dark adaptation, refractive states,  and strabiimos (crossed eyes). The recommended

requirements for Medical Category I drivers (covering commerciaI  motor nhides) arc  as follows:

.

.

.

.

.

.

.

.

.

.

Viiual  A&y-Prompt central visual acuity is required to interpret tra&
signs and cots at usual speeds. Central visual acuity for distance should be
recorded osiog  the SneIIen notation. The individual should have the abiIity
to coordinate we of both eyes and have conventionally corccted  visual
acuity io each eye of at least 20/X Periodic reevahation  is recommended.

J&mcoIar  Visual Acuity-Recommend that Iiceosc bc  denied to those with
monocular  vision.

ar Horizontal  Visual Eel+Each eye tested SeparateIy  must  have a
horizontal visual field of 140 degrees or more. Periodic rcwahation  is
recommended

Ocular Mot%&-Drivers  with  a history of intermittent or uncontroIIed
diplopia should not be Licensed

Color Diiaimiiation-IndividuaL  with defect&  color vision may be
/

considered. Can bavc some degree of color bhhess, but has the abiity to
-tc red, green,  and yeUow trafiic signals.  Periodic rwvahation  is
recommended.

Percy@-No recommendations are &en.

e Tolerb-It is rccommendcd  that the overall
visual behavior of individuals with  cataracts, retinal abnormaIities,  ctwooic
pupihy coostrictiong  or other koowo  causes of glare intolerance or poor
dark adaptation bc  carefuuy  evahated  before such individuals arc.
recotomended for unrestricted Iicen.wrc.

Xefractive Stnt*s-Myopia (nearsightcdnc.ss),  hyperopia (farsightedness), and
astigmatism (distmt~ but constant  for all viewing distance) can usually  be
wmpwsated  for and aced not  be considered as problems. Likewise,
presbyopia  (ibiity to focus dearly  at near) is natural to agiog  and is not
of licensing  concern if compensated  or corwcted

--The strabismic  person should be evaluated based
upcat visual acuity and normal visual fields the  same as a biiocuht  persoa

YJC of Tcm-It  is recommended  that telescopic device
applicants oat bc Iiceosed except upon  individual review and evaluation by a
medkd  adGory  board
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EVALUATION OF EMPIRICAL EVIDENCE

viion standards for commcreial  driving have evolved in parallel with those for private

motor v&i&s.  Although the performance  demands on commercial drivers considerably exceed

those placed on an average private passenger vehicle  operator, the recommended CMV vision

standards that apply to both differ only in rclativeiy  minor ways. A typical state CMV standard rests

on the spccitication  of a minimum binocular visual acuity performance  which varies from 20/70

(3 states) to 20/40 (40 states). In comparing private vehicle and CMV standards, it is noted that at

least 40 states require 20/40 binocular vision for ChW drivers compared to 38 states requiring

20140  for drivers of private vebicks.  Thus,  the  difference between the private and commercial

requirements is small and co&& to a very few states. The Federal CMV vision standard farther

qecifm a minimum visual field in the horizontal meridian In general, the state CMV standards

fall below the Federal CMV standard. Only  19 states have monocular visual field standards as

required in the Federal standard Siiibu to acuity, states have  slight varkations  in visual tield

requirements for private vebide operators, compared to CMV requirements. Seventeen states have

monocular field standards for private vehicle drivers compared to 19 for CMV drivers. Eigbtcen

additional states baw binocular field standards for both private and CMV drivers.

The evolution of visual performance standards has been guided by a clearly perceived  need

to specify adequate visual capacity to assure public safety in a task obviously dependent on vision.

However, this pr- has been able to draw little from an empirical base which  was almost

nonexistent at the start  of the process and has encountered considerable difticuhy  in adding

information of dear  practical significance sirtee that time. A reading of the historical data in this

area leads to the conchtsion  that original standards  were based on a consensus of expert opinion at

tbat time. Major original contributors to this  consensus were (1) the medically oriented fields of

ophthabnology and optometry, and (2) research scientists concerned  with  problems of human visual

psychophysics. Inter& and infbxnce from both of these  sources remain strong to the present.

However, during the intervening period, a separate identitiable  research  and engineering community

has evolved that both wordinates  and conducts research  in direct support of standard-maldng and

the regulatory process. This discipline (traffic  eogineeriag and safety) is muhidisciplbmry in nature,

drawing from the medical, engineering and scientific  fields, and has presided over the accumulation

of a very large base of data on problems related to safety and efficient  in virhmlly all matters

pertaining to private, commercial, and public motor vebide use.
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DRIVING PERFORMANCE RECORD

A major research effort commenced to identify and measure the relationship among many

aspects of visual performance  and accessible indicators of driving  safety. These shuiies  often take

the form  of a post hoc analysis  of data already accumulated through  routine driver registration

testing and record keeping. However, some studies have  introduced innovative controlled vision

testing methods into the driver testing routine, designed to obtain data on a broad scale wbicb  could

then be correlated with  the driving  record over time. Since the early I!&%,  numerous  research

projects bavc  been conducted to shldy  tbe relationship betweco  vision test results for operators of

motor vebides  and their  driving  pcrformaoce  rcmrd (i.e., accidents and violations). Most of these

studies were  initiated to determine what visual skills best  correlate with  w performaace in an

attempt to rccoromcnd  to state ticeasing  agencies the most practical vision tests  to admiier to

Iicease applicants and renewals. Many of tbe studies  focused oa vision tests tbat were easily

accessiile  through commercial vision screening devices. However, some of tbc  shwlies invohzd

developing customized vision testing apparatus and some used clinical equipment that would  bc

impractical for mass vision screening in a licensing bureau environment. Most of the  research

focused on tbc  passenger  vehicle  operator; only  a few investigated  the visual and driving

performance of the CMV operator.

A summary of the most sigoificant  rcsearcb  efforts in the area of vision performaXe  of

passeogcr  vcbide operators versus their  driving performance  record is prcscnted  next.  Thea, the

more limited evidence describing a relationship between visual performance of CMV operators and

their driving performance record is cxamiocd.  Last, the discusion  focuses on aging and visual

pathology as they relate to driving.

eer Vehicle Oww

(1) Borg Studies-One of the earl&t,  most comprehensive sh~dies on the rclatioasbip

between vision and tbc  driving  performance record was conducted by Bu#~~‘) on more

than 17500  drimxs over a 3year  period in the 196Os.  Driving habits (annual mileage

reported), age, and gender were reported in addition to information on their  vision test

paformaace.  In Bergs  stodies,  tbe following &ion  tests were examioedz  dynamic visual

acuity (ability to perceive details of an object when there is relatiw  motion between the

observer and tbe object);  static visual acuity (ability of the observer to perceive details of a

statioaary object); lateral visual field (eateat of the observer's side vision when look&

straight ahead); lateral phoria (aim of tbc eyes in tbc  horizontal plaoe); low-light
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mcognition tlmsbolds,  glare rccovcry  (length  of time required to pcrceivc  an object after

bei subjected  to glare); and sighting  dominance (individual’s  preferred eye). Of the vision

tests  zmalyml in relation to tdic cawictiom and accidents (report+ statkti=IIy

significaat  correlations found  between vision and the driving performance  record which

were  nevcrtbelcss  cxtmmely  weak. Burg rcportcd  that mileage and age w+rc the most

powerful predictors  of traffic accidents  and convktioas. A later aaalysk of the Burg data by

Hills and Burg in 1!377@) revealed a small but significant corrchtion bctwccn  accident

rates for driven  owr age 54 and their static/dynamic visual tests and ghrc recovery  tests.

Many of the research  sNdies from the l!XOs coochdcd that accident and viohion records

WCS only slightly  prcdictablc  from visual pcrformaace  measures  and that factors such as

ago, sex, and wposurc  mileage wcrc  better  predictors of driving records  thao any visual

clwacteristics..  (‘g2M)

(2) Mark I Viion Tester-In  the early 197Os,  the U.S. Department  of Transportation was

developed an iatcrcst  in the results  of the Borg shtdics.  They initiated a series  of

hMigatioas dcsigacd  to develop a battery of vision tests that wcrc  more functionally

dated to driver pcrformancc  and safety, and which could  lcad to the development of a

hi011 tosting  dcvicc  for use in scrccoing  drivcrk  license  applicaots or reowaIs. In this

study, Hendcrsoa  and Bu@), after rcvicwing  prior literahrc  and atka@hg earlier data,

provided a systematic analysis  of the visual rcquiremcats  for dhiog. Through use of a

prototype  vision testing dcticc (MARK I), the followiog  visual fooctions  wcrc  regarded as

imporNnt  to USC in the study

0 Static visual acuity (normal illumination)

0 central  aogular movement

?? central  movement-in-depth

0 us&l pcriphcral vision

0 Static acuity (low-lcvcl  ihmioation)

? Field of view

? Eye movement and frxatioa

0 Dynamic visual acuity
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. Accommodation faculty

?? Glare sensitivity

Over 6M)  license renewal  operators  were screened on the MARK I. Accident statistia

were collected for the preceding 3 years for each operator. Results showed a moderate,

consistent age-related decline for all the visual functions. Siienificant  age-related loss in

visual ability was reported for static acuity under normal and low illumination  glare, and

dynamic acuity. However, the correlational analyxu conducted to assess the potential

predictive validity of the MARK I displayed many signilicaut correlations in the direction of

poor visual performance statisthlly  related to a good driving record. Further analyses

revealed the age factor as an extraneous variable causing this outcome. Older drivers with

the experience and ability to compensate for their lost visual functions,  plus their greatly

reduced driving mileage, had considerabiy  fewer accidents than their younger, better-

sighted counterparts. The U.S. Department of Transportation, encouraged by some of the

results of the MARK I, decided to continue its research to develop a valid vision  screening

device to be employed as standard equipment in a typical motor vehicle department field

office.

(3) Mark II Vision Tester-Upon developing a new device (MARK II) that was relatively

compact, durable, and affordable (as well as having such features as a much shortened

admiitrative testing time, and the entire instructions, testing, and scoring procedure

computer-automated), initial testing by Shi~ar~~) performed initial testing using 890

licensed operators. The results revealed very  low correlations behveen accident rate

measures and visual pctformancc.  In fact, ao sign&ant  correlation existed behveen vision

and driving  record for the 25 to 54 age group. Additional testing indicated that poor

dynamic and static visual acuity under low levels of illumination was most consistently

related to accidents; poor static acuity under low levels of illumination was related to

nighttime accidents. There was also a relatiomhip  between central angular movement and

accident involvement. In addition, none of the single &ion  tests was signifzcantly  associated

with  accident involvement for all age groups, but each test was sigsdlica~tly  associated with

accident involvement for one or more of the age gtoups.  Results indicated that the

reliabiity  and stability of the vision test scores bad to be increased before pass/fail criteria

could be analyzed. Overall results between the battery of vision tests and the driving

statistics were inconclusive and really did not establish a dear-cut relationship behveen

specifx visual tests and the driving record.
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(4) Viiual Acuity-Important work, correking  visual acuity test scores of l3.700  drivers
with self-reported accidents during the previous l2-month  period, was carried out in the
mid-l97Os  by Hofstetter.(~ Data were  coUected  nationally over a period of 10  years by
means  of a survey taken in a variety of settings and poptdatioe  Additional support was
provided from the Auiliary  to the American Optometric Ass&&m,  using six available
commercial vision screeners. Accident rates  for persons with acuity in the lower quartile of
the measurements were compared to rates for persons with  acuity above the median
measurement. Drivers in the  lower visual acuity grcmp were found to be twice as likely to
have  bad tbrec  accidents in the previous yw as those  with  acuity above the median,  and 50
percent more likely to have  bad two accidents. No @Cant  differences were found
between  the lower acuity and higher acuity drivers when 6nly  one accident was used as the
criterion of comparison. This shldy  provides evidence of a connection betwtcn  poorer
visual acuity and increased accident frequency. These results apply only  to the very poor
visual performers compared to the best in tbc  tier cohort. Hofstettcr  estimate@ the visual
acuity lower quartile cutoff for young drivers at 20/25  and for older drivers at 20/60.
However, the quartile cutoffs are arbitrary and cannot  be interpreted in terms of a criterion
for routine driver screening.

Davi.s~n(~)  reviewed literature on the reb&aship  of vision  tests to driving  record  in the
late  1970s. ‘He concluded that weak but statistically s@ificant posit&  associations with the
driving record could be consistently  documented for dynamic visual acuity, angular
movement detection, detection of movement-in-depth, and static visual  acuity. The review
found no statistically significant assodatioas  with driving  remrds  for the following vision

tests:  color vision, stereoscopic acuity, muscle imbalance, and visual  tieids.  Davison
concluded that  these  last four vision  tests  are poor predictors of accident  rates and are of
doubtful value  in a routine driver screening  environment.

In 1985,  Dakson(29)  conducted vision  tests  (visual acuity, vertical/lateral muscle balance,
biiocular  fusioa,  and color perception) on l,ooO  motorists. These  motorists were randomly
stopped in and around  a town in England and asked to volunteer for a vision  test  and
provide information on driving record, vision examination history, and other  demographic

information. He fouod  sign&ant  positive asscciatioas  between accidents and right-eye or

left-eye visual acuity and biocular  acuity for all drivers and a relationship between
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accidents and vertical heterophoria  for drivers age 55  and over.  (He also found a
relationship between accidents and heterophoria  [biocular  muscle imbalance] and
XCidWtS.)

(5) Viiud  Fields-The visual field test used in driver screening measures only the
outermost limits of the horizon&I  meridian in response to a dearly super-threshold (bright)
stimubts.  Studies on visual  Gelds in the 1970s by Council and Men(w)  did not show a
sip&ant relationship behveen  the test results and the drivers’ records. The Council and
Akn study involved  a very large driver cohort in which visual  field  measurements were
compared with accident rates for S&o00  drivers. This study found that only 1 percent of
drivers recorded a horizontal field of l20  degrees or less, and that the accident rate for
these  drivers was no higher than for those whose fields were greater than lzcl degrees.
Earlier studies by DaaieLwn(31) involved a much  smaller driver cohort (680  driwrs)  and
alsO  reported no signitknt  relationship between horizontal  and central visual  fields and the

accident performance record.

Evaluation of visual fields for medical purposes has advanced to the level of using
computer-automated techniques to measure’brightness  detection thresholds for a grid of up
to 80 or more locations  throughout the potential field of vision. In 1980,  Keltner and
Johnso@  used automated static perimetry  to screen more than  500  drivers for any
evidence of visual  field  loss. This technique found that  approximately 5 percent of the
motorists had sign&ant  visual field loss  compared to only 1 percent found to have a
noticeable deficit in the study by Council and  Allen  using the horizontal  meridian test. In
addition, Keltner and Jobnsoa  report that subjects over age 65 have four to five times the
incidence of visual field  deficits of younger patients. For  the Keltner and  Johnson study,
field loss was defined  as substantial depression of all or part of the peripheral visual field
and/or an iaability to detect two or more adjacent  visual field  points (scotoma).  This
project was extendcd(a)  to compare the visuaJ field loss of 10,OlM  volunteer drivers with

ac&ient/cotwiction  histories. For this larger  study, it was found that drivers with  visual
field loss in both eyes had accident and  conviction rates that were twice as high as those for
dl+w.rs  with normal  visud 6eIds.  The redts were statisticauy  signi6caat.  These authors
suggest  that decreased performance  on a visual fields test is ~dost  likely to result  from  age-

related decreases in retinal illumination and  other squired  vision impairments which are
more common  in older age groups (such as glaucoma, degenerative myopia, diabetic

retinopatby,  and retinal detachment).

A - 2 0



IO the mid-19SOs, North(%)  conducted a review  of studies comparing the relationship

between the extent of visual field and driving performance. He reported that Johnson and

Keltoer’s  study in 1!%3(“)  showed evidence to support the relationship between visual f&s

and safe driving, while  the majority of other simh studies comparing accident records and

visual fields  performance  had not. This  may have been attriiuted  to the use of nonstandard

p&metric  tests that had not been vaIidated,  inadequate controls over the subject’s fixation,

and limited testing of only  two locations on the horizontal meridian of the visual field

North reported that the lac!s  of relationship found behveen the extent of visual field and

drkiog performance could  be due to poor study methodology and motorists with visual

defects Iimiting  their driving  to favorable conditions.

(6) Glare Sensitivity-Smdies on glare s.wsWty  wac  conducted in the 1970s. Henderson

and BuI$~)  and Shiaar et al.(=)  were  unable to show any significant rchtionships. In

addition, GetstIe et al.(=)  were unable to show a signififant correlation between  &we

sensitivity sulrcs and accident type, yet reported that drivers with a ghre  problem modik.d

their driving  behavior (i.e., reduced night driving). Wolbarsht,  in 1!377,@@  tested 1,500

driver’s liceosc. applicants and rcncwak  for gIare  ettsitivity  at three vcIIiug  @are ratias

(backgrodxargct)  of 29 (high  glare),  41  &dittm glare), and &I (low &are).  He used a

modified commerciaI  vision  screener with  a customized ovcrIyhg  &are  source  of

controllable  intensity. The results  showed no si@ticant  correlation ktwcca  @are scores

and driving performance, although the average glare sensitivity scores  did increase with  age.

He rcwmmended  that drivers 50 years of age and older be periodicaIIy  checked for

elevated gIare  sensitivity because  of their tendency toward elevated scores, even though  his

data could  not be used to set glare screening aiteria.  He also found  that monocular drivers

tended to have elevated ghrc sctwitivity.

(3 Contrast hsitivity-A recent sht&m was completed for the Penmyh’ah

Department of Transportation (PennDGT), to determine the value and feasibility of

periodic vision  screening  during license  renewaL Dccina  et al examined the relationship  of

three vision  measwes (static visual acuity, horizontal visual 6~14 and contrast seasititity)

to accident and violation records for I&@3  drivers who were unaware that they would be

te.sted It was discovered that drivers who  f&d the PczmDGT  visual standard or scored

below ‘normti  o* the cotltrast  salsitivity  test  were  at a significantly higher risk for
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aoidenu  in tbc  two oldest age groups  (66 to 76 and 76+), but not in younger

groups. However, researchers found IIO  signiticant  relationship behveen poor vision

performance oo each of the vision  tests analyzed separately and accident and

violation records.

In summary, clear-cot, arong  correlations bchvecn  vision tests and driving records of

passenger vehicle operators have been difticult  to establish because of the statistical distribution of

drivers (age, sex, driving environment, driving experience, driving  behavior) and indeterminate

causes of trafFtc accidents. Dicukies in trying to relate  driving performance to visual capabilities

have been suggested in the literahue  as follow:

. Vii011 is only one  of many factors influencing driving performanec,

. Some of the vision tests wed in shuiies do not really relate to the visual
requirements of driv&

. Reliability  of criteria used to measure driving performance may be low,

. Research methods may have used unrepresentative samples of the
driving  population, and

. Individuals with  visual difficukies  place s&imposed  limits on their
drivhg,  thus reducing their exposure to the risk of an accident.

Commercial Motor Vehicle Owrators

The literature reviewed in the preceding section relates to paswxger vehicle driven. In

general, the conclusions regarding the strength  and existence of a statistical relationship from these

shdics  caa be applied in the context of CMV dhing. However, since the demands of commercial

driving are greater than those  for passenger vehicle driving and the consequences of errors are

greater, aiteria for CMV drivers are more appropriately set based on evidence compiled in the

commercial  driving  context. The studies tbat are reviewed next apply specifically to the CMV

driver’s task.

In 1973, Henderson and Burg attempted to relate Ch4V  driving  skills to the visual tcSfs

included in the Mark I Vision Tester.@) Their goal was to establish a sound  scientific  basis for
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minimum visual standards for the Bureau of Motor Carrier Safety. The relative importance of
different aspects  of the  driving task was established by examin@  the literature, iatenriehg truck
drivers,  observing truck drivers in actlou,  and conducting a systematic examination of the driving
task. These  authors established a hierarchy of importance for the visual ftmctioas  selected as most
important. Weights were  assigmd  to various driving behaviors and to each visual function according
to its judged importance to the driving  behavior. Those visual functions judged to be most
important to the truck driving task and necessary to an analysis  comparing visual performance and
accidents and violations were:

. Static Viiual Acuity,

? Dynamic  Viid Acuity,

. Perception of Angular  Movement,

. Perception of Movement-in-Depth,

. Viiual fieid,

. Movement in Depth and Steady, Saccadi~  and Pursuit Fuatons,

. Glare Sensitivity, and

?? Angular Movement.

In the study that followed (on 236  CMV drivers), the authors reported a sta&&alJy
sign&ant  relationship between poor visual pcrformaacc  on some tests and  accident involvement.

Most important among the spccltic  measures  of visual pcrformaace  found to have  a relationship to
accidents were  perception of movement and  dynamic visual acuity. However, no correlation was
found between  static visual acuity or field of view and accident frqwocy  for commercial drivers in
this relatively small sample.

Although visual field has not  been shown  to correlate with driver petformaace  in passenger
vehicles, it seems unreasonable to assume that wry large  amounts of visual field loss are  consistent
with  safe driviq,  especially in heavy  commcrcid  vehicles. Monocular  driven represent one

important extreme, in exhibiting total visual tield  loss in enc.  eye with  relatively notmal  function in
the other. M&high  et aL@)  studied the vision skills of monocular and binoctdar  truck drivers.
Consistent with  common-sense  cxpcczation,  they found  that the monocular  driver  showed
deficiencies on a ntmher  of clinical visual measures. However, no ditTerences  were  found between
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momcdar  and binocular drivers  in tasks of actual driving  performance (information interpretation,

hazard detection, visual search, lane keeping, clearance judgment, and gap judgment). The one

exqtion, is which a deficit was seen, was with  information interpretation; defTned as the distance at

which signs could  be read during both day and night driving in a controlled road test. The

binocular drivers were  able to read road signs at si&cantly greater distances than were the

monocular drivers. It is interesting to note that the performance  on this  measure did not correlate

s&ificantIy  with the chicoI  measure of static visual acuity. Based on the lack of significant

differences obtained from the other performance measure.~ that correlated signiticantIy  with  acuity, it

was conchded that an imlitidttah  style of driving was a mere predictive measure of accident

iavaivement than was his visud status.

IO  a more. recent attempt to correlate visual performance with accident record, Rogers,

Ratq and Janke in 19g7(3)  studied the driving records of visually impaired and nonimpaired heavy-

vehicle operators. The purpose of the project was to determine whether the Federal vision standard

can be justified based on the t&tic  safety record of these drivers. The records of over 16&O

heavy-vehicle operators registered by the California DMV were examined. Measures of driving

performance consisted of Z-year total accidents and convictions wsociated with  incidents invohing

wmmercidly  registered vehicles. ViiuaUy impaired o@xators  were  categorized into two subgroups

of substandard static acuiv,  (1) moderately visually  impaired (corrected acuity behveen 20140  and

20/?&l in the worse eye, 20/40 or better in the other), and (2) severely visually impaired (corrected

acuity wme than 24I/2Cnl  Snellen io the worse  eye, To/40  or better in the other). Nonimpaired

drivers met current Federal acuity stawlards  (corrected acuity of 20/40 or better in both eyes).

Results of the analysis, adjusted for age, showed:

. Viidly impaired drivers had a signiGcamly  higher incidence of total
accidents and com-ictions  and commerci&pIatc  accidents and
convictions than did the nonimpaired drivers.

. Moderately impaired drivers had a significantly higher incidence of
cammcrciaJ-plate  a&dents  than did nonimpaired drivers.

. The incidence of total accidents did oat signifiwtly  differ behvecn  the
nonimpaired  and moderately impaired drivers either before or after
adjusting for age.

. Severely impaired drivers had a significantly higher incidence of
commercial-plate convictions than did nonimpaired drivers.

. Nonimpaired  and moderately imp&red  drivers did not signiticantly  differ
on commercial-plate convictions.
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. Drivers  licensed to operate. any combination of heavy vehicles bad a
bigher incidence of total accidents aad convictions and commercial-plate
accidents than did those licensed to operate single  vehicles having  three
or more axles.

These thiiqs Lad to quaIi&d support for the current Federal standard, particularly

regarding exclusion from driving  of the severciy  impaired Less support is offered regarding the

restriction of moderately VisuaUy impaired heavy-vehicle  operators.

The stud&a  reviewed previously represent a substantial accumulation  of data on the

relationship of vision to driver performance.  No single  Study provides  support  for d&nitiw  ch’dr~&?s

to the current  Federal commercial vebick vision standard Neverthel~ it is equally apparent that

changes  in terms of both more and leas stringent requirements in several performance  areas should

be carefully evaluated at this the with the minimum aim of encouraging further empirical work.

AdditioaaIIy,  it is apparent that a Iarge  gap exists between the stated Federal standard and its

uniform  and effective implementation at  the  level of routiae practical testinp.  Evea though little

&dense  appears to exist to support a substantial and direct  relationship bctwen  vision and driver

safety, much evidence has been accumulated to support the hypothesis that vision contributes  in a

critical  way in interaction with other factors to bdlw&e  highway  safety.

and Visu~d  Pathow

Beyond the age of 50, the effects of aging begin to have a noticeable impact on visual

pcrfomance. The aging process is not well uadcrstocd,  bat its effects on vision are a slow decline

in performance, that is manifested as a gradual shin toward less optimal performance in the normal

mean for an age group as age increases. This shift  ia performance has Iittk  practicaI  impact at tint;

but if persons over the age  of 65 are compared to those under  40, a very noticeable dilTerence  in
performaacc is evident. It is unclear how this gradual deterioration tie& driver safety. Added to

this normal aging process  is the iocrcascd  incidence of disease-related pathology ia the.  eye, which is

the most important wntriiutor  to serious visual deficits.  Driver safety is more dearly  linked to

disease-related decIiac  ia vision since this  is IikeIy to be more  rapid and profound  than the decIiae

asskated with normal aging,  This se&on is a review of studies relating aging  and disease to driver

pcrfonmoce,  with an attempt to assess the  impact of these  processes  on commercizd driwx

&WfO~aOcC.
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However, the impact of aging  on the visual capabiities  of the  Chw  driver is mitigated
coxuiderably  by the fact that  the older drivers are underrepresented  on the  road. Fm  A.1
illustrates this  point for all licensed Pennsyh&a  drivers. Frgutc  A.l(A) shows  the distriiution  of
private passeager  licenses (Class One), by age, for the approximately 6.7 million Class I and III
licensed  operators. The largest propwtion  of IicetlJcd driven -  in the 20  to 40 age groups.
Above  th&  age there is a decline that levels off until about the  age of 65,  tiere  a second decline
occurs. The eorrcsponding  distrLLution  for ChiV  drivers (Class Three)  is shown  in Fwe  Al(B).
One immediate difference is the approximately 6:1 ratio of males to females  compared to the
roughly M-M  split for passenger licenses. Of greater Ggnilicance  to visual capabilities  are.  the
reduced  proportions  of licenses  at the age  extremes. The 20  to 30 age group is very much
underrepresented  compared to passenger licenses and the  oldest age groups above  65 ~ISJ  fall off
more rapidly. Nevertheless,  the proportion of CMV  licensed drivers over the age of 50  and up to
age 65, where visual capabiities  begin  to decline noticeably, is still quite comparable to that of
passcager  car drivers.  If these  drivers were to participate in the  actual driving task in proportion to
their liecuses,  the problem of aging and vision could be as signiticant  as it would be for the general
driver cohort. However, other evidence, such as tbat represented by the superimposed dashed line
in F-e  kl(B), points to a possible decline in older driver participation on the  road in comparison
to the number of licenses held. The dashed  line lab&d  Actual Drivers represents 1989 survey
dada)  from the Regular Common Carrier Conference:  Organization. These data on age are taken
from truckers actually  on  the road during  a certain period. The survey data indicate a sevwe
reduction in the  proportion of CMV  drivers over the age of 50  a&tally on the road Further study
may show that drivers with greater lass of visual cap&i&s  are even more severely
underrepresented,  although this is only  speculation at this time.

Many  studies~4143)  have evaluated the driving  perfonnanee  of visually impaired automobile
drivws-def%ed  by the U.S. Department of Health and Human .S&ccs as pexsons  with the inability
to see nemprint  with  corrediyc  1elueJ or with no useful vision in one or both eyes; b&iduals  with
cataracts, glaucoma, color biindwx,  detached retina, and other eye diwases  are induded
Conditions of these individuals may or may not significantly interfere with the driving function.
Drivers with color blindness can usually  adapt quite  well to the driving task. Howenr, visually

impaired drivers with  such conditioos  as catam*  glaucoma, or extremely poor vision (not better
than 20/200  with eorreetiw  lenses) may be a serious risk to themsdvw and others  on  the highways.
These studies were conducted by state licensing agencies that have been usefubwss  of their medical
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CLSSS  Three  o p e r a t o r s  ( P A )

Fwc Al(A)  Licensed Private Passctqcr  Car (Class  1) and
(B)  Commercial and Heavy Vehicle Opcraton  (CIas 3) in Pamyivania by Age
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review programs for the licensed automobile driver. The  studies  have assessed  the effects of driver
medical retxamination programs, medical advisory board reviews, state licensing  agency’  evaluations
and  state licease  renewal application programs.

In 1972,  P-clla  et aLc4’)  stadied  tbc  effects of the North  Carolina  Driver Medical
Evaluation Program upon the accident and violation rates of medicaIly  evaluated automobile drivers.
Over 4,100 drivers, who  were medicaUy  evaluated and had their  driving privileges restride&
suspended, or unchanged, were shxlied  daring  a 2-year period. Accidents and selected viotation
records  were coUectcd  over a year’s time in both  retrospe~ivc  and  prospective periods relative to
the driver’s induction into the evahmtion  process. In addition, a control group of over 9,400
randomly selected licensed categories included vision. The  results of the study indicated that drivers
with  diagnosed visual defects had improved their driving record (i.e., less accidents/violations  aher
the medical wabxation).  However, their accident rates before and after evahtation  were still
sigcilicaotly  higher than those  of the control population.

Another study  by Lippman  in 1979( 42) for the  Texas Health  Department evaluated the
effectiveness of the Texas Medical Advisory Board’s (MAB)  review of automobile drivers with
cbrmic medical coditioas.  The stody  dealt  with  19&M  medically  impaired driver cases, iaclwling
the visually  impaired, that were reviewed by the  MAB  for 2 years. In addition, driving  records on
the reviewed drivers were obtained from the State Department of Public Safety for 1  year prior to
MAB  review and 1  year thereafter. The  number of accidents and moving violations for MAB  cases
was determined and compared with state average numbers of accidents and mom violations in the
entire poptdatioa  of drivers in Texas. The  total effed of the MAB  review for the visually  impaired
was a 76 percent reduction in accident rate and a 65 percent improvement  in violation rate. The
authors noted that the beneficial effects of the MAB  action started at about 30 years of age. From
age 40  on, the effeas of the  MAB  adion were so beneficial that the accident rates were parallel and
even better than  the statewide average. It seemed that the effects of the MAB  action in-eased
proportionally with age.

Popkia  et aL(43)  reexamined the impact of the North Carolina Driver Medical Evaluation
Program 0x3  the driving performance of medicaUy impaired automobile drivers entering the  program
in the early 1980s.  Pre-  and post-evaluation periods were established  for persons who had medical

reviews  and a sample of move than  6900  drivers was used. Visual  disabiities were included in the
categories of medically impaired Rendts  showed that drivers in all of the  disabiity groups
experienced a decrease in crash involvement rates atIer  medical prwam  evaluation. Drivers with
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certain  disabiities,  including vtioq had post-review crash rates similar to the general driving

population Popkin  concluded that the medical retiew program  did significantly improve the driving

perfonoance of drivers with medically impaired conditions, but that these  drivers still had more

accidents thm the general driling  population

These  studies demonstrated improvement in the driving safety of medhlly impaired drivers

after intervention by a licensing agency. In general, accident rates of the impaired drivers were

SipnitimtIy  reduced after intervention, but were still higher than those of the normal population.

Violation rates did not show improvement after intervention and were still higher than those of the

normal population.

UNDERLYING STATISTICAL ASSUMPTIONS

The purpose of this section is to present a statistical model that makes explicit some. of the

major assumptions underlying much of the empirical work previously reviewed The goal of the

empirical research has been to establish the nature of the relationship between measwes of visual

pexformaoee  and driving  safety. The results of this work generally lead to the cmhsion that the

direct liok between visual performme  and measures,of driver  safety, such as history of accidents

and citations for moving violations, is weak. When correlations have been found,  values have been

low and very large numbers of drivers  have been needed in the analyh to demonstrate statistical

sigoifncance. Rcwlts such as these have been coasidcred  disappointing and an intense effort has

been devoted to finding “better” methods of measuring both visual performance and driver  adquacy

in the hope that more robust relationships will emerge. The brief aaal+s that follows is an attempt

to provide hsiit into why these generally disappoiating results have been obtained. A model of

statistical reasoning known  as signal detection theoty (see EgatW) has been adapted to the

problem of detecting unsafe drivers within a population of safe drivers  oa the basis of visual

performance. This  model has come to he aoccpted  as representing important aspects  of a

disaimiition task. The signal detection model was developed iaitially  in the context of dctectiag

an electronic signal in the preseace of noise  (detiaed as anything  in the signal domain that is not the

s&l), and has been applied widely and succeshlly  in the analysis  of psychophysical tasks such as

those used to test vision.

Fwc  A.2 illustrates the signal de&&on paradigm as it applies to the vision aad driving

problem. The disaimiition task is to identify “bad’ drivers on the basis of a visual performance

score. In Fwe  A.2,  the distribution of scores obtained on a test of vision (e.g., visual acuity, visual
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Figure A.2 Diitriiotiom  of Viiual Performance  Scorch for ‘Good’  and “Bad” Drivers and  the
Associated ROC Cum

Gel4 and  contrast sensitivity) by good drivers is shown as a solid line. The  distriiutioa  for the
same test for bad drivers is shown  as a broken line. The deiinition of bad drivers is not specified

but can be  any dctinition appropriate to the purpose, such as accident rate or  moving  violations. An
important point to notice is tbe overlap ia the distriiutions  In other wor4  many bad drivers can
have good vision and  vice versa.  This overlap, which is well dcemncnted  for every measure of visual
pxformance iu relation to safe dhing,  is at the heart  of the disahhation problem. The greater
the overlap that exists  between the good and bad driver popuhtio~~,  the more ditlicuk  the
disaimiition task will be. The heights and areas under the main distribution cmws are in rough

proportion to the nombcr  of good and bad drivers in the populatioo,  wing statistics derived from a
study of l2.483  Pennsylvania  drivers done by De&a  et al.@)  However, the signal  dctcdion scheme

A-M



is better understood for groups of equal  numbers (normalized distriiutions) within  the population
that differ only in the  characteristic under  study (driving safety in this case). This sinration  is
illustrated in inset A of Fwe  A.2,  where the dif5xc.n~  io means  for the two driver groups is
labeled d’. Larger  values of d’  correspond to less overlap io the good and bad driver populations
and to a better ability of the model to ’dtsckimte  bad from good drivers at any aiterion  or cutoff
value of tbe visual test. Thus,  weak conelatioos  found between vision  and driving performance
might be explained by extensive overlap behvecn  vision scores of good and bad drivers and  by
correspondingly mall d’  values  and  conversely, less overlap will correspond to strooger  correlatioos.

Detailed koowledge.  of the test score distributions permits quantifying  the predictive v&e
for driver performance of any visual test by coostructiog  the receiver opcratiog  characteristic  (ROC)
for the  two distributions (good and bad drivers) of the vision  scores onder  study.  This is done in
inset B of Fpe  A.2 by counting  and  then plotting the number of bad drivers (true  positives) that
occor  compared to the number of good drivers (false positives) that occor  below different values of
the visual performame  score. The ROC curve that results is the solid line above the diagonal  in
inset B. It shows graphically the ratio of true  positives to false positives  at every value of the test
score. In this -pie,  at low test valuy the rate of a-elating hits (tree  positives) exceeds the
rate of accomolating  false positives and  yields a la@  value for the slope of the ROC carve  up to
the point at which the slope is parallel to the diagonal  (dashed line tram  lower left to upper right of
the graph). Beyond this point, false positives accumulate more rapidly than hits and the slope of the
ROC cowe  declines. The  positive diagonal represeots  a ROC io which signals  canoot  be
distioguished  from noise or the line which correspoods  to chance disaimiiatioa  This would occur
when the dlstributloos  for both bad and good drivers  overlap to the  extent  that they are &&dent.

In general, the area under the ROC between the cwve  and the diagonal is directly proportional  to
the abiity  of the test score to disckniite the target populatioe,  in this case, bad drivers.  Thos,  the
areaundertheROCeMecanbeuscdasanin&xtomeaJurehow~Uagivcntesteanpcrforma

disaimiitioe This result is used next  to examine  data cm the relatioosbip  of visual acuity  aod
visual field to driver safety in hvo  sets of data: (1) acuity scores  from the Q&3  drivers of the
De&a  et al. stu&m,  and (2) visual  field  scores from the Council and Allen study@)  of 52,000
North Carolina  drivers.

Fme A3 shows the  distriiutioos of visual acuity by age found  io the De&a  data set. As
shown there is Rio  difference between drivers up to age 54 and after that age, progressively more
drivers score below 20/2-O.  This distribution is also notable in that  it does not return  to zero  oo  the
right side. This  is ao art&a  of the testing and recording prowhue  tlmt assigns every driver with
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Frgun A.3. LXstributio~~~  of Snellen  Viiuai Acuitics  at Diiffcrcnt  Ages

20/20  or better to the 20/20  citegory.  Testing with  finer gwlieots  near  20/20  and recaniing results
that arc  better than 20/20  will show  a rehm to zero  frequency at better acuitk.  However, the
distriiution  will remain sharply peaked near  20/20  and fall off much more rapidly alwvc  2tI/20  than
below (see Hofstetterf~  for examples of acuity distriition shapes). Nevertheless, the  distriiutio~~~
can provide a basis for comparison of good and bad drivers since most  of the information critical  to
estabIisbhg  the nature  of the ROC curve  i contained in the overlap to the IetI of 20/20.  Fqes
A.4 and A5 illustrate this  point. Fve  A.4 plots the visual acuity  scores  of pooled data for 25  to

44 year  olds  recorded for both good (open squares) and bad drivers (open triangles) on the same
graph. The inset shows an enlarged view of the distri@ions  for scores of B/40  and below.
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Tbe ovehp is almost  complete, with  only a marginal excess of bad drivers over good  at 20/1lW.  A

sidar pattern is seen in Fpe AS, which shows data pooled for 45 to 64 year olds.  Here, the

fraction of bad drivers with  B/20 vision slightly exceeds that of good  drivers. The ROC curves

corresponding to these distriiutions  are virtudy  coincident with  the positive diagonal. The areas

under the ROC curves  arc  50 and .48 for the two age groups, indicating DO .dlsabimtion abiity

for this test with  tJ& popldation of drivers.

A further analysis  is shown in Fwes  Ab, A7, and A.8 for VisuaI tieid scores for the 52,030

drivers of the Council and Allen  study@).  Again, the distributions of the visual field scores for the

subgmps  of good  and bad drivers are almost completely overlapping, and the areas under tbe ROC

cuwcs  arc  50 and 3,  again indicating no diwimhation  power for this variable.

Examination of the score  distriiutions  for a test of vision  in de&cd  good and bad driver

populations provides insight  into the problem of predicting driver performanw  from test scores.

The extensive overlap of the well-behaved (relatively smooth) distributions derived from thk

extensive Decina and Council and Men data sets  indicates that the vision tests administered to

I-

I -

Visual Field Extent

Fwe  Ab. Dktribucioas  of Extent of Viiual  Fkld
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these drivers camot be used to distinguish reliably between good and bad drivers as they have been

defined here. This  situation is somewhat more extreme than tbc  one reported by Henderson and

Burg@)  who  found  signiticaot  correlations for both static and dynamic acuity visual test scores.

However, it is worth  notiog that there was no correlation found for visual field sod tbe correlation

for static acuity was very low.

Do these  results  mean that visual tests can never be used effectively to screeo  out poor

drivers? Moreover, do tbesc  results mean that visual testing is exntiaily ineffective at maintaining

safety OIL  the roads? Several points must be made before aILswws  can be offered for these

questions. In particular, a strong argument can be made that the driwr  populations tested in the

De&a and Council and Allen shldies,  and in most others, do not represent the full range of visoal

capabiitiea  for potential drivers, DOI  do they represent the full range of driver cap&ii&s,

particularly at the low end of the visual performance scale. Potential drivers with vision  below the

mioimum standard are underrepresented  through two mecbankms.  Fiit, previously licensed drivers

have been prescreened for vision  below the standard (for the Penosylvank drivers of the De&a

study, this was only af the time of initial liccnsiog).  To the extent that tbc screeniog  exam was

accurate and vision remained stable in the intervening time, the driving record of previously licensed

drivvs  reflects performance under conditions of good  vision.  For drivers  falling below the vision

standard at the time of retest, it is unclear how much of their driving record should be considered to

have occurred under conditions of good vision or under the poorer vision found  at the time of

retesting. In general, a discrepancy of this  kind will favor produciag more overlap in tbe

distriiutions.  However, this problem is dimiied to some tieat in the De&a study because only

accidents and convictions in the preceding 3-l/2  years  were bxhuk.d. Restricting the time hori.znn

for data in this  way work.‘in  the dire&m  of improving probable correlation of the tested vision

with that ady preseot at the time of the recorded accident or violation. Second, potential sew

drivers with  vision obGously  below the standard will be less likely to submit to a driving test wbkb

they mcst  likely will fail. These drivers do not accumulate drking records that can be correlated

with  their vision and are let3 out of vim@ all studies  appearing in the literature.

Problems associated with  exciusiou  of drivers with  poor vision from the driver database,

however, do not eriously  weaken the conclusion that tests of visual performance have  low power  to

disaimiite poor or unsafe drivers from safe drivers in tlwe presenting themselves for examination.

That visual testiug  done  cannot  disaimiite unsafe drivers, even though vision  is *eceswy  to

driviug,  is fundamental to the safe driving probkm.
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EMERGING TRENDS IN APPLIED VISION RESEARCH
The problems noted previously indicate that, at present, tests  of visual performance have

low power to di&miiate poor or unsafe  drivers from safe dtivers.  One prominent conclusion to

kc  draam  from these  data is that factors other than vision must contribute to accidents; tbis is

supported by the observation that the same fraction of accident-inv&ed  and safe drivers has 20/40

or better vision. A paradigm-the “useful fictd  of &g-for  explaining how vision may contribute in

conjunction  with other factors to produce accidents has been tbe focus of recent investigations by

Ball et aLc4’)  and Sloan, Owslcy and BaU(46) Tbis work has f-d on visiw, attention, and

elderly driver accident experience, but has obvious applications to the CMV driver assessment

problem. AII overview of this work is descriid in a rescarcb  problem statement prepared by the

Basic Research Subcommittee of the TRB OldcrSriver  Task Force (A3T52)(45,  and is brietly

summarized here.

“Driver inattention” has long been cited as an underlying cause of vehicle crashes .h the

elderly.(4q  In addition, many older adults have deficits in their attentional  skiUs.(48*  “) Three.

receot  retrospective shldics  have demonstrated that visual attentional problems are good predictors

of poor  driving performance in cdder adults. The fvst  study@)  examined how accident frequency

(from state rce0rd.s)  in 53 older drivers was related td visual/cognitive capacities  at a number of

different levels,  such as ocular disease, visual wnsory  fundor~,  visual attention, and mental status.

The best predictor of acxident  frequency was a model incorporating a compcxfte  measure of visual

attention (the size of the us& field of view) and mental stahts,  which together accounted for 20

percent of the variance. This model was mu& stronger than those  reported in earlier studies on

vision  and driving that assess4  only visual sensory function, and excluded tncasurcs  of information

pmcsiq skills  at higher Ievek.

The useful  field of view (UFOV), the best correlate of accident frequency in the

aforementioned study, refers to the area of the visual field in ticb information can bc  rapidly

extracted without eye ad head tnovemettts. W It invohts  the earliest, paattentive  (prallel-

procwing)  stage of visual attention which is used to quickly  capture and direct attention to highly

salient tisud  evaas,  a skill that seems crud for effective driving, eapeciaUy for CMV drivers who

require e-rated lead times for hazard recognition. The UFOV test incorporatea measures of
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divided attentioa,  selective attention, and speed of visual information proassing  to arrive at an

overall measure of attentional  capacity. In this  study, the older drivers with restrictions in the size

of the  us&d field of view had I5 hinet more intersection accidents than those with normal visual

attelUi0lL

Obviously, a test  of visual attention like the UFOV makes use of informati011  coming

through the visual smsory channel. For example, inditiduak  in the previous study  who had serious

visual field 10s~ ah had a serious impairment in the useful  field of view. On the other hand, visual

sensory  field loss was not a IL- and sufkicnt  condition for a constricted UFOV. Many older

adults who had impairments in the UFOV bad normal visual fields. Thus, the UFOV depends on

the integrity of visual sensory information, and m other process&g  skills, such as attention. In this

sense, it is a more comprehensive  measure of information processing ability than visual scwxy

status alone.

A second  and more recent large sample study (over 300 older drivers) by thk res&cb

group has confirmed  that the UFOV is a good predictor of accident problems, with  the correlation

behveen accident fresuency and UFOV siz exceeding  r=055.@)  A forrelation  of thk magnitude

behveen driver capabiity  and trash involvement is haally unprecedented, underscoring the

importattce  of these  findings. This emerging evidence suggests that further research to develop

assessment  approaches incorporating attentional as well as purely sensory visual capabiities  will be a

fruitful area of investigation,  with  a strong potential impact OrI  the evohtion  of new standards.
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APPENDIX B

BISK ANALYSIS OF A VISUAL ACUITY CRITERION SHIFl’



An analytic exercise was conduaed in this task to estimate the change  in risks associated with

shift&?  the pars/fail  criterion for tests of ChIV driven’ visual acuity. Fuxtioaal  deficits in any of

the visual capabilities identified in the previous expert smvey as necessary for safe performancz

could  k&aUy  be tied to an increased risk of accidents; visual acuity was chosen for the present

adysis because. of its prominence in traditional vision test protocol  and its high lwel of face

validity to everyday driving tasks. Also, it should be noted that this analysis is spa&tic  to a defined

operational context,  as described below, and necessahly  relics  upon assumptions in that sihmtion as

found in eurrcnt  models of driver response effectiveness.

In particular, this analysis case ezmines  a maneuver/detion  mspoasc  sequence within the

more  geocrd  framework of de&ion  sight distance models.(‘)  In the present analysis, a safe and

effect& driver m.pmse  depends upon sign Iegibiity/comprehension  under freeway operating

conditioas,  taking into account the iacrcasiog  attentional  demaads for avoiding traffic coa5ids  and

the correspcwJing  decrease in attentional resources available for road sign information pr?c.essing

assxiated  with this situation. A driver  unfamiliar with  the roadway beii travelled, who must

respond to guide sign information to suwcssfaUy  navigate to his/her destination, is ah assumed.

The performance context for this analysis is an z&al section of highway in southern New

Jersey, State Route l30. This  highway section has three lanes of travel in each directior~  it is a

level, tangent section with recorded 1989 average daily t&ic (ADT) of 55,860 vehicles’ and

uaobstmucd  sight distance to the overhead guide signs which are the key visual targets in this

au&is.  The  subject in this a&is  is a CMV  driver  travding  southbound on  Route 90 West, the

Betsy Ross Bridge leading to Philadelpkia.  In this case, the exit for NJ Route 90 is from the lrf

lane. Two sets  of guide signs direct the driver in this siruation: an initial pair of overhead signs

identifies Route I30  South through lanes and the left exit for Route 90, while a later sign  conveys

exit information for Route 90 West  only. The initial pair of signs  is pasitioacd approximately 925

feet (282 meters) upstream of tit! csit  gore;  the later exit marker is positioned approximately l25

feet (38 meters) upstream of the exit gore. These bighway  sign targets are displayed in Fpe B.l.

AIso shown ia Fwc  B.l is a timc/disCance  s&a  useful for tracking a driver’s approach to the

exit point (t&J, to the extent that a respo&  Jcqucnce  timeline marking the relative locations of

key behavioral evenu/manewcn  a be defined. The adual  vehicle movements required to safely

?? pcrs. comm, NJDOT Traffxc Services Dept., October 9.1991
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accomplish the left exit in the situation as described  above are straightforward: the CNV driver
mst change  Lanes  twice-from  the  far right  to the center to the far left Lane-in  a safe, controlled
manuer,  then  exit the  bighwy at the  ramp gore.

ask
CMV operator travelling in right
lane of 34ane divided highway

E&e spaed: 50 mijh (73 ft/s)

must respond to signing information
as presented at S, and &to  exit from

peak volume: headway = 2.5 s
visibility: daytime, clear

left lane at t. highway: dry, level, tangent section

VOTE.  ltt=.3049m

Figure B.1. Si Position Indicated by Tie (seconds) and Distance (feet) Upstream
of Exit Points (t,,dJ
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The percepti and cognitive components of the driver’s behavior as required to effect lane changes

in a ‘safe, controlled manner*  are more problematical. While straightforward to define in a

qualitatin  sense, the precise time requirements and the wrtent  to which such information processing

operatiotu  can be achieved in parallel are highly dependent upon moment-to-moment traffic

conditions and the ruulting  attentional  demands on the driver.

‘II&  anal@ postal&s  discrete events in the response sequence timeline. These events include

the detection/recognition of the initial overhead sign and the reading/comprehension of its message;

the CMV driver’s decision (choice reaction time) to initiate a lane change from the right  to the .

center lane; the completion of the East lane change maneuver  the driver’s decision (choice RT) to

initiate a lane change from the center to the  leti lane; the completion of the second lane change

manemr,  the driver’s reading/compreheasinsion  of the later sign’s  message and accompanying

decision (choice RT) to initiate an exit maneuver, and the vehidc’s  actual movement.

To estimate time requirements-and corresponding distances travelled at the 85 percentile  speed

of SO miles/hour (73 feet/scwnd)-for  each event in the response sequence, current models of

driver information pr6xessi&tz) were wasultcd, supplemented by field observations  of CMV lane-

change operations on I-95 in the Philadelphia area. ksed on the field observations, 5.0 seconds is a

representative value for the elapsed time from the instant the lelk front tire of a CMV cab crosses a

lane line until the trailer has completely moved into the adjacent lane at 50 miles/hour. For this

analysis, it is assumed that peak volume traffic  conditions will not permit a driver to execute both

lane changes in a wntinuoas  fashion;  rather, the fint  lane change  will be completed; then a search

for potential conflict vehicles wilI be performed before initiating the second lane chaagc.  Assuming

separate vehicle maneuvers, the total time allocated to lane change  maneuvers in this response

sequence timeline is thus 10.0 swonds.

Another clement of driver behavior to acoxmt for in this response sequence is the reading time

for the critical information on the i&al overhead guide sign (see St in F-e B.l). These critical

elements includ.5 the route deslguation (NJ  90).  the cardinal direction (WEST), and the guidance

information (next  left). The name (Betsy Ross Br.) and destination (Philadelphia), which are also

likely to be scannd are not essential to an appropriate vehicle control response  in this sihtation.

(It is not  the intent in this analysis  to demonstrate unrcalktically  stringent requirements for driver

visual capability;  this approach suggests  using  minimum information requirements, translating to

minimum reading times an&  therefore, minimum required legibiity  distances.)
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The  reading  and comprehension time for this  sign (St) is both a far&on of the driver’s
wpcctation~  and sign content. S&e  it is assumed that the ChW  driver is searching  for this
guidance  information, the sign may be desaii as a search cmwpinriry  target.(3)  This heightens the
target value of the s@  aad  further supportc  the logic above,  whereby a minimum rcadiwj  time for
the sign  is suggested as most appropriate for this  at&is. Based oa  guideliaes  attriiated  to Dudek
aad  Forbes reported by Perchonok  aad  P~lla&(~)  a raage  of 25 to as much as 6.0 secoads  would
be required to read the critical information identified ia the preeediag  paragraph. In eonsidcration
of the facilitative effect for proces@  this test due to the driver’s expeetatioa  that a sign  of this
nahre  will appear-i.e., the search conspicuity  target-a minimum raling time of only  2.5 seconds is

postulated for this ana@&  A&, it is not the intent ia this analysis  to rely oa  e-rated
estimates of driver  response  times that result ia mueaiistically  long  reading distaoee  reqtiementa.

Another perspective on this  stage of processing  is that of “percept&-reaction” time. Because
this left exit sihmtion  is not commonplace, it is assumed that the driver is not  expecting to make this
manewer.  Therefore, the reading aad  comprehension time may be estimated fairly using  the
perwption-readon time of 2.5 seconds which is cited by AASHTO’  aad  is incorporated into serial
prowssing  models such as the de&ion sight distaace  model(‘).

Additional time requirements for the deeisioas  to actoaliy  initiate each laae  change  depend
upon  the traffic  density aad  the effectiveness with  which  the CMV driver can use the mirror system
oo  the vehidc.  A great deal of variability ie this RT component may be introduced  by moment-t*
moment chaoges  ia the trallic  flow. Using the most optimistic assumptions  about driver visual

search efficiency-and  hutber poshaiatieg  the availability of ao  acceptable  gap under  exicting
operating conditions-a lxst-cad  estimate of 1.5  secoads  for the choice RT to initiate each laae
change  will be ased for this aaaJysis  (see NH’TSA  LVfwr Pnfomrance  Data Book).

Fdy,  the readiog/compreb  time. for the cxitieal informatioa  oa  the later overhead
goide  sigo  (S,  ia  Fwe  B.1)  musi be taken into account. Again, this may be characterized as a
“search coaspicoit)r  target that the driver expels  to see. The informatioa  contained in this siga  also
is expected; thus,  the  component of sign comprehension is reduced to a ‘&s/no’  decision as to

‘Ha&book  on Geomcaic  Design for Highways, Americaa  Association of State Highway and
Transportation Officials, 1984.
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whether the presented  information contirms  the driver’s understanding of the earlier sign’s
information (S1).  Accordingly, only 15 seconds are allocated to this  stage of the exit respoose
sequence-that is, only  the  minimum time required to read the critical detail 0x1  the sign legend: no
separate “decision time” is poshdated  here.

A cumolative  estimate of the timc/distaoce  necessary to safely perform  all the component
processes io this respoose  sequence may now be derived, consisteat  with the assumption and
justiticatiom articulated previously. Working bac&wd from the exit gore, identified  as to  and d=O
in Fwe  B.1,  the response timeline  is as follows:

.

.

Priver  Performance Reauircmen~

Driver initiates exit maneuver
in time for cab to leave left
lane  of bigbway  and move onto
ramp at exit gore point.

Driver reads aitical information
on sign s,

Driver performs lane  change  #2
(center lane  to left lane).

Choice XT for lane change X2
(visual sear4 gap judgmenf
decision to initiate maneuver).

Driver performs  lane &age Xl
(right lane  to center lane).

Choice RT for lane change  Xl
(visual sear4 gap judgment,
decision to initiate maneuver).

Driver reads/comprehends critical
idommtion  OD.  sign s,,

to  to  f-l.0

t-9.0 to  ‘-14.0

t-14.0 to  t-u5

t-L55  to  t-18.0

. Driver detects/recogoizes  sign St
and seleuively attends to this target

prior to l-*&o

Based on this aoalysis  approach, it may thus be argued that safe and  effective perforkance  of an

exit under these circumstaoces  requires sign S, of 320  to 390 feet (Ss to 119 meters).
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The angular subtense  for the Y-inch (lowercase)  letters on sign St defines  an acuity of 200/u)

(Snckn)  at 320 feet (98 meters). The con&sion  may thus be reached that soy  reduction of a

driver’s acuity below 20/20 will result in an increased risk of a conflict in this situation-up to the

point  where the driver acquires the critical iaformaticm  so late that the required laae-change

mau~uv~rs  will not be attempted Qualitatively dcsaibii the relationship between  declining acuity

and increasing risk, within this  bounded interval, is ad&-d next.

hiking a required exit from a limited access highway, with the need for additional travel in an

unfamiiiar area to correct this navigational error,  is a potentially costly mistake for a CMV operator.

It is, therefore, assumed in this analysis that some delay in rcading/comprchcnsion of the critical  St

information will not necessarily  result in a driver decision to postpone the required route ehaage,

but instead will rcsuk  in an attempt to accomplich  the exit in a shorter time frame than needed for

safe pcrformaacc.  EventuaUy,  however, a sufticient  delay in reading sign St-given modcratc-to-

heavy traffic volumes-may be so long that the maneuver will not bc  attempted For this analysis,

the range of St reading distaaccs  and associated points io the response sequence timelinc &own  in

FIG B.l will be bounded by the distance  at which lowercase text is Iegiile  to a driver with 20/u)

vision  (t-t,,c  second)  and the a&al position of the initial ovcrhcad  sign presenting the exit

information of interest (t-tz, second). In other wo&,  it is assumed that a driver who fails to

read/comprehend the critical infotmation on sign  S, by the time he/she  reaches  the sign will not
.

attempt the exit maneuver io question in this  analysis.  The focus of the analysis  is to describe a

fundon  of relating increasing risk of traffic  cor&ts/accideats  to decreasing St lcgibiity distance

resulting from driver visual acuities worse. than zO/zO.

With a driver visual acuity of 2Q/20  in this performance context, it has been argued previously

that the available time at 85 pcrcetttik  operating speed is suftkicnt for all required components in

the  response (exit) sequence to be safely accomplished This does not mean that traffic

cordlict/crash  probability is zero under these ckumstances,  but that a near-zero minimum value is

attained AS acuity worscus,  Icgiiity distance dcucascs,  response time is shortcncd,  and increasing

Iikelihood of conflicts/crashes is a logical prediction.

At best,  present understanding of the problem will allow  specification of the shape of the

fundion  relating the variable5  described above. Change in legibiity with distance is a linear

function; however, factors other than lcgibiity alone tiuenec a driver’s decision to proceed (or not

to proceed) with the lane-change maneuvers  required in this situation. Given the desire to predict
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likelihood of a driving behavior, taking decisional/judgmental processes as well as sensory (acuity)
processes into account, a normal distribution cuwe  would seem mc.st  appropriate. As noted above,
the responst  interval is bounded by the position of the  6rst  overhead sign (S1);  it is assumed that a
decision to proceed with the lane-change  maneuvers needed to accomplish the  freeway exit would
ncva  occur later than this time/distance on the response sequence timelinc ia Fwe  B.l, since the
drh  would effectively have no advance knowledge of the upcoming exit if the initial sign  had not
been read Therefore, it is suggested that the fiuxtion relating  increasing crash risk to decreasing
acuity in tbis performance context is best represented by the  right half of the normal curve,  as
shown in Fqe  B.2. This indicates that a small decrement io acuity would result  in only a modest
imrcas.e  in a&dent risk, but fnrtber  decrements would result in a dramatic iacreasc  in accident risk
until some  asymptotic level is reached near the  cutoff point associated with the  position of the initial
overhead sign  (St).

Additional data and analyses are  rcquired’to  calibrate this function and permit the  assignment of
absolute values to the axis in F&e  B.2 indicating accident probabiity.  To limit the values assigned
to this function,  it may be reasonable to inspect crash data for nighttime  clear conditions, nighttime
heavy rain  ccmditions,  and  nighttime fog conditions on the same section  of roadway over  comparable
paiods of time. Each  of these dimiihed tiiity c&&ions  reduces the preview time of advance
sign information  to a driver, with increasing reductions in preview time  moving from the nighttime
clear to the fog conditions. These data may thus sem as a useful  analog to tile progEssive
reduction in preview time resulting from lowered acuity in the present analysis case.

la  conchtsioq  shif@ the criterion for visual acuity may bc  expected to result in a measurable
increase in probability  of a crash wbenevcr  a CW  driver’s vehicle  control decisions depend upon
timely comprehension of guidance information presented by highway sign@  and  moderate-to-heavy
trafk conditions increase both the real-time procuiag  load of the  driver and  the  likelihood that
sudden or erratic maneuvers will result in contlict  with otbcr  vehicles. Existing models of driver
behavior suggest that the fundion relating increased a&dent risk to decreasing acuity (criteria) will
mimic the normal probability  curve, bat assigning specitic  values to a&dent probability will depend
upon further analyses of reduced tibiity crash data for a given operational situation.
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sign legibility distance (ft)

Fwe  B.2.  Candidate Accident Probability Curve  for Decreasing Viiwd  Acuity
for Present AnalyxiS  case.
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APPENDIX C

FEDERAL REGULATIONS FOR PHYSICAL QUALIFICATIONS AND
EXAMINATIONS FOR CMV DRIVERS

(49 CFR 391.41 TO 391.49, OCTOBER 1, 1985)



03sl.27  Equlmlerlt  of mitten exunh.

@I In place  of, snd u ewhlent to.
the titten examhmtion  redred by
i 391.35. . person  who seeks  to drive .
m o t o r  vehkle  may  present.  md .
motor carrier  may accept. a valid cer-
?????? ???????????????????????????????
p - t  to pnrwrwh (3)  o f  Wt  sec.
ttonwlthhthep~3yeus.

(b) If a motor carrier  uxerks  ?? cer-
tlfid,e a¶ equivllent  t o  t h e  wltten
ex-tbt, I t  shsll ret&t  .  kjible
COPS of the artlflcate In Itd  flla  Y
Dart Of the Mver’s  qUliflcation  file.

CC)  A motor cnrrier  map  require  u2.y
wrson  w h o  ~resenta  .  cmtlflcate  Y
Wttvxknt  to the written  exmalr&lon
to take the wrltten  emtim  pre.
ocrlbed  In  f391.35  o r  put1ciprte  In
UIY o t h e r  Instmctlonai  ~rocesd  de-
OImled  to WQudllt  blm  aith the prori-
010no  of Puta 3&l  tbrourh  397 of tbh
oubzhapter.
n5PRo4os.4Pr.22.lmo.anun~~35
Ylt  17420,  Nov.  13.1#?01



49 CFU  Ch.  III  (W-la  Edttion)

uI+3l;
(11)  FLnt  perceives a forced ahts-

pered  voice  In  the better ear  St  not
lew  than  5 feet with  or  without the
um!  of a h.?arir@  ald  or.  if tested  by u&e
of an  adkmetrlc  device. does  not
have an  .verrge  henrIm  loss  in  the
better  ear greater  than  40 declbels  at
500 Hz.  1.000 Hz,  md  2.000 Hz with  or
without. hearin  ald  when  the audio.
metric devfn  ts  alibrrted to  American
Ne,tional  Y3tnndard  (fOr!LkrlY  ASA
Standard)  224.~1051.

(12)  Does  not use  . Echedtie  I drug
or  other substance identlfled  In  AP-
pexlix  D to  this subchapter.’ an  am-
phetsmlne.  . nucoth.  or  W  Other
habfGformbx  dmei  and

(13)  EISS  no  current  clkdcal  dsairnosL9
of rlcahollsm.
(85  FR  LWO.  Apr.  222.1@70.  Y unended at 95
Frt  17420.  NOV.  13.  1970; 36  FR  223. Jul.  I.
1971; 56  FR  13557.  July  8.  1971; 43 FR
Mwo.  DC  5. 197*:  51 w 17571. May  13.
10161
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Fodaml  Hlghwoy  Administmtlon,  DOT

Cd)  If  the  medlal  enmIner  finds
mt the IKIWXI  he enmined b phys-
Ically  auallfled  to drive  8 motor vehb
de  in  acemd6nm  ~4th  f 391.41(b).  he
shall  complete . certlflcaeC  ln the
form prescribed  in  puaeraph  te)  of
thh  section u-id furnish  one copy  to
the IYWSO~  who WSB  cxrmined  rind  one
rn~y to the motor carrier  thet  em-
ploys hlnL

te>  The medical  examhle?3  a?tif1-

(Nunc  of cxamlnbw doctor tP?irit))

p 391.47

EIced  aa  pmvlded  Ln  i391.67. the
followbx pemom  must be medically
Cxlnrlned  und certified tn sccordance
with  i 391.43 ~1 physIcally  aulified to
drive  * mob  vehicle:

(a)  Any paxon who haa not been
medically  examined  rind  certified =
phmkally aWled  to drive & motor
v&klc:

(b) Any  driver who haa not been
medIcally  examined  8nd certified  u
pullfled  t4 drive %  m o t o r  veblcle
durlu  the  precedln9  24 months;  and

CC)  Any  driver  whose  lbiUty  to  per-
form his  normal  dutlea  hrr been lm-
gzeg a ~hgrid  or mentrl imr~

a 391.47 Raolntloa  or cmflkta  of medial
mluatlon

(a) d~PZk~~tton+  Appllc&tIons  for dc-
termlrutlon  of * drlvees  medlal  puti-
flatIons under  standards in tbln put
will  OnlY be accepted  If  they cottfolm
to the regutrrmenta  Of thb SectlOn.

(b) Confent  Appk-atlons  will  be UT-
ce~ted  for conslderatlon  only  lf the
f0ll0wble  CondItiom  M met.

(1)  The applkstlon  must mnkfn the
nutte  uid address  of the driver.  motor
curler.  md alI phyalckna  involved in
the  P-.

(2) The applhnt  must submit  proof
that there la . dlswreement  between
the physlckn for the driver  md the
phyaiclrsn for the motor  Mter  con-
cemhw the drlver’~ aullfiutlom.

(31 T h e  applhnt  m u s t  aubmlt a
copy  of an ophlon  snd  retort  lnclud.
htxlwsultsof~tc3tdofmlmpvttrl
medIcal  specllllst  In  the field  In  wblch
me medIal conflkt  -.  The spedd-
lst lhould be one urecd  to by the
motor carder  snd the driver.

(1) In - when the MVU &UEM
to some  on . spe&llst ud the XDDU-
altt  la the motor tier.  the  EPDkSllt
must submit  . atrtement  of hb -
merit  to submit  the matter  to ~1 kn-
parthI  mcdkal  sBeclsllst  In  the flcld,
proof  that he hrs  reauested  the &ivv
t4 s u b m i t  to the medlal  -
md the response.  lf w, of the  drlvei
tohbrewmTt.



f 591.49

(tl)  In  - where  the motor urrier
refusea  to  agree  on a medkal  apeckl-
fst,  the driver  must  submlt  LIP  optnion
and  test results  of  m bn~wtlal  mcdl-
cil  rpeeflllst,  proof that he has  re.
wmikd  the motor  carrier  to 4ree  to
Nbmlt  the matter  tc  the medlti spe-
chllst  and the MPOB~~.  lf  SW.  of the
motor  arrler  to  hb rwu&.

(4)  The  applicant  must  Include  .
statement  explaIniw  In  d&all  why the
d&ion  of the medical swanlist  iden-
~ole&ir&~a;~e.CbX31  of this  set-

(5)  The applicant  must  Nbmlt proof
that the roedkal  sp&Ust  mentioned
ln  paramxph  (b)(3) of thJs  section  WM
Dro”‘,ded.  prior to his  determlnhtlon,
the medial  history  of the driver  md
an  asned-upon  rkkment  of the work
the  driver  Performs.

(6)  The applicant must Nbtit  the
medical  hIstory  and  skkrocnt  of work
prOv-,ded  ta  the  medial  SP&diSt
under pera+zaph  (b)(5) of this  section.

(7)  The applhnt  must  iubmlt  all
medJc&l  records and statements of the
Dhysicianh  who have eh’en  oplnlons on
the drlver’r  auaUflcaUons.

(8)  The applicant must submiX  a d&
#crlptlon  &nd  . copy of &ll  writtan  and
documentary evidence “pan  which  the
PWtY  malrtno  &PP&XtiOn  dh  ‘B the
form set out ln 49 CFFZ 336.37.

(8)  The rppllertion  must  k aceam-
ppnled  by a statement of the driver
that  he intends to drive  In  lntemt~te
oommerce  not sublect  to the oommer-
oial  Paone  exemption  or. Bt&ement  Of
ths carrier  tIut  he hu  wed or  Intends
to USC the driver for ruch  work

49 CFR  Cb. Ill  (10-l-n  Edition)

A COPY  of sll  evidence  mcelved  shall be
Ukched  to  the notice.

(2)  Re~lu.  Any party may  submft  ,
rePlY  to the n0tIf1at10n  wltbhl  15
daya titer service. Guch  reply must be
&xxXBpu,led  by &II  evidence the party
wants  the Director to consider Lo
riukbx  bir  determination. Evidence
Nbmftted  lhould  include .ll  medical
records and  test results  upon which
the party relies.

(3)  f’Ortk&  A Duty  for  the PWPOXS
of this  section Includea  the mot-w  car.
rler  and  the  driver, or anyone else sub.
rdttlns an  ~Ppllation.

CC)  pctitiont  ta  -. bumlm  0,

(101  T h e  applkant  must  Nbmft
thm  COPk.5  Of the ~pDk&iOt,  md .I,
records.

Cc)  XRTownafion  The Director MY
rqutst  further lnform~tlon  Krom  the
WX,U~t  lf  he determines that.  deci-
don cannot  be m&de  on  the evidence
Nbmltkd. If the SDP&Nlt  fUlS  to
submlt the InformatIon  reau~ted.  the

(dK1)  AMoon  upon  recelvlllg  ‘ utI+
??????????????????the DIrector  ah&II
notify  the ~vtles  W E  driver.  motor
carrier.  or SW  other Interested party)
that  the wpllation  has  been accepted
md that. determination  will  be made.

proof.  The driver  or motor carrier may
~etltlon  to  review  the Director’s deter.
mhutlon.  Such PetitIon  must be sub-
mitted la  usxwdance  with i 386.13ts)
of this  ti~kr.  The burden of proof
inNCh&IXkedkU is on the petition-
e r .

(f) Sfaftrc OX  driucr. O n c e  an w.pU-
crtlon  in  Nbmitted  to  the Director,
the drfver  sh#U  be deemed disqualLlied
until  N&I  the  LF the DIrector  m&es
. de-tlon,  or until  the Director
orders o*~crwlse.

t42  FR  18081.  Aor.  5.1971. u  amended  ‘t  42
FR  s.lwc  Oct.  4.19771

5391.49 W&u  of certmbn  physical  de.
fear

(a) A pwnm  who is not phpslcslly
~ualJ.fled  to drive  under f 391.41(b)  (1)
or (2)  md who fs othem%e  amlIfted
to  drivl?  ‘ motor vehicle.  may  drive  8
motor vehicle. If the Redonal Dlrec-
tar. Motor  Curier  afew  haa SrNkd
. nalver  to that person.

(b)  A  letter  o f  sppllation  f o r  .
waiver may  be submltkd  Johtlv  by
the v-zmon  who seeks.  w&‘er Of the
DhgSlCU  dlspu.lifiUtlO~  (driver  aPPu-
ant)  md by the  mokr CvrIer  that
wtll  employ the driver  ~ppllcmt  lf  the
~pD,,~Xti0B  k 97Nkd.  The ~PPthtiOn
must  be rddressed  to  the  Reslonrl  Di-
mckr.  Motor  culier  safety  for  the
r&on  In  which  the coappllcant  motor
aider’s  prlnclpal  place  of buslneza  Is
located.  The wJdress  for erch  rwional
offke  ts  Usted  tn  i  390.40 of thfs  sub-
chapter. Etcepfion  A letter  of a~~llc's-
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tlon  for  . waker  may  be submitted
lULIlatcrally  by a driver aPPllcant.  The
auuIlutIcn  must be addressed to the
Regional  Director. Motor Carrier
Sticty for t h e  rWhXi  In  which  t h e
driver  haa 1eDll  residence. The addrea
Of  each  regkmaI  offIce  b listed  lo
8 380.40 of thb subchapter. The driver
appksnt  must cacply with all the re-
qukementr  o f  parafnph  W o f  this
mcuon  except paragraphs tc)(l)  (1)
and (III).  The driver  nupllunt  ahaU re.
apond  to the requirementa  of pare-
m%ph  W(3)  (1)  to (v)  of this  section.  If
the In.fo~tlon  b hlcam

(Cl  A  l e t t e r  O f  ~ppliuticn for  *
waver  shall canti-

(1)  IdenUflutICn  of the ~ppllantts,:
(0 Name and com~letc  rddrm  of

the motor  curter  ccapplkant:
(II)  Name  and complete ddnss of

the deer  ~Dplhnt:
(ffl)  The F’ecbral  HIghway  Admbdu.

tmttcn  M o t o r  CarHer  Identification
Number. if know-~  and

(Iv)  A description of the driver  ayp&
cant’s  limb  Impairment  f o r  which
WlhIVer  b requested

(2)  Description  of the type of cper-
.tiCn t h e  driVer  IV,,, bc  emPlOYed  to
Perform:

(1)  Stat&r)  in which  the driver  will
cuerae for the motor curler coappli-
ant (If  more  thm  10 States.  desIgnate
Oenenl  i7eogmPhlc  are. only):

(iI)  Averwe  Wrfod  of time  the driver
vizl  be drh’in#  ti/or  on duty. per
ax

alI)  TYPe  Of comfwdItIa  or -0  to
ktnnswrrcd:

(I”)  TYW  O f  drtver  cPerstlcn  <Le.
Ilwuer-tan& relar.  - operaa?*
et&):  rnd

W)  Number of ~eur  ?? xpa-knce owr-
Mn#  the type of vehkkw  requested
In the letter Of ~PplIatlon  &nd total
Years Of exwrbnw 0wmtJng  all type3
of motor vehicla.

(3)  Descrfption  of the vehielc(r)
driver  ~PPlJant  l!ax-&  to drh:

the

(1)  Truck.  truck-tractor.  or bus  nuke.
model.  Uld  yeu  (If  tnowx

--I

----..

(iI) Drive  tnin:
(A)  -on type (auta~tic  or

m~rul-If  CUUIW de&m&  numkr
Of forwud W,:

LB)  AuxIIkv -on (lf  uly)
md nunber of  forwud  aueecb:  end

8 391.49

(C)  Rear  a x l e  (designare  sinele
F.PWd.  2 weed.  or 3 speed).

(ill)  Type  of brake system:
(I”)  Staerbx  manupl  o r  power  as-

Sbted:
(“1 DcscrIPtIon  Of type Of traiIelc3)

(Le..  van.  flat bed. cargo  tank. drop
frame. lOWboY.  or pole):

WI)  Number of semitnilers  or full
tdlen  to be towed nt one time

(VW  For Phexwercuryinc  vehicles.
lMIcOte  SeatInP eaPrcity of vehicle:
and

(VW DucriPtlOn O f  MY  v e h i c l e
mdUIwtiCnts)  made for the driver ap
P~ICUI~:  attach Photcprsphts)  where
wpllcable.

(4)  OtherwIse  qullflcd:
(I)  The CcnPPllCMt  motor carder

mut  certlf~  tha the driver  applicant
b 0therwb.z  Wallfbd under the re3u-
huow  Of thb part:

(ll)  In the cese  of. unilateral  appll-
C-Non.  the Mver  ~Ppllcant  must  certi-
f y  tht Whe b  otherarise quaWed
under the re~ticna  of this part.

(5)  s1BBature  Of ~PDlIcult(s):
(1)  Driver rppllcant’e  si3nature  and

&t-z  signned:
(ll)  Motor  Mier OfflCWS  signature

0f  ~ppllatlon  haa a ec~pplleant).  title. .
wd date  skned.  Dependent upon  the
m o t o r  carrier3  orgwbatlonal stmc-
ture kxmolat10n,  PamlenhID.  or pro-
~rl~timhI~).  thb slmer of the appllu-
Uoa W be an offker,  &ner.  or the
proprietor.

Cd) ‘We letter of aPpllcstlon  for a
mtver shall  be wcomuutbd by:

(1)  A copy  of the results  of the medi-
cd  exnttllnsucn  performed *mUUlt
to I391.43:

12)  A COPY  Of the medIal certificate
completed pumumt  to 8 391.43teJ:

(3)  A medic&I  enl~tlon zwmmary
completed by either  a board  quaUfled
or board  certtfkd  physlatriet  tdcctar
o f  phyeleal  medlclne)  or orthopedic
allmean:

Norr  The cauulkmt  motor  curbr  or
the Mver  suuIIont  &aII  umvlde the thy.
‘I.tr!at  or Ortbopedlc  suwzw  with  . de
aa’btlw  of the  Job W~J  the driver  a~pll-
Mtwl.ubemulredtcueerlorm.

(I)  The medial  evallution  summup
for  * drwer  ~Dpllcmt  dbquaufbd
under (301.41(bXl)  ahall  Include:
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* w1.49

(A)  An -at 01 the lunctloti
a~bllltlea  of the driver  as they relate
to the ablllty  01 the driver  to periorm
nomnal  tratr  a,sscchted  with  opermng
. motm  vehicle. md

(B)  A  ltrtement  b y  t h e  exlminer
thnt  ?????? wllunt k capable  01 dem-
onstnting  Precision  Prehension  <e.g..
EwIIP~~~~~u  knobs  and switches)  arid
power  (yrss~  prehension (e.g..  holding
and L@.UEUV~~ the  steerIn  wheel)
with cacti  “PPW  limb  lepsrrtely.  ‘l%is
requirement does not apply to an hdi-
vidual  w h o  was granted  .  watver,
absent.  ~rosthetlc  device. prior to the
publkatlon  01 this  amendment.

(il)  The medical ePaluat1on  manmary
for  * d r i v e r  applicant  dlsquallfkd
under  fi  391.41(b)(Z)  shrll  Include:

(A)  An explanation  85  to how and
why the impairment  interferes with
the ablllty  01 the appliurnt  to perform
normal taslw  awxlated  with o~eratlng
a commercial  motor  vehicle:

(B)  An aswssment  and medical opln-
ion 01 whether the condition will
llkely  remain  medically  stable over the
ltfetbne  01 the driver  applicmt:  Uld

(Cl  A statement by the examiner
that the applicant  fs  capable of dem-
Onstmtlw  ~re~lslon  prehension  (e.g..
rmnlPUlatlne  knobs  and switches)  and
POWCI  m-asp prehension te.2..  hold&,9
and mrneuverlno  the steerin  wheel)
with each  “PPW limb  sepustely. This
rewlrement  does not apply  to UI tndt-
vtdual  w h o  ~88  Onnted  .  w&w.
absent  an orthotfc  device, prior  to the
PublicWon  01 thin unendment.

(4)  A description 01 the driver  appll..
cant%  prosthetic or orthotlc  d&cc
worn,  if any.  by the driver applicant;

(5)  Reed  test:
(1)  A COPY 01 the  ?????? ??? ppllant’s’

roti  test  dmlnistcmd by the motor
curler Co8PPHEIIIt  and the certificate.
trrucd  PUnUlllt  to 1 3 9 1 . 3 1  (b)
throu9h  Co);  or

(Ii) A unllateml  spplicent ahall  be
responsible  for hsvlns  a roti  test  rd.
minIstered by a motor carrier  or  .
per8011  who la mmpetent  to admlrdater
the test and evaluate  its results.

16)  Appllutlon for  em~loymenr:
(I)  A COPY 01 the Mver  ~ppkant’s

&PPllc6tion  for employment  completed
purrruant to f 391.21: or

????? A ???????? ???ppllcult shall be
responsible for robmlttino  . copy 01.

49 CFI al. III (l&w7 Mition)
the lwt m-erdal Mvlng padtion’r
emploYmerit  Wplication  s/he held U
not Prevl0ulY employed  as. colrlnler-
d8l driver. 10  state.

(7)  A COPY 01 the driver  ~~~lhnt’s
welver  01  Qrtaln  PhysIcal  d e f e c t s
bawd by t h e  indlvld~  Statets).
where applicable:  and

(6)  A COPY 01  the Mver  epplicant’s
Btrte  lldOtO*  VehiCk  Drivino  Record
for the Put 3 Yetus  from each  State In
al&h * motor vehicle  driver’s  IkeMe
Or pennIt  has been  obtained.

te)  Agnemmt. A motor car&r that
~PlO”  . driver  Wtb . waiver  sgrees

iI)  W e  rmmptly  twithb 30  days)
with  t h e  Retionnl  Dlnctor. M o t o r
Curler Safety  such  documents and fn-
lornutlon  ls may  be  reQulred  aout
MPlno actlvltie~.  accIdenta.  arrests. ll-
- mKPeMlOns.  rcvocat10ns..  o r
althdrawals  and c~nvlctions  which  in-
volve the driver a~~lbnt. Thts  appuu
whether the driver’s  waiver is. unuat.
era  one or haa * CoaPPlicmt motor
curler;

fD  A motor  curler who ia. mspplf-
ant must  llle  the mauIred  dccuroents
afth t h e  Fteoiorul  Director.  M o t o r
Curler Safety  for the redon  In  which
the  arrrler’s ~rlnel~al  place  01  but
ne!ss  b locaM:  or

111)  A motor arrkr  who employs ?
driver  who h&s  been issued  . urdlater-
aI waker  must  file  the required  docu.
menta  with  the Redorul Dlrectar.
Motor Carrier  &lety  for  the re9ion  la
which the driver hrs  lepll  residence.

(2,  2hluat.e  the driver  with a road
tat usins  the tnIler the motor curler
intmdr  the driver  to tmm~ort  or. in
lieu Of, accept . c&lliate  Of.  truer
mad  teat from  another motor car&r
If  t h e  trailer type(s)  la aimlhr  o r
&%%pt  the tnller rod test done
durino  the Skill  Performance hnlucr-
????????????? ????????? ?????????????????
????????????????????????motor ???????

Nmr  Jab tuk,. Y  stated  lo -pi,
(CXS)  Of w #ectlOP  u-2  not evalruted  lo
the  mill  PerlOrrMa~  .rhI~tlOn.

(3)  llhhat.3 the driver  for those
nondrlvino  safety-related  lob  taska  YI-
aocIskd  with  w h a t e v e r  t y p e  0 1
tmUerW  wlU  be used and any other
nondrMng  safety-reMed  or jo~relat-
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(4)  USe  t h e  driver  to oDerate  t h e
tYM  Of IoOkr  Vehkle  defined In  the
wake?  only  when the driver la in corn.
PlhnW  with  the COndltlons  and limik-
UOILS  of the waiver.

(fl The driver shall  supply each em-
Plovino  motor  carder  with a copy  of
the waiver.

Co) The Regional  Director. Motor
Carrier  Safety may  require  the driver
wPUcant  to demonstrate htr or her
ability  to to safely  operate  the motor
vehklt(sl the driver Intends  to drive
k an went of the Regional  Director
Motor  Carrter S a f e t y .  T h e  wrdv&
form wllll Identify the power  unit (bun
truck.  truck-trwkrl f o r  which  thi
waiver  has been irraokd.  The waiver
forma  will  also  identify the trailer
tm  used  In the SklU  Performance
Evshutlarx  however, the waiver  Is  not
Umlkd  to that SpecKlc  tnlkr  type. A
driver mnY  use the waiver  with other
tmfk  tyges  K  6 swwe.duI  trailer  road
kst  b WrnPICkd  In awordanw  with
P-Dh (e)(2)  Of thJ.8  Mctim. Job
t.=lrs.  = skkd In puasraph (~3)  of
thb seCtlDn  ale not  evaluated  de
the skill Pcrfo-w  rthhMtion.

(h)  T h e  Regional  Director.  bfokr
Ctier  SnietY  IIUY  dew the ~PD,k.+
tlm  for waker or may  -t it kwg
Or k Part end I&%  the waiver  sublet
to such krms.  wnditlonr, and lbnik-
tha = deemed mrmbknt  wJth  t h e
mblk  tnkrat. A waker b Mid for a
perbd  not  k exceed 2 Year8  from date
of  tsrue.  aad  msr be  renewed  30 daya
mior  k the explnuon  dpk.

(11  The  waiver  renew  appuation
ahxll  be  submitkd  k the Retion&  Di-
r&or.  Motor  Carrier  Safety  for the
reflm  In which  t h e  driver  haa legs~
residence. lf the waiver wu lasued  unt-
hkdl~.  11  the aber Ias  a wappu-
Cant. then the renewal  wpllation  b
mdxaltkd  to t h e  Reelorul  DIrector
Motor Carrier  Safctg  for. the region  ii
which  the wamdJwnt  motor arrkrs
~rfnci~d  place  of  buinem b located
T h e  WaIvcr  renewal  ~ppllwtlon
ConkJn  the folk*

ah&u

(11  Name snd  complete addrem of
motor  curler  curmu employkg  the
*PPUculC

(6)  Number  o f  @Adents Incurred
Whb  drMng  u n d e r  t h e  carrent
waiver. tnC1udln.s  date  o f
accident(s).

the
number  o f  fatautieJ

IUuxhr Of Wuri~.  pnd the estlmnred
doll=  amount  of PmDerty  damage:

(7)  A current  medical exauon
rePorti

(61  A medlul emh2ation  zmmmaQ
PUmunt  k puaersph (d)(J)  o f  this
section  If  an unstable  mcdfal condi-
??????? ? ? ? ????????????????????????
ckdfbd  under
sidered uukble.

f391.4l(b)(l)  are con-

(@I  A COPY Of MVW’S  currat  State
motor  whkle drh4n.g record for the
Deriod  Of tlln.2  the current watver  hu
been  In .3ffcct;

(101  NotKiaUon o f  amy  chanrr  tn
the We  of tractor the driver R-U op.
elrk:

(11)  Drfver’s s@xmttm  and &k
Ifgned;  aad

(2)  Name  and mm~lek  addrem  o f
the Mver:

(12)  Motor  arrbr  mapDUat’s  sig-
nature  and dak dmed.

(1)  Upon  gnu&g  a w&w.  the Rc
oiollll Director. Motor  Can-&  SnIety
will  nOtIf  t h e  Mver  appllant  ad
wamllcmt  motor carrier  (K  ~PDUQ-
ble)  by letkr. The km.  conditk~
md Umlktlonr  of the waiver will  b;
Let  forth. A motor curler SIUU  rmiln-
??????????????????waiver ?? ?????driver
??????????? ????? ?A CODY  of the waiver
Shall  k rekhxd  In the motor  curler’s
ilk  for  8 Period  Of 3 fears  liter  the
MVtO emPhwment Is krminakd.
The &her aPPUat  8haU have the
Waiver  (or a ledble  copy)  la U/her
Dossesrlon  whenever on  duty.

(k)  The  Rwioti  Director. Motor
Curler Safety  may  revoke s waiver
after  the xenon to whom It wm  lyrued
b 6iven  notice of the proposed  revou-
Uon  and hrs  been allowed  . reasona-
ble omxxturdty  to appear.

(1)  Fuuyln(l  Inforrmtlon  In t h e
letkr  Of ~PP~~IoP the renewal .p.

0 39L.9
(3)  ~f.ZCU”e  date  of t h e  current

wdver:
(4)  ExPhtion date  of the -r,t

whlve~
(51  ToW  mUw  driven  under the au.

rent  waiver;
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0ucrtlon  or fasdfyblg informsuon  m
auired  by thh a&ion  by either the .,,-
Pbmt  or motor anier  h prohlblteb

146  Pa  sM6-l.  Aus.  X10(11.  Y  uoended  .t
U)  Rt MavS.  sm.  aa,  19M:  60  l+R  491151.
Dee 6. loas: 61 FR 12621.  AD*. I+,  ~OMI

5a91.61  0rIra qlvlUlatio0  fua
(a) Each  motor CalTIer  duu  rluh-

tait~* driver auUflation  fue for each
driver  It employs. A drivers  aulifitx-
Uon  ilk mmY  be  mmblmd  with  his
bmaonrld  ilk.

(4)  The  u6t or oertIf1ate  rel6thg  to
vt0lat10n6  Of motor vehlc1e  lbm w
OI-dh&‘icU  mwlmd by I 391.27: md

(3)  AIIY  Other matter  which r&h
to UN!  driVer%  aWIfIadott8  or ablllty
to dfive  * motor vehkk  safely.

cc)  The audlflatfon file  for a rem.
lu9Y  Unplowed  driver w h o  hrs  n o t
beas  ~WLIUII  em~looyed  by  the motm
Ui7k fO*  . COtltlnUOul  Period Which
began  before  Janw  1.1971.  must III-
Chlvle:

(1)  The documenu  s~edfied  II!  psm.
mph fb) of this  ectloa

(f!)  The driver% ~PpuatIon  for em-
Plo:went completed In m0-w
rlth  I 391.21:

(3)  The &nsca of BtAte  a@sflCle6
and put  employen  to the motor cure-
er3 haties  conanlng  t h e  drivefs
Mvlnp record  md employment purm-
Utt  to 1391.23:

(4)  The certK1at.s  of driver’s road
tat Issued to the deer pulalunt  to

s 391.31 (CL  or . COPY  Of the llam  or
twtIflat0  which  the motor Mter  W.
=Pw u eauIPrlent  t o  t h e  MvePr
-tipIUSUant  to i391.33: and

(6)  The  auations uted.  the men
the drfvv RVC. md the ~rtiflcat,e  of
m-men  exuolMtIon Issued  t o  him
Pllmuarit to i 391.35. or * copy  Of .
OMiflatC  wblch  the motor mrr~er  C.
-PM  Y epul”alenL  t o  * WrItten  ex-
szllbmtIon  p-t to t 391.37.

(d) The auauflation  file f o r  LIP
l!ltolmIttent.  .2asul.
driver  emPloyed  underore=;%
1391.63  must  include-

(1)  T h e  medlca  eumlnm  artifi-
WC  of hb phticrl  arullifatlon  to
dIiVe  . m0t.m  vehkk or. legible  pho.
WlaPhk COPY  Of the Certificate:

(2)  The 0xtIfiate of drlveF6  road
tat Imud to the driver pLllml&at  to
i 3@1.3im. or a SPY  of the uanse  or
eUMate  which the motor cvrier m-
cW.4  M ewhlent  to t h e  Mver’s
mad test mu8umt  t0 i 391.31:

(3)  Tht auesuom  ati the -em
the  driver  ~“e.  md the  certffkste  of
arftten  eumtnation med  t o  him
Purmsnt  to 1391.35. or ,. COPY  Of .
catlfiate  which the motor carrier  me.
COPM  as epuitient  to a WrIttell  cx-
U!UDAUOn  Pursuant  to 1391.37:  and

(4)  The driv.!?r’s name,  his social  se-
nvttY  runber. uld the ldentiflcation
number. type.  and lssutno  State of ids
motor vehicle  owmt4cs  Ilnnse.

te) A using carder’s  quauf1cat10n  ftle
for . Mver  who Is  repulul~ employed
by another motor can-k.  and who IS
an~lo~ed  by the uebur  curler In  E-
CordAnee  w i t h  $301.55  O f  thin put.
6haU Include a COPY of a certlilate. LI
Pnscrtkd  b y  ~391.65(~X2)  o f  this
part. by the rewlululu  emploglno  curi-
cr that the Mver  is  fully quufkd  to
drive a motor vehicle.

(f) Exept  Y pmVlded  in p8rk2mph.q
(69  aad (h)  of tbls  metion,  erch  drk-
efs  audfIation  fk shau  k kept at
the motor carrier’s  principti  pha of
bualness  for &Y  long  u m Mver  k em-
ployed bY  that  motOr  curter  and for 3
yevr  thereU,er.

(9)  UPOD  a mitten request  to.  md
aith the awwal  of. the Dlrectm.  Re-
eioml Motor  carrier Slfety OffIce.  for
the retion  In  ahkh  a motor carrier
hu his ~rlncl~rl  ~lw of bosimss.  the
carder  may  ret&a  one or more of It5
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APPENDIX D

EXPERT OPINION SURVJZY  FORMS



INSTRUCTIOUS

ving task’components that  are used by commrcial  motor vehicle operators.
m-  of importance three visual functions that are necessary for safely

VEHTCLB  HANEUVER/DRIVINC  TASK

I VISUAL WNCTIOU
1 I 2 I 3

;/ j
/

I

1 1 I

i

!

i i i i

Panelist Name



In this COntinuStiOn  of the expert rating exercise you are asked to provide two kinds of
re*p0Il*e*. First. the ~~~trix  below shows the results of your (collective) judgment with
respect to which Visual functions are most important for each specified driving task. So
far. So good. Now we would like you to identify the min~um acceptable  level of perform-
ance for each visual  function ranked 1, 2. and 3 for each driving task. If, for exmple,
YOU wish to use the same performance level every time a given function appears in the ma-
trix, just write it in once under that function and leave the other boxes labeled with
that function blank. Call Larry Decina  or Loren Staplin  if you have any questions.

Next. we ask YOU to provide ratings estimating the relative performance levels to be ex-
pected for matched (on age, sex, experience, IQ, etc.) monocular and binocular drivers
for each of the seven CXV driving tasks identified belov. Please place tvo marks on each a
bipolar scale and label them "W'  and "B"  for monocular and binocular, respectively. A l s o ,
please assume that differences in response capability, if any, are due solely to monocu-
lar "ets"s binocular status vhen marking  your ratings on each scale; i.e., the same dri-
vers in the same "reasonable worst-case" situation are faced with identical vehicle con-
trol demands, and are equally equipped to resoond  in all capacities except for monocular
versus binocular status.

Thank you for your help in completing this expert opinion survey. Please return these
pages by mail of fax by July 8, 1991, if possible, and no later than July 15.

1. FILL IN MINIMUM  ACCEPTABLE  PERFORMANCE LRVELS FORF.ACR  INDICATED VISUAL FUNCTION

NAME:

D-2



2. "";$I? SAFETY RATINGS FOR E4TCliED  MONOCULAR AND BINOCLTLAR  DRTVERS
AND B ONRACHSULLE) (MARK 'W'

CMV DRIVING TASK LIKELIHOOD OF SAFE PERFORMANCE UNDER
"REASONABLE  WOltSMXSE“  OPERATING CONDITIONS

EKAWLE:
?????????

??????????

un1ike1y
1

extremely
2 3 4 5 6 7 likely

4
Phintaining  safe speed
for conditions extremely

unlikely 1
2 3 4 5 6 7

extremely
likely

Maintaining safe fol-
lowing distance

Staying in lane/
steering control

Merging/yielding in
traffic conflict  sit-
~tions  (e.g.,  ramps,
intersections)

Cbnging  lanes and
paeslng

Complying with traffic
control devices

Backing up/parking
operations

extremely
unlikely  1

2 3 4 5 6 7
extremely
likely

extremely
dikely l 2 extremely

3 4 5 6 7 likely

extremely
unlikely 1 extremely

2 3 4 5 6 7 likely

~trtmcly
unlikely 1 urt=Wdy

234~67 likely
.

extretmiyunlikely extremely
1 2 3 4 5 6 7 likely

extremely
unlikely 1 extremely

2 3 4 5 6 7 likely

RETUKN TO: KETRON, INC.
600 Louis Dr., Suite 203 Phone: 215-957-8013
Warminster,  PA 18974
ATTN: L. Decina

FAK: 215-957-8099
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Merrill J. Allen, O.D.,  Ph.D.
llldiaaa  university, School of optometry
&lO  East Ahvater
Bloomiqtoa,  IN 47405
al2-855-7663

CIifford  Anderson
MRS  Diagnostics, Inc
la29  Piie Street
Philadelphia, PA 19103
zls-732-9490

Karlene  Ball, Ph.D.
Professor of Psych01og.y
Department of Psycholoey
Western Kentucky University
Bowling  Green, K.Y 42101
502-745-0111

Bernard R. Blah,  M.D., Medical Director
Knolls Atomic Power Laboratory
General Electric Corp.
P.O. Box 1072
Building CL?,  Room 110
schenedady,  N Y  12301
51&395-423s

Raymond P. Briggs,  Ph.D.
Research Coordinator
Percqtual  Safety and Systems Research
1148 Gtield  Avenue
S. Pasadena, CA 91O.W
S&799-3409

NeilI Darmstadter
Senior safety Ezlgimer
Americaa  Trucking  Associations
221X  Mi  Road
Alexandria, VA Z231W
703-8381950

Chris A. Johnson, Ph.D., Adjunct Professor
Department of Ophthalmologv
School of Medicine
University of California
Davis, CA 956165224
916.752-1011
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Arthur H. Kecney,  M.D., D.Sr
Professor of OpbthahoIogy  and ViiuaI  Sciences
Kentucky Lions Eye Research Institute
uaivetity of LouisviIIe
Lotie,KY 40292-mo1
502-588-5555

A. James McKoight,  PhD.
President
Nationat PubIic  Services  Research Institute
8201 Corporate Drive - Suite 220
Landover,  MD 20785
301-731-9891

Cynthia Owdey,  Ph.D.
Associate Professor of 0phthalm01ogy
Department of Ophthahology,  School  of Medicine
University of Alabama  at Bii~
700 S. 18th Street - Suite MO
Biiingham,AL 35233
205-325-8507

Sandra 2.  S&n,  M.D.
Office of Medical Evaluation Branch Chief

Neurology and Special Senses
OD/OME  SSA
lZQ0 Woodlawn  Drive
BaItimorc,  MD 2l241
301-965-1974

Frank Schieber,  Ph.D.
Assistant Professor of Psychology
Department of Psychology
Oakhod  University
Rochester, MI 48309-4401
313-370-2100

E-2


	1991 Visual Disorders Part I
	1991 Visual Disorders Part II
	1991 Visual Disorders Part III

